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LIVER ENZYMES IN HEALTHY VOLUNTEERS: DATA DISTRI-
BUTION AND INTRAINDIVIDUAL VARIATION H.Adelmann,
M.Wargenau*, I.Loof**, and J.Kuhlmann

Interpretation of liver enzyme elevations in heal-
thy volunteers participating in studies with in-
vestigative new drugs often cause difficulties. We
investigated rank distributions of liver enzymes
in a population of 431 healthy male volunteers
(age 18 to 41 years) participating in phase-I-
studies. Only pre-study evaluations have been in-
cluded. Total number of study participation ranges
from 1 to 25 with an average of 5.

We found no tendency towards more frequent and/or
more elevated enzyme activities in volunteers with
frequent study participation.

Determination of intraindividual variation over
time has also been performed.

It is evident from our data that intraindividual
variation of the investigated liver enzymes - even
over years — is mostly very small compared to the
interindividual variation in the group. Some sub-
jects however do display a considerable intraindi-
vidual variation that 1is not due to single out-
liers but caused by multiple oscillations within a
wide range.

Further investigations are planned to elucidate
the nature of this phenomenon. We suggest the use
of individual "reference ranges" as a first-in-
line criterion for valuation of suspicious liver
enzyme elevations in healthy subjects during stu-
dies with investigative new drugs.

Bayer AG, Pharma-Research-Centre, Institute of
Clinical Pharmacology, *Institute of Biometrics,
and **Institute of Toxicology, D-5600 Wuppertal 1,
FRG
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INFLUENCE OF MAGNESIUM- AND ALUMINIUMHYDROXIDE ON PHARMA-
COKINETIC DATA OF OFLOXACIN IN PATIENTS WITH A PROPHYLAXIS

OF PEPTIC ULCER
D. Albrecht, R. Zahorsky, R. Krausse*, J.-W. Wittke, U, Ullmann*, W. Niedermayer
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Intra-individual variability of
caffeine elimination in healthy volunteers

A. Balogh and R. Vollandt™

A recent study of Lode et al. (Rev Infect Dis 1988; 10 (suppl 1); S 138-S 139) has shown that
a simuitaneous administration of a single oral dose of ofloxacin (Tarivid®) and a single
excessively high dose of 6000 mg magnesium- and 9000 mg aluminiumhydroxide leads to a
significant reduction of ofloxacin serum concentrations in healthy volunteers. So far no data
are available proving this result under steady-state conditions in patients with prophylaxis of

peptic ulcer receiving a low dose of an antacid.

Therefore 13 patients (7 women, 6 men) with symptoms of an urinary tract infection were
investigated in the following study. They received 400 mg ofloxacin (2 x 200 mg tablets) for
six days and an antacid (Maalox 70®: 600 mg magnesium- and 900 mg aluminiumhydroxide)
three times daily for three days. During the first three days the antacid was administered
simultaneously with ofloxacin. During the last three days ofloxacin was given without an
antacid. Blood samples were taken at day three and six to determine serum concentrations of

ofloxacin by HPLC.
Results:

time after administration (h) 0 1 2 3 4 6 8 10
serum concentrations ofloxacin (mg/ml)

045 0.836 1.197 1079 1.052 0.791 0.742 0.752

2.078* 2.533* 2.928* 2.582% 2.242% 2.219% 2.183*1.888*

with Maalox 70°®
without Maalox 70®
* - test: p< 0.05

After concomitant intake of Maalox 70° serum concentrations of ofloxacin were significantly
reduced. Furthermore the serum concentrations of ofloxacin were microbiologically inefficient
almost four hours before the administration in the evening. As ofloxacin is mainly eliminated
by the kidney sufficient concentrations are reached in the urinary tract. However other diseases

may require higher serum concentrations to reach therapeutic tissue levels.

1t is concluded that the concomitant administration of an antacid containing magnesium- or
aluminiumhydroxide and ofloxacin leads to a significant decrease of serum concentrations of
ofloxacin. For the prophylaxis of a peptic ulcer a H,-receptor antagonist should be chosen to

avoid pharmacokinetic interactions.

1. Medizinische Klinik, * Abt. Mikrobiologie, Christian-Albrecht-Universitit
Schittenhelmstrasse 12, 2300 Kiel

The most widely used technique for assessing the
activity of hepatic drug metabolising enzymes is
to study the kinetics of model drug substrates in
vivo. For a drug to be useful test substance, its
clearance from plasma should be directly related
to the activity of enzyme(s) responsible for its
metabolism.

Caffeine is almost certainly the world's most
popular test substance. A correct estimation of
the relative magnitudes of intra-individual and
inter-individual variations in caffeine
elimination is significant for the use of the
elimination parameter of caffeine to characterize
the biotransformation capacity of a specific form
of cytochrome P-450 (1AII) in vivo.

The purpose of this study is to demonstrate the
magnitude of fluctuation of caffeine-clearance
and half-life as well as inter- and intra-
individual comparison in 12 healthy male subjects.
Compared to the high reproducibility of caffeine
decay curves in each healthy males, caffeine
elimination varied more extensively between
subjects. The distribution of variance amount to:
intra-individual 21.4 %

inter-individual 78.6 %

The knowledge of variance provided precise
evidence about the sample size, which are
nessesary to prove previously defined differences.

“Present address: Department of Medical
Informatics of Friedrich Schiller University, Jena
Institut of Clinical Pharmacology of Friedrich-
Schiller University, Jena Bachstr. 18 ,

0-6900 Jena, Federal Republic of Germany
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DIGITOXIN METABOLITES IN LIVER CIRRHOSIS.
hodian, S.R.C.J. Santos*,

Although digitoxin has been used for many years the
cokinetic behaviour of this digitalis glycoside is still a
matter of discussion, especially the results in patients
with liver disease are divergent. Aim of the present study
was to investigate the pharmacokinetics of digitoxin in pa-
tients with liver cirrhosis and to study the urinary excre-
tion of its metabolites as digoxin, digitoxigenin, digitoxi-
genin-mono- and -bis-digitoxoside using a specific and sen-
sitive combination of RIA after HPLC technique (1). Nine pa-
tients with biopsy confirmed liver cirrhosis (median antipy-
rine clearance 19.61 + 3.08 ml/min; X + SEM) and eight heal-
thy volunteers received intravenous and p.o. administration
of 1 mg digitoxin. The calculated and computed kinetic para-
meters derived from the digitoxin plasma concentration time
curve and from urinary recovery including total clearance of
unchanged digitoxin did not differ significantly between
both groups investigated. Renal clearance of digitoxin (DGT)
was 0.017 + 0.005 ml/min/kg b.w. in the patient group and
0.011 + 0.002 ml/min/kg b.w. in the volunteers (NS); it was
0.0034 + 0.0005 ml/min/kg b.w. and 0.0022 + 0.0004 ml/min/kg
b.w., Trespectively (NS) for digitoxigenin-bis-digitoxoside
(Bis DGTN), 0.00006 + 0.00001 ml/min/kg b.w. and 0.00016 +
0.00005 ml/min/kg b.w. (p<0.05) for digitoxigenin-mono-digi-
toxoside (Mono-DGTN), 0.0004 + 0.0001 ml/min/kg b.w. and
0.0008 + 0.0003 ml/min/kg b.w. (p<0.05) for digitoxigenin
(DGTN), 0.0014 + 0.0005 ml/min/kg b.w. and 0.0011 + 0.0004
ml/min/kg b.w. (NS) for digoxin {(DG). In conclusion, hydro-
lysis of digitoxin is altered in liver cirrhosis, whereby a
significant reduction of renal clearance and urinary recove-
ry for digitoxigenin-mono-digitoxoside and digitoxigenin was
seen in the present study.

1) Santos SRCJ et al., J. Chromatogr. 1987; 419: 155-64.

*Present address: Department of Cardiology, University
Hospital, Sao Paulo, Brazil

A.Bammel, A. Nok~

pharma-

I. Medizinische Klinik, Christian-Albrechts-Universitat,
Schittenhelmstr. 12, D-2300 Kiel 1, FRG
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BIOAVAILABILITY OF TWO RETARDED NIFEDIPINE
PREPARATIONS IN STEADY STATE

P. Banditt and F.P. Meyer

The relative biocavailability of Corinfar® retard
dragees (test preparation T) was tested in 22 heal-

thy volunteers in a cross-over design versus another

retarded nifedipine (reference preparation R) under
steady-state conditions (2 x 20 mg /d over 6 days).

In preceding studies, the preparations were found to
(Meyer and

be bioequivalent after single application
Banditt, Z. klin. Med. 46: 1141-1144, 1981). Blood
was sampled just before (CBd) and 0.5, 1, 1.5, 2,

2.5, 3, 4, 6, 10, 12 and 24 h after application 12.
Analysis: GLC as proposed by Jakobsen et al.

(J. Chromatogr. 162: 81 - 87, 1979) and modified in
our laboratories.

Nifedipine T R Q
CSd {ng/ml) 15 + 8 17 + 11 -
t (h) 2.5 + 0.8 3.0 + 1.1 1.0
ma x = *

Cmax (ng/ml) 83 + 21 74 + 21 1.17
AUC (0-12) 440 + 154 (460 + 199 0.98
(h-ng/ml)

f 0.95 1.0

Both preparations are considered to be bioequiva-
lent.

Department of Clinical Pharmacology, Medical
Academy Magdeburg, Leipziger Str. 44
0-3090 Magdeburg, Federal Republic of Germany
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COMPARISON OF THE LIPID LOWERING EFFECT
OF SITOSTEROL AND SITOSTANOL IN CHILDREN WITH SEVERE
FAMILIAL HYPERCHOLESTEROLEMIA
M. Becker’, D. Staab! and K. von Bergmann
Department of Pediatrics! and Department of Clinical Pharmacology?®
University of Bonn, FRG
The current recommended therapy for management of severe familial
hypercholesterolemia (FH) in childhood consists of dietary intervention
and treatment with bile acid binding resins. However, acceptance and
patient compliance have been poor in many children. Therefore, the cur-
rent study was performed to compare the lipid lowering effect of two
different plant sterols on their lipid lowering effects and their mecha-
nism(s) of action in 9 children (age range 6.7 to 11.0 yrs) with severe FH
(total- and LDL cholesterol averaged 367 mg/d! and 306 mg/dl, respecti-
vely). After 3-month dietary intervention, sitosterol pastils (3x2 g/d)
were administered for 3 months, followed by a 3-months therapy with
sitostanol (3x0.5 g/d). Serum lipoproteins, serum concentrations of cam-
pesterol and sitosterol were obtained in all, fecal excretion of neutral
sterols were measured in 7 children at the end of the different therapeu-
tic regimens. All children completed the study and no obvious side ef-
fects occured. During administration of sitosterol total- and LDL chole-
sterol were reduced by 17 % and 20 %. In contrast, sitostanol decreased
total- and LDL cholesterol by 26 % and 33 % (p<0.05 compared to sito-
sterol). Whereas sitosterol did not alter serum concentrations of campeste-
rol and sitosterol (3.04 mg/dl vs 2.84 mg/dl) a significant reduction
(~47 %; p<0.01) occured during sitostanol therapy, indicating a reduction
in intestinal sterol absorption. This was in line with a marked increase in
fecal excretion of neutral sterols from 6.7 mg/kg/d™! to 12.6 mg/kg/d™!
(p<0.01) during sitostanol administration. The data suggest that sitostanol,
a non-absorbable plant sterol, reduces elevated serum cholesterol by in-
hibition of intestinal cholesterol absorption, and that the reduction in
serum lipids is in the order of magnitude observed with HMG-CoA-re-
ductase inhibitors.

2
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ABSENCE OF PARIETAL CELL cAMP STIMULATORY AUTQOANTIBODIES IN
ULCER PATIENTS WITH INADEQUATE RESPONSE TO RANITIDINE
Ch.Bergmann, A. Sarem-Aslani, D. Ratge, H. Wisser, U. Kiotz

Approximately 10% of peptic ulcer remain unhealed after 4-8 weeks therapy with
H,-receptor antagonists. The hypothesis that parietal cell cAMP stimulatory
autoantibodies to H,-receptors are one reason of this inadequate response is
conversely discussed [1,2]. In this study we investigated cAMP production induced
by immunoglobulins (Ig) derived from ulcer patients with adequate and inadequate
response to ranitidine.

We used human gastric tumor cells (HGT-1, kindly provided by Dr. C. Gespach,
INSERM US55, Paris) expressing H-receptors as an in vitro model for measuring
cAMP production. Ig-fractions from sera of adequate (AR; n=16) and inadequate
(IR; n=20) responders were obtained by affinity chromatography on protem G
sepharose (IgG) and precipitation by ammoniumsulfate (1.6 M) (Non-IgG). The
HGT-1 cells were grown as monolayers and incubated with Ig-preparations for 10,
30, 180, 360 min in the presence of 1 mM phosphodiesterase inhibitor (IBMX).
Standard IgG (Behring) was used as control and cAMP was measured by a
radioimmunoassay (Amersham). All cAMP-values are given as pmol/mg protein
(mean +SD).

In all experiments (n=38) the basal level of cAMP was 10.7 1.7 and histamine (10°°
M) enhanced cAMP production after 10 min incubation to 80.4+15.0. This
stimulation could be blocked by ranitidine (ICs,= 34 nM) and cimetidine (IC,,=
400 nM) but not by triprolidine confirming the presence and specifity of H,-
receptots on these cells. Neither IgG (4 mg/ml) nor non-IgG (1 mg/mi) of both
patient groups tested did affect cAMP production in HGT-1 cells (table).

Time (min) 0 10 30 180 360
Control 11.8+05 | 122+10 | 126+13 | 12.8+1.7 11510
AR: IgG 10417 | 10717 | 105%22 | 120%21 11.4x22
Non-lgG 106+12 § 13016 | 131+13 | 119+20 11.8+2.5
IR: IgG 10117 | 10511 | 10118 | 11.8+25 11.0+1.9
Non-IgG 10709 | 12.7+10 | 123+16 | 11.7+24 11.7+20

In this in vitro system cAMP stimulating autoantibodies could not be detected in
sera of adequate and inadequate responders to ranitidine confirming the results of
Burman et al. [2]. However our study does not rule out an antoimmune disorder in
subgroups of ulcer patients with this kind of drug resistence.

[1] De Lazzari et al. Gut 1988; 29: 94-100,
[2] Burman et al. Gut 1991; 2: 620-623.

Supported by the Robert-Bosch-Stiftung Stuttgart

Dr. Margarete Fischer-Bosch-Institut fiir Klinische Pharmakologie und Abt. Klinische Chemie Robert-
Bosch-Krankenhaus, Auerbachstr. 112/110, 7000 Stuttgart 50, Germany
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TOLERABILITY AND PHARMACODYNAMIC EFFECTS OF THE
THROMBOXANE A_ ANTAGONIST BAY U 3405 ADMINISTERED
AS CONTROLLElg RELEASE (CR) TABLETS TO HEALTHY
VOLUNTEERS H. Blume, W. Ritter, E. Perzborn*, and
H. Weber

BAY u 3405, a cycloalkano-indolsulfonamide com-
pound, exhibits specific thromboxane A, antagoni-
stic properties in various pharmacologital models.
BAY u 3405 CR tablets were administered orally to
healthy volunteers in single doses of 25 mg and
50 mg o.a.d. and multiple doses of 50 mg b.i.d and
t.i.d. No specific side effects were observed;
cardiovascular parameters like heart rate, blood
pressure and ECG-time-intervals were not influen-
ced. Clinical chemistry, haematology and urinaly-
sis showed no difference between active and pla-
cebo treatment up to 7 days after multiple admi-
nistration. Bleeding time was never increased
above the upper limit of normal (4, 8, 12 and 24 h
p.a.). U46619-induced platelet aggregation ex vivo
was markedly inhibited (>80 %) in the volunteers
up to 8 h after administration of 25 mg, and up to
12 h after 50 mg. About 100 % inhibition occurred
at plasma levels of >10 ug/l. A correlation bet-
ween platelet aggregation and bleeding time could
not be found.

Conclusion: The BAY u 3405 CR formulation was well
tolerated and seems to be appropriate to inhibit
platelet aggregation continuously at a dose of
50 mg b.i.d.

Bayer AG, Pharma Research Centre, Institute of
Clinical Pharmacology and *Institute of Pharmaco-
logy, D-5600 Wuppertal 1, FRG
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APPLICATION OF A MULTIFUNCTIONAL IMAGE ANALYSIS
SYSTEM TO STATIC POSTUROGRAPHY |IN CLINICAL
PHARMACOLOGY M. Béttcher, M. Beneke, H. Dietrich, R.
Horstmann, W. Lidtke, |. Seitz

Dizziness is a common side effect of several drugs. To quantify the
intensity of symptoms, we introduced a muitifunctional image
analysis system for static posturography in clinical pharmacological
studies. For evaluation of method applicability a study with 12
healthy volunteers was designed. Body swart of the volunteers was
analysed with opened and closed eyes (Romberg).

In order to perform video recording of the motion pattern labels
("targets”) are placed on the volunteers body. Up to 25 different
targets have been identified in the video image by the system
automatically. Parameters calculated were: target velocity, target
direction and movement deviations.

Figure below demonstrates mean angle dependent deviations of the
volunteers movement with opened and closed eyes:

opened eyes closed eyes

Conlusions: Preliminary results indicate that image analysed static
posturography is a reliable and less time consuming method.

Department of Clinical Pharmacology, . Troponwerke, Neurather Ring 1,
5000 Kain 80 '
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STEADY STATE PHARMACOKINETICS OF PROPAFENONE IN PATIENTS
WITH RENAL FAILURE
S. Botsch, J. Evers®, E. Hardtmann* and U. Kuhlmann*

Propafenone is an antiarrhythmic drug which undergoes extensive biotransfor-
mation to the active metabolites 5-hydroxypropafenone and N-desalkyl-
propafenone. Formation of 5-hydroxypropafenone cosegregates with spartein/
debrisoquine polymorphism with about 90% of a population being extensive
metabolizers (EM). Conjugates of both the parent compound and metabolites are
excreted into urine summing up for a total of about 60% of a dose. No data are
available regarding disposition of propafenone during chronic oral therapy in
patients with renal failure. We therefore investigated interdose steady state plasma
concentrations of propafenone, 5-hydroxypropafenone and N-desalkylpropafenone
in 5 EM patients (4 hemodialysis, 1 CAPD; 3 male, 2 female, age 61.4 = 6.1years,
dose 150 mg tid) in comparison to five EM patients with intact renal function
(creatinin clearance: 91 + 15.5 ml/min). Both groups were matched for age,
gender and weight. Results are expressed as mean interdose plasma
concentrations (C,) of propafenone, 3-hydroxypropafenone and N-
desalkylpropafenone.

C,, (ng/ml) patients controls P
Propafenone 4289+126.7 3853254 n.s.
5-hydroxy- 216.9+120.4 79.1+29.8 <0.03
propafenonc
N-desalkyl- 523289 190.1+117.4 <0.03
propafenone
C,, of propafenone were stmilar in patients and controls. Significant differences,

however, were observed for C,, of both metabolites.

We conclude while propafenone itself does not accumulate in extensive
metabolizer patients with renal failure, disposition kinetics of the active
metabolites are altered.

Supported by the Robert-Bosch-Foundation

Dr. Margarete Fischer-Bosch-Institut  fir Klinische Pharmakologie,
AuerbachstraBe 112, 7000 Stuttgart 50; “Krankenhaus Merheim, Ostmerheimer
Str. 200, 5000 Kéln 91; *Zentrum fiir Innere Medizin des Robert-Bosch-
Krankenhauses, AuerbachstraBe 110, 7000 Stuttgart 50
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Celiprolol’s cardiovascular effects in man are unaffected by pretreat-
ment with bisoprolol. :
K. Breithaupt, C. de Mey, E. Appeland M. Herrmann.,.
Celiprolol (C) is a Bi-selective adrenoceptor-antagonist with ancillary
vasodilatory properties. The present study describes and differentiates
the cardiovascular effects of celiprolol in relation to the occupancy of
B1- and B2-adrenoceptors, with and without preceding Bi-selective
blockade by bisoprolol. 8 healthy male volunteers (mean age: 26 y.)
were investigated twice (1 wk interval), receiving a single p.o. dose of
1200 mg C 3 h after either a p.o. dose of 20 mg bisoprolol (B) or
glacebo (P). Treatments BC and PC were randomly allocated in a dou-
le-blind cross-over design. Blood pressure, heart rate (HR, bpm), sys-
tolic time intervals, Heather Index (HI, 0.5), cardiac output (by impe-
dance cardiography) and total peripheral resistance (TPR, dyns.cm?)
were investigated in recumbent resting condition, plus BP and HR
responses to supine bicycle ergometry (4 min at constant Watt load
aiming for HR 130 bpm). Mean results are detailed below (time 0 :
baseline before P or B, time 3 : 3h later, immediately before C, time 6
and 22 : 6 and 22 h after P or B, i.e. 3 and 19 h after C) :
Resting
Time HR TPR HI HR
Tr: PC BC PC BC PC BC PC BC
0 56.0 55.4 1017 992 | 11.4 12.3
3 55.4 51.,5% | 1026 1013 | 11.3 10.7% | 141 111¢
6 66.7° 67.0 | 852° 786 | 14.0° 13.8 | 125° 124
22 | 67.1° 60.8 | 787° 820 | 14.9® 15.1 | 124® 122
a : statistically significant effects of B (time 3 vs 0), b : statistically significant effects of
C (trecatment PC only, contrasts vs time 3); ¢ : statistically significant difference
between BC and PC (i.c. true B effects at time 3, and BxC interaction after time 3 h).
Thus, C's effects were not affected by pretreatment with B. B’s effects
on exercise HR were weakened by subsequent C. C and B yielded
about similarly high B1-adrenoceptor occupancies (ca. 90%), whereas
B2-adrenoceptor occupancy was detectable only for C (ca. 35%).
It is concluded that celiprolol caused net vasodilatory, positive chrono-
tropic and cardiac performance enhancing effects in man independent
of its B1-antagonism. This might relate to (partial) 82-agonism.

Zentrum fiir Kardiovaskulire Pharmakologie, Mainz and Zentrum der
Pharmakologie, Universitits Klinikum, Frankfurt a. Main, Germany.

Exercise

12

INFLUENCE OF CIMETIDINE AND RANITIDINE ON THE
PHARMACOKINETICS OF CONTROLLED-RELEASE FORMULATIONS
OF THE TWO CALCIUM—-ANTAGONISTS NIFEDIPINE AND
NISOLDIPINE
E. Brendel, R. Heinig, G. Ahr and N. Wetzelsberger#
Studies formerly conducted with the immediate
release tablets of both Nifedipine (Nif) and Nisol-
dipine (Nis) had shown an interaction between Cime-
tidine (C) and a lack of interaction between Rani-
tidine (R) and both drugs. To investigate this
potential interaction also for the newly developed
controlled-release forms (CR) of both drugs, two
studies were performed in healthy male volunteers.
In each study, twelve subjects were randomly allo-
cated to 3 different treatments in a crossover
fashion: 5 days treatment with either C (400 mng
bid), R (150 mg bid) or placebo and an additional
administration of Nif CR (60 mg) and Nis CR (20 mg),
respectively, as single doses. Plasma concentra-
tions of Nif and Nis were determined by GC-ECD.
Geometric means of pharmacokinetic parameters :
Parameter Nifedipine Nisoldipine

+Plac. +C +R +Plac. +C +R

Cmax [pg/l] 73.8 127.7 76.4 1.01  1.47 0.84

tmax [h] 3.2 2.9 2.5 7.5 . 3.4 ,7.3,

AUC(0~o00) 742.8 1193.8 715.7 14.37 19.02 12.20
{pg*h/1]

*AUC (0~tn)

The results clearly indicate an interaction between
C and both Nif and Nis, whereas R does not show any
influence on the pharmacokinetics of either drug.
The increase in Cmax (Nif: 73.0 %,Nis: 45.5 %) and
AUC (Nif: 60.7 %, Nis: 32.4 %) has no influence on
pharmacodynamics (heart rate and blood pressure)
and is considered to be of no clinical relevance.
Institute of Clinical Pharmacology, Bayer AG,
Wuppertal, FRG; * IKP Bobenheim, Grinstadt, FRG
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METHYLENE BLUE POTENTIATES ACETYLCHOLINE-MEDIATED
VASODILATATION IN THE VASCULAR BED OF THE HUMAN
FOREARM T.A. Bruning, P. Vermeij, H.C.R. Brandenburg, P.C. Chang, and
PA. van Zwieten

5-Hydroxytryptamine (5-HT) and acetylcholine (ACh) have been reported to
induce vasodilatation via the ’nitric-oxide pathway’. The 5-HT-induced
transient and persistent vasodilatation in the forearm is abolished by the 5-HT,
and 5-HT, receptor antagonist ICS 205-930 (Blauw et al, 1989).

To further elucidate the 5-HT-mediated vasodilatation in the vascular bed of the
human forearm of nommotensive volunteers (n=6-12), we infused 5-HT (1
ng/kg/min), sodium nitroprusside (SNP; 5 ng/kg/min), or ACh (100 ng/kg/min)
in the presence of saline, the 5-HT, receptor antagonists ondansetron (OND; 0.3
and 1 pg/kg/min) and granisetron (GRAN; 0.3 and 1 pg/kg/min), or methylene
blue (MB; 1 pg/kg/min), using automated R-wave triggered venous occlusion
plethysmography.

OND, GRAN, and MB did not affect the transient or the persistent vasodilator
responses to 5-HT. ACh-induced vasodilatation was markedly potentiated by
concomitant infusion of MB, from +89% to +757% (p<0.01), but also by OND
(without MB; 1 pg/kg/min) to +210% (p<0.05) of the basal value, respectively.
MB as such did not influence SNP-induced vasodilatation.

Unlike ICS 205-930, OND or GRAN did not antagonize the transient or the
persistent vasodilator responses to 5-HT. This finding may suggest the
involvement of a 5-HT, receptor subtype. The mechanism by which MB
enhances the vasodilator response to ACh requires further investigation.

Blauw GJ, van Brummelen P, and van Zwieten PA (1989) The 5-HT-induced
biphasic vasodilatation in the human forearm is dose-dependently antagonized
by ICS 205-930. Br J Clin Pharmacol 27:663P-664P

Department of Pharmacotherapy, Academic Medical Centre, Meibergdreef 15,
1105 AZ Amsterdam & Department of Nephrology, University Hospital
Leiden, Leiden, The Netherlands.
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DOSE DEPENDENCY OF FLECAINIDE PHARMACOKINETICS
K.Biihl and P.Heimburg'

Plasma concentrations of the antiarrhythmic flecainide above the therapeutic range
(300 to 750 ng/ml) can elicit serious proarrhythmic effects. One factor contributing to
interindividual variability in flecainide plasma concentrations is the cosegregation of
flecainide metabolism with that of sparteine/debrisoquine. At the same dose poor
metabolisers (PM) have on average 2 to 3 times higher plasma concentrations of the
drug than extensive metabolisers (EM). Since up to 80% of a dose is excreted
unchanged in urine in PMs renal secretion of flecainide may be saturable at higher
plasma concentrations and hence dose dependency of the pharmacokinetics could
result,

Pharmacokinetic characteristics considering both polymorphic oxidation and saturable
renal secretion of flecainide have not been described so far. We therefore studied the
dose dependency of flecainide pharmacokinetics after administration of 50, 100 and
200 mg on healthy volunteers (5 EM and 5 PM of sparteine). Blood samples were
obtained and urine was collected from 0 to 120 hours.

In the EM subset we observed a dose dependent decrease in apparent oral clearance
(50 mg: 643 + 65; 100 mg: 614 = 76; 200 mg: 481 = 51 ml/min; P < 0.01). This
decrease was due to reduced non-renal clearance (50 mg: 423 = 73; 100 mg: 365 =+
111; 200 mg: 237 * 66 m/min; P = 0.01) while renal clearance remained unchanged
(50 mg: 219 =+ 83; 100 mg: 249 = 61; 200 mg: 244 = 58 ml/min; P = ns). In
contrast, the PM subset showed linear pharmacokinetics (apparent oral clearance: 50
mg: 306 = 60; 100 mg: 296 + 37; 200 mg: 287 = 62 ml/min; P= ns). Both renal (50
mg: 173 % 30; 100 mg: 219 + 19; 200 mg: 210 = 24 ml/min; P = ns) and non-renal
clearances (50 mg: 132 + 66; 100 mg: 90 = 39; 200 mg: 77 + 39 ml/min; P = ns)
were not affected by the increase of dosages.

In summary, flecainide shows nonlinear pharmacokinetics in the extensive metaboliser
subset. Therefore, increase of dosages can lead to a more than proportional rise in
plasma concentrations bearing the risk of proarrhythmic side effects. We have no
evidence for saturation of renal clearance in either subset.

Supported by the Robert-Bosch-Foundation, Stuttgart

Dr. Margarete-Fischer-Bosch-Institut fir Klinische Pharmakologie, Auerbachstr. 112,
7000 Stuttgart 50/Germany

*Zentrum fiir Innere Medizin, Abteilung Kardiologie, Robert-Bosch-Krankenhaus,
Auerbachstr. 110, 7000 Stuttgart 50/Germany
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EFFECT OF IBOPAMINE AND CAPTOPRIL ON CARDIAC AND RENAL FUNC-
TION IN PATIENTS WITH CONGESTIVE HEART FAILURE C. Buhr, A.
Halabi, W. Kirch

In some countries for several years ibopamine, an orally ef-
fective dopamine agonist, is used for treatment of conges-
tive heart failure. Its influence on cardiac and renal func-
tion was studied in two groups of patients with congestive
heart failure NYHA stage II in comparison with captopril. 10
patients had & mean creatinine clearance of 91.3 + 3.4
ml/min (x + SEM), 10 patients had an impaired renal function
(creatinine clearance 36.4 + 3.9 ml/min). All patients were
treated with placebo t.i.d. for one week and afterwards with
ibopamine 100 mg t.i.d. again for seven days. In the third
week the two groups of patients first got placebo t.i.d.
again and afterwards captopril 12.5 mg t.i.d. for one week.
7 day treatment with ibopamine led to a significant increase
of stroke volume and cardiac output 45 and 90 minutes after
the morning dose, whereas captopril did not cause any signi-
ficant changes. .

Table 1: Parameters of renal function,*p<0.05 compared with

placebo

Pts. Treatment Urine Volume PAH-Clear. Inuline-Clear.
(ml/24h) {ml/min) {(ml/min

normal  placebo 1440 + 211 555 + 18 93 + 4.6

renal ibopamine 1946 ¥ 243* 574 ¥ 32 93 ¥ 3.6

funct. captopril 1510 + 207 536 + 17 87 + 3.1

imp. placebo 1504 + 307 239 + 45 40 + 6.7

renal ibopamine 2010 ¥ 307* 269 ¥ 50% 44 ¥ 8.0

funct captopril 1538 + 253 251 + 44 39177.2

In conclusion ibopamine but not captopril significantly in-

creased diuresis and renal perfusion in patients with

congestive heart failure and different degrees of renal

function.

I. Medizinische Klinik, Christian-Albrechts-Universitat
Schittenhelmstr. 12, 2300 Kiel 1, FRG
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ANALYSIS OF PHENPROCOUMON IN HUMAN BREAST MILK BY
HPLC AFTER SOLID PHASE EXTRACTION

J.X. de Vriesl, E. Schmitz-Kummer', E. Weberl

R. von Kries

Many drugs administered to lactating women are
detectable in breast milk; however, no data are
available about the conc. and excretion of
phenprocoumon (PH) in human breast milk from women
on long-term anticoagulant therapy; this is
crucial for the assessment of possible risks for
infants on breast feeding. An assay was developed
for the analysis of PH in breast milk. METHOD:
Breast milk samples from a woman on PH treatment
were collected at time intervals; she had recently
born a premature child. Samples were cleaned up by

successive precipitations and centrifugations
using 30% perchloric acid, methanol, 5 N sodium
hydroxide and glacial acetic acid; a final

purification step with octadecyl columns was used
before reversed phase HPLC analysis. RESULTS: PH
calibration curves were linear from 20 - 100 ng/ml
(r = 0.9994); good precision (cv = 8%),
sensitivity (5 ng/ml) and recoveries (92%) were
found. PH conc. were in the range 26 - 76 ng/ml;
many drugs did not interfere. DISCUSSION: The
purification steps previously used for the assay
of PH in other biological fluids were modified for
the ana-lysis of human milk due to the presence of
pro-teins and 1lipids; the assay is fast and
requires only small sample volumes. CONCLUSION:
This pro-cedure allows the determination of PH
conc. in human breast milk, and will be used in
further excretion surveys.

1Meq. Universitdtsklinik, Abt. £. Klin. Pharma-
kologie, Bergheimerstr. 58, 6900 Heidelberg,
Universitidtskinderklinik, 4000 Diisseldorf (FRG)
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EVALUATION OF DRUG EFFECTS ON CNS BY DYNAMIC

LIGHT EVOKED PUPILLOMETRY H. Dietrich, M.Beneke,
M.Bésttcher, R. Horstmann, W. Lidtke, [. Seitz

Investigations of drug effects on CNS play an important role in
clinical pharmacological studies. Sympathic and parasympathic
nervous system are frequently affected by CNS active drugs.
Dynamic light evoked pupillometry is a non invasive method, which
acts by calculating the pupil diameter.
To investigate reliability and validity of this method, two studies
were designed with 8 healthy volunteers each (group A,B). Pupil
diameters were measured over a period of 3 sec with @ sampling
rate of 20 Hz. Intensity of light stimulus was 65 Cd/qm, duration
0.5 sec. Variables recorded were pupil diameter (start,end,minimum)
and time elapsed from begin of stimulation to achieving minimum
diameter. For estimation of reproducibility repeated measurements
were performed. The figure shows the time course of pupil diameter
after light stimulus:
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Conlusions: The results indicate & good reproducibility of the
method. Dynamic light evoked pupillometry is a reliable method for
clinical pharmacological investigations.

Department of Clinical Pharmacology, Troponwerke, Neurather Ring 1,
5000 Kaéin 80

18

BIOTRANSFORMATION OF CAFFEINE AND
THEOPHYLLINE IN GENETICALLY ENGINEERED
CYTOCHROME P450 EXPRESSING V79 CELLS

J. Doehmer2:3, U. Funr!, C. Welfel2, C. Kudla®, Y. Keita!, and

A.H. Staib?

Primary steps in the metabolism of caffeine and theophylline are cleavage of
methyl groups and/or hydroxylation at position 8, mediated by cytochromes
P450. .

V79 Chinese hamster cells genetically engineered for stable expression of rat
cytochromes P4501A1, 1A2, 1IB1, and human cytochrome P450i1A2 were applied
in metabolism studies in order o identify the metabolites formed and to identify
the metabolically competent cytochrome P450 isoform.

V79 derived cells were exposed to culture medium containing caffeine and/or
theophylline. Medium was checked three days later for metabolites formed by
HPLC.

Caffeine was metabolized by human and rat P4501A2 to four primary
demethylated and hydroxylated metabolites. However, a species specific
difference was observed. The human 1A2 predominantly mediated 3-
demethylation of caffeine, whereas the rat 1A2 mediated both 3-, and 1-
demethylation of caffeine to the same extent.

Theophyiline was metabolized in all celi lines via 8-hydroxylation.

1 Abteilung Klinilische Pharmakologie, Klinikum der Johann Woltgang Goethe -
Universitat, Th.-Stern-Kai 7, D-6000 Frankfurt /M. 70, Germany

2yerfiigungsgebiude fur Forschung und Eniwicklung, Johannes Gutenberg-
Universitat, ObereZahlbacher Str. 63, D-6500 Mainz,Germany

3nstitut fiir Toxikologie und Umwelthygiene, Technische Universitat Minchen,
Lazarettstr. 62, D-8000 Minchen 19, Germany
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DETERMINATION OF GENETIC VARIATION IN HUMAN ARYLAMINE
N-ACETYLTRANSFERASE (NAT2) LOCUS N. Drakoulis and M. Beland

Human arylamine N-acetyltransferase (NAT-2) plays an impor-
tant role in metabolization of drugs and other xencbiotics.
This enzyme exibits genetic polymorphism. Among the European
population 50% are phenotypically slow acetylators. We have
investigated the relationship between phenotype and genotype.
Phenotypisation was performed by the caffeine-method. For
genotype determination specific oligonucleotide primers were
synthesized according to published polymorphic NAT-2 sequence
to produce a gene-probe by polymerase chain reaction (PCR)
using genomic DNA as starting material [Grant et al (1989)
Nucl Acid Res 17: 3978]. The NAT-2 restriction fragment
length polymorphism {RFLP) was determined after hybridization
of Kpnl digested DNA Dby Southern-blot in 34 patients. NAT-2
gene-probe hybridization revealed the following RFLPs: 15/5.2
kb (a), 19/15/5.2 kb (b}, 15/5.2/4.6 kb {c), single 19 kb
band (d), 15/4.6 kb (e), and 19/15/4.6 kb (f). Combination
(a) represents the homozygous fast acetylator, (d) one and
(e} another homozygous mutation causing impaired acetylation.
The remaining combinations represent the heterozygous status
of either fast (b, ¢) or slow acetylators (f) [Drakoulis et
al {1991) Naunyn-Schmiedeberg's Arch Pharmaccl (Suppl) 344:
R88]. Aallele specific PCR wag applied to determine the muta-
tions causing slow acetylation [Blum et al {1931} Proc Natl
acad Sci USA 88: 5237]. The RFLPs were then correlated with
the PCR results. 39% of the allels had the 481C-T mutation
corresponding to the single 19 kb band in RFLP, 28% to the
282C~»T mutation corresponding in the 15/4.6 bands and 33% of
the allels were wild type and revealed the 15/5.6 kb bands.
The 857G~A mutation which appeared only in the heterozygous
status could not be determined by RFLP after KpnI digest. The
allele frequency of 2% for this mutation was determined by
PCR.

Freie Universitdt Berlin, Inst. fir XKlin. Pharmakologie,
Hindenburgdamm 30, D-1000 Berlin 45
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DISTRIBUTION OF QUINOLONES AND B8-LACTAM-ANTIBIOTICS
INTO NECROTIC AREAS IN SEVERE ACUTE PANCREATITIS
B.Drewelow, K.Koch, A.Franke, R.Kinast, C.Otto,
A.-K.Riethling

Bacterial infections of necrotic regions are the
most common cause of mortality in severe acute
pancreatitis. To prevent these infections effective
levels of antibiotics are necessary in inflamed
tissue and necrotic areas. Following investigations
concerning the penetration of antibiotics into the
healthy pancreas (Chirurg 62 (1991) 317), the aim
of this study was, whether systematically admini-
stered antibiotics are able to enter necrotic areas
in severe necrotizing pancreatitis.

We studied the distribution of cefotiam, ceftazi-
dim, ciprofloxacin and ofloxacin between serum and
necrotic regions in patients with necrotizing
pancreatitis in comparison to healthy rats and
rats after induction of acute pancreatitis.

We found the highest necrotic¢ pancreatic tissue/
serum partitition coefficient after treatment of
patients with ofloxacin (0.43-3.14; mean: 1.25).
The mean tissue/serum ratios of the other antibio-
tics studied in humans were: ciprofloxacin = 0.54
(range: 0.2-0.78}, ceftazidim = 0.45 (range: 0.17-
0.9) and cefotiam = 0.17 (range: 0.11-0.24). In
rats with necrotizing pancreatitis a considerable
elevation of pancreatic tissue/serum level ratios
in comparison to the control group was observed
after application of ciprofloxacin and ceftazidim.
CONCLUSION: Antibiotics are able to penetrate into
necrotic pancreatic tissue. The levels of several
antibacterial drugs show therapeutic values abow
MICs of relevant pathogens.

Dept. Clin. Pharmacol., Institute of Pharmacology
and Toxicology of the University Rostock,
Schillingallee 70, 0-2500 Rostock, Germany.
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PHARMACODYNAMICS, TOLERABILITY AND PHARMACOKINETICS OF
DKAH 3 CL, A NEW "SINUS NODE INHIBITOR"

D. N. Duong, H. v. Nicolai, G. Heinzel, G. Nehmiz

In a range finding study the dose-response relation of DKAH 3 CL, a compound which
pharmacologically shows a long and pronounced reduction of heart rate (HR) without
impairing contractility and coronary perfusion, was assessed in healthy volunteers
regarding pharmacodynamics, tolerability and pharmacokinetics. DKAH 3 CL was
administered orally in increasing doses (5, 7.5, 10 and 15 mg) as a single dose. The
doses were divided over 4 treatment groups, each consisting of 4 volunteers. Of each
group, 1 subject received placebo and 3 subjects received DKAH 3 CL in a randomised
double-blind design. The effect on HR and blood pressure was measured at rest as well
as during exercise conditions (bicycle ergometry).

Results

At rest; 15 mg DKAH 3 CL reduced HR markedly between 4 hand 24 h p.a.

During exercise: A pronounced decrease of HR was observed 4 h p.a. with

5,7.5, 10 and 15 mg. When compared to placebo, the effect was still present 48 h p.a.
with 10 and 15 mg.

Heart rate reduction compared to pre-drug values

placebo Smg 7.5 mg 10 mg 15 mg

during exercise, 4hpa. | +48% -20% -44% -39% -126%
during exercise, 6hpa. | +27% -53% -75% -64% -144%
during exercise, 48 h p.a. -14% -46 % -57% -39% -108%

DKAH 3 CL is relatively rapidly absorbed. t__: 1 h (median), range 0.5-2h;
MRT (mean residence time) median 4.5 h, range 3.2 - 8.8 h.

Due to the short MRT of 4,5 b no accumulation can be expected with a once daily
administration.

The subjective tolerability was good up to the dose of 15 mg.

Present address: Boehringer Ingelheim Deutschland GmbH, Dr. Karl Thomae GmbH,
D-7950 Biberach (Riss) FRG
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CONJUNCTIVAL CAPILLAROSCOPY (CC) AS A METHOD FOR THE
INVESTIGATION OF DRUGS WITH VASODILATIVE PROPERTIES

K.M.Eckl M.Stoeter M.Mélier M.Wargenau

A study was performed to investigate the effect of two vasodilating compounds,
the calciumantagonist Nifedipine (NIF) and the ACE-inhibitor Captopril (CAP),
on conjunctival vessel diameter, cardiac output (CO), total peripheral resistance
(TPR) and heart rate (HR).

Following a single blind design with intraindividual comparison 12 heaithy male
volunteers were given placebo, 20mg NIF and 25mg CAP. HR, CO and TPR
were recorded predose and six times between 40 and 440 min. postdose using
impedance cardiography. The measurements were done with the volunteers
laying in supine position after 15 min. rest. Following each impedance
measurement, a photograph from the left lateral eyeball of the volunteer was
taken to depict the conjunctival vessels. For the exact measurement of the
vessel diameter the pictures were magnified via microscope. Both, NIF and
CAP increased the vessel diameter by a maximum of 14% and 12%, compared
to the corresponding placebo values. The maximum effect was reached 80 min.
after dosing of NIF and 120 min. after dosing of CAP. TPR was decreased by
10% and 12%, respectively. The correlation between CC and TPR was -0,89
for NIF and -0,46 for CAP. HR was slightly increased (8% NIF and 4% CAP).
Following the administration of NIF CO was increased by 11% 80 to 120 min.
post dose, CAP caused only an initial increase in CO by 5%.

20mg NIF and 25mg CAP increased the conjunctival vessel diameter and
decreased TPR in a comparable manner, while the effect on HR and CO was
more different. From the good inverse correlation between increase in
conjunctival vessel diameter and decrease in TPR we conclude that the
dilatation of the conjunctival vessels is predictive for a systemic peripheral
vasodilation. CC, a method easily to perform, may be a useful tool to directly
measure vasodilative properties of drugs and to get pharmacodynamic profiles
of these compounds in man.

Address:

SmithKline Beecham Clinical Pharmacology Research
Institute

W-4040 Neuss, Stresemannallee 8, FRG
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PHASE | CLINICAL TRIAL OF R-VERAPAMIL AS A MODIFIER OF MULTIDRUG
RESISTANCE IN CANCER CHEMOTHERAPY

M. Eichelbaum, G. Engel, E. Ladda’, K. Schumacher', A Weimer"

Verapamil has been shown both in vitro and in vivo to reverse multidrug resistance
(MDR). However, at the large doses required to reverse MDR significant
cardiovascular toxicity occurs. Clinically used verapamil is a racemate, ie. a 50:50
mixture of R- and S-verapamil. R-verapamil which has only 10 to 20% of the
cardiovascular activity of the S-enantiomer is equipotent in vitro to racemic verapamil
and the S-enantiomer to reverse MDR. Thus R-verpamil could be superior to
racemic verapamil to reverse MDR because of its lesser cardiovascular activity larger
doses can be administered.

‘We have evaluated in 12 patients with advanced breast cancer the maximum tolerated
R-verapamil dose, the dose limiting cardiovascular and noncardiovascular toxicity and
the drug plasma concentrations achieved. The patients were treated with oral R-
verapamil for 5 days starting with a dose of 200 mg q.i.d. in combination with infusion
of adriamycin (70 mg/m®). Combined treatment was repeated 3 weekly for a total of
4 treatment cycles with an option to escalate the R-verapamil dose by an additional
50mg gq.i.d. at the each new treatment cycle up to 350 mg q.i.d.

4 patients completed all 4 treatment cycles. The maximal tolerated R-verapamil doses
ranged from 400 to 1400 mg/day.

The dose limiting side effect was arterial hypotension with a systolic blood pressure
< 80 mm Hg which occured in 4 patients. First degree av-block developed in 9, 2nd
degree av-block in 1 patient. The maximum plasma verapamil concentrations ranged
from 667 to 1646 ng/ml,

R-verapamil administered in doses between 400 to 1400 mg daily for 5 days caused
less cardiovascular toxicity in combination with chemotherapy than it has been
reported for iv. racemic verapamil. Therefore R-verapamil might be better suited
than the racemate to reverse MDR.

Supported by the Robert-Bosch-Foundation, Stuttgart

Dr. Margarete Fischer-Bosch-Institut fiir Klinische Pharmakologie, Auerbachstr, 112,
7000 Stuttgart 50 /Germany

"Zentrum fiir Innere Medizin, Abteilung Hamatologie und Onkologie, Robert-Bosch-
Krankenhaus, Auerbachstr. 110, 7000 Stuttgart 5o /Germany
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RELATION BETWEEN ARTERIAL AND VENOUS PLASMA
CONCENTRATION OF EXOGENOUS CATECHOLAMINES

H. Ensinger, K. Lindner, F.W. Ahnefeld

The site of sampling to determine the catecholamine (CAT) plasma
concentration has been a matter of controversy. Arterial sampling was
recommended(1). However, this site is not devoid of risk for the patient
or volunteer studied. In a study on the haemodynamic and metabolic
effects of exogenous CAT in volunteers, we investigated the
relationship between arterial and peripheral venous concentration
during infusion of noradrenaline (NOR) or adrenaline (ADR).

After approval by the ethics committee cumulative dose-response
curves were performed in volunteers. NOR (n=8) or ADR (n=8) were
administered using 5 different infusion rates (IR) at 0.01-0.2 ug/kg min,
each infusion lasting 30 min. Arterial and venous blood samples were
simultaneously taken from radial artery and forearm venous cannulas.
The CAT plasma concentrations (ng/l) were determined by
HPLC/ECD. Linear regression analyses were calculated for the IR and
the CAT plasma concentration. Means + SD are given.

Arterial and venous NOR plasma concentrations increased in linear
correlation to their infusion rates from 199475 to 7475+ 1071 pg/ml
and from 192458 to 5388+ 1291 pg/ml. Arterial and venous adrenaline
plasma concentrations increased from 53144 to 4349+818 pg/ml and
from 51+47 to 35214754 pg/ml. The linear regression equations are:
NOR,,, = 0.757 * NOR,, - 131 pg/ml, r = 0.96; ven = venous

v = 0.733 * ADR,, + 12 pg/ml, r = 0.92; art = arterial
both intercepts not significantly different from 0.
Our results show a linear relationship between venous and arterial
plasma concentrations of NOR and ADR.

1. Best JD, Halter JB (1982) J. Clin. Endocrin. Metab. 55:263-268

Universititsklinik fiir Anésthesiologie, Steinhévelstr. 9, D-7900 ULM,
FRG.
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PHARMACOKINETIC COMPARISON OF TWO ORAL
FORMULATIONS OF REPIRINAST AFTER SINGLE DOSE
ADMINISTRATION

C.Ewald, D.Beermann, H.G.Schaefer, H.Blume, and
R. Sliverkriip*

Repirinast(R) is a new antiallergic agent, which
is marketed for asthma treatment in Japan as
tablet.

To investigate the influence of the galenic pre-
paration of R on relative bioavailability of the
active metabolite(M) six healthy male caucasian
volunteers were treated with 300 mg R as suspen-
sion and as tablet in a randomized crossover
trial. Plasma, urine and faeces samples were
collected until 96 hours after administration and
analysed for R and M using HPLC/UV methods.

R could not be detected in plasma and urine.
Pharmacokinetic parameters (geom. means:/ and
ar. means: *):

suspension tablet units -
AUC(0-12) (M) 0.80/ 1.42 0.72/ 1.33 [mg*h/L)
Cmax (M) 0.28/ 1.53 0.22/ 1.39 [mg/L]
Ae urine (M) 11.5 £ 2.9 11.1 £ 2.9 [% of dose]
Ae faeces(M) 56.5 *14.0 45.1 + 9.2 [% of dose]
Ae faeces(R) 24.4 *16.7 17.0 = 6.3 [% of dose]

Based on plasma AUC relative bioavailability of M
was 10 % lower after administration of the tablet
as compared to the suspension. Total recovery of
R and M in urine and faeces accounted for 92% and
73% of the dose for tablet and suspension, resp.
However, this difference was not statistically
significant. - In conclusion, both formulations
of R were pharmacokinetically equivalent.

Institute of Clinical Pharmacology, Pharma
Research Center, Bayer AG, D-5600 Wuppertal 1,
FRG; *Institute of Pharmaceutical Technology,
University of Bonn, D-5300 Bonn 1, FRG
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The impact of liver cirrhosis on the stereoselective disposition of R/S- nimodipine

Fischer C, Sporckmann K, Miick W' and Heuck K

Liver cirrhosis has a profound impact on the first-pass metabolism of drugs. Due to a
decrease in functional liver cell mass and extra- and intrahepatic shunting of portal
blood supply a substantial proportion of an oral dose will bypass the liver thereby
escaping first-pass metabolism. In the case of racemic drugs which are subjected to
stereoselective first-pass metabolism the stereoselectivity of this process can be altered
in liver cirrhosis.

The first-pass metabolism of nimodipine is known to occur in a stereoselective manner
in healthy volunteers (Naunyn-Schmiedeberg’s Arch. Pharmacol. 343, Suppl. 1991:
A496). Since no data on the impact of liver cirrhosis on the stereoselectivity of the
first-pass metabolism of nimodipine are available we studied the absolute bioavailability
of racemic nimodipine in § patients with fiver cirrhosis (2 mg of the stable isotope
labelled racemic analogue i.v. simultancously administered with 30 mg orally).

The following pharmacokinetic data were obtained:

volunteers P patients P
S R R/S S R RS| §5 | RR
F % 3616 20.3+5.6 M 42.1x19.0 67.3+28.2 # * ¥
Cl /min 66.8+27.6 9.7x41 * 3.6x20 2.0+08 # * *
typ br 105+15 10515 # 16979 16277 # # #
*p < 0.05; #p > 005

These results revealed a dramatic increase of the bioavailability in patients with liver
cirrhosis according to the reduced liver function. As a consequence of more than 10
fold increase in the bioavailability of the cardiovascular more potent S-enantiomer a
significant decrease in arterial blood pressure was observed. Fg increases only by factor
3. In healthy volunteers a remarkable enantioselectivity was observed expressed as
Fn/ Fgratio = 5.6. In contrast the patients exhibit only a modest enantioselective first-
pass metabolism with a F/ Fg ratio = 1.6. The clearances of the stereoisomers are
significantly reduced and consequently the AUCs significantly greater when compared
to the subjects of the control group. The terminal half-lives were prolonged when
compared to healthy subjects.

Conclusion: In case of racemic drugs with extensive stercoselective first-pass
metabolism the aspect of altered stereoselective disposition has to be considered.

Dr. M. Fischer-Bosch-Institut fiir klinische Pharmakologie, Auverbachstr. 112, D- 7000 Stuttgart-50, Germany;
* Bayer AG, D- 5600 Wuppertal, Germany.
The study was supported by the Robert-Bosch-Foundation and the Bayer AG, Wuppertal,
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GRAPEFRUIT JUICE INHIBITS CYTOCHROME P450 1a2 DEPENDENT
METABOLISM OF CAFFEINE 1IN MAN U. Fuhr and K. Klittich

Grapefruit juice increases the bicavailability of dihydro-
pyridines in man (1) which may be caused by the inhibition
of cytochrome P450 3A4 through the grapefruit component
naringenin (2). Inhibition of benzo{a)pyren hydroxylation
in vitro (via the P450 1A subfamily) by naringenin (3}
indicates that other P450 isoforms also may be involved.
The objective of this study was to investigate the effect
of grapefruit juice on cytochrome P450 1A2 in man. Caffeine
metabolism was used as a specific probe for P450 1A2
activity, both in vitro and in vivo.

In incubations with human liver microsomes, naringenin was
a competitive inhibitor of caffeine 3-demethylation, with
K1 values for naringenin one order of magnitude lower than
KM values for caffeine.

In vivo, a randomized cross cover design was applied to

12 healthy subjects (5 m, 7 £, 5 smokers, 7 nonsmokers, age
22 - 56 years, weight 39 - 98 kg). 167 mg of caffeine
(single dose) was given in both study periods. Additionally,
the subjects drank 300 ml of either grapefruit juice
(freshly prepared) or water 1/2 h before caffeine appli-
cation and every & h during the 36 h sampling period.
Concomitant intake of grapefruit juice prolonged caffeine
elimination significantly (see tab.). These changes
correlated (r=0.761, p<0.01) to the relative grapefruit
juice dose given as ml/min/kg.

Tab.: Effect of grapefruit juice on caffeine kinetics in man

caffeine parameter + water + grapefruit Wilcoxon
in plasma (mean*sD) {absol,) (% of control) test
AUCQ~00 {umol*h/1) 142175 134%38 % p<0.05
Clearance (ml/min) 12863 81+24 % p<0.05
ti/2el (h) 4.7%2.1 127116 % p<0.005
vq (1/kg) 0.6%0.1 10015 % n.s.

The marked inhibition of caffeine metabolism in vitro
identifies naringenin as one agent responsible for the
interaction in vivo, although it is unknown whether further
components of grapefruit contribute to this effect. The
extent of P450 1A2 inhibition, reflected by an increase in
AUC of caffeine occasionally exceeding 50 %, may have a
relevant influence on the effect of drugs which are metabo-
lized completely or in part by this cytochrome P450 isoform.
(1) Baile DG et al. (1991) Lancet 337: 268-9.

(2) Guengerich FP & Kim DH (1990) Carcinogenesis 11: 2275-9.
(3} Buening MK et al. (1981) Cancer Research 41: 67-72.

Dept. Clinical Pharmacology, University Hospital Frankfurt,
Theodor-Stern-Kai 7, D-6000 Frankfurt/Main 70, F.R.G.
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EFFECTS OF DIHYDROSPIRORENONE/ETHINYLESTRADIOL ON RAA-
SYSTEM AND SALT-WATER BALANCE IN OVULATION INHIBITION
DOSE A. Fuhrmeister, W. Seifert, B. Schiitt

The synthesized progestogens which are usually found in oral contraceptives (OC) failed
to show an anti-mineralcorticoid effect as is seen in natural progesterone. An unopposed
estrogen effect may cause weight gain, water retention and hypertension in susceptible
women. Dihydrospirorenone (DHSP) is proven as a potent progestogen and a competitive
aldosterone antagonist in rat and man. The effect of two fixed combinations of 30 pg
Ethinylestradiol (EE) and 2 mg and 4 mg DHSP respectively on salt-water balance was
investigated under standardized conditions.

Twenty-seven healthy young women received a calorie balanced diet with 100 mmol
sodium and 60 - 70 mmol potassium from day 1 - 24. Nine women each took 2 mg
DHSP/30 pg EE/d, 4 mg DHSP/30pg EE/d or 0.150 mg levonorgestrel (LNG)/30 pg EE/d
(control treament) from day 1 - 21.

Urinary sodium excretion in volunteers treated with DHSP revealed a distinct and dose
dependent increase compared with control treatment within the first week of
administration. Urinary potassium excretion showed little reduction in the same period. In
the subsequent two weeks there was no difference between the treatment groups in
urinary salt excretion. Initially, weight loss was slightly greater after DHSP than after
control treatment. In the resting period body weight remained constant. Plasma renin
increased minimally. Plasma aldosterone and angiotensin II increased significantly during
the whole DHSP medication period. Correspondingly a significant increase was
demonstrated in urinary aldosterone-18-glucuronide, tetrahydroaldosterone, 18-hydroxy-
corticosterone and free aldosterone. No considerable changes were observed in systolic
and diastolic blood pressure after administration of DHSP/EE. LNG/EE exertcd no
aldosterone antagonistic reaction. These three combined dosages suppressed ovulation
and progesterone increase.

It was concluded that DHSP/EE produces anti-aldosterone effects in ovulation inhibition
dose. The initially increased sodium excretion was largely compensated for, by an
endogenous counter-regulation. The progesterone-like pharmacological profile of DHSP
may be useful in oral contraception as well as in special gynecological indications e.g.
premenstrual syndrome.

SCHERING AG, Institut fiir Humanpharmakologie, Labor Endokrinologie
Miillerstrasse 171, D-1000 Berlin 65, Germany
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NON-INVASIVE MEASUREMENTS OF PHARMACOLOGICAL
EFFECTS ON HUMAN SKIN.

B. Gabard, A.O. Barel®, P. Clarys™ E. Bieli

The assessment of skin function and reactivity with bioengineering tools
is now possible through the availability of measuring devices. Thus, skin
color, dermat capillary blood flow and water content in the horny layer
can be precisely quantified with the Minolta Chromameter, the Periflux
laser-Doppler and the Nova DPM among others, respectively. Duration
and intensity of the reactions can be recorded, areas under the curves can
be calculated and the availability of metrical data allows statistical com-
parisons to be made.

The following examples will illustrate the measuring techniques and their

possibilities:

1. Application of nicotinic acid methyl ester on the skin results in a dose-
dependent erythema which can be quantified with the measurement of
the skin color and of the capillary blood flow. Pretreatment of the
application area with a non-steroidal antiinflammatory drug such as
diclofenac durably inhibits the development of the erythema.

2. The vasoconstriction noticed after the application of a glucocorticoid
(the known "blanching” effect) similarly can be quantified with the
measurement of the skin color. Occlusive treatment with a dermato-
logical base containing urea leads to an enhanced vasoconstriction and
also to an increase of the water content of the horny layer as compared
to the same base without urea.

Department of Biopharmacy, SPIRIG AG, CH-4622 Egerkingen,
Switzerland

* Vrije Universiteit Brussel, Faculteit Geneeskunde en Farmacie,
Algemene en Biologische Scheikunde, G304, Pleinlaan 2, B-1050
Brussel, Belgium.
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THE INFLUENCE OF GALANTHAMINE HYDROBROMICUM ON REM SLEEP
REGULATION H. Gann, D. Riemann, J.B. Aldenhoff

Animal experiments have demonstrated, that the triggering
and maintenance of REM sleep is mainly under the control of
cholinergic neurons in the brain stem. In human studies, it
has been shown that cholinergic agonists or cholinesterase
inhibitors 1ike physostigmine, arecholine or RS 86 admini-
stered during or prior to sleep lead to an earlier onset of
REM sleep. The effect of cholinergic drugs on REM Tatency
(i.e. the time between sleep onset and the first REM period
is even more pronounced in patients with a major depression,
thus supporting the hypothesis of a central nervous choli-

nergic/aminergic transmitter imbalance in depressed patients.

In the present study we are investigating the influence of
Galanthamine hydrobromicum, a reversible cholinesterase
blocker on REM sleep regulation in healthy volunteers. Up to
now we have studied 8 subjects (6 females, 2 males) with a
mean age of 39.0 t 7.5 years in the sleep laboratory. After
an adaptation night the subjects are given two doses of
Galanthamine hydrobromicum (10 mg and 15 mg) in a randomized
double blind design compared to placebo at 10 p.m. prior to
sleep. Galanthamine 10 mg led the shortening of mean REM
latency from 80.6 t 27.5 min. to 54.4 t 31.4 min. Adose of 15
mg led to a shortening of REM latency from 74.3 * 31.5 to
54.1 * 27.2 min. With both doses, 6 of the 8 investigated
subjects showed a shortening of REM latency. The preliminary
data suggest, that Galanthamine had the expected influence
on REM sleep regulation which proves the central nervous
efficacy of the compound.

Central Institute of Mental Health
15, POB 12 21 20

6800 Mannheim 1

Federal Republic of Germany
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THE ABSORPTION OF GRISEOFULVIN FROM DIFFERENT REGIONS OF THE
HUMAN SMALL INTESTINE Th. Gramatté

Steady state intestinal perfusion with three lumen tubes was used to evaluate site
specific intestinal absorption of the antifungal drug griseofulvin along the human small
intestine. This substance was chosen as a weak acid with extremely low
watersolubiiity (14 mg/l) and moderate lipidsolubility. Preliminary results (3 healthy
volunteers) reported here show no distinet intraindividual differences of the mean
amount absorbed per unit time (lg/em x hr): duodeno-jejunal junction 47, 57. 39 :
jejunum 30, 62 and ileum 4€. Griseofulvin absorption was neither dependent on water
movement nor bile acid concentration within the intestinal segment under study.

Institute of Clinical Pharmacology
Medical School, Fiedlerstr. 27
8018 Dresden. Germany
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POSSIBLE ROLE OF PROTEIN BINDING RATES IN DISCREPANT
PLASMA LEVEL~-RESPONSE-RELATIONSHIP R. Grandt

There are numerous attempts to correlate pharmacodynamic
effects to (total) plasma levels of drugs. Total plasma levels
are routinely measured, however, free plasma levels are
supposed to be interrelated with the effect. A linear
relationship between free and total plasma levels as suggested
by giving the percentage of free drug vs total drug is not
necessarily given especially when the plasma protein is
saturated or when time did not allow to obtain equilibrium
between free and bound portion of the drug. If the exchange
between the bound and free pool of the drug is slow,
considerable discrepancies between free and total drug
especially when starting or stopping e.g. intravenous therapy
will be imaginable.

Unfortunately, routinely employed equilibrium dialysis to
determine plasma protein binding does not allow to evaluate
appropiate association and dissociation rates of protein binding
due to the very slow methodology.

Urapidil, an ai-blocking antihypertensive agent, is chosen as
an example, where binding rates to and from protein might
explain discrepancies between total plasma levels and effect.
Application of estimated binding rate constants representative
of slow protein binding in a model, that treats bound and free
drug as separate compartments leads to a plasma level—-effect
relationship, that follows «closely what 1is published on
experimental results with the drug.

Rate constants of plasma protein binding in the case of
Urapidil remain to be determined experimentally to either
support or discard this hypothesis.

Although difficult to obtain by standard determination
procedures for protein binding it appears worthwhile to
consider protein binding rates when plasma level and effect do
not seem to correlate.

Heeresstr. 5, 4444 Bad Bentheim, Federal Republic of Germany
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ENANTIOSPECIFIC FLUORESCENCE ASSAY FOR NOREPHEDRINE
(PHENYLPROPANOLAMINE) AND ITS APPLICABILITY IN PHARMACOKINETIC
STUDIES

G. Hahn', P. Langguth?, W. Mohrke®

The racemic erythro form of phenylpropanolamine (rac-norephedrine) is clinically
used as a nasal decongestant and an anorectic. The pharmacokinetics of the two
enantiomers of norephedrine have not yet been studied in man. In order to
measure low concentrations of norephedrine enantiomers [levo-norephedrine,
(1R,28)-(-)-phenylpropanolamine;  dextro-norephedrine, (15,2R)-(+)-phenyl-
propanolamine] in plasma after administration of racemic drug dosage forms,
chiral fluorescent derivatisation and HPLC was employed. The internal standard
levo-norpseudoephedrinie [(1R,2R)-(-)-pheny!propanolamine] and borate buffer pH
11 were added to a sample aliquot and a liquid-liquid extraction was performed
using diethyl ether containing 1.5% ethanol. After solvent evaporation the
remaining residue was derivatized with o-phthaldialdehyde and the chiral
mercaptan N-acetyl-L-cysteine. The HPLC resolution of diastereomeric derivatives
was possible on an achiral octadecylsilane column. The mobile phase consisted of
sodium phosphate buffer pH 6.5, methanol and acetonitrile (100:40:30, v/v). The
fluorescence of the eluate was monitored at 344/442 nm. Norephedrine
enantiomers and the internal standard were well separated. The capacity factors
for levo-norephedrine, dextro-norephedrine and levo-norpseudoephedrine
derivatives were 7.7, 9.5 and 14.4, respectively. The separation and resolution
factors for the norephedrine enantiomers were calculated to 1.22 and 4.22,
respectively. The intraday coefficients of variation were less than 10% at
concentrations of 5 ng/ml or more of each enantiomer. The detection limits are
less than 2 ng/ml (signal to noise ratio 5:1). The specificity of the assay was tested
for some endogenous compounds and drugs structurally related to norephedrine
but none of them did interfere. In a pharmacokinetic study in 10 healthy volunteers
with dosage of 50 mg rac-norephedrine as oral solution, virtually no differences
were found between the pharmacokinetic parameters of the two enantiomers.

'Pharmakologisches Institut fir Naturwissenschaftler der Johann Wolfgang
Goethe-Universitat, Theodor-Stern-Kai 7, D-6000 Frankfurt/M., 2Depar!ement
Pharmazie, ETH, Clausiusstr. 25, CH-8092 Zurich and ®R6hm Pharma GmbH,
Dr.-Otto-RGhm-Str, 2-4, D-6108 Weiterstadt
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INFLUENCE OF CIMETIDINE ON THE STEREOPHARMACO-
KINETICS OF CARVEDILOL AFTER ORAL DOSAGE
W. Henke, D. Henke, and H. Spahn-Langguth

The B- and e, -adrenoceptor antagonist carvedilol exhibits distinct diffe-
rences between the clearances of its two enantiomers including a highly
stereoselective first-pass effect after peroral administration with prefe-
rential extraction of the S-(-)-enantiomer. As the compound is mainly
eliminated via oxidative metabolism it was hypothesized that inhibitors
of this elimination route may affect the extent and the stereoselectivity
of clearance and first-pass elimination,

Thus, the pharmacokinetics of carvedilol enantiomers and the
respective conjugates were studied in six healthy volunteers after a
single oral dose of 100 mg rac-carvedilol in a control period and under
concomitant cimetidine treatment, respectively. Enantiomer concentra-
tions were assayed with an enantiospecific analytical method that is
based on chiral derivatization with R-phenylethyl isocyanate, normal-
phase HPLC and subsequent fluorescent detection (1).

Interestingly, only minor changes due to cimetidine were detected for
parent carvedilol enantiomers. The stereoselectivity of the pharmaco-
kinetic parameters was not significantly affected by cimetidine. Average
Cmax values increased from 29 to 45 ng/ml for S- and from 63 to 94
ng/ml for R-carvedilol when cimetidine was coadministered, while the
apparent oral clearance decreased from 5.3 to 4.3 1/min for S- and from
3.2 to 2.1 1/min for R-carvedilol. Only a small fraction of the dose
(0.5%) was excreted unchanged into urine. Virtually no effect of cime-
tidine on the renal clearance of the parent enantiomers was detected
(R/S-ratio, appr. 1.5). The plasma concentrations of carvedilol conjuga-
tes exceeded those of parent drug. The fraction of the dose excreted
into urine as conjugates was <5%. Under cimetidine treatment the
plasma concentrations of the conjugates were enhanced, while the renal
clearances of the conjugates were reduced.

(1) W. Henke, H. Spahn, and E. Mutschler, ISSX 2nd European Meet-
ing on Foreign Compound Metabolism, Frankfurt/Main, F.R.G,
March/April 1987.

Department of Pharmacology, University of Frankfurt, Theodor-Stern-
Kai 7, Geb. 75A, D-6000 Frankfurt/Main 70, Federal Republic of
Germany
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CARDIOVASCULAR EFFECTS OF ESMOLOL IN MAN -

INFLUENCE OF RATE OF INFUSION, PLASMA CONCENTRATION
AND OCCUPANCY OF B1-ADRENOCEPTORS

P.Jahn, C.Volz-Zang, B.Eckrich, B.Schneidrowski,
and D.Palm

B.Schultex

Esmolol (E), a rapidly metabolized and therefore ultrashort
acting B1-selective adrencceptor antagonist, was infused over
75 min in 8 healthy male volunteers at rates of 100(A) ,
250(B) and 500(C) ug+kg-''min-! on three different days in a
randomized manner. Bicycle ergometry was carried out before,
60 min after beginning and 45 min after termination of
infusion. Parallel to in vivo measurements blood samples were
drawn during and 45 min after infusion and conditioned with
tricresyl phosphate (TCP) in order to prevent rapid
esterolysis of E. In plasma samples occupancy of Bi-
adrenoceptors was quantified by a radioreceptorassay (RRA);
concentrations of E as well as of its acid metabolite were
determined by a HPLC method.

During infusion of E maximal exercise heart rates were
reduced dependent on the rate of infusion: from 146 (control)
to 131 (A), 120 (B) and 117 (C) bpm (mean values). Systolic
blood pressure was reduced from 191 to 157 (A), 143 (B) and
131 (C) mm Hg , respectively . These results corresponded
well to the B1-adrenoceptor occupancies of 61 (A), 77 (B) and
85 % (C). The antagonistic equivalents in plasma as
determined by the RRA were directly correlated to the plasma
concentrations of E obtained by HPLC under steady state
conditions (0.46/0.67 (A), 1.08/1.238 (B) and 2.42/1.99 (C)
ug/ml - HPLC/RRA). Thus, the acid metabolite of E, despite
high plasma concentrations (max. 77 ug/ml!), is obviously
without any antagonistic effect; these results are supported
by the identical cardiovascular effects measured during
exercise before and 45 min after termination of infusion.

Zentrum der Pharmakologie, Univ. Klinikum Frankfurt
* Kerckhoff Klinik der Max Planck Gesellschaft, Bad Nauheim
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PHARMACOKINETICS AND PHARMACODYNAMICS OF GALLOPAMIL IN
PATIENTS WITH LIVER CIRRHOSIS
A.A.H Kaim, K.Farker*

Gallopamil (D 600) is a calcium antagonist with phenylalkylamine structure which is
a methoxy derivative of verapamil. Although the drug is completely absorbed after
oral administration its bioavailability is only 9.5 to 25.4 % due to an extensive first
pass metabolism. The total plasma clearance is on average 8.2 l/min, the terminal
half life 3 -6 hours. 1 % of the dose is recovered in urine as unchanged drug, Due
to a decrease in functional liver cell mass and shunting of the portal blood in
patients with liver cirrhosis first pass metabolism can be reduced substantially. So far
no data on the pharmacokinetics and bioavailability of gallopamil in liver cirrhosis
are known. Therefore we studied the pharmacokinetics of galloparmil in six patients
with liver cirrhosis (Child B} and in six matched healthy volunteers after a single oral
dose of 25 mg and 50 mg gallopamil, respectively. Blood pressure, heart rate and
electrocardiographic parameters were monitored prior to and for twelve hours
following gallopamil administration.

In patients with liver cirrhosis a dramatic reduction in clearance to 1.82 (0.7 - 3.8)
I/min was observed. As a consequence of the reduced clearance absolute
bioavailability increased to 60.0 % (26.2 - 95.6 %), the terminal half life was
prolonged to 11.6 (5.1 - 20.2) hours.

These changes in pharmacokinetics were accompanied by distinct cardiovascular
effects. In contrast to the healthy subjects where no changes in blood pressure were
observed, gallopamil reduced systolic and diastolic blood pressure by 19.2 + 12.5
and 10.1 + 3.2 mm Hg respectively as maximum effects in patients with liver
cirrhosis. The intensity and duration of the negative dromotropic effect on the
atrioventricular conduction was greater in patients with liver cirrhosis.

Conclusion: Based on pharmacokinetic and pharmacodynamic data in patients with
liver cirrhosis with Child B the oral dose of gallopamil should be reduced to 25 to
50 % of normal dose.

Lit.. M.Bichelbaum, Z.Kard.78,Supp!.5,20-24 (1989)
A.Gross et al., Bur.J.Pharmacol.183(5),1651-1652(1990)

Supported by the Robert-Bosch-Foundation, Stuttgart
Dr.Margarete Fischer-Bosch-Institut fiir Kiin.Pharmakologie, Auerbachstr.112, 7000 Stuttgart 50
* Institut fur klinische Pharmakologie, Universitdt Jena, Bachstr. 18, 0-6900 Jena



R10

37

PHARMACOKINETICS OF A NEW DEVELOPED NICOTINE TTS

B. Keller~Stanislawski, S. Caspary, Th. Huber, N. Rietbrock

Tobacco use has resulted in major health related problems
worldwide. Nicotine replacement is one of the most
promizing strategy in smoking cessation. The pharmaco-
kinetic properties of a new developed transdermal nicotine
patch (two different sizes: 16 cm? and 24 cm2) was
investigated in three separate studies.

Mean daily nicotine delivery of the two patches were 14.3
£ 2,4 mg (16 cm?) and 24.6 * 1.8 mg (24 cm2) nicotin,
where the release followed a first-oder kinetic. A linear
relationship between individual dose and AUC- and cpax—
values of both patches were obtained. As a result of
single and multiple dose kinetic, no significant
accumulation of nicotine were observed. Tj/zel (3.5 h -
4.5 h) of nicotine after removal of the patches was longer
than reported values in the literature after i.v. admini-
stration (40-120 min). Detection of a longer elimination

half life may be due to more sensetive analytical methods

used in this study.

Department of Clinical Pharmacology, Johann Wolfgang

Goethe-University, 6000 Frankfurt/Main, Theodor-Stern-Kai 7
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ANALYSIS OF CYTOCHROME P-4502D6 GENOTYPE AND
PHENOTYPE IN 390 CAUCASIANS
R.Kerb and J. Brockmdoller

Genetic characterizationof patients deficient in cytochrome P-4502D6 is of great
value in individualization of dosage with certain drugs and in studies on diseases
associated with toxic environmental compounds. Data on frequencyof the different
mutant alleles and the related enzyme activities are an important prerequisite.

After phenotyping with debrisoquine, a partially preselected group of 390
Caucasians, 326 extensive metabolizers (EMs) and 64 poor metabolizers (PMs),
were analyzed for their restriction fragment length patterns (RFLPs) using the
restriction enzyme Xbal and by polymerase chain reaction (PCR) (Heim & Meyer,
1990, Lancet 336: 529). Two different active alleles (associated with EM
phenotype) and eight different mutant alleles (inactive, PM phenotype)were found.

| wt| 44E| | 29B] 44B| 29A/11.5| 29C| 10 |16+9|32+9]| Allele

f 181 8 76] 26 6] 10 * 4 1 3 wt
1 * 6 - 3 - - 1 - 44E
9] 13 6 5 4 - 2 1 29B
10 1 4 3 1 1 - 44B
- - 1 - - - 29A
2 1 - - - 11.5
i . - - - - 29C
The numbers of individuals with

. : . - - - 10

the respective allelic conformations
: - - - 1649
are provided; * cannot be diagnosed Tl 3239

190 of the EMs with two active alleles (wt or 44E) had a mean metabolic ratio
(MR, ratio of debrisoquineto OH-debrisoquine in urine) of 0.4, ranging from 0.1
to 8. Interestingly, presence of an 44E allele was always associated with very high
(MR <0.4) metabolic activity, as observed in 9 cases. All 64 persons with two
mutant alleles showed 8 MR > 12. Persons carrying a mutant allele (independent
of the type) combined with an active allele (n=136) had a mean MR of 1.0,
ranging from 0.1 to 12. Thus, these heterozygotes had a significantly lower
metabolic activity than carriers of two active alleles, a fact, which may also be true
for other drugs metabolized by cytochromeP-4502D6 to a quantitatively relevant
degree.

Institut fiir Klinische Pharmakologie, Klinikum Steglitz, Freie Universitit Berlin,
Hindenburgdamm 30, D-1000 Berlin 45
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PHARMACOKINETICS OF THE MONOAMINE OXIDASE~A INHIBITOR
BROFAROMINE IN YOUNG HEALTHY VOLUNTEERS AND IN PATIENTS
WITH CHRONIC RENAL FAILURE

K. Kucher, L. Fuchs, K.H. Antonin, E. Schmidt, S. Sulkova®,
A. Valek®, and P.R. Bieck

Brofaromine is a new reversible and selective inhibitor of
the MAO-A isozyme. Several studies revealed good tolera-
bility and high therapeutic safety. It has been shown to be
an effective antidepressant in patients with major depres-
sion. The compound is extensively metabolized by the liver.
The primary metabolite is pharmacologically inactive, its
glucuronide and sulfate conjugates are excreted in urine.
To compare the results in renal disease with those obtained
in healthy volunteers, brofaromine was given in open
studies to 12 young healthy subjects [A: 7 females (f), 5
males (m); 20 - 35 yr] and to 19 patients with chronic
renal failure [B: 6 patients with creatinine clearence from
15 to 25 ml/min; 4 £, 2 m; 35 - 65 yr; C: 13 patients on
hemodialysis; 9 £, 4 m; 25 - 65 yr]. Each subject received
a single oral dose of 50 mg brofaromine. Blood samples were
obtained during 48 h and plasma concentrations of
brofaromine were measured by GC-EC.

Results: (mean t+ SD)

Study Cpnax/dose BUCp.. 4g/dose ty/2
[nmol/ (L*mg) ] [ (nmol*h) / (L*mg) ] {h]

A 15.3 £ 6.1 236 + 125 13.3 + 3.1

B 22,3 £ 5.5 368 + 122 12.6 * 3.5

o 32,7 + 12.8 585 + 328 17.5 ¢ 7.1

Patients had higher C,,, and increased AUC values

(p £ 0.05). Half-lives were not significantly different
from values obtained in young healthy volunteers. Possible
explanations for the differences are age, liver function,
drug distribution and comedication.

Human Pharmacology Institute, CIBA-GEIGY GmbH, Waldhdrnle-
str. 22, D-7400 Tiibingen. *Charles University Prague,
Department of Medicine, Czechoslovakia.
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INFLUENCE OF SMOKING ON THE CORRELATION OF IN VITRO
AND IN VIVO PARAMETERS OF BIOTRANSFORMATION IN
PATIENTS WITH CHRONIC LIVER DISEASE H. Kraul, J.
Truckenbrodt, and A. Hoffmann

7-ethoxycoumarin O-deethylase (ECOD) activity was
measured in liver biopsy samples from 30 patients
with liver disease (13x fatty liver, 10x chronic-
active hepatitis, 7x cirrhosis) to estimate
oxidative drug metabolism in vitro. Caffeine and
metamizol elimination as in vivo parameter of
cytochrome P450-dependent biotransformation were
determined in the same subjects within 3 days after
biopsy.

ECOD~activity was significantly correlated (p<0.05)
with the pharmacokinetics of metamizol and with the
amount of metabolites excreted in the urine. In
contrast, no correlation was found betwseen ECOD-
activity and all parameters of caffeine elimination
in serum.

caffeine elimination was elevated in smokers if
smokers (n=15) were compared to non-smokers (n=15).
However, ECOD~activity and metamizol elimination
were not different in both groups. In smokers a
correlation was found only between ECOD-activity
and different parameters of metamizol elimination
(t%, MRT and metabolites excreted). In non-smokers
an additional correlation was observed between in
vitro biotransformation and CL of caffeine as well
as metamizol.

Results confirm that smoking differently influences
cytochrome P450-dependent drug metabolism caused by
different isozymes measured. Consequently, smoking
nodifies correlations calculated between different
in vitro and in vivo measurements of drug
metabolism, too. Therefore, smoking must generally
be taken into consideration in correlation studies.

Institute of Clinical Pharmacology, Friedrich
Schiller University, BachstraBe 18, 0~6900 Jena
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A modified Marples Kligman Test for the evaluation of
antibacterial effects of topical drugs

R. M. Krause, J. Gassmiller and A. Kecskés

Several modifications of the Marples Kligman Test (MKT) have been used to
improve the performance with respect to easier or faster conductance. After having
proven the back to be a convenient localisation for MKT, we have been looking for
an appropriate time schedule for the expanded flora test. 24 hours occlusion and
treatment under occlusion for another 24 hours gave the best results as to growth of
bacteria and measurable antibacterial effects.

In a randomized double-blind study on the back of 18 healthy volunteers, two
different models were compared in a half-side method. The original occlusion test of
Marples and Kligman (treatment 48 hrs. under occlusion) was compared to a
modified expanded flora test (preocclusion 24 hrs., treatment under occlusion for
24 hrs.). Test areas one on each side were treated with 6 a-methylprednisolone
aceponate 0.1 %/ clorquinaldol 1%, 6 a-methylprednisoloneaceponate 0.1 %, dexa-
methasone 0.04%/nandrolone-decanoate 0.04%/chlorhexidine 1%, dexamethasone
0.035%/diphenhydramine-hydrochloride 0.5%/dequaliniumchloride 0.1%, flupred-
niden-21-acetate 0.1%/chlorquinaldol 1%, betamethasone-17-valerate 0.1%/neomy-
cinesulfate 0.5%, betamethasone-17-valerate 0.1%/gentamycinesulfate 0.1%. An
occluded test area on each side without treatment served as control. Bacterial
scrubs, dilution, cultures and calculations were made according to Marples and
Kligman.

On both sides the antibacterial effects of all substances tested were better than the
control. The lowest values were found under topical treatment with antibiotic
combinations. The combination corticosteroid/diphenhydramine-hydrocloride/dequa-
finiumchloride was almost as effective as the combinations with antibiotics. The
same tendencies were seen on both sides. In contrast to the original expanded flora
test (48 hrs./48 hrs.) the modified expanded flora test (24hrs./24hrs.} gave better
discrimination of single drug effects due to a larger range of bacterial numbers. 24
hrs. of preocclusion did not lead to maximum numbers of bacteria (no ceiling-effect).

Department of Dermatology/Human Pharmacology, Schering AG,
MllerstraBe 172, D-1000 Berlin 65, Federal Republic of Germany
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EVIDENCE FOR GENETICALLY AND ENVIRONMENTALLY DETERMINED
METABOLISM OF METHADONE

H.K. Kroemer, N. Loimer* and R. Schmidt*

Methadone ((S/R)-6-dimethylamino-4,4-diphenylheptan-3-one) is frequently used as
a treatment drug for maintainance therapy of opiate addicts. The drug undergoes
extensive and variable metabolism in man which may be a limiting factor in achieving
plasma concentrations nccessary for successful maintainance therapy. The enzymes
involved in methadone biotransformation have not been identified so far. We
therefore investigated methadone metabolism and disposition both in vitro
(microsomal fraction of human liver) and in vivo (20 opiate addicts during chronic
methadone therapy).

In vitro experiments showed both the CYP2D6 catalyzed 5-hydroxylation and
the CYP3A4 and CYP1A2 catalyzed N-dealkylation of propafenone to be inhibited
by methadone in a competilive manner (K, for 5-hydroxylation and N-Dealkylation
395 wM and 230 pM, respectively), thereby indicating affinity of methadone to these
enzymes. The major metabolite formed in vitro was the N-demethylated product (2-
cthylidene-1,5-dimethyl-3,3-diphenyl-pyrrolidine). The V,, for the formation of this
metabolite correlated with the content of CYP3A3/4 (r=0.94; P<0.01) and CYP1A2
(r=092; P<0.01) as ecstimated by Western blotting in five different liver
preparations,

The average dose corrected steady state plasma concentrations of methadone
during chronic treatment revealed a wide interindividual variability (6.9+3.2
ng/mi/mg; range 2.3-16.9 ng/ml/mg). Phenotypisation of patients with sparteine during
methadone treatment showed an increased metabolic ratio compared to a non treated
population indicating partial inhibition of CYP2D6 mediated sparteine metabolism in
vivo.

‘We conclude that CYP3A4, CYP1A2 and CYP2D6 can modulate methadone
disposition. Therefore, genetic (CYP2D6) and/or environmental (CYP3A4) factors
may contribute to the metabolic profile and interaction potential of methadone.

Supported by the Robert-Bosch-Foundation, Stuttgart, Germany

Dr. Margarete Fischer-Bosch-Institut fir Klinische Pharmakologie, Auerbachstr. 112,
7000 Stuttgart 50, Germany

* Aligemeines Krankenhaus, Universitatsklinik firr Psychatrie, Wihringer Giirtel 18-20,
1090 Wien, Austria
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MONITORING OF MICROPROTEINURIA IN PHASE I STUDIES
G. Lemm, I. Loof*, G. Horpacsy**, W. Wingender,
and J. Kuhlmann

Monitoring of renal integrity by serum creati-
nine, creatinine clearance or proteinuria in test
strips is too insensitive to detect early renal
impairment. Therefore, determination of urinary
albumin (Alb), a-~1 microglobulin (a-1MG) and N-
acetyl-B-D-glucosaminidase (NAG) excretion was
carried out to detect and discriminate glomerular
and tubular alterations. Alb and al-MG were de-
termined immunologically by radial diffusion, NAG
was determined enzymatically in substrate excess.
Comparing creatinine adjusted excretion of these
proteins by healthy volunteers in collection
urine (0-12h, 12-24h) and 1st and 2nd morning
urine in a prospective study revealed that levels
were highest in the 2nd morning urine, which
should be chosen for routine determinations. Day
to day variability was lowest with NAG (7-25 %)
and highest with Alb (>300 %). Upper "normal
limit" was not exceeded with al-MG, but in 2 %
with Alb and NAG. Historical data of renal tubu-
lar enzyme excretion in the 2nd morning urine of
more than 100 volunteers in pre-examinations and
placebo periods of phase I studies were evaluated
to get further information on biological variabi-
lity and to compare values of young male volun-
teers with established "norm values". Depending
on methods used for the measurement of enzyme
activity, the corresponding indicated "upper 1li-
mits" were exceeded in 3-6 % with NAG.

Bayer AG, Pharma Research Centre, Institute of
Clinical Pharmacology, *Institute of Toxicology,
Aprather Weg, D-5600 Wuppertal 1, FRG

**Manforter Strafe 225, D-5090 Leverkusen 1, FRG
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PHARMACOKINETIC DETERMINATION OF DOSE EQUIVALENCY
BETWEEN INTRAVENOUS AND ORAL DOSES OF CIPRO-

FLOXACIN IN THY VOLUNTEERS *

J.T. Lettieri , H. G. Schaefer, A.H. Heller ,

In order to get information on the equivalence
between oral and IV ciprofloxacin dosages the drug
was administered to 12 healthy volunteers at doses
of 300 mg and 400 mg intravenously (infusion time
60 minutes) and 500 mg and 750 mg orally in a
randomized, double-blind, single-dose, four-period
crossover study. On each treatment day, each sub-
ject received both oral and intravenous formula-
tions, one of which was placebo. Blood and urine
samples were obtained through 24 hours post-dose.
The following pharmacokinetic parameter were cal-

culated using non-compartmental methods. (geom.
means, n=11).

3001V 400IV 500PO 750PO0
AUC(0-24) {mg*h/1)] 8.21 10.98 10.36 15.80
AUC(0-24) /Dfh/1] 0.0274 0.0275 0.0207 0.021
Cmax{mg/1] 3.23 3.94 2.67 3.63
Cmax/D[1/1] 0.0108 0.0099 0.0053 0.005
t1l/2[h] 5.47 4.65 4.57 4.55

Within each dosing route, the pharmacokinetic pro-
files were dose-proportional. The 400 mg IV dose
was equivalent to 500 mg oral dose with respect to
AUC and equivalent to 750 mg oral with respect to
Cmax. The absolute bioavailability after oral ad-
ministration was about 78%. No significant adverse
events were associated with either route of ad-
ministration.

Institute of Clinical Pharmacology, Bayer AG,
D-5600 Wuppertal 1, FRG. * Clinical Pharmacology,
Miles Inc., West Haven, USA
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THE METABOLIC DISPOSITION OF “C-CARBOCYSTEINE IN HUMANS
C. O. Meese' and H. Wisser®

The metabolism of carbocysteine (CMC) has been reported to proceed predominantly
via sulphoxidation. The so called sulphoxidation index (ratio between drug-related
thioethers and sulphoxide metabolites excreted in the urine during 0-8h) shows
polymodal distribution. Based on this index the population can be divided into
extensive and poor sulphoxidisers. The polymorphic sulphoxidation of CMC has been
linked to certain diseases and adverse drug reactions [S. C. Mitchell and R H.
Waring, Pharmacol. Ther. 43, 237 (1989)]. However, recent studies using HPLC, GC-
MS and "C NMR techniques could not confirm that sulphoxidation of CMC is a
major biotrans-formation pathway [C. O. Meese et al., Lancer 336, 693 (1990)]. In view
of these discrepancies we have studied the disposition and metabolism of the drug
following oral administration of "“"¥C-CMC to two subjects. Recovery of "*C-activity
in breath and urine corresponded to 7% and 16%, respectively, and 88% and 80%,
respectively (totally 95-96% within 168 hrs). A combination of radio-tic, '*C NMR and
GC-MS was used to identify and quantitate CMC and its metabolites in urine. The
"“C-activity in urine could be identified as CMC (20%) thiodiglycolic acid (TDGA,
20%), thiodiglycolic acid sulphoxide (TDGA-SO, 32%), S-(carboxymethylthio)-L-
cysteine (CMTC, 49%), (3-carboxymethyl-thio)actic acid (TLA, 2%). Sulphoxide
metabolites were excreted only in trace amounts accounting for s 2% of the dose.
During the 0-8 hr urine collection period which is used to determine the
sulphoxidation index only 30% of the dose was excreted. This urine fraction consisted
mainly of CMC (65% of radioactivity), the remainder being TDGA, TDGA-SO and
TLA. Less than 0.5% of the dose was excreted during this time period as sulphoxide
metabolites and CMTC. The findings of this study confirm our previous data in 34
volunteers, where a similar metabolic pattern was observed. CMTC was the only
metabolite which showed bimodality in its urinary excretion [C. O. Meese et al,
Biochem. Pharmacol. 42, R13 (1991)].

Conclusion: More than 90% of the urinary metabolites of CMC have been identified.
Excretion of the parent drug and formation of TDGA, TDGA-SO, CMTC and TLA
are the major routes of elimination. Thus it can be ruled out that cysteiny! sulphoxide
formation constitutes a major pathway of CMC biotransformation.

'Dr. Margarete Fischer-Bosch-Institut fiir Klinische Pharmakologie, Auverbachstrasse
112, D-7000 Stuttgart 50, Germany and 2Abt. Klinische Chemie, Robert-Bosch-
Krankenhaus, Auerbachstrasse 110, D-7000 Stuttgart 50, Germany

This work was supported by the Robert Bosch Foundation Stuttgart.
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PHARMACODYNAMIC CONSEQUENCES OF THE CODEINE O-
DEMETHYLATION POLYMORPHISM IN AN ANIMAL MODEL
G. Mikus, I.F. Cleary, N.C. Kerry, A.A. Somogyi, and F. Bochner

The analgesic action of the weak opioid codeine is thought to be mediated
by its O-demethylated metabolite morphine. This reaction has been shown
to be under the genetic control of cytochrome P-450IID6 (man) and P-
450ID1 (rat). The female Dark Agouti (DA) rat shows decreased morphine
formation as compared to the female Sprague Dawley (SD) rat due to a
deficiency in cytochrome P-4501ID1. The aim of this study was to test the
involvement of codeine O-demethylation to morphine in the analgesic action
of codeine. The enzyme kinetics of O- and N-demethylation of codeine
were investigated in vitro using liver microsomes from both rat strains. In
addition the nociceptive tail-flick reflex was used to test the analgesic action
of codeine. Analgesia was obtained when the tail-flick latency time was
greater than 150% of the baseline latency and dose-response curves were
constructed using the number of animals analgesic.

There were no strain differences in codeine N-demethylation to norcodeine,
however a 10-fold diminished intrinsic clearance of morphine formation
was observed in DA liver microsomes. Quinine 10 uM, a potent selective
inhibitor of P-450ID1, diminished the clearance to morphine in SD rats to
6% of that observed without quinine, no change occurred in codeine N-
demethylation. To account for potential inter-strain differences in the rat tail-
flick model, morphine was given as a positive control and a 3-fold
difference in ED50 was observed between the two strains (SD: 10.4 vs DA:
31.0 pmol/kg). After s.c. administration of codeine a dose-response curve
was obtained only in SD rats with the ED50=76 umol/kg. However, even
after 400 pmol/kg codeine no analgesia was observed. When quinine (60
mg/kg i.p.) was administered to SD rats 1 hour before codeine (100
pwmol/kg) in order to inhibit morphine formation, a reduction in analgesia
from 87.5% to 37.5% was observed. Codeine analgesia can be abolished if
either the metabolising enzyme (cytochrome P-4501ID1) is inhibited by
other drugs (phenocopying) or the enzyme itself is lacking. In conclusion,
codeine elicits its analgesic effect via the formation of morphine.

Department of Clinical and Experimental Pharmacology, University of
Adelaide, GPO Box 498, Adelaide, SA 5001, Australia

Supported by a Research Fellowship of the DFG, Bonn, Germany
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LIVER FUNCTION TESTS IN PHARMACOKINET!C STUDIES ON
PATIENTS WITH IMPAIRED LIVER FUNCTION:
AMINOPYRIN-BREATHTEST VERSUS CAFFEINECLEARANCE
K.-H. Molz, G. Haug und D. Grune

Pharmacokinetic data generated on healthy volunteers cannot be applied
to patients without certain limitations. This applies particularly to patients
with a limited elimination capacity due to an impaired renal or liver func-
tion. Hence, pharmacokinetic studies on these patients are gaining in-
creasing importance during the development of a drug. The renal function
can be measured with the creatinine clearance as a simple, well tolerated
and commonly accepted method. Due to the complexity of its function,
an analogous test has not been established for the liver.

Amongst a number of widely exercised methods the aminopyrine breath
test as well as coffeine clearance were prefered as screening methods in
several pharmacokinetic studies. The primary reason was their simplified
and reliable feasibility for gaining quantitative information on hepatic
microsomal activity and their good correlation with the clinical symp-
tomatology. [1,2,3]. Since both techniques assess functionally related
microsomal isoenzyme systems (cytochrome P-450 and P-448), the
results were compared and the correlation between calculated. A regres-
sion analysis for n = 38 data pairs, which were collected from 20 patients
with impaired liver function, revealed a strong correlation between both
tests {correlation coefficient = 0.811). A power function (multiplicative
model) in form of ¢ = ¢c(g) = pa® fits best to reflect the functional relation-
ship; a stands for aminopyrine breath test [% dose*kg body weight/2
mmol CGO,] and ¢ for caffeine clearance [ml/min*kg body weight]; p =
2.241 and g = 0.886.

[1] S. Pauwels et al, 1982, Dig Dis Sci, 27, No.1: pp. 49-56
[2] A. Holstege et al, 1989, Klin. Wochenschr, 67: pp. 6-15
[3] D.A. Henry et al, 1985, Dig Dis Sci, 30, No.9: pp. 813-818

Department of Pharmacology and Toxicology, University of Ulm, Oberer
Eselsberg, W-7900 Ulm/Do, Federal Republic of Germany
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IN VITRO INVESTIGATION OF THE TRAMADOL-
METABOLISM - EVIDENCE FOR STEREOSELECTIVITY

W.D. Paar, P. Frankus and H.J. Dengler

Tramadol [rac-1(e)-(m-methoxyphenyl)-2(e)-(dime-
thylaminomethyl)cyclobexan-1(a)~ol hydrochloride]
(T) is a widely used centrally acting analgesic.
Therapeutically the drug is administered as a ra-
cemate. T is metabolized via O-demethylation to
M1 and via N-demethylation to M2. Further deme-
thylation of the primary metabolites results in
the formation of three other metabolites (M3 -
M5). A sensitive HPLC-method for the simultaneous
quantification of T and the major metabolites in
biological samples has been developed. T and its
metabolites were extracted by dichloromethane af-
ter alkalization using ammonia solution. Extrac-
tion efficiencies of T and its metabolites from
microsomal incubation mixtures ranged from 78 -~
93 %. The isocratic HPLC system employed a Cj,
reversed phase column (10 pm; precolumn 12,5 cm
x 3 mm i.d.; column 30 cm x 4 mm i.d.). Sensiti-
vity of the assay was 0.5 pg/ml and 0.2 pg/ml for
T and its metabolites respectively. Precision
(C.V.) of the assay was 3.6, 5.2 and 4.4 % for T,
M1 and M2 respectively.

Microsomes from human livers were incubated with
(+/-)-T,(-)-T or (+)-T in the presence of NADPH.
M1 formation (O-demethylation) was considerably
faster when incubating microsomes with (-)-T in
comparison to (+)-T or the racemate. In contrast
N-demethylation (M2 formation) was found to be
faster after incubation with the (+)-enantiomer
as compared to (—)-T or the racemate.

Zentrum fur Innere Medizin - Allgemeine Innere Medizin, Universitit Bonn,
Sigmund-Freud-Str. 25, D-5300 Bonn 1.
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INVESTIGATIONS ON KINETICS AND DYNAMICS OF 4'-EPIDOXORUBICIN
ON ITS ONFLOATING SPEED TO THE LIVER CELL *R.Preiss, H.Kelm
and U.Ulrich

In preliminary investigations on tumor patients we have found
a linear pharmacokinetics of doxorubicin in the tested dose
range of 30 to 70mg/m?,whereas both the elimination of its main
metabolite doxorubicinol and the formation rate of the agly-
cone metabolites were capacity limited (R.Preiss et al. 19839:
Int.J.Clin.Pharmacol.Ther.Toxicol. 27(4), 156-64). In the
present investigations on 12 tumor patients the kinetics of
4'-epidoxorubicin (4'-ed), a stereoisomere of doxorubicin,

and its main metabolite 4'-epidoxorubicincl (4'-ed-0H) in the
systemic circulation, the renal elimination of 4'-ed-glucuroc-
nides, 4'-ed and 4'-ed-0H, the toxic side effects and the
therapeutic effect of 4'-ed were investigated in dependence

on the onfloating speed of 4'-ed to the liver cells. 4'-ed was
administered into the Arteria hepatica in form of a bolus in-
jection and a 3-h infusion, respectively. In comparison to the
bolus injection the 3-h infusion led to 30-fold and to more
than 10-fold lower plasma Cmax values for 4'-ed and 4'-ed-OH,
respectively. Both the AUC of 4'-ed and 4'-ed-0OH were also
significantly lower in the systemic circulation after the 3-h
infusion than after the bolus injection. Some heavily metasta-
sized patients show a saturated hepatic elimination also under
the conditions of the 3-h infusion. The formation rate of 4'-
ed-0H was high. The renal elimination pattern of the 4'-ed
glucuronides was also dependent on the onfloating speed of 4'-
ed to the liver cells. A good correlation was found between
the liver-leaving amounts of 4'-ed and 4'-ed-0OH and the tumor-
static side effects. Hemodepression, nausea and vomiting were
smaller after the 3-h infusion of 4'-ed than after its bolus
injection., From the kinetic and therapeutic point of view a
3-h infusion of 4'-~-ed should be preferred to a bolus injection
in patients such as those underlying this study.

*Present address: Institute of Clinical Pharmacology, Univer-
sity of Leipzig, HartelstraBe 16-18, 0-7010 Leipzig, Federal
Republic of Germany
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PIROXIMONE I.V. (MDL 19.205) IN AIDING WEANING FROM CARDIOPULMONARY
BYPASS FOLLOWING CARDIAC SURGERY: FIRST EXPERIENCES
Probst S., Lischke V., Fell J.J., DreSler H.T., Dieterich H.A.

Piroximone is a new non-glycoside, non-catecholamine imidazoclone
derivative with both positive inotropic and vasodilator properties.
Patients may often be pre-selected prior to cardiac surgery (CS) as
being at risk of requiring inotropic assistance in weaning from
cardiopulmonary bypass (CPB} or developing acute low-output-states
refractory to B-adrenergic stimulation.

In an open study 15 pre-selected patients (11 male, 4 female), mean
age iﬁ.l_f: 4.8 years (range 54 = 70} with a mean CI of 2.2
Yemin™+Hm and a mean PCWP of 15 mmHg received a single piroximone
bolus-dose of 0.5 mg/kg bodyweight. Operation types were 3-vessel
coronary-~aorto-bypass-graft in 13 cases and mitral valve replacement
in two cases. CPB and cross clamp duration were 104 + 21 min (76 -
140) and 51 * 8 min (37 - 55), respectively. Thres patients additio-~
nally received i.v. nitrates and one patient Ca +-agonist—therapy.
Haemodynamic parameters were measured using Swan-Ganz-catheter prior
to surgery, before piroximone bolus and after 15, 30, 50 and 60 nin.
In most cases the maximum effect were seen after 15 min.

UNIT pre OP after OP after oP
tpre=-153min tg=0min ti5=15nin
c1 1#min~lam~2 2.2 % 0.2 2.1 % 0.2 3.1 ¢ 0.8 %°
PCWP | mmHg 15 + 6 16 + 4 13 £ 4
HR nin~1 69 % 11 85 + 11 90 + 17 °
RAP | mmHg 13 + 4 15 ¢ 3 13 + 4
APy Ty 93 £ 13 76 8 79 % 15 °
SVR |dyn*sec*en™® | 1643 t 277 1308 + 168 1021 271 * °
PAP; | mmHg 26 t 6 24 + 3 21+ 2
PVR |dyn*sec*em™> 221 + 96 175 * 73 123 £ 53 % °

. s ) *
Signif.: paired t-Test P < 0.01 t35 vs to; ° p < 0.01 t15 vs tpre

In one patient prolonged ECC and IABP combined with catecholamine-
therapy were necessary because of hypotonia. Another patient had an
episode of moderate tachycardia but recovered without counteractive
intervention. No adverse events on laboratcry parameters or life-
threatening arrhythmias occurred.

It is concluded that a single dose of 0.5 mg/kg piroximone in
addition to conventional therapy is safe and effective for use in
weaning patients from CPB. Further comparative studies are
indicated.

Department of BAnaesthesiology, University of Frankfurt, Theodor-
Stern-Xai 7, D-6000 Frankfurt/Main 70, FRG

R 13

51

METHODOLOGICAL STUDIES ON THE KINETICS OF
CYCLOSPORINE UPTAKE INTO ERYTHROCYTES

Ch. Reichel and M. v. Falkenhausen

More than 70 % of cyclosporine (CyA) are bound to
erythrocytes at whole blood concentrations of 50
- 1000 ng/ml (1). Up to now kinetics of CyA up-
take could not be determined sufficiently, becau-
se it was not possible to inhibit this uptake at
a certain point of time. We describe a method to
measure the kinetic parameters of this uptake
based on rapid cooling of the erythrocyte suspen-
sion.

After centrifugation and filtration erythrocytes
were resuspended in RPMI medium (1 % BSA) to a
hematocrit of 10 %. CyA was added in ethanolic
solution, final concentration being 5 pg/ml. At
fixed times, 6 ml of the suspension were pipetted
into 30 ml of normal saline kept at 0°C in order
to lower rapidly the temperature. After centrifu-
gation and twofold washing of the erythrocytes in
normal saline at 0°C, CyA was determined by HPLC.

After 5 minutes CyA uptake amounted to 43 * 10~°
nmol/10° cells and to 4 * 105 nmol/10° cells at
22°C and 0°C respectively. This demonstrates that
cooling effectively inhibits CyA uptake into ery-
throcytes.

The cooling to 0°C results in prompt inhibition
of CyA uptake. This allows further investigations
of the kinetics of CyA uptake e.g. with respect
to temperature dependency or inhibitory effects
of drugs.

(1) Lemaire M. et al. (1986) Prog.Allergy 38:93

Zentrum fiir Innere Medizin - Allgemeine Innere Medizin, Universitit Bonn,
Sigmund-Freud-Str. 25, D-5300 Bonn 1.
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INCREASED CYPLA2 ACTIVITY AFTER OMEPRAZOLE AS
SHOWN BY THE "“C-CAFFEINE BREATH TEST AND THE
URINARY PARAXANTHINE/CAFFEINE RATIO IN MAN
K.L. Rost, M. Scheffler, I. Roots

The gastric H T_K T-ATPase inhibitor omeprazole is rapidly and
completely metabolized by the liver. Formation of the hydroxymeta-
bolite cosegregates with the S-mephenytoin hydroxylation polymor-
phism. Moreover, omeprazole was shown to induce CYP1A1 and
CYP1A2 activity in hepatocytes and liver microsomes (Diaz et al.,
Gastroenterology 1990; 99; 737). In this stligy the inducing property
of omeprazole is evidenced in vivo by the *~“C-[ N3-methyl]-caffeine
breath test and urinary metabolic ratios of caffeine.

13 volunteers (18-82 y; 6 f, 7 m) were treate%;vith 40 mg omeprazole
for 7 days. After administration of 3 mg/kg *~C-[N3-methyl]-caffeine
p.o. an Bh breath test and 24h collection of urine were performed 13
before, at the 7th day of treatment, and after 7-day washout. The *~C-
content of the breath samples was measured by isotope ratio mass
spectrometry, specifically indicating the N3-demethylation activity.
The corresponding urinary paraxanthine /caffeine ratio was estab-
lished by rp-HPLC gradient elution.

Treatment with omeprazole lead to a mean increase of 23.4 + 16.8 %
(median 5 6.1 %,95 % confidence: 10.1 - 36.7 %, range -10 to +63
%) in the *°C-[N3-methyl]-caffeine breath test. This increase was
statistically significant, p = 0.002. The paraxanthine/caffeine urinary
ratios before qu after omeprazole treatment were correlated with the
results of the *“C-[N3-methyl]-caffeine breath test (p = 0.05). The
increase of 23.9 % was of the same magnitude as observed in the
breath test. The results suggest that omeprazole induces the N3-
demethylation of caffeine (CYP1A2 activity) in vivo. Furthermore,
evidence is presented that the urinary paraxanthine /caffeine ratio
may serve as a convenﬁnt indicator of CYP1A2 activity as compared
to the more laborious *°C-[N3-methyl}-caffeine breath test.

Institut fiir Klinische Pharmakologie, Klinikum Steglitz, FU-Berlin,
Hindenburgdamm 30, D-1000 Berlin 45
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DOSE-RESPONSE RELATIONSHIP OF INTRAVENOUSLY ADMIN-
ISTERED QUINAPRILAT IN MAN USING ANGIOTENSIN | - CHAL-
LENGE G. Ruf, U.F. Legler, D. Trenk, E. Jahnchen

Following oral administration of the non-sulfhydryl ACE-inhibitor qui-
napril approximately 38 % of the dose are absorbed and converted to
the active compound quinaprilat. Information on the extent and the time
course of the hemodynamic effects of i.v. quinaprilat in comparison
with orally administerd quinapril is lacking. Thus, we investigated in a
double-blind, cross—over study in two parallel groups of 12 healthy
volunteers the dose~-response relationship between rising doses of i.v.
quinaprilat (0.1, 0.5, 1.0, 2.5, 5.0 and 10.0 mg) or placebo by means of
diastolic blood pressure response after repeated infusions of angioten—
sin | at a dose which produced an increase in diastolic blood pressure
of 25 mmHg under standard conditions. The individual dose of angio—
tensin | was determined in each subject during an initial challenge. The
effect of quinaprilat per dose was characterized by the decrease in the
area (AUC) under the hemodynamic index {(mean blood pressure/heart
rate) versus time curve within the period of observation, A clear dose—
response curve was obtained for this hemodynamic index following the
different doses of quinaprilat: AUCs were 4.64 + 1.39 (Placebo), 4.28
+0.85 (0.1), 2.89 + 0.41 (0.5), 2.56 +0.54 (1), 1.73 £ 0.55 (2.5), 1.70
+ 0.76 (5), and 0.85 + 0.03 (10 mg quinaprilat), respectively.

Thus, approximately 50 % inhibition is obtained with a quinaprilat dose
of 1.5 mg; 90 % inhibition is reached with a dose of 10 mg quinaprilat
i.v. These doses correspond to oral doses of 2.5 and 20 mg quinapril.

Abteilung fir Klinische Pharmakologie, Rehabilitationszentrum, W-7812
Bad Krozingen
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SAFETY AND PHARMACOKINETICS OF MURINE MONOCLONAL
ANTIBODY TO HUMAN TUMOR NECROSIS FACTOR (TNF-MAB)
C.Spooner*, L.Saravolatz#*, N.Markowitz*, G.Lemnm,
R.Allred**, J.Wherry**, and J.Pennington**

Tumor Necrosis Factor (TNF) is a significant me-
diator of the clinical manifestations of sepsis.
A murine monoclonal antibody against recombinant
human TNF (TNF-MAb) with a high TNF neutralizing
activity was developed and selected for a phase I
trial. This study evaluated the safety and phar-
macokinetics of TNF-MAb in 20 noninfected pa-
tients at high risk for developing sepsis and 16
infected patients with the sepsis syndrome. For
the first study a dose escalation was admini-
stered to 5 groups each with 4 patients: 1, 3,
7.5, 15 and 15 mg/kg x 2. For the second study a
single dose of 15 ng/kg was administered to all
16 patients enrolled. There were no infusion re-
lated reactions and overall tolerance was good.
Transient liver function test alterations were
seen in 4 and 6 patients, respectively, all
attributed +to wunderlying illnesses. Platelet
rises occurred in 7 patients and 4 patients,
respectively. No thrombotic or ischemic events
were noted. A linear dose response was noted with
t,=50.5 hours and 49 hours, respectively. Appro-
x*mately 2/3 of the patients developed a human
anti mouse antibody response and a smaller pro-
portion an anti-idiotypic response. The mortality
rate of the septic patients was 4 of 16 at 28
days. It is concluded that TNF-MAb administration
is safe and efficacy will be evaluated in a large
trial with septic patients.

*Henry Ford Hospital, Detroit, Michigan, USA
**Cutter Biological, Berekely, California, USA
Bayer AG, Pharma Research Centre, Institute of
Clinical Pharmacology, D-5600 Wuppertal 1, FRG
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TOLERABILITY AND PHARMACOKINETICS OF MELOXICAM AS A SINGLE
IM. INJECTION COMPARED TO AN LV. INJECTION IN HEALTHY
VOLUNTEERS C.A.P.F. Su, G. Nehmiz, U. Busch, G. Heinzel

Meloxicam is a non-steroidal anti-inflammatory drug (NSAID) from the structural
class of oxicams. Due to the potential utility of i.m. administration as a convenient
alternative to i.v. dosing, tolerability and pharmacokinetics of the im. mode of
administration were assessed in comparison to i.v. in twelve healthy male volunteers.
The study was designed as an open randomised two way cross over study. The plasma
concentration-time curve after i.v. administration demonstrated a rapid distribution
followed by a dominant elimination phase with an elimination half-life of about
16 hours. The Meloxicam plasma profile after i.m. administration demonstrated a rapid
(maximum concentration was reached after 1 hour) and complete absorption of the
drug.

The following pharmacokinetic parameters (mean + SD) were obtained from fitting
using the TOPFIT programm:

units iv. i.m.
AUC(O-inﬁn.) meg X b/ml 298178 30.1+6.8
*t h 15.6 + 3.0
Vst 1 112+1.7 11.2+14

* elimination half life was fitted simultaneously for i.v. and i.m.

Meloxicam was well tolerated. CK-MM isoenzymes decreased after both treatments.

CK-MM [U/1], median, n=12 % change compared to O b
Time point i.m. iv. im. iv.
Oh 48.2 50.2
24h 384 40.3 -11.0 -22.3
96 h 39.9 355 -7.3 -22.4

The favorable data on tolerance and the similarity of pharmacokinetics between both
routes of administration suggest that i.m. administration is an useful alternative for
attaining therapeutically effective plasma concentrations of Meloxicam.

Department of Clinical Research and Department of Pharmacokinetics and Drug
Metabolism, Boehringer Ingelheim Deutschland GmbH, Dr. Karl Thomae GmbH,
D-7950 Biberach (Riss), FRG
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PEDIATRIC PRESCRIPTIONS OF CHEMOTHERAPEUTIC AGENTS
W. Sziegoleit, A. Ribe, and S. Riiprich

Chemotherapeutic agents are widely used in
pediatric therapy. The present study was undertaken
to analyse this pharmacotherapy in the pediatric
division of an outpatient department in an East
German large town. We studied 13176 prescriptions
written out for 6415 patients (3223 girls, 3192
boys) in 1988. Furthermore, 11905 prescriptions of
5371 patients could be compared with appropriate
medical records. Data were obtained in a
standardized manner and analysed by means of a
computer program. Following portions of different

groups of drugs had been prescribed: oral
antibiotics 30.8 %, local antibiotics 22.5 %, oral
sulfonamides 19.7 &, local sulfonamides 3.8 %,

local antimycotics 4.3 %, other chemotherapeutic
agents 18.8 %. Most prescriptions concerned oral
phenoxymethyl penicillin (4059) and oral
trimethoprim plus sulfamerazine (2181). In medical
records 88.6 % of prescriptions were documented,
but only 5.1 % completely. Side effects of
prescribed chemotherapeutic agents were recorded
only in 0.8 % of all prescriptions. Most drugs were
used for treatment of infections of the respiratory
tract (53.9 %), eye (11.8 %) and ear (10.6 %).
Compared +to chemotherapeutic guidelines accepted
generally, 71.4 % of analysed prescriptions were
indicated, 14.5 % were not indicated and 14.1 %
could not be assessed.

Division of Clinical Pharmacology, Department of
Pharmacology and Toxicology, Martin Luther
University, Leninallee 4, D-04020 Halle, FRG
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PHARMACOKINETICS OF RECOMBINANT FVIII IN
COMPARISON TO PLASMA-DERIVED FVIII (KOATE-HS®)

H. G. Schaefer, W. Wingender, R. Allred¥,

J. Kuhlmann

As part of a world wide multicenter clinical trial
pharmacokinetics of pdFVIII and rFVIII were inves-
tigated in 17 patients with severe or moderate
hemophilia A. After a therapy free period of 72
hours each patient received a single iv dose of
50IU/kg BW pdFVIII and started two weeks later a
treatment of three times weekly rFVIII prophylaxis.
Pharmacokinetic profiles of rFVIII were obtained
on weeks 1, 13 and 25. The following parameters

were calculated (geom. means, ls-range).
rEVILY
pdFVII1 week 1 week 13 week 25
AuCnormIIU-h/L1 0.32 0.42 6.40 0.46
(0.25-0.41) (0.30-0.57) €0.29-0.57)  (0.34-0.62)
cLImt/h/kgl 3.12 2.41 2.48 2.18
(2.4-6.0) (1.76-3.3) (1.76-3.5) €1.61-2.96)
MRT [h] 17.9 21.1 19.1 22.5
(14.5-22.0) (16.5-27.0) (14.7-24.7)  (18.8-26.8)
t1/21h] 13.3 15.7 13.9 16.3
€10.6-16.6) (12.5-19.6) (10.7-18.1)  (13.7-19.5)
vssl] 4.2 3.8 3.6 3.9
(3.5-5.0) (3.0-4.8) (2.9-4.3) (2.9-5.1)

The shape of the individual curves for pdFVIII-
and rFVIII-infusions were nearly identical.
AUCnorm-values for rFVIII were about 23~34% higher
compared to pdFVIII, but were not changed during
repeated administration. CL of rFVIII was smaller
than that of pdFVIII due to a lower Vss for
rFVIII, since tl1/2 and MRT showed no difference.
In general, pharmacokinetic behaviour of rFVIII
and pdFVIII was comparable.

Institute of Clinical Pharmacology,
D-~-5600 Wuppertal 1, FRG

* Cutter Biological, Miles Inc.,

Bayer AG,

Berkeley, USA
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EFFECT OF (-)-NIGULDIPINE (B8059-035) ON THE PHARMACO-
KINETICS OF DAUNORUBICIN (DNR) IN PLASMA, PERIPHERAL
BLASTS (MB) AND THEIR NUCLEI IN PATIENTS (PTS) WITH ACUTE
MYELOGENOUS LEUKEMIA (AML). M. E. Scheulen P. Meusers
gVSWbléelter G. Kummer, D. Brandhorst, Ch. Weimar™*, C. Schoch®,

eeber.

The occurrence of multidrug resistance (MDR) may be one of the major
obstacles to an effective chemotherapy of pts with AML. Its association with
the overexpression of a membrane glycoprotein (Gp-170) acting as an
energy-dependent efflux pump for anthracyclines and other xenobiotics.
Serveral drugs including calcium antagonists have been proven to inhibit
Gp-170 in vitro. However, effective concentrations mostly cannot be
obtained in plasma without severe side effects. In contrast, B8059-035 may
be a nontoxic modulator of MDR. Pts with AML in relapse were sequentially
treated with hAD (2x1,000 mg/m?/d ara-C i.v., d 2-5, 60 mg/m?/d DNR i.v., d
1-3) and hAD & B8059-035 (1,250 mg/d p.o., d (-2)-7), respectively. Plasma
kinetics of DNR and kinetics of cellular and nuclear uptake of DNR were
determined in MB isolated from peripheral blood (PB) dependent on
B8059-035 cither by FACS-analysis or by HPLC with fluorescence detec-
tion. Up to now, there was no significant difference between hAD and hAD
& B589-035 with respect to response as well as toxicity. Plasma kinetics of
DNR was not significantly influenced by B8059-035. In vivo cellular uptake
of DNR in MB was about 25% higher when B589-35 was added. In vitro
investigations of MB from PB or bone marrow concomitantly performed
showed that the efflux of rhodamine 123 was significantly higher from
CD 34-positive subpopulations and could be more effectively inhibited by
B589-35 than by verapamil (VER). However, MB expressing Gp-170 as
determined by MRK 16 immunefluorescence were rare and could be only
identified in 3/20 pts. In conclusion, B589-35 secems to be a well tolerated
substance to more effectively reverse multidrug resistance in MB than VER.

Innere Klinik und Poliklinik (Tumorforschung), *Abteilung fiir Hamatologle
der Medizinischen Klinik, Universititsklinikum, D-4300 Essen, *Byk
Guiden, D-7750 Konstanz, B.R.D.
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EARLY INTRAVASCULAR DISTRIBUTION AND ELIMINATION OF DRUG
SIMULATED BY REPETETIVE CONVOLUTION WITH A CIRCULATORY
TRANSPORT FUNCTION

T. Schrdder, A. Hoeft, U. RGsler, M.
Hellige

Scholz, J.P. Hering, G.

The aim of this study was to develop a widely applicable
model for circulatory indicator dispersion in order to
describe simultaneously the pharmacokinetics of early drug
distribution and drug elimination after i.v. injection.

The indicator dilution curve measured in the aorta is the
result of repetitive circulation of the indicator through the
body. The concentration time course of the indicator after
the first recirculation, Il' can be described by convolution
of the concentration of the first aortic pass, IO' with the
circulatory transport function g: I}: = Ig * g. I, is the
concentration time course after the n recirculation pass of
the initial bolus. The resulting final concentration time
course (R) after n recirculations isg:

“ The

R= 2 the
n=1

The circulatory transport function g can be represented by a
left skewed distribution function like a lagged normal
density” or a lognormal distribution®. Elimination of the
indicator is represented by a recovery factor k, which
indicates the fraction of the indicator appearing after
recirculation. Simulation for intravascular indicators such
as indocyanine green yield concentration time courses, which
are similar to in vivo measured time courses for the early
distribution phase as well as for the elimination phase.
Repetive convolution with a left skewed circulatory transport
function is a practical algorithm serving as a model for the
drug distribution and elimination after i.v. injection.

1 J.C. BSck, A. Hoeft, H. Korb, G. Hellige (1989): Biomed
Tech 34, 85-90.

2 J.C. Bock, A. Hoeft, G. Hellige (1990):
24, 42-49.

asterisk denoctes

In—l * (k g) convolution operation.

Biomed Instr Tech

Department of experimental Cardiology, University of
Gd8ttingen, Robert-Koch-str. 40, W-3400 G8ttingen, FRG
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THE PHARMACOKINETICS OF THE Bi:-SELECTIVE ANTAGONIST
TALINOLOL AFTER MULTIPLE DOSING IN HEALTHY VOLUNTEERS
B.Terhaag, U. Mébus, R. Oertel und K, Richter

The pharmacokinetics and the steady state serum level of talinolol were
investigated after oral administration of 50 mg talinolof with a dosing intervall
(1) of 12 hours for 7 days in 12 (2 female, 10 male) healthy subjects. Blood
was drawn in each trough before the next dosing and also during the first
(1st day) and last (8t2 day) in order to describe the kinetics.

The tmax values are in the same range at the 1st and 8th day (2.8 hand 2.5
h, resp.}. Crax Is increased (mean * SD) from 94 £ 47 ng/ml (15t day) to
128 = 38 ng/mi at the 8tk day. The terminal half life is 9.2 + 4.2 h (range:
4.3 - 19.6 h) and not different to the first day. The AUCo-wis increased by
a factor of 1.6 (range 0.5-3.7) from 605ng/ml.h (range: 72~
987 ng/ml.h) to 814 ng/ml.h (AUC1es-180, range: 267 - 1208 ng/ml.h).
Cmin is increased by factor of 1.8 (range: 1.0 - 2.9). According to Cnmin
steady state is reached after third dosing. The peak-trough difference in
steady state is 2.4 according too the pharmacokinetic simulation.

in this dosage regimen the cumulation factor is about two .

Institute of Clinical Pharmacology, Medical Academy “Carl-Gustav~Carus”,
Fiedlerstr. 27, O-8018 Dresden, Federal Republic of Germany
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THE EFFECT OF BILLROTH II-GASTRECTOMY ON THE PHARMACO-
KINETIC OF A SOLID OR LIQUID ORAL SULFAMERAZINE PREPARA-
TION IN MAN M. Trausch, B. Trausch, G. le Petit

Billroth |l-gastrectomy changes the physiology of the upper gastroin-
testinal tract (pH, transit time) and affects the pharmacokinetic of
drugs, Sulfamerazine was used as a model drug, because of it's
physicochemical properties: acid (pka: 6,9) and pH-dependent
octanol:water partition coefficient (pH <5: 1,5; pH 7: 0,65; ph 7,4:
0,35) and water solubility (oH <56: 0,29 mg/ml; pH 7: 0,7 mg, pH 7,4:
1,22 mg/mi). Sulfamerazine concentrations were determined by
spectrofiluometry in serum of 5 male patients {group I: 37 ~ 63 years,
66 - 85 kg body weight, >2 years after gastrectomy) and 5 healthy
male volunteers (group !, 24 - 32 years, 64 - 84 kg body weight) after
oral administration of sulfamerazine as a solid form and a solution (pH:
8 - 8,5) in a cross over design, A dose of 25 myg/kg body weight were
applicated.

group | group il
preparation solid  liquid solid liquid
pharmacikinetical parameters (mean * standard deviation}
cmax (pg/ml) 58£26* 186120 91439 147£40
twax (min) 252494* 1544 240485 81+100

AUC 0-10h (pg.mi-1.h) 453213 9741145 7304318 915396

paired t~Test {p <0,05): * group ! solid - group [ liquid

Conclusion: Biliroth ll-gastrectomy has a non-significant effect on the
bioavailability of different sulfamerazine preparations. For drugs with
comparable physicochemical properties such kind of changes in phar—
macokinetics are possible.

Institute of Clinical Pharmacology, Medical Akademy “C. G. Carus”,
Fiedlerstr. 27, O-8019 Dresden, FRG
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HEMODYNAMIC EFFECTS OF GLYCERYL TRINITRATE FOLLOW-
ING INTERMITTENT OR CONTINUOUS TRANSDERMAL ADMINIS-
TRATION D. Trenk, A. Wiegand, R. Bonn

Continuous administration of glyceryl trinitrate via transdermal delivery
systems (TDS) with constant release characteristics provokes hemody-
namic tolerance to glyceryl trinitrate within a few days of treatment.
Thus, we investigated in a double-blind, piacebo-controlled, 3-way-
cross—over design in 11 healthy male volunteers, if the development of
tolerance can be circumvented or diminished by intermittent adminis—
tration (12 hours verum-TDS/ 12 hours placebo-TDS) of glycery! trini-
trate-TDS (Deponit 107, Schwarz Pharma, Monheim) in comparison to
continuous administration (verum/verum) over a treatment period of 4
days. In addition, we focused our interest on the possible involvement
of counter-regulatory mechanisms in the development of hemodynamic
tolerance to glyceryl trinitrate. Hemodynamic effects were characterized
by a/b-ratio of the digital pulse curve, and blood pressure/heart rate
following orthostatic challenge. Continuous administration of glyceryl
trinitrate-TDS results in a marked decrease of the effects of glyceryl
trinitrate on the a/b-ratio: The mean integrated effect as characterized
by the area under the a/b-ratio within a dosing interval was attenuated
by 14 % (day 2), 43 % (day 3) and 53 % (day 4), while it was pre-
served following intermittent dosing. The same results were obtained
with respect to systolic bloed pressure and heart rate during orthostatic
challenge. Epinephrine and norepinephrine plasma concentrations and
plasma renin activity increased in parallel to the hemodynamic effects.
The latter increases were also blunted in the state of tolerance to
glycery! trinitrate. In contrast, we observed a significant (p<0.05) de—
crease of the hematocrit (~-2.5 %) during continuous administration of
glyceryl trinitrate-TDS, indicating that exira— to intravascular volume
shifts might be involved in the development of hemodynamic tolerance
to glyceryl trinitrate.

Abteilung fur Klinische Pharmakologie, Rehabilitationszentrum, W-7812
Bad Krozingen
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HEMODYNAMIC EFFECTS OF NEBIVOLOL AND ATENOLOL

Van Bortel, L.M.A.B., Kool, M.I.LF., Breed, ]1.G.S., De Crée, J., Lustermans,
F.A.Th., Mooij, J.M.V., and Thijssen, HH.W.

Nebivolol (N) is a selective beta-1 adrenoceptor antagonist with an ancillary
property. In a double-blind placebo (P) controlled cross-over study, cardiac
function was measured invasively (dye dilution) in 9 patients (8 males, 1 female;
30-60 y) with essential hypertension after 4 weeks of treatment with N 5 mg once
daily. In a 2nd study with a similar P controlled cross-over design, cardiac
function of 30 hypertensive patients (20 males, 10 females; 33-68 y) was measured
non-invasively with echo Doppler. In this study effects of N were compared with
P and atenolol (A) 50 mg once daily.

MAP HR co sV TPR
mmHg b/min Vmin mi kPa.s.I!
Dye dilution
P 12214 7044 6.3+0.4 9146 1197
N 11143°  59+3"  5.740.2 97+4 118%5
Echo Doppler
P 11842 T3+2 54402 78+2 13616
N 11042°  65+2° 4.9+0.2° 81#2 13915
10942 6242  4.5+0.2° 7812 14915™

*pﬁOAOS vs. P; #p<0.05 vs. N.
The results of the non-invasive study were comparable to those of the invasive
study. The antihypertensive effect (MAP) of N 5 mg once daily and A 50 mg once
daily was similar. HR decreased more during A than during N. CO decreased
during A and N but the decrease during N tended to be smaller than during A.
In contrast to A, in both studies N tended to increase SV and did not change TPR.
These studies show that for a similar antihypertensive effect N does not increase
TPR, which might result in a smaller afterload than during A.

Dept. of Pharmacology and Medicine, University of Limburg, Maastricht; dept.
of Medicine, St. Jans Gasthuis, Weert; dept. of Medicine, De Wever Ziekenhuis
Heerlen, The Netherlands; St. Bartholomeus Institute for Clinical Research,
Antwerp, Belgium
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DOSE-RESPONSE RELATIONSHIP OF BM 06.022, A NOVEL
RECOMBINANT PLASMINOGEN ACTIVATOR, IN HEALTHY
VOLUNTEERS

E.v. Méllendorff, W. Akpan, G. Neugebauer

BM 06.022 is a recombinant plasminogen activator
(rPA) expressed by E coli cells, containing active
centers of human tPA. The tolerability, hemostatic
effects, and pharmacokinetics of rPA were investi-
gated in healthy volunteers. Single ascending
i.v.-doses from 0.1125 to 5.5 megaunits rPA were
administered each dose to 3 volunteers of n=18.
Plasma samples were taken in order to measure the
following parameters: activity-concentration of
rPA, clotting times, fibrinogen, plasminogen, a,-
antiplasmin, and fibrin-D-dimers.

With increasing doses the maximum concentrations
(Cnax) and the activity concentration time curves
(AUC) of rPA increased dose dependently and
linearly. Clotting timss and fibrinogen were not
influenced, plasminogen only at higher doses. a,-
antiplasmin decreased, fibrin D-dimers increased
dose-dependently. After the highest dose residual
plasminogen was 8743 %, a,-antiplasmin 79+3 % and
fibrin D-dimers 11474380 ng/ml. r-PA was well
tolerated. The doses tested in these healthy
humans showed a beginning fibrinolytic action.

Department of Clinical Pharmacology, Boehringer
Mannheim GmbH, Sandhofer Str. 116,
D-6800 Mannheim 31, Federal Republic of Germany
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METABOLISM OF EUGENOL IN MAN AFTER ORAL
APPLICATION OF EUGENOL AND EUGENOL-D,

G.E. von Unruh, I.U. Fischer, J. Reinhardt, and
A. Schwalbe

Eugenol, 4-hydroxy-3-methoxy-allylbenzene (I), is
the main component of clove oil; (I) is a compo-
nent of spices and herbal medicines. Similar al-
lylbenzenes, safrole and estragole, are hepatoto-
xins and carcinogens for man and animal. (I) is
generally recognized as safe in human food. We
ingest about % mg per day.

Recently, the metabolism of eugenol has been stu-
died for the first time in humans'). Orally ap-
plied (1) was metabolized rapidly. Some of the
suspected metabolites of (I) found in the urine
of the volunteers were similar to or identical
with components of food or their metabolites.
Therefore, confirmation of the precurser - meta-
bolite relationship was desired.

According to Rice et al.?) eugenol-D, was synthe-
sized, the three deuteriums being in the metabo-
licaly stable methoxy group. In the urine of 3
male volunteers, dosed with a 1 1 mixture of
(1) and (I)~D;, 200 mg each, conjugates and all
major metabolites were identified by their typi-
cal twin peaks as well as by co-injection of the
appropriate reference compounds. In addition to
the previously described metabolites cis- and
trans—-coniferyl alcohol were shown to be metabo-
lites of (I).

References: 1) I.U. Fischer, G.E. von Unruh and
H.J. Dengler, Xenobiotica 20, 209-222 (1990).
2) J.E. Rice, N. Hussain and E.J. LaVoie, Journal
of Labelled Compounds, 24, 1043-1049 (1987).

Zentrum fiir Innere Medizin - Allgemeine Innere Medizin,
Universitit Bonn, Sigmund-Freud-Str. 25, D-5300 Bonn 1.
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BLOOD TO PLASMA CONCENTRATION RATIO OF
CYCLOSPORINE AND ITS PRIMARY METABOLITES 1 AND 17
W. Weber, M. Looby, M. Nitz, and P. Neuhaus*

The kinetic time course of
and its primary metabolites 17 and 1 were
measured using HPLC in plasma and whole blood of
11 transplant patients following iv administration

Cyclosporine {(CvAa),

of CyA. Plasma was seperated immediately
after sampling at 37°C. The bloocd to plasma
concentration ratio of these 3 substances was

subsequently determined. This
be concentration dependent for both metabolites
and independent for CyA. However, the nonlinear
effect was only apparent below concentrations of

ratio was found to

30 ng/ml.
Since almost all CyA plasma concentrations were
above 25 ng/ml, a concentration dependency for

CyA may still exist, but was not determinable as
the therapeutic concentrations were too high. In
contrast Ml concentrations were almost all below

this value and M17 concentrations were evenly
distributed between 10 and 100 ng/ml.
The most likely explanation for the observed

concentration dependency of the metabolites is
saturation of binding to blood cells,

These observations have consequences for the
interpretation of blocd and plasma concentration
data. Tc date there have been mnuch disagreement
about which Dbiophase is the better for kinetic
evaluation. Our data clearly show that either
blophase 1s guitable eguivalent at concentrations
above 30 ng/ml. However, below this value only
whole blood concentrations provide reliable
estimate of the amount of metabolite in
circulation.

Institut fur Klinische Pharmakologie, Hindenburg-
damm 30, D~1000 Berlin 45, *Chirurgische Klinik,
Klinikum Rudolf Virchow, Berlin 19

R17

67

EFFECTS OF THE PUTATIVE DOPAMINE AUTORECEPTOR AGONIST
ROXINDOLE IN PATIENTS WITH DEPRESSION

K. WIEDEMANN, M. KELLNER, J.-C. KRIEG and F. HOLSBOER

In severai in vitro and in vivo studies Roxindole {(EMD 49980, 5-
hydroxy-3-(4-phenyl-1,2,3,6-tetrahydropyridil-(1)-butyl)-indol) proved
to be a potent presynaptic dopamine autoreceptor agonist. in
addition, Roxindole Inhibits serotonin (5-HT) uptake. In binding
studies the dopamine D2 receptor affinity was confirmed in the low
nanomolar range, howevet, effects were aiso observed at 5-HT-1 A
serotonin binding sites with a dissociation constant of about 1 nM.
Therefore the compound might dispose of antipsychotic as well as
antidepressive properties. In recent Investigations applying
Roxindole to patients suffering from schizophrenia with negative
symptoms an activating and antidepressive effect could be
observed. We therefore conducted another pilot study applying
Roxindole to patients suffering from a major depressive syndrome
especially with psychomotor retardation. Roxindole was applied for
28 days in an open pilot study. The maximum dosage applied was
7.5 to 12.5 mg/day. Up to now 10 patients were investigated. One
patient showed a marked psychomeotor activation which prompted
the termination of the trial at day 4. Seven patients responded
favorably with a reduction of the HDRS (Hamilton depression rating
scale) score by 40 % or more, 2 patients remained without clearcut
effects upon depressive symptomatology. Adverse effects were not
observed throughout the treatment period of 28 days. It remains
unclear to which specific pharmacological receptor interaction the
clinically observed effects of Roxindole can be attached. Possibly
Roxindole is able to act on both, dopamine autoreceptors and
supersensitive postsynaptic dopamine receptors. From clinical and
pharmacological observations an additional effect of the compound
upon 5-HT receptors has to be also taken into consideration.

Max Planck Institute of Psychiatry, Clinical Institute, Dept. of
Psychiatry, Kraepelinstrasse 2 - 10, W-8000 Munchen, Federal
Republic of Germany
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SUBCELLULAR DISTRIBUTION AND ACTIVITY OF GLUCOSE
TRANSPORTER ISOFORMS GLUTI AND GLUT4 TRANSIENTLY
EXPRESSED IN COS-CELLS A, Schirrmann, I. Monden, and K. Keller

Glucose transporters (GLUT) represent a family of homologous membrane proteins
exhibiting a remarkable tissue specificity of expression. Inmsulin-sensitive cells
predominantly express the isoform GLUT4. In the these cells, GLUT4 is present in
an intracellular, vesicular compartment (low-density microsomes) from which it is
translocated to the plasma membrane in response to insulin. In order to test the
hypothesis that insulin sensitivity is conferred by the presence of the GLUT4 and its
preferential targeting to intracellular vesicles, we transiently expressed GLUT4 and
the erythrocyte/brain-type glucose transporter GLUT1 in COS-cells. Full-length
cDNA was ligated into an expression vector driven by the cytomegalovirus promoter
(pCMV), and introduced into COS cells by the DEAE-dextran method. After 48 h,
cells were homogenized and fractionated by differential centrifugation to yield
plasma membranes and a Golgi-enriched fraction of intraceBular microsomes (low-
density microsomes). In these membrane fractions, the abundance of glucose trans-
porters was assessed by immunoblotting with specific antibodies against GLUT1 and
GLUT4, and their transport activity was assayed after solubilization and reconstitu-
tion into lecithin liposomes. In parallel samples, cells were incubated in the
presence or absence of insulin, and 2-deoxyglucose uptake rates were assayed.
Uptake rates of 2-deoxyglucose were higher (maximal effect 2-fold) in cells express-
ing GLUT1 or GLUT4 as compared with control cells (transfection of pCMV
without transporter cDNA); insulin failed to alter the uptake rates. Reconstituted
glucose tramsport activity in plasma membranes was about 5-fold higher after
expression of GLUT1 and GLUT4 as compared with control cells. The relative
amount of GLUT4 in the low-density microsomes as detected by reconstitution
exceeded that of the GLUT1, but was much lower than that observed in typical insu-
lin-sensitive cells, e.g. rat fat cells or 3T3-L1 adipocytes. These data indicate that
COS cells transfected with glucose transporter cDNA express the active transporter
protein and can thus be used for further studies on these proteins. Furthermore, the
data indicate that the GLUT4 isoform, when expressed in an insulin-insensitive cell
line, is inserted into the intracellular pool only to a small extent. Thus, its cellular
targeting does not only depend on the sequence of GLUTY, but also on yet to be
defined components of the cellular machinery.

Institut fiir Pharmakologie und Toxikclogiec der RWTH Aachen, Wendlingweg 2,
D-5100 Aachen, and Institut fiir Pharmakologie und Toxikologie der FU Berlin,
Thielallee 69-73, D-1000 Berlin, FRG.
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BINDING DOMAINS OF INHIBITORY LIGANDS IN GLUCOSE
TRANSPORTER GLUT4 AS LOCALIZED BY PHOTOLABELING,
PROTEOLYTIC CLEAVAGE AND SITE-SPECIFIC ANTISERUM
B. Hellwig, F.M. Brown, MLF. Shanahan, and H.G. Joost

Glucose transporters (GLUT) bind several higands with high affinity, namely cyto-
chalasin B, forskolin, and a number of methylxanthines. These agents label a
domain of the transporter involved in its function, since binding of the ligands results
in inhibition of transport and is competitively inhibited by glucose. The different iso-
forms of the transporters, GLUT1, GLUT2, and GLUTH4, exhibit striking differences
in the affinity to these ligands (Hellwig and Joost, Mol. Pharmacol. 40:383-389,
1991). In the present study, we further defined the binding regjon of the ligand fors-
kolin in GLUT4 with the aid of the photoreactive derivative, 12 IAPS-forskolin (3-
[1251]iodo-4—azidophenethylamid0—7-O-succinyldcacetylforskolin). Plasma
membranes from insulin-treated rat adipocytes containing predominantly the GLUT4
isoform were irradiated with UV light in the presence of 2°LAPS-forskolin. The
covalently labeled glucose transporters were solubilized, immunoprecipitated with
specific antiserum, and partially digested with trypsin and elastase. The fragments
were separated by gel electrophoresis, transferred onto nitrocellulose membranes,
and identified by immunoassay with antiserum against a peptide sequence corres-
ponding to the C-terminus of GLUT4. Labeling of the fragments was assessed by
direct autoradiography. After digestion with a high-purity grade trypsin, two photo-
labeled fragments with apparent molecular weights of 21 and 16 kDa were detected,
both containing the intact C-terminus of GLUT4. In contrast, after digestion with
elastase only a single photolabeled fragment at 21 kDa was detected, although the
enzyme had generated two fragments with intact C-terminus at 21 and 15 kDa. A
less pure trypsin preparation generated three fragments with intact C-terminus (21,
17, and 15 kDa), and two labeled fragments at 21 and 17 kDa. Based on the
sequence of GLUT4, the tryptic cleavage site generating the 16 kDa fragment can be
localized at Arg 346, 349 or 350. Since the size of the smallest labeled fragment
containing the intact C-terminus was 16 kDa, and that of the largest unlabeled frag-
ment was only slightly lower (15 kDa), binding of the photolabel appears to occur in
close proximity to this tryptic cleavage site.

Institut fiir Pharmakologie und Toxikologie der RWTH Aachen, Wendlingweg 2,
D-5100 Aachen, FRG, and Department of Physiology, University of Southern Iflinois
Carbondale, Carbondale, USA.
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STABLE EXPRESSION OF THE CALCIUM CHANNEL SUB-
UNITS IN SOMATIC CELL LINES A, Welling, R. Bottlender,
E. Bosse, F. Hofmann

Chinese hamster ovary cells (CHO -cells) were stably transfected
with complementary DNA encoding the calcium channel oy subunit
from smooth muscle («1gpy) and a combination of algpn and ske-
letal muscle 8. Specific high affinity binding sites for calcium chan-
nel blockers (ccb) were present in all selected cell clones indicating
the functional expression of the alg)y. Expression of § was demon-
strated by Western blot analysis. The apparent KD for the ccb isra-
dipine was 0.1 to 0.3 nM and the specific binding capacities of cell
homogenates were 10 (CHO"), 143 (a1, CHOCa9) and 364 fmol/mg
protein (e:1+8, CHOCa983). Transfection of alg) alone led to the
expression of functional calcium channels which are sensitive to ccb
and BayK8644. Currents were measured with the whole-cell version
of the patch-clamp method in a solution containing 30 mM BaCl,.
Coexpression of algpg+5 enhanced Ig, 4-fold from -11.3 (al) to
-45.0 y.A/cm2 (al+8). The cotransfection of the 8-subunit has acce-
larating effects on both the current activation (ttp90%: 9.1 msec
(1), 6.1 msec («1+8)) and inactivation kinetics (decyg: 84.8%
(al), 37.4% (al+8)). The half maximal steady state inactivation
and activation were shifted significantly to more negative potentials.
Our results demonstrate that the skeletal muscle 8-subunit has a mo-
dulatory effect on the current evoked by smooth muscle a1, Coex-
pression of al+8 enhances the expression of calcium channels and
fastens the current kinetics.

Institut fiir Pharmakologie und Toxikologie, TUM, 8000 Miinchen
40 and Medizinische Biochemie, Universitit des Saarlandes, 6650
Homburg/Saar, FRG
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MEMBRANE DEPOLARIZATION AND CALCIUM INFLUX
ACTIVATES GENE TRANSCRIPTION IN_ THE ENDOCRINE
PANCREAS M. Schwaninger, R. Blume, G. Lux,
and W. Knepel

The islet cells of the endocrine pancreas are
electrlcallX excitable. Action potentials occur
spontaneously and get more frequent in_the
presence of secretagogues, Depdlarization of the
plasma membrane leads to influx of calcium through
volta%e dependent calcium channels and thus to a
stimulation of hormone secretion. The role of
elevated intracellular calcium levels in the
regulation of pancreatic hormone gene
transcrlgtlon is unknown. Therefore, the coding
region of a reporter enzyme gene was placed under
thé transcriptional control 6f 350 base pairs of
the rat glucagon gene promoter and enhancer. This
fusion géne_ was tran51entlg transfected into HIT
cells, a well characterized pancreatic islet cell
line. Depolarization of cell membrane by high,
potassium activated gene expression irréspective
of the reporter enzyme used (flrefl¥ luciferase or
chloramphenlgolacetyltransferaseg. he increase in
gene expression was” related to the potassium
Concentration in the medium. In contrast, reporter
enzyme activity was not enhanced by high potassium
concentration when the regorter gene was placed
under the control of the herpes simplex virus
thymidine kinase promoter, suggesting that
potassium-induced membrane depdlarization does not
enhance protein or mRNA stability but stimulates
gene transcription driven by the rat glucagon gene
romoter and enhancer. The effect of membrane °
egglarlzatlon on gluca?on gene transcription is
mediated by calcium influx Into the cells, since
nifedipine, a blocker of L—t¥ge voltage degendent
calcium channels, inhibited the response, The
molecular mechanism of calcium-induced glucagon
gene transcription seems to differ from“that of
cAMP-induced transcription, because the effects
induced by membrane depolarization and 8-Br-cAMP,
an_analogue of cAMP, were additive. How the
calcium Signal is transmitted into the nucleus, as
well as thé transcription_ factors and cis-acting
gN%_cogtrol elements” involved remain to be

efined.

Department of Biochemical Pharmacolog%, University
of Gottingen, Robert-Koch-StraBe 40, W-3400
Gottingen, Federal Republic of Germany
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REGULATION OF THE AGONIST-EVOKED CALCIUM RESPONSE
IN HUMAN PLATELETS BY PROSTAGLANDINS, ENDOTHELIAL
FACTORS AND SELECTIVE ACTIVATORS OF THE cAMP-
DEPENDENT PROTEIN KINASE

J.Geiger and U.Walter

Human platelet activation is inhibited by both cAMP- and cGMP-
elevating agents. Certain prostaglandins [PG—EI, PG-l; and its
stable analog iloprost (ZK 36374)] and forskolin are potent
activators of the platelet adenylyl cyclase and strong inhibitors
of the agonist-induced platelet calcium response. In this study
with human platelets, we investigated the regulation of the
ADP- and thrombin-evoked calcium response (analyzed by fluo-
rescence spectrometry and stopped-flow fluorometry [Geiger J,
Nolte C, Butt E, Sage SO, Walter U, (1992) Proc. Natl. Acad.
Sci. USA,in press]) by PG-Ey, iloprost, endothelial-derived factors
and the selective cAMP-protein kinase activator Sp-5,6-dichloro-
1-8-D-ribofuranosyl-benzimidazole-3',5'monophosphorothioate.
Human endothelial cells were untreated or preincubated with
either hemoglobin or indomethacin. In all cases, the agonist
evoked Ca“*-response was partially or strongly inhibited in the
presence or absence of extracellular calcium, respectively, while
the ADP-receptor-activated cation channel was not significantly
affected. The results suggest that cAMP-elevating prostaglandins
including the endothelial-cell-derived prostacyclin  primarily
inhibit the agonist-evoked Ca“*-discharge from intracellular
platelet stores, an effect mediated by the cAMP-dependent
protein kinase,

Klinische Forschergruppe, Med.Univ.-Klinik Wirzburg, Josef-

Schneider-Str. 2, D-8700 Wirzburg, FRG
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ENDOGENOUS ADP-RIBOSYLATION OF ACTIN  LJust,
G.Koch, and K. Aktories

Various bacterial toxins such as C. botulinum C2 toxin and C.
perfringens iota toxin ADP-ribosylate regulatory proteins. There is
some evidence that bacterial ADP-ribosyltransferases mimic
endogenous cell regulation mechanisms. Here we report on the
endogenous ADP-ribosylation of actin. The incubation of the lysate
of mononuclear cells (MNC) in the presence of [**P]NAD resulted in
the labelling of several proteins. One labelled protein with the MW
of 42000 (p*?) was precipitated by DNAse-Sepharose which is
known to bind selectively actin with high affinity. Formation of F-
actin by phalloidin treatment inhibited ADP-ribosylation. The
DNAse-precipitated p* was digested by snake venom
phosphodiesterase and the product was identified as AMP. ADP-
ribosylated p* and actin ADP-ribosylated by iota toxin showed the
same isoelectric point in
2-D gel electrophoresis. Furthermore, the proteolytic peptide maps
f p*? and of actin both ADP-ribosylated were similar. In contrast to
toxin-induced ADP-ribosylation of actin which is at arginine-177 the
modification of p*? was sensitive to mercury ions indicating an ADP-
ribose-cysteine bond. Thymidine did not etfect the ADP-ribosylation
of p*? whereas ATP, ADP and ADP-ribose were inhibitory. In the
presence of ADP-ribose p** was ADP-ribosylated much faster and to
a greater extend than in the presence of NAD.
The data indicate that actin is endogenously mono-ADP-ribosylated
in mononuclear cell lysate and that ADP-ribosylation occurs also by
a non-enzymic process. Since ADP-ribosylation of actin catalyzed by
clostridial toxins causes dramatic effects on the cytoskeleton the
endogenous ADP-ribosylation of actin might be involved in the
regulation of cytoskeletal organization.

Institut fiir Pharmakologie und Toxikologie der Universitdt des
Saarlandes, D-6650 Homburg-Saar, FRG
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BIOCHEMICAL CHANGES IN MALIGNANT HYPERTHER-
MIA: CONTENT OF cAMP AND INOSITOL PHOSPHATES IN
PORCINE SKELETAL AND CARDIAC MUSCLE

I. Scholz, U. Troll, M. Patten*, J. Schulte am Esch

The ryanodine receptor seems to be involved in the development
of malignant hyperthermia (MH). Recently, it was presumed that
altered second messengers may lead to alteration of the ryanodine
receptor. Consequently, we have determined the basal content of
cyclic AMP and inositol phosphates in skeletal and cardiac muscle
of MH susceptible (MHS) and healthy control (MHN) swine.
MHS (n=8) and MHN (n=6) Pietrain swine were used and tested
by halothane challenge for MH susceptibility. In addition, an in-
vitro skeletal muscle contracture test according to the protocol of
the European MH Group was done to confirm MHS or MHN sta-
tus. Skeletal and cardiac muscles were prepared and frozen in
liquid nitrogen. For determination of inositol phosphates a non-
radiometric HPLC-metal dye detection technique (Mayr, Biochem
J, 254: 585, 1988) was used. cAMP was measured by radioimmuno-
assay.

The following IP isomers could be detected: 1,3,4-1P3, 1,4,5-IP3,
1,5,6-1P3, 4,5,6-1P3, 1,3,4,6-1P4, 1,3,4,5-1P4, 1,2,5,6-1P4, 2,4,5,6-1P4,
1,4,5,6-1P4, 1,2,3,4,5-IP5, 1,2,4,5,6-1P5, 1,3,4,5.6-IP5 and IP6. Almost
all inositol phosphates measured had a higher concentration in
MHS than MHN in skeletal as well as heart muscles. There was
no difference in ¢cAMP content of cardiac muscle whereas there
was a higher content of cAMP in MHS than MHN skeletal
muscle. In conclusion, firstly, besides involvement of the skeletal
muscles a primary myocardial abnormality in MHS is possible, and
secondly, the idea that the inositol phosphate metabolism could be
involved in the development of MH is additionally supported.

Abrteilungen fir Anasthesiologic und *Allgemeine Pharmakologie, Universitits-
Krankenhaus Eppendorf, Martinistrasse 52, D-2000 Hamburg 20, FRG
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LOCALIZATION OF THE CYTOTOXIN GENE IN PSEUDOMONAS
AERUGINOSA AS A CONTRIBUTION TO STUDY THE BACTE-
RIAL VIRULENCE.

H. Elsabbagh, G. Xiong and F. Lutz

The cytotoxin gene demonstrated in a temperate phage of 35.5 kb [1] was
investigated for its possible role in virulence of P.aeruginosa strain
PA158. We present evidence that the phage is integrated in the host DNA
as a prophage and that the phage genome cohesive ends are associated
covalently during phage gene integration. The restriction profiles of
phage DNA digested with EcoRl, Hindlll, and BamHIl have been
identified. The cohesive ends (cos) and the cytotoxin gene are located
close to each other within the circular form in the 4 kb-EcoRI B
fragment, 8.5 kb-BamHI B fragment and 11 kb-HindIH A fragment. The
phage attachment site (a#B) is present in the same 4 kb-EcoRI B
fragment with the cytotoxin gene and cos ends. Replication of the
vegetative form of the phage was found to be higher at 37°C than at
30°C, while the production of the cytotoxin was higher at 30°C than at
37°C. Preparations of the phage showed at least 7 proteins as detected by
SDS-PAGE. However, cytotoxin could not be found by Western blotting.
It suggests that the cytotoxin gene integrated in the cellular DNA is
responsible for toxin production.

[1] Hayashi, T., Baba, T., Matsumoto, H. and Terawaki, Y. (1990) Mol.
Microbiol. 4:1703-1709.

Institut fiir Pharmakologie und Toxikologie, Frankfurter Str. 107, D-
W6300 Giessen.
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EXPRESSION OF A NOVEL PENICILLIN-BINDING PROTEIN IN
BETA-LACTAMASE PRODUCING STAPHYLOCOCCUS AUREUS
O.Bruns, B.Thielen, and W.Bruns

The beta-lactamase dependent penicillin resistance
of S.aureus can be greatly reduced by polidocanol
{PDO), a dodecyl polyethylenecoxid ether (Bruns et
al. 1985, Antimicrob. Agents Chemother. 27, 632-
639). PDO does not affect the activity of beta-
lactamase, but the induced synthesis of this enzyme
is inhibited by PDO-concentrations which are not
inhibitory for bacterial cell growth.

We studied the consequences of this effect on the
expression of penicillin~binding proteins (PBPs)
with three resistant strains (5108, 8325, 5814 8).
Staphylococcal cells grown with and without PDO
were incubated with various concentrations of 2H-
benzylpenicillin. The cytoplasmic membranes were
isolated and subjected to SDS-PAGE and fluorography.

By growth in the presence of PDO (30 mg/l) an addi-
tional PBP was expressed. This concentration-depen-
dent effect was present in all three strains tested.
The additional PBP runs between PBP2 and 3 and was
named PBP2x . It possesses a high affinity for peni-
cillin similar to that of the PBPs from susceptible
staphylococci. The mol.wt. is 71,000. In the PDO-
free control cells PBP2 was always absent; this
was also true when PDO was added to non—-growing
cells. Furthermore, in the penicillin-susceptible
S.aureus H PBP2« could not be expressed by PDO
under any experimental conditions tested.

In spite of the fact that it is still unclear in
which way PBP2« works, one can assume that it is
involved in the regulation of beta-lactamase
synthesis. In plasmid curing experiments it could
be shown that PBP2«x is encoded by chromosomal DNA
and does not represent a plasmid-mediated protein.

Institut flir Pharmakologie der Universit&dt zu K&ln,
Gleuelerstrafe 24, D-5000 K&ln 41
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DIFFERENTIATION OF [3H}-LIDOCAINE BINDING IN ISOLATED
MYOCARDIAL CELLS OF RAT W. Voigt and R. Mannhold

The molecular mechanisms of antiarrhythmic drug action are not yet
completely understood. Electrophysiological findings support the
existence of voitage dependent binding sites for class | antiarrhyth-
mics in myocardial and neuronal tissues; however, a high affinity
plasmalemmal binding site has not been detected so far. in former
investigations (Voigt and Mannhol/d, Eur.J.Pharmacol. 169, 103,
1989) showing a lidocaine binding site in crude membranaes of
bovine heart, the association of this binding site to the plasma-
lemma could not be demonstrated. In contrast, we now found
lidocaine binding sites (lido-BS) in myocardial plasmalemma.
Myocardial cells were desaggregated with collagenase. Binding with
{3H)-lidocaine was performed in intact cells and in membranes
derived from intact cells. After disruption of cells, membranes were
purified by centrifugation using a linear sucrose gradient. R-
Adrenoceptors and CaZ*-channels of plasmalemmal membranes
were identified with (-)-[125Jlpindolol and (+)-[3Hlisradipine,
respectively. Lido-BS cosedimented with both plasmalernmal
markers. In addition, the density of binding sites (BS) for lidocaine
(220 fmol/mg of protein) was in the same range as for (-)-
[125Jipindolol and (+)-[3H]isradipine. These data correspond well
with densities of Na*-channels extrapolated from electrophysio-
logical findings. Competition binding experiments yielded a Kp for
lidocaine of 80-200 nM for plasmalemmal membranes showing a
500 fold higher affinity than estimated from the allosteric inhibition
of [3Hlbatrachotoxinin A-20-a-benzoate binding by lidocaine. These
results further support that lidocaine binds to a plasmalemmal BS,
probably located on the sodium channel.

Institute of Laser Medicine, Mol. Drug Research Group, University of
Disseldorf, Universitdtsstr. 1, D-4000 Dusseldorf, FRG
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INFLUENCE OF LOCAL ANESTHETICS ON CALCIUM FLUXES IN
HUMAN PLATELETS. F. Kehlbach, E. Knoll-Kdohler

Local anesthetics (LA) influence vascular tone via
sympathetic blockade which leads to vasodilatation
and by direct action on vascular smooth muscle
resulting in either wvasodilatation or vaso-
constriction depending upon the local anesthetic,
its concentration, the site of injection, the type
of blood vessel, and pre-existing wvascular tone.
Since the mechanism(s) of direct vascular action is
not well understood the influence of two LA,
different 1in their physico-chemical properties,
were studied on intracellular calcium fluxes of
human platelets using the calcium indicator fura-2.
The results show that bupivacaine and lidocaine
suppressed dose dependently the thrombin and
epinephrine induced intracellular calcium release
and calecium influx from the extracellular space.
Bupivacain was more potent in affecting the
hormone—~sensitive calcium pool than lidocain.

Address: Freie Universitdt, Institut £4r Pharma-
kologie, Thielallee 69-73, W-1000 Berlin 33,
Germany
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LOCALIZATION BY IN SITU HYBRIDIZATION OF Na,K-ATPase a1
SUBUNIT mRNA IN XENOPUS OOCYTES USING A PCR-
GENERATED PROBE

S. Friehs and G. Schmalzing

in oocytes of Xenopus laevis several maternal mRNAs have been
identifed that are spatially localized and inherited by particular
blastomers after fertilization. Spatial localization of mRNAs could
provide a mechanism whereby proteins are synthesized close to their
site of plasma membrane insertion and function. In support of this
view, we have previously found that proteins synthesized in Xenopus
oocytes from synthetic cRNAs for various Na,K-ATPase subunits are
confined to that part of the plasma membrane which is close to the
site of cRNA injection.

In the present study we have examined in Xenopus oocytes the spatial
distribution of the endogenous mRNA encoding the Na,K-ATPase a1
subunit. Stage VI oocytes of an albino line were fixed with
formaldehyde, dehydrated with ethanol, and embedded in paraffin.
Sections cut at 5 um were hybridized with cDNA probes generated
and internally labeled with digoxigenin or biotin by PCR (polymerase
chain reaction). Biotin or digoxigenin in mRNA-DNA hybrids were
detected with the fluorescent dye Cy 3 coupled to avidin or with an
antibody against digoxigenin coupled to alkaline phosphatase
combined with an appropriate indicator reaction, respectively.
Negative controls included omission of cDNA probes, injection of an
antisense oligodeoxynucleotide complementary to 54 bases of the
Xenopus Na,K-ATPase a1 subunit mRNA, and RNase treatment of the
sections prior to hybridization. Retention of cytoplasmic RNA within
the sections during the hybridization steps was confirmed by acridine
orange staining. We found that the mRNA for the a1 subunit of the
Xenopus Na,K-ATPase is more abundant in the cytoplasm of the
animal than of the vegetal hemisphere. In addition, the a1 subunit
mRNA is concentrated in distinct cytoplasmic regions including the
perinuclear zone.

Max-Planck-Institut fir Biophysik, Frankfurt/M., FRG.
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Molecular mechanisms of vasopressin receptor sensitization using the oocyte
system
Lebrun C.J., Meister M., Stein T.

Arginine-vasopressin (AVP) injected intracerebroventricularly and into
distinct brain areas increases mean arterial blood pressure (MAP), heart rate
(HR) and splanchnic nerve activity via central V-AVP receptors. The central
AVP system is unique in that the cardiovascular and sympathetic responses
can be enhanced by repeated central applications of AVP. We have
previously shown that this phenomenon is linked to V{-AVP receptor
stimulated phosphoinositol turnover. In order to investigate its molecular
mechanisms, AVP receptors were expressed in Xenopus laevis oocytes by
microinjection of poly(A+)RNA from liver containing V1-AVP receptors
and were analysed using the voltage clamp technique.

Oocytes (n=9) responded to 1 uM AVP at a holding potential of -60 mV with
currents between 5 and 220 nA (mean 102 + 25,2 nA) and a latency between
18 and 54 sec (mean 36,7 * 4,2 sec). Non-injected oocytes or H,0-injected
oocytes did not respond to AVP. Repeated applications of 1 pM AVP
induced an enhancement (50 %) of the inward currents (mean 151 + 28 nA)
without influencing latency (mean 30,2 + 4,3 sec). To test for the specificity
of this effect, substance P receptors were expressed in the oocyte by
microinjection of Poly(A+)RNA from rat brain. In contrast to AVP,
repeated applications of SP (1 uM) induced the well known tachyphylaxis, i.e
a loss of the membrane current initially recorded.

These results show for the first time a molecular mechanism underlying the
short term sensitization of AVP V-receptors. This AVP receptor
sensitization may be a critical regulatory mechanism for AVP not only in
central blood pressure regulation and hypertension but also in memory
processes.

Department of Pharmacology, Experimental Hypertension Research,
University of Heidelberg, W-6900 Heidelberg, Germany.
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DIFFERENT CONTENT OF CALBINDIN iN BRAIN
AREAS OF TWO SUBLINES OF WISTAR RATS

R. Honza and N. Popov
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EXPRESSION OF RECEPTORS FOR NEUROTROPHINS IN
NERVOUS AND IMMUNE SYSTEMS P. Ehrhard, and U.
Otten

The intraneuronal buffering capacity for free calcium-ions is
partly determined by the content of calcium-binding proteins
such as calbindin and parvalbumin. It has been shown that
neurons that contain these proteins are more resistant to
functional states where a massive influx or an increased
release of calcium-ions occurs (hypoxia, seizures).

Using a competitive ELISA for calbindin D-28K, the content
of this protein was determined in total cytoplasmic proteins
obtained from hippocampus, frontal cortex , striatum and
cerebelium of Wistar rats ( Crl: (W!) BR [Charies River] and
Shoe: Wist/l [Schénwalde] ). We confirmed the about ten-fold
higher content of this protein in cerebellum compared to the
other brain regions studied. Charles-River rats exhibited a
lower hippocampal content of calbindin compared to Schén-
walde rats whereas the content of calbindin in the striatum
and cerebellum of Charles-River rats was higher than in
Schéhwalde rats. The protein content in cytoplasmic proteins
obtained from the brain areas of both sublines of rats was
identical. Further investigations are required to detect
possible histological differences in the distribution of
calbindin in the brain of these rats.

Institute of Pharmacology and Toxicology
Medical Academy Magdeburg
0-3090 Magdeburg, Leipziger Strasse 44
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INJURY-INDUCED INCREASE IN EXPRESSION OF THE
PREPROCHOLECYSTOKININ GENE IN RAT BRAIN CORTEX: IS IT
AFFECTED BY NMDA-RECEPTOR ANTAGONISTS?

C. Olenik, A. Uhl and D.K. Meyer

The preprocholecystokinin gene is expressed in rat cortex in interneurons

which contain y-aminobutyric acid as a cotransmitter. Injuries to rat cortex as
induced by a needle prick or knife cut cause a transient threefold increase in
the concentration of the preprocholecystokinin-mRNA in the whole
ipsilateral cortex. This phenomenon is observed 48 and 72 hours after the
injury. The "immediate early genes" c-fos- and c-jun may be involved by
producing the transcription factor AP-1 which can bind to the promoter area
of the preprocholecystokinin gene (Olenik et al., Mol. Brain Res. 10: 259-
265 (1991)).

All these changes can be prevented, when 4mg/kg MK-801 ((+)-5-methyl-
10,11-dihydro-5SH-dibenzo[a,d}cyclohepten-5,10-imine maleate) are injected
i.m. 2 hours before the operation-induced injury. MK-801 blocks NMDA-
receptors and in a dose-dependent manner also nicotine-receptors as well as
the re-uptake of biogenic amines. Therefore it was tested, whether other
blockers of nicotine receptors or uptake also diminished the injury-induced
increase in preprocholecystokinin-mRNA.

All drugs were injected i.m. 30 min. prior to the cortex injury which was
caused by a knife cut in pentobarbital-anaesthetized rats. Neither the
competitive NMDA-receptor antagonist CPP (25 mg/kg; 3-((%)2-
carboxypiperazin-4-yl)propyl-1-phosphonic acid) nor the nicotine receptor
antagonist pempidine (8 mg/kg) affected the injury-induced increase in gene
expression, However, blockers of noradrenaline re-uptake, such as
(+)oxaprotiline (2.5mg/kg), amitriptyline (7.5mg/kg) or nomifensine
(4mg/kg), prevented the injury-induced increase in preprocholecystokinin-
mRNA. Agents which preferentially block re-uptake of serotonin, such as
citalopram (2mg/kg) and fluvoxamine (2mg/kg), were without effect,

It is concluded that accumulation of noradrenaline in the synaptic cleft and
the ensueing strong stimulation of adrenoceptors can prevent the injury-
induced changes in neuropeptide gene expression in rat cortex.

Department of Pharmacology, University of Freiburg, Hermann Herderstr.
5, D-7800 Freiburg, FRG.

Nerve growth factor (NGF) is the best characterized
protein in a family of related neurotrophic factors
{neurotrophins} including brain-derived neurotrophic
factor (BDNF) and neurotrophin-3 {NT-3). The actions of
these neurotrophins are mediated by the interactions with
specific membrane receptors on target cells. Recent
findings indicate that the high affinity NGF receptor is
associated with the tyrosine kinase encoded by the trk
proto-oncogene, whereas the trk B protein kinase is a
component of the BDNF receptor.

We investigated the developmental expression of trk and
trk B in rat peripheral sympathetic and sensory ganglia as
well as in thymus and spleen by reverse transcription
combined with polymerase chain reaction. Our results
show that NGF- and BDNF-receptors are developmentally
regulated in a tissue-specific manner. In addition, trk
expression was found to be induced on immune cells such
as cyclic AMP-stimulated human monocytes. Analysis of the
expression of trk or related receptors in nerve and
immune cells should help define the biological role of
neurotrophins in neuronal development and regeneration
and in immunomodulation.

Department of Physiolegy, University of Basel, Vesalianum,
Vesalgasse 1, CH-4051 Basel, Switzerland
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ROLE OF THE PITUITARY SPECIFIC TRANSCRIPTION
FACTOR Pit-1IN TRH AND cAMP STIMULATION OF HUMAN
THYROTROPIN $-SUBUNIT (hTSHB) GENE EXPRESSION

H.I Steinfelder, M.A. Mroczynski, S. Radovick, F.E. Wondisford

We have recently shown that the expression of hTSHBCAT fusion
genes in pituitary GH, cells is stimulated up to 4fold by TRH and up
to 10fold by cAMP. "DNA elements mediating this induction were
located in the region between -128 and -61 bp of the hTSHf 5’flanking
DNA. This area of the hTSHS gene contains 3 regions with a 75-90%
homology to the consensus recognition sequence of the pituitary
specific transcription factor Pit-1. Two footprints were observed in
this area when DNasel digestion was performed in the presence of a
mouse thyrotropic tumor nuclear extract. Both footprints were
suppressed by a 100fold molar excess of an oligonucleotide with the
sequence of a high affinity Pit-1 binding site from the rat growth
hormone gene. A mutant of this oligonucleotide with no binding
affinity for Pit-1 did not suppress the footprints. DNA binding
(ABCD) assays revealed that oligonucleotides identical to each of the
3 potential Pit-1 recognition sequences in the hTSHB 5’flanking DNA
bound significantly more 3°S labeled in vitro synthesized Pit-1 than
DNA fragments with no homology to the Pit-1 recognition sequence
from either the hTSHB or the rGH genes. The involvement of Pit-1 in
regulated expression of hTSHBCAT plasmids was further tested in
cotransfection experiments. Cotransfection of a Pit-1 expression
vector in a human kidney tumor cell line (293) induced a cAMP
responsiveness of the expression of transfected hTSHBCAT plasmids
in these cells that was comparable to that observed in GHj cells.

In conclusion, functional and structural data support the hypothesis
that the pituitary transcription factor Pit-1 is involved in hormonal
stimulation of hTSHA gene expression. Stimulation is mediated via
sequences located between -128 and -61 bp of the hTSHB S’flanking
region,

Institute of Pharmacology, W-3400 Géttingen, FRG,
Western Reserve University, Cleveland, OH44106, USA

and Case
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INHIBITION OF MICROSOMAL LIVER ENZYMES BY N-(2-
CHLOROETHYL)-N-ETHYL-2-BROMOBENZYLAMINE (DSP-4)
IN VITRO

F.J.Hock & F.E.Beyhl

The action of the centrally active, norepinephri-
ne-depleting agent, N-(2-chloroethyl)-N-ethyl-2~
bromobenzylamine (DSP-4), on a series of hepatic
mitochondrial and microsomal enzymes was studied
in vitro.

DSP-4 inhibits microsomal drug-metabolizing mix-
ed-function oxidases such as ketamine and amino-
pyrine N-demethylases, papaverine, 4-methoxybiph-
enyl, and 4-methylayapanine O-demethylases, and
7-ethoxycoumarin O-deethylase Dbut not 4-methyla-
minoantipyrine N-demethylase and biphenyl 4- and
coumarin 7-hydroxylases. It does not affect mic-
rosomal hydroperoxide formation and has no effect
on microsomal NADPH-specific cytochrome ¢ and ne-
otetrazolium reductases.

DSP-4 does not act on glucose-6-phosphatase, ano-
ther microsomal enzyme, and on succinate dehydro-
genase, a mitochondrial marker enzyme.

Hoechst AG, D-6230 Frankfurt/Main 80, Germany
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CELLULAR KINETICS AND EFFECTS OF PREDNIMUSTINE
COMPARED TO ITS COMPONENTS CHLORAMBUCIL AND PRED-
NISOLONE

Musch E., M. Malek, H. Egge and J. Peter-Katalinic

The cellular uptake of prednimustine (PM), the 21-
prednisolone (P) ester of chlorambucil {CLB) was
investigated in comparison to that of a mixture of
CLB and P in four different tumor <cell lines,
namely mammary carcinoma MCF-7, melanoma MEWO,
acute lymphoblastic leukemia CEM and colon car-
cinoma HT-29 cells. The cellular pharmakokinetics
analysis wusing High Performance Liquid Chromato-
graphy (HPLC) and Fast Atom Bombardment Mass Spec-
trometry (FAB-MS) was performed on cell extracts
obtained after incubation of cells with the cyto-
toxice agent, washing and lysis. FAB MS data pro-
vided direct evidence for the intracellular uptake
of intact PM as well as for the existence of a
hihherto unknown metabolic oxidation product sho-
wing molecular and fragment ions (MH*/MNa+ at m/z=
646 / 648; 668 / 670 and m/z =642 / 644; 664 / 666
respectively). No B-oxidation products were detec-
ted. Experimental tumor cell lines as well as lym-
phocytes separated from patients with (CLL) cells
exposed to PM exibited higher and longer-lasting
concentrations of PM and CLB as compared to cells
incubated with CLB + P. The alkylating potency { =
concentration-time integrals of all alkylating
agents) did not differ significantly in both incu-
bation series (ZPM + CLB = 1087 nmol/ml -min versus
2CLB+phenylacetic acid mustard = 878 nmol/ml min).
Lymphocytes from healthy volunteers and from lym-
phoma patients showed enhanced cellular uptake of
PM compared to CLB. Thus, a facilitated cellular
uptake of the hormone conjugated PM seems to be
confirmed.

Medizinische Klinik u. Institut fiir physiologische
Chemie der Universitdt Bonn
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CHANGES OF LIDOCAIN IN RAT SERUM AND TISSUE LEVELS

UNDER STRESS AND HYPERLIPIDAEMIC DIETS
C.Tesseromatis,C.Tsopanakis,M.Loukissa,E.Sgourakis,
and G.Symeonoglou

Hyperlipidaemic diet increases serum lipids.Fur-
thermore stress interferes in lipid metabolism.Ma-
ny drugs (alkaline) modidy the pharmacokinetic be-
haviour in presence of lipoproteins.In the present
study Wistar rats were used and were treated with
stress (cold water swimming),various lipid diets
(olive oil,butter,sun flower oil)and lidocain—c14
(04 mg/kg wt).Free fatty acids (FFA),triglycerides
(TG) ,total cholesterol (TC) and high density lipo-
proteins (HDL) levels were estimated in serum and
tissues. The rats under stress and lipid diets sho-
wed increased serum levels in FFA and TG. The ani-
mals under stress showed a serum TC decrease compa-
red to controls.HDL levels showed a relationship to
the quality of diet lipid (increased with sunflower
decreased with butter). The levels of lidocain were
increased in all lipid diet groups,probably due to
drug displacement from its binding with serum and
tissue proteins.Stress enhanced furthermore lido-
cain levels possibly due to the further FFA levels
increase which potentiate the displacement process.

Dept of Pharmacology,Physiology,Athens University,
Medical School,Goudi 115 27 - Greece
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TRANSPLACENTAL PHARMACOKINETICS OF A
SYNTHETIC RETINOCID WHICH IS NOT BOUND TO
EMBRYONIC CYTOSOLIC RETINOIC ACID BINDING
PROTEIN

J.0. SassV, K. Rautenberg?, B. Shroot? and H. NauV

Teratogenicity is an important side effect of retinoids which are
widely used in dermatology and oncology. The binding of retinoids to
cytosolic retinoic acid binding protein ( CRABP ) has been suggested
to be important for the mechanism of retinoid embryopathy. Here
data are presented on the transplacental pharmacokinetics of CD394
(4-[3-(1-adamantyl)-4-methoxybenzamido| benzoic acid ) which is not
bound to CRABP but has a teratogenic potential in whole rat
embryo culture similar to that of retinoic acid ( Hensby et al,
Pharmacol Skin. Basel, Karger, 1989, vol 3, pp 153-156).

On day 11 of pregnancy NMRI mice received intragastrically 10
mg/kg CD394 in an aqueous suspension with 25 % (w/w)
Cremophor EL. Maternal blood, placentas and embryos were
collected after decapitation of the dams at various time points
between 0 and 48 hours after administration. Radioligand
experiments demonstrated the lack of binding of CD394 to
embryonic CRABP. Analysis of plasma and of homogenized embryos
and placentas was conducted with reversed phase-HPLC on C18-
columns with an acetonitrile/water gradient system. Prior to HPLC
solid phase sample enrichment on C18- sorbent material was
applied.

Cmax values teached after 1 to 2 hours were: 1370 ng/ml for plasma,
200 ng/g for embryo and 860 ng/g for placenta.

AUC values ( 0-48 hours ) were: 4430 ng'h/ml for plasma, 870 ng'h/g
for embryo and 3130 ng-h/g for placenta.

Our results indicate that CD394 reaches the embryo in vivo without
binding to CRABP although embryonic concentrations stayed well
below plasma levels. Thus binding to CRABP is not a prerequisite
for the placental transfer and the teratogenicity of retinoids.

UFreie  Universitdt Berlin, Institut fiir Toxikologie und
Embryonalpharmakologie, Garystrasse 5, W-1000 Berlin 33,
Germany

ACIRD Galderma, Sophia Antipolis, F-06565 Valbonne, France
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INFLUENCE OF ALBUMIN ON THE ACTIVITY OF ANTIFUNGAL
AGENTS WITH WIDELY VARYING PROTEIN BINDING

M. Schafer-Korting, W. Rittler and H.C. Korting

Intense plasma protein binding is considered to re-
duce drug activity. The inhibition of C. albicans
by itraconazole (f,, > 0.99) levels as obtained in
humans, however, is not reduced by albumin (Sché-
fer-Korting M. et al., Antimicrob. Ag. Chemother.,
in press). To investigate the influence of albumin
on drug activity in more detail, we have determined
the minimum inhibitory concentrations (MIC’s) for 8
antifungal agents in 40 clinical isolates of C.
albicans in a protein free incubation medium and in
the presence of 4% human albumin (HSA). Above that,
MIC values for itra- (I) and ketoconazole (K, fy:
0.99) as well as griseofulvin have been evaluated
in 10 strains of T. rubrum. The increase in the ra-
tio of the MIC’s by HSA is compared to the expected
inactivation due to drug protein binding.

HSA reduces the antifungal effects of fluconazole,
miconazole, amphotericin B, and griseofulvin (f:
0.11, 0.92, 0.95 and 0.81 resp.) as expected. The
inhibition of I and K activity, however, is consi-
derably less pronounced. The MIC’s are raised no
more than 2fold with I and only 4- and 5fold with K
(C. albicans and T. rubrum) whereas 500- and 100-
fold increases are expected. Moreover, HSA does not
inhibit the anti-Candida effect of terbinafine
despite strong protein binding. Thus, the results
suggest that not only itraconazeole activity is not
reduced by protein binding but also the activity of
other antifungal agents.

Pharmakolog. Institut f. Naturwiss., Universitat
Frankfurt, Theodor-Stern-Kai 7, D-6000 Frank-
furt/M., and Dermatol. Klinik u. Poliklinik der
Universitdt Minchen
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PERCUTANEDUS ABSORPTION OF ISOSORBIDE DINITRATE
IN THE ISDLATED PERFUSED BOVINE UDDER.

M. Kietzmann, B. Wenzel*, D. Arens, B. Blume!

Using a novel isclated perfused bovine udder
model, the percutanecus absorption of isosorbide
dinitrate (ISDN) was studied in vitro. Within 30
minutes after cattle slaughtering, udder perfusi-
on with gassed tyrode solution was started.
Thereafter, ISDN (60 mg/400 cm?) was administered
as spray (TD Spray Iso Mack™) and as ointment
{(Isoket™) . In addition, a transdermal delivery
system cgntaining a microemulsion of ISDN (120
mg/30 cm“) was used. Over a period of up to 8
hours, perfusate fractions were sampled. By
capillary column gas—liquid chraomatography with
electron—capture detection after solid-phase
extraction, the concentration of IBDN, isosorbi-
de-2-mononitrate and isosorbide-5-mononitrate was
measured in the perfusate fractions and alsc in
skin., The amount of ISBDN absocrbed within the
perfusion period was calculated from analyzed
concentrations considering the perfusate flux.
After treatment with the various formulations,
ISDN was well absorbed via the skin. Demonstra-
ting the viability of the udder skin, both meta-
bolites could be detected in perfusate as well as

in skin samples.

In conclusion, the isolated perfused bovine udder
is a novel useful in vitro model which maintains
a viable skin. It is possible to compare the
dermal penetration and absorption rate after
topical treatment with different drug formulati-
ons, including transdermal delivery systems.

Institut flr Pharmakologie, Toxikologie und
Pharmazie, Tieré&rztliche Hochschule Hannover,
Binteweg 17, 3000 Hannover, Zentrallaboratorium

Deutscher Apotheker, Ginnheimer StraRe 20, 6236
Eschborn
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UPTAKE AND EFFECTS OF THIOPENTAL IN ISOLATED
HEART PREPARATIONS OF RATS UNDER THE INFLUENCE
OF VOLATILE ANESTHETICS J.Ch. Isenberg, and
J. Baldauf

Binding of thiopental in tissue homogenate of rat
hearts was 1increased to a factor of 1.4 in the
presence of halothane and to a factor of 1.2 in
that of isoflurane (Blch et al, Drug Res 41, 696,
1991). Question arose whether this binding increa-
se was reflected in the thiopental uptake of an
isolated, spontaneously beating heart preparation
(Langendorff) when halothane or isoflurane were
present. Krebs-Henseleit solution gassed with car-
bogen (pH 7.4) was used as perfusion fluid contai~
ning thiopental (0.13-0.19 mmol-1-1) without a vo-
latile anesthetic and in the presence of 0.8, 1.5
and 2.0 vol% halothane or 1, 2 and 3 vol¥% isoflu~
rane, respectively. Thiopental concentration in
heart tissue was measured UV-photometrically (305
nm) after extraction with benzene and TLC. The
thiopental concentration ratio (tissue-/Krebs-Hen-
seleit-solution), if steady state was reached, was
about 3.5 independent of the concentration used.
In the presence of halothane (0.8 vol%) a small
(+12%), yet significant, increase of the thiopen-
tal uptake in the heart tissue was observed for
the whole concentration range used; higher halo-
thane concentrations (1.5-2 Vol%) enlarged this
difference maximally up to +43%. Isoflurane which
was applied simultaneously with thiopental in the
Langendorff preparation under the same conditions
did not change the thiopental uptake in heart tis-
sue. Using right and left atria of rat hearts the
negative chronotropic and inotropic action of
thiopental without and in the presence of halo-
thane or isoflurane, respectively, was studied.

Institut fir Pharmakologie und Toxikologie,
W-6650 Homburg, Universitadt des Saarlandes
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STUDIES ON THE METABOLISM OF PLANT INGREDIENTS BY
ISOLATED PERFUSED RAT LIVER  U. Vahlensieck, H.G.
Gumbinger, C. Egen-Schwind, F.H. Kemper

A variety of phenolic acids - known to be ingredients of La-
miaceae and Boraginaceae, e.g. Melissa officinalis - shows a di-
stinct antihormonal activity in vivo. The metabolism of some of
these phenolic compounds, phenylpropanoids like caffeic acid, ros-
marinic acid, etc. was investigated - using isolated rat liver per-
fusion and HPLC-analysis - to find out, if these phenolic acids
pass the liver mainly unchanged or underlie a distinct first-pass-
effect.

Following a standard operation procedure, the rat liver was per-
fused with a Krebs-Henseleit-buffer containing glucose and 0,5%
bovine serum albumin. As vitality parameters of the liver, Oo-
consumption and K*-release as well as the enzymes GOT and GPT
were determined.

After liver passage the single phenolic acids and their metabolites
were examined in the perfusate, in the bile fluid and in the liver
tissue by HPLC and DAD-detection.

Concerning caffeic acid, metabolites like ferulic acid, esculetin
and different oxidation products of caffeic acid were found, which
represent different metabolic pathways of the liver. In contrast to
the unoxidized mother substance these oxidation products showed
a distinct biological activity in diverse in vitro systems.

Thus studies on the metabolism of a substance using the isola-
ted perfused rat liver should be a prerequisite especially for in-
vitro but also for in vivo screeening procedures. Also the number
of whole-animal experiments can be reduced.

Institut fir Pharmakologie und Toxikologie, Universitit Minster,
Germany
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DEVELOPMENT OF A FORMULATION OF KAVA-KAVA EXTRACT THROUGH PHARMACOKINETIC
EXPERIMENTS IN ANIMALS A. Biber, M. Noldner and R. Schlegelmilch

The active constituents of Kava-Kava rhizome (Piper methysticum, G. Forster)
are the lactones dihydrokavain (DHK), Yangonin (Y), Kavain (K), Dihydromethy-
sticin (DHM) and Methysticin (M). This presentation describes the results of
same pharmacokinetic studies conducted to develop a new special Kava-formule-
tion based on extracts of the rhizome. Plasma and brain lactone levels were
determined after oral administration of 100 mg/kg of different extracts or
formulations to male mice and rats, and of 6 and 10 mg/kg to dogs. The Kava
lactones were quantified by HPLC (W-detection). All the lactones except
Kavain could be unequivocally analyzed.

Preliminary experiments in mice with 100 mg/kg extract per os suspended in
0.2 % agar revealed maximum plasma levels of the individual lactones (except
Yangonin) ranging between 300 and 900 ng/ml already after 5 minutes. Elimi~
nation half-life was determined as approx. 30 minutes. .

In further experiments with mice and rats treated orally (100 mg/kg) with a
formulation of the extract bioavailability clearly increased, and maximum
plasma levels of 1,7-2.5 pg/ml of DHK, K, DHM, M, and of 0.3 ug/ml of Y were
attained 0.5 hours after administration. However, in rats two absorption peaks
of the lactones at 0.25 and approx. 2 hours were observed. Surprisingly the
lactone levels in brain showed pesk concentrations (1.1-2 pg/g brain) at the
same time point as in plasma, in mice, however, the brain levels decreased
faster than in rats. Elimination half-lives of the lactones in mouse plasma
and brain were approx. 1 hour, and even longer in the rat.

In contrast to the results obtained from rodents, dogs administered an extract
formulation or a pure blend of the individual lactones showed quite obvious
variations in tmax (0.7-4 hours). In this species DHK and Y could only be
detected qualitatively. Maximum piasma levels of K, M, and DHM ranged from
100 to > 500 ng/ml, and elimination half-lives varied from approx. 90 minutes
to several hours. The plasma lactone levels after administration of the blend
of individual lactones were lower than those after the extract formulation.
In summary, bioavailability of Kava-extract could be increased up to 10-fold
by improvement of galenical formulations after administration of a new special
formulation to mice and rats.

Department of Pharmacology and Bioanalytics, Dr. Willmar Schwabe Arzneimittel,
Willmar-Schwabe-Str. 4, 7500 Karlsruhe 41, FRG
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DIRECT DETERMINATION OF PROPOFOL IN BIOLOGICAL
FLUIDS BY HPLC P. Altmayer, U. Bich, and R. Larsen

Methods for quantitative analysis of propofol (P)
described are based on time consuming and diffi-
cult extraction procedures. A new HPLC method was
developed allowing direct, rapid and sensitive ana-
lysis of very low P concentrations in bioclogical
fluids. The HPLC apparatus consisted of two pumps
(A and B), an extraction-column and an analytical
column (both filled with RP-18), a loop-type injec-
tor, a 6-way valve and a fluorescence detector. An
aliquot of the biological fluid (serum, other pro-
tein containing samples, urine, etc.) was injected
without any sample preparation directly onto the
extraction celumn in a polar mobile phase (pump B,
0.01 M phosphate buffer pH 7.8). Under these condi-
tions the polar constituents of the biological
material such as proteins, amino acids, electro-
lytes etc. passed through and were eluted to waste,
whereas the highly lipophilic P was retained on the
extraction column. After 2 min the valve was swit-
ched automatically, whereby the analytical mobile
phase (pump A, CH3CN:0.01 M phosphate buffer pH
7.8) backflushed the loaded content (P and other
apolar constituents of the biological sample) from
the extraction column on the analytical column,
where P was separated and detected by fluorescence
(excitation 276 nm, emission 310 nm). The recovery
rate for P in this precolumn extraction system was
> 98%. With the method presented P can be deter-
mined directly in biological fluids without sample
workup in about 6 minutes with a limit of detection
of 2 ng/ml. The HPLC procedure provided linearity
in the range from 5 ng/ml to 5 pg/ml with an analy~
tical variability of less then 2 %.

Klinik fir Anaesthesiologie und Intensivmedizin,
Universitdt des Saarlandes, D-6650 Homburg/Saar,
Germany
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ESTER CLEAVAGE AND PHASE II METABOLISM OF
MONOCYCLIC XENOBIOTICS IN SKIN OF RABBIT EARS
B.M. Henrikus and H.G. Kampffmeyer

The xenobiotics (procaine, 2-chloroprocaine,
ethyl-aminobenzoate and methylsalicylate)
were applied dermally or arterially at
various concentrations to single pass
perfused (protein-free) rabbit ears, or to
purified liver esterase, or to supernatant of
rabbit skin homogenate.

The respective Michaelis-Menten kinetics were
calculated from steady-state product
formation rates in the efflux by computer
assisted non-linear adaptation. An only crude
correlation was observed for the three enzyme
containing systems.

In addition to free 4-aminobenzoic acid,
acetamidobenzoic acid was found in quantities
of about 10 % of the free 4~-aminobenzoic acid
during arterial or dermal application of
procaine. Using ethyl-aminobenzoate as
substrate, this product was not observed, but
most likely , a conjugate of 4-aminobenzoic
acid. In order to qualify this metabolite,
further experiments with 4-amino-(14C ring)-
benzoic acid will be carried out.

The capacity of 4-nitrophenol conjugation was
10 times lager than O-demethylation of 4-
nitroanisole.

Walther Straub-Institut fiir Pharmakologie und
Toxikologie der LMU, Nufbaumstr. 26, D-8000
Minchen 2, Germany
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Hypothermia elevates atracurium plasma levels and
induces an increase of neuromuscular blockade in
patients with cardiopulmonary b¥pass. E.Koundoura-
kis™, M.Theisohn*, C.Diefenbach* and M.Abel

Flynn et al.{Br.J.Anaesth. 56:967,1984) reported that during
hypothermia the infusion velocity of the short acting, curare-
like muscle relaxant atracurium (A) had to be reduced to
maintain a medium degree of muscle relaxation. In this inve-
stigation the extend of the neuromuscular blockade (NMB) and
the concentrations (CONC) of (A) and its metabolite laudanosi-
ne (L) (HPLC method; modified according to Varin et al., J.
Chromatography 529,319,1990) were determined in 20 patients
(12 m,8 f, age:48-70 y,body weight 50-87 kg) undergoing car-
diac surgery with cardiopulmonary bypass and hypothermia
after giving informed consent. Anaesthesia was induced by an
iv-bolus of midazolam (10-15 mg) and fentanyl (0.75 -1.5 mg).
Neuromuscular monitoring was done at the m.adductor poll.
stimulating the n.ulnaris over the wrist with supramaximal
voltage (train-of-four) . Muscle relaxation was started with
iv—bolus of (A) {(0.46 mg/kg). After NMB had declined to 70 %,
infusion of {A) (3.7+/-1.3 ug/kg¥min) was started to establish
a NMB of 52 % (+/-11). During hypothermia (28+/-2°C) NMB
increased considerably (90+/-11%) parelled by an elevation of
(A) from 0.46+/-0,16 mg/l to 0.61+/-0.20 (2p<0.01) whereas (L)
decreased from 0.14+/-0.04 to 0.10+/-0.03 {2p<0.02). According
to Olkkola et al.{Acta Anaesthesi-ol.Scand. 35:420-423,1991) the
plasma CONCs of (A) were fitted to a 2 compartment model.
NMB could be fitted to the equation E(t):Em 5 * vty / [1C50
+ y(t)H]. As there was a time-lag between ?A) in plasma and
the NMB of about 10 min the effect compartment was appended
to the 2nd compartment. (A) CONCs in this compartment and
the NMB was significantly correlated exhibiting a S-shaped
CONC effect curve (Emax=106%,IC50=3.2 mg/l and H=3.5).

Hence, the increase of the neuromuscular blockade during
hypothermia is mainly caused by the elevation of (A) induced
by a decreased metabolic elimination during hypothermia.
Department of Pharmacology and Clinic for Anaesthe-
siology ", University of Cologne, Gleuelerstr. 24, 5000 K3dln 41
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S-CARBOXYMETHYLCYSTEINE DISPOSITION IN HUMANS:
METABOLITE RECOVERY IN URINE AFTER ORAL AND INTRA-
VENOUS APPLICATION B. Staffeldt

Ditferent studies on the proposed genetic polymorphism ot carbocysteine
(CMC) S-oxidation at different places (Specht D et al (1990) Fresenius J
Anal Chem 337: 13; Brockmdller J et al (1991) Eur J Clin Pharmacol 40:
387) failed to confirm the data described by R. Waring (1980, Eur J Drug
Metab Pharmacokinet 5: 49). However, most of our experiments evaluated
the urinary metabolite recovery only over a period of the first eight hours
after application, in which the total recovery was between 20-50%.

Now, elimination of CMC and its metabolites in urine was investigated in 12
healthy volunteers (5 female, 7 male, age between 22 and 34 yrs) over a
period of 60 hours. Furthermore, kinetics of CMC was studied in a single
volunteer after intravenous infusion. CMC and its metabolites were analysed
by HPLC using precolumn derivatization with 9-fluorenylmethylchloro-
formate (FMOC) and 1-pyrenyldiazomethane (Staffeldt B et al (1991)

J Chrom 571: 133).

Following a single oral dose of 1.125 g, CMC was eliminated in urine
between 1 and 12 h, with a maximum at 4 h (total: 13 - 28 % of the dose).
The primary metabolites (R)- and (S)-CMC sulfoxide were detectable in
urine tractions between 4 and 8 h (total: 0.1 - 1.0 % of dose, sum of both
enantiomers). The secondary metabolite 2,2’-thiodiacetic acid was eliminated
hetween 4 and 36 h (total: 4 - 25 % of dose). The sulfoxide of thiodiacetic
acid was detected between 5 and 48 h (total: 1 - 12 % of dose), with a
maximum 12 h after application.

Bioavailability of a neutral carbocysteine solution was 70 % and drug/meta-
bolite ratios did not significantly differ in dependence on oral or intravenous
dosage. The recently discovered mixed disulfide metabolite (Meese CO et al
(1991) Biochem Pharmacol 42: R13) S-(carboxymethylthio)-L-cysteine,
could also be quantified as a fluorescent FMOC derivative with a maximum
amount excreted in urine samples collected between 8 and 24 hours after ad-
ministration. With this qualitatively and quantitatively revised metabolic
pattern, previous studies on the sulfoxidation polymorphism and even the
disputed therapeutic etticacy of CMC now appear in a completely new light.
Institut fiir Klinische Pharmakologie, Klinikum Steglitz,

Freie Universitiit Berlin, Hindenburgdamm 30, D-1000 Berlin 45
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INFLUENCE OF CHEMICAL MODIFICATION OF CYTOCHROME
b5 WITH TETRANITROMETHANE ON THE DIVERSE ELECTRON
TRANSFER PATHWAYS AND 7-ETHOXYCOUMARIN
DEETHYLATION. L Golly and P. Hlavica.

Highly purified cytochrome b5 (b5) from hepatic microsomes of
untreated male Chinchilla rabbits was chemically modified with a 50-
fold molar excess of tetranitromethane (TNM) over bS at pH 7.5 such
as to produce 14 nmol 3-nitrotyrosine (3-NT)/mmol bS. Tyrosine
modification was also verified by means of second-derivative absorption
spectroscopy. Selectivity of tyrosine derivatization was proven by the
presence of unmodified tryptophan residues as well as by the
unimpaired spectral properties of b5 after nitration,

TNM-modification of b5 resulted in a decreased extent of complex
formation (70%) with cytochrome P-450LM2 (P450IIB4) associated
with an 11-fold increase in affinity for the electron mediator. Anaerobic
stopped-flow measurements of the NADH-dependent transfer of the 1.
electron to P-450LM2 in a reconstituted system consisting of
P-450LM2, NADH-cytochrome b5 reductase (Fp1), benzphetamine
and native or nitrated bS, revealed a drastic inhibition (98.5%) of the
rate of P-450LM2 reduction. TNM-induced changes in the redox
potential of b5 could be ruled out to account for this phenomenon,
because the reduction of b5 was neither perturbed when the electron
flow was allowed to proceed via the NADH-Fp1 segment nor via the
NADPH-cytochrome P-450 reductase (Fp2) chain. Kinetic experiments
in which cytochrome c substituted for P-450LM2 served to elucidate the
specificity of the b5/P-450LM2 interaction. Ethoxycoumarin deethyla-
tion, a b5-dependent reaction, as investigated in a reconstituted system
containing NADPH, Fp2, P-450LM2 and either native or modified bs,
was used to study the functional role of the modified site(s) in the bS
molecule in substrate turnover. Experiments are underway to precisely
localize the derivatized tyrosine(s).

Walther-Straub-Institute of Pharmacology and Toxicology, Ludwig-
Maximilians-University, Nussbaumstr. 26, D-8000 Munich 2, FRG.
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CHANGES OF CARBONYL REDUCTASE CONTENT AND ACTIVITY IN
CULTURED HEPATOCYTES OF RATS.

K. Hupe-Sodmann and E. Maser

Carbony! reduction of xenobiotic aldehydes and ketones is a
significant step in the metabolism and elimination of these
compounds. The enzymes involved constitute the family of
carbonyl reductases which share similar features such as
monomeric structure (30-40 kDa), NADPH dependence, cytosolic
subcellular localization and broad substrate specificity.

In previous investigations we purified and characterized a
membrane~bound carbonyl reductase (34 kDa) from mouse liver

microsomes using metyrapone (MPON) as substrate and a
sensitive HPLC method for metabolite determination. In
addition, the occurrence of carboenyl reduction was

demonstrated in continuous cell lines thus emphasizing the
significance of this metabolic pathway.

In this study the content and activity of carbonyl reductase
was investigated in microsomes of rat liver (solid organ) and
in hepatocytes of the same species cultured for 9 days. In
addition, the occurrence of immunoreactive enzymes within the
respective fractions was tested by using antibodies against
the microsomal mouse liver MPON reductase.

We found high MPON reducing specific activity in microsomes
of freshly isolated rat hepatocytes (22.7 nmol/mg/30min) to be
very similar to that in microsomes derived from the solid
organ (16 nmol/mg/30min). The enzyme activity increases about
2.3-fold (52.9 nmol/mg/30min) 24 h after preparation and
decreases from day 1 to day 6 to about 2.3 nmol/mg/30min
then remaining constant until day 9.

Immunoreactivity in Western blot analysis always parallels
enzyme activity, even in day l-hepatocytes, where the degree
of immunological crossreaction also proved to be stronger than
in day O-hepatocytes.

In microsomes of day 6-hepatocytes and thereafter no
immunological crossreaction occurred, although enzyme activity
could be detected by HPLC analysis.

Because the time related changes in activity are reproducible,
primary cultured hepatocytes may thus be used as an
alternative to whole animal experiments to study various
aspects of xenobiotic carbonyl compound metabolism.

Dept. Pharmacol.,Philipps-University,Lahnberge,D-355 Marburg.
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IN VITRO INVESTIGATIONS OF METABOLIC CHIRAL INVERSION
OF 2-ARYLPROPIONATES IN RAT H4IIE AND HUMAN HEP G2
HEPATOMA CELLS

S. Menzel-Soglowek, G. Geisslinger and K. Brune

An unusual feature of the metabolism of 2-arylpropionic acids is
the unidirectional inversion of configuration at the chiral centre
which can be observed in man and various animal species.

The inversion of 2-arylpropionic acids has been investigated in
vitro using rat H4IIE and human Hep G2 hepatoma cells in
continuous culture. The effect of substrate concentration (15-150
ug/ml), cell density (1.5-12x10° cells/dish) and serum content of
the culture medium (0-20%) on inversion was examined in rat
HA4IIE hepatoma cells using R-ibuprofen as model compound.
Increasing R-ibuprofen concentrations and decreasing serum
content of the medium resulted in increased inversion whereas
variation of cell density had no effect. Furthermore rat H4IIE and
human Hep G2 hepatoma cells were incubated with the individual
enantiomers of ibuprofen, ketoprofen and flurbiprofen under
optimized culture conditions (serum-free culture medium). The
elimination rate constants (ke ) and fractions inverted (Fi) were
determined. Although inversion occurred slowly in the tumor cells
and thus long incubation periods (120h) were required, the
hepatoma cells were nevertheless able to mimick qualitatively the
species and substance specifity of inversion of 2-arylpropionic acids
as observed in vivo.

Department of Pharmacology and Toxicology
University of Erlangen-Nuernberg
Universitétsstr, 22

8520 Erlangen
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INVESTIGATIONS INTO THE STRUCTURE-RELATIONSHIP
OF ACETYLENIC STEROIDS TO INHIBIT HUMAN LIVER
CYTOCHROME P-450 IN VITRO
R. Bécker, U.Richter, M.Eichhorn, and B.Kleingeist

It has recently been demonstrated that acetylenic steroids

inhibit in vitro the human liver cytochrome P-450 3A enzymes
[Guengerich FP (1990) Chem.Res.Toxicol.3:363; Bécker R and
Lepper H {1991) Naunyn-Schmiedeberg’s Arch.Pharmaco!.343:
R13]. To investigate a structure deteminant which addtionally to
the acatylenic moiety at position 17 of the steroid basic structure
may trigger the mechanism based inhibition of cytochrome P-450
3A enzymes 7 progestogenic compounds derived from norethist-
erone (including levonorgestrel,gestodene,3-ketodesogestrel,
and some others) were compared in an in vitro test system on
human liver microsomes. The synthetic steroids were kindly pro-
vided by Organon int., Oss, The Netherlands, and Schering AG,
Berlin, Germany. The experimental setup was as described in the
above mentioned literature. Human liver microsomes were pre-
incubated in presence of various concentrations of the steroids
and an NADPH-generating system. After a tenfold dilution of the
preincubation mixture the test assays for the determination of 3
P-450 activities (3A, 2E1, 2D6) were started. Gestodene was the
most potent inhibitor of the 8 compounds with a mean 1Cs0

of 4.8 uM. Levonorgestrel, 3-ketodesogestrel, and the other
compounds were about 6 -10 fold weaker in their inhibitory
potency. Only theP-450 3A activity was affected.

Supported in parts by grants of the Deutsche Forschungsge-
meinschaft (DFG), of Organon int.. Oss, The Netherlands, and

of Schering AG, Berlin, Germany.

Department of Toxicology and Pharmacology, University of
Erlangen-Nirnberg, UniversitatsstraBe 22, D8520 Erlangen,
Federal Republic of Germany.
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DETERMINATION OF EROD AND MROD ACTIVITY IN HEPATIC
MICROSOMES OF TCDD-TREATED RATS AND MARMOSETS
T. Schuiz-Schalge, E. Koch

The inducibility of ethoxyresorufin O-deethylase (EROD) in 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD)-treated rats and marmosets (Callithrix jacchus) has
been used as an indicator for Ah-receptor mediated reactions, especially for the
induction of P4501A1. Recently we confirmed findings of Namkung et al. (Mol.
Pharmacol. 34: 628-637, 1988) that methoxyresorufin O-demethylase (MROD) is
a very specific assay for P4501A2-mediated reactions. Investigations by Sesardic
et al. (Carcinogenesis 11: 1183-1188, 1990) have demonstrated that in the human
liver only P4501A2 was inducibte. In order to investigate these enzyme activities,
we have performed studies in rats and marmoset monkeys.

The animals received a single subcutaneous injection of different doses of TCDD,
the control animals received 100 pl/kg body wt of the vehicle (dimethyl-
sulfoxide/toluene 2+ 1) only. The enzymatic activities were investigated in hepatic
microsomes and the following results were obtained:

Rat Marmoset
Dose" MROD? EROD? MROD? EROD?
control 342 248 98 + 44 g7 + 18
3 4 +9 24 2 n.d. n.d.

11 47 + 5 28+ 7 nd. nd.

32 87 = 27 149 + 63 nd. n.d.
107 251 £ 124 1270 * 404 n.d. n.d.
167 n.d. n.d. 433 + 239 499 = 232
300 n.d. n.d. 791 = 170 1065 = 128
644 616 + 156 5210 + 985 nd. n.d.

1000 n.d. n.d. 579 + 131 757 + 206

D doses in ng TCDD x kg body wt™'; n.d. = not determined

values in pmoles resorufin x mg prot'1 x min”! (mean of -at least- three animals)
in rat liver there is a higher inducibility of MROD as compared to EROD, using low
doses. MROD activity in the highest dose group was only 18-fold in comparison
to a 220-fold increase of EROD activity. The inducibility of both enzyme activities
is in the same range in marmoset liver microsomes. Since it is feasible that EROD
is catalysed by both P4501A1 and 1A2, it has to be elucidated, whether P4501A2
is the only TCDD-inducible P450 in the liver of marmosets.

These studies were supported by grant Nr. 07 VDX 019 from the Bundesmini-
sterium flir Forschung und Technologie.

Institut fiir Toxikologie und Embryopharmakologie, Freie Universitit Berlin, Gary-
straBe 5, D-1000 Berlin 33
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INDUCTION OF CYTOCHROMES P450I1B1 AND P450IA BY
METYRAPONE (MP) IN PRIMARY RAT HEPATOCYTE CUL-
TURE

J.Aubrecht, M.W.Héhne, and G.F.Kahl

Rat hepatocytes in primary culture are an useful mode] for the investi-
gation of the metabolism of xenobiotics. However, long term culturing
of hepatocytes generally leads to a rapid loss of differentiated functions
and P450 enzyme activities. To prevent this dedifferentiation serum-
free culture conditions are necessary and the addition of MP was re-
commended (Pain AJ(1990) Chem Biol.Interact.74:1). We investigated
the induction of P450IA1/IA2 and P450IIB1/1IB2 in serum-free cul-
ture of rat hepatocytes under the influence of the inductor phenobarbi-
tal (PB) and of MP in MX-83 medium. After 4 days in culture PROD
and EROD enzyme activities were determined and the transcription of
the P45(0°s measured by Northern blot analysis with gene specific c-
DNA probes or oligonucleotides. PROD activities were more than
4fold higher under PB or MP induction in comparison to freshly
isolated hepatocytes whereas without inductor no activities were
measurable after 3 days in culture. EROD activity was 3fold (PB) or
9fold (MP) higher as in controls. PB induced the transcription of only
P450IIB1, whereas MP induced P450IIB1 and P450IA1. From these
results it is evident that MP can induce the transcription of specific
genes of P450IA and P4501IB gene families and that stabilization of
P450 activities may be explained by transcriptional induction.

Institute of Pharmacolegy and Toxicology, University of Gottingen,
D-3400 Géttingen, F.R.G.
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DISSOCIATION OF A NEW GLUTATHIONE S-TRANSFERASE
ACTIVITY IN HUMAN ERYTHROCYTES

K. R. Schréder, E. Hallier, H. M. Bolt

Previous investigations on the metabolism of monohalogenated methanes in
erythrocytes have shown that the conversion was restricted to man. Two
populations were found: conjugators (70%) are able to conjugate mono-
halogenated methanes to glutathione in erythrocytes and non-conjugators
(30%) lack this ability. These findings suggest that this phenomenon is due to
an enzyme polymorphism. Furthermore it was demonstrated that this
polymorphism also applied to ethylene oxide and methylene chloride as
substrates.

Since glutathione S-transferases are known to conjugate electrophiles to
glutathione and methyl iodide was formerly used to classify the classes of
transferases, we purified glutathione transferases from erythrocytes from
individual donors (,,conjugators') using affinity chromatography. The eluted
transferase fraction contained both known transferases fromhuman erythrocytes,
G and p. The cluate did not show any activity directed to methyl bromide. The
effluent of the affinity column contained almost the complete activity. As the
glutathione S-transferase activity against 1-chloro-2,4-dinitrobenzene could be
separated from the activity against methyl bromide in purification steps not
involving affinity chromatography, this indicates that the hitherto identified
transferases from human erythrocytes cannot be responsible for the observed
enzyme polymorphism.

Altogether, the results show the existence of a glutathione S-transferase
activity in erythrocytes involving different C - and C, -substrates. This activity
has not yet been characterized probably due to unusual substrate spectrum.

Institut fiir Arbeitsphysiologie, Ardeystr. 67, 4600 Dortmund 1
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STRUCTURAL REQUIREMENTS OF SUBSTRATES SELECTIVE FOR
THE MURINE P450Coh (Cyp2a-5)
Tegtmeier M., Legrum W.
Earlier contributions report systematic variations
of substrates being selective for the murine hepa-
tic coumarin 7-hydroxylase (Coh). Chemical varia-
tions include the following three points of the
substrate molecule: 1, The length of the side chain
(C1-Cg; Mangoura et al, Naunyn-Schmiedeberg’s Arch
Pharmacol 341 Suppl:R7, 1990). 2. The aromatic ring
system (coumarin, quinoline, naphthalene; Feil et
al, NSAP 341 Suppl:R6, 1990). 3. The linkage of the
side chain to the ring system (ether, amine; Tegt-
meier et al, NSAP 343 Suppl:R14, 1991).
In this study according to Erlemmeyer’s rule the
ether oxygen was replaced by -NH- leading to secon-
dary amines which were checked for their suitabi-
lity as substrates of the Coh. Two 7-(mono)-alkyl-
amino~4-methyl-coumarins (methyl or ethyl-substitu-

ted) were incubated at final conc. of 1074M with
microsomes of differently pretreated male mice
(37°C, up to 10 min). The pretreatments consisted

of two i.p. administrations of either phenobarbital
(PB), 3-methylcholanthrene (MC) or pyrazole (PL).
As the fluorimetric gquantification reveals, only
after MC and PL the N-dealkylation to the free
amine is enhanced 2-fold or 1.5-fold, respectively.
Furthermore these reactions were studied after HPLC
separation analyzing the absorbances at 360 nm.

In conclusion, three structural requirements are
essential for substrates of the Coh: An oxygen
linkage to the side chain (ether) or at least a
secondary amine. Ternary aminocoumarins behave as
ethylmorphine predominantly indicating a PB-type of
induction. An ethyl side chain. An electron
rich region in the bimembered ring: as a lactone of
coumarin (substrate) or of coumaranone (inhibitor)
or as a nitrogen of the quinoline; naphthalenes do
not serve at all as substrates of the Coh.

Dept. Pharmacol., Philipps-University, W-355 Marburg
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DIFFERENTIAL INDUCIBILITY OF THE HEPATIC AND RENAL
COUMARIN 7-HYDROXYLASE ACTIVITY BY TIN IN MICE

Emde B., Hahnemann B., Netter K.J.

Recently tin was reported to provoke a drastic and
selective induction of the coumarin 7-hydroxylase
(Coh, Cyp2a-5) after subcutaneous administration of
50 mg of tin(II)chloride/kg b. wt. daily for two
days (Emde et al, EUROTOX 1991, Maastricht, p 86).
This parallels the inductive action of other heavy
metals such as cobalt, indium and cerium. The
selectivity of the Coh-induction is furthermore
observed for several N-containing heterocaromatic
compounds such as aminotriazole, pyrazole and
pyrazine, which in general decrease the overall
content of microsomal cytochrome P450.

This study compares the inducibility of the Coh in
kidney with that in liver. Tin was administered as
a SnClp-citrate-complex as mentioned above. Con-
trols were injected with either isotonic saline or
isotonic citrate buffer, pH 7.4. Umbelliferone was
quantified fluorimetrically using final substrate
concentrations of 0.1 mM for coumarin and 7-ethoxy-
coumarin. Due to very low concentrations renal
cytochrome P450 could not be quantified spectro-

photometrically. However, the hydroxylation and
deethylation was totally blocked by carbon
monoxide.

Tin increased the hepatic Coh up to 20-fold, that
of the kidney up to 48-fold compared to controls.
This suggests that after tin renal cytochromes P450
contain a higher fraction of the P450¢0gy than the
hepatic. As metyrapone (MP) is Xknown as a prefe-
rential inhibitor of the Coh higher specific Coh

activities should be correlated with stronger
inhibition. 1Indeed, this is true for kidneys:
controls are inhibited to 52% only, tin pretreated
microsomes to 2% (3x10'4M MP). Data of liver

samples indicate a greater fraction (25%) which is
not affected by this concentration of MP.
Dept Pharmacol., Philipps-University, W-355 Marburg
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STRUCTURE DETERMINANTS OF STEROIDS INVOLVED
IN THE MECHANISM-BASED INHIBITION OF
CYTOCHROME P-450 OF PRIMARY RAT HEPATOCYTES
H. Lepper and G. Schmitz

Earlier investigations with freshly isolated rat hepatocytes have shown that
17a-ethinylated progestogenic and estrogenic steroids like norethisterone,
ethisterone and ethinylestradiol have marked inhibitory effects on the
nifedipin-oxidase activity of these cells while the structure analogous steroids
without the 17a-ethinyl function have only very low or even no inhibitory
effects on this cytochrome P-450 isoenzyme ( Lepper H et al, Naunyn-
Schmiedeberg s Arch Pharmacol 1991; 344 : R62, Nr. 115 ). To clearify whether
the 17a- ethinyl moiety of the steroids is the only structurally relevant
determinant involved in the mechanism-based inhibition of the nifedipine-
oxidase activity we tested synthetic steroids with different side chains in 17a-
position: 17a-methyl-testosteron, 17a-allyl-estrenol, 17a-propinyl-estradiol and
Dienogest, a progestogen with a 17a-cyanomethyl group. Furthermore, we
tested the interaction of the MAQ B-inhibitor R-(-)-Deprenyl, which has no
steroid structure but also possesses an ethinyl-moiety.

All studies were carried out with freshly prepared hepatocytes from male
Wistar rats. As substrate for the nifedipine-oxidase we used a nifedipine
analogous compound not being substituted at the aryl moiety. This compound
has no Catt antagonistic effects and does not exhibit cytotoxic effects at the
concentrations used in the experiments. All substances were tested under
preincubation and coincubation conditions over 30 min. in concentrations
ranging from OuM-50uM.

The 17a-propinyl and the 17a-allyl compounds exhibited a marked inhibitory
effect on the nifedipine-oxidase activity of the cells similar to the inhibitory
effect of the 17a-ethinyl compounds ethinylestradiol and norethisterone. Die-
nogest,17o-methyltestosterone and R-(-)-Deprenyl as the non-ethinylated ste-
roids testosterone and 19-nortestosterone had only very low influence on the
nifedipine oxidation.

It can be concluded that beside the 17a -ethinyl function also other n-bond sy-
stems at the 17a-position of the steroids can cause a mechanism-based
inhibition of the nifedipine-oxidase activity. The mechanism of the interaction
may be similar to that described for the 17a-ethinylated steroids.

Lehrstuhl fiir Toxikologie und Pharmakologie der Universitiit Erlangen,
Universitiitsstrafle 22,
D-8520 Erlangen
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GLUCURONIDATION OF ALIPHATIC ALCOHOLS BY SPRAGUE
DAWLEY RATS S. Iwersen, A. Schmoldt

Ks previously reported aliphatic alcohols (C3-C7)
can be glucuronidated by 1liver microsomes of
Wistar rats (Iwersen et al. this journal
344:241,1991). The UDP-glucuronyltransferases (GT)
mainly involved in this reaction are the steroid
GT's. In order to study wether the glucuronidation
rates of aliphatic alcohols can be enhanced by
pretreatment with ethanol we chose Sprague Dawley
instead of Wistar rats because it is known that
Wistar rats do not respond to ethanol. However,
Sprague Dawley rats show higher glucuronidation
rates e.g. Acetaminophen and Phenolphtalein after
ethanol pretreatment. Therefore we tested the
alcohol-glucuronidation in rats which were
pretreated with ethanol given as 10% of the drin-
king water for 14 days and controls.

Results:1. Also in SD rats aliphatic alcohols were
glucuronidated by 17p-OH-steroid and  3a-OH-
steroid- GT. 2.Compaired to Wistar rats there were
considerable differences respect of the affinities
and Vypax values for different alcohols. 3.Ethanol
pretreatment caused an increase of alcohol
conjugation rates by a factor of 1,4-1,6 which
corresponded to that of the steroid conjugation
rates.

It may be concluded that the alcohols conjugating
steroid GT's of Sprague Dawley rats can be induced
by pretreatment of ethanol.

Department of Legal Medicine, University of
Hamburg, Butenfeld 34, D-2000 Hamburg 54, FRG.
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HIGH AFFINITY PARACETAMOL UDP-GLUCURONOSYL-
TRANSFERASE (UGT) ACTIVITY IS CATALYZED BY
HUMAN AND RAT PHENOL UGT (UGT1A1l)

A, Forster and S. Fournel-Gigleux*

Paracetamol glucuronidation has been found to be increased in heavy
smokers (Bock et al., Eur. J. Clin. Pharmacol. 31, 677-683, 1987).
However, little is known about the UGT isozymes responsible for para-
cetamo! glucuronidation and their regulation. Therefore we investigated
paracetamol UGT in human and rat liver and kidney and in V79 cells
(derived from hamster fibroblasts) expressing human or rat UGT1AL.
Kinetic analysis of human liver paracetamol UGT activity revealed
biphasic kinetics suggesting high and low affinity enzymes with apparent
kv values of 3 and 20 mM, respectively. With human UGT1A1
expressed in V79 cells an apparent ky of 2.5 mM was determined sug-
gesting that UGT1A1 represents the high affinity UGT activity.

With rat liver microsomes no biphasic kinetics were found. Apparent k,
values of 12.5, 7.5 and 3 mM were determined with liver microsomes
from untreated rats, 3-methylcholanthrene(MC)-treated rats and with
microsomes from V79 cells expressing rat UGT1Al, respectively.
Together with a 2-fold increase of Va With liver microsomes of MC-
treated rats the kinetic analysis suggests that high affinity paracetamol
UGT activity is catalyzed by rat UGT1Al.

UGTI1AT1 is widely distributed in tissues. In support of extrahepatic
expression paracetamol UGT activity could be clearly detected in human
and rat kidney. It was inducible in rat kidoey and liver by the MC-type
inducer 2,3,7 8-tetrachlorodibenzo-p-dioxin.

The results suggest that UGT1A1 is responsible for high affinity para-
cetamol UGT activity in rats and man.

Institute of Toxicology, University of Tiibingen (Wilbelmstrafie 56,
W-7400 Tiibingen, Germany), *Centre du Médicament, Nancy (30, rue
Lionnois, F-5400 Nancy, France)
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METHYLCHOLANTHRENE-INDUCIBLE GLUCURONIDATION OF
CHRYSENE AND BENZO(a)PYRENE MONO- AND DIPHENOLS

H. Gschaidmeier, A. Seidel’, B. Burchell® and K.W. Bock

1t has been postulated that some phepolic metabolites of polycyclic aromatic
hydrocarbons such as 3-OH-benzo(a)pyrene (BP) and 3,6-dihydroxy-BP are
more selective substrates for a 3-methylcholanthrene (MC)-inducible UDP-
glucuronosyltransferase (UGT1A1) than standard substrates such as 1-naph-
thol. The postulate was based on induction factors of UGT activity deter-
mined in liver microsomes after treatment of male Wistar rats with MC (40
mg/kg). Induction factors were 4-fold with 1-naphthol, 10-fold with 3-OH-
BP, and 10- and 40-fold with BP-3,6-quinol for mono- and diglucuronide
formation, respectively. These studies have been extended to 6-OH-chrysene
and 3,6-hydroxychrysene which are easier to synthesize, more stable and
safer to use. Conjugates were separated by HPLC, identified and quantified
after biosynthesis with UDP-(“C)glucuronic acid, and by fluorescence
spectroscopy. It was found that glucuronidation of 6-OH-chrysene was
stimulated 10-fold by MC-treatment. With 3,6-dihydroxychrysene 6-OH-
monoglucuronide and dighicuronide formation were increased 24- and 310-
fold, respectively. The results show that induction factors obtained for
monoglucuronide formation corresponded to those found with the BP
phenols and with increases of mRNA for UGT1A1 (9-fold). Additional fac-
tors may be responsible for the much higher induction of diglucuronide for-
mation. Diglucuronide formation of 3,6-dihydroxy-BP was clearly detectable
with V79-expressed UGT1A1 and with the conventionally purified enzyme.
Hence, no additional enzyme may be required for diglucuronide formation.
It is therefore conceivable that the strong induction of diglucuronide
formation is due to both the induction of UGT1Al subunits and their
facilitated interaction.

Institute of Toxicology, University of Tiibingen (WithelmstraBe 56, W-7400
Tiibingen, Germany), *Institute of Toxicology, University of Mainz (Obere
Zahlbacher StraBe 67, W-6500 Mainz, Germany) and "Ninewells Hospital
and Medical School, Dundee (U.K.)
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EXPRESSION OF PHENOL UDP-GLUCURONOSYLTRANS-
FERASE (UGT1A1) IN HEPATIC AND EXTRAHEPATIC RAT
TISSUES

M. Briick, H.-P. Lipp, S. Beck and P.A. Miinzel

Previous studies have shown that UDP-glucuronosyltransferase (UGT)
represents a family of isozymes with differential inducibility by
xenobiotics and overlapping substrate specificity. One of these isozymes,
phenol UGT (UGT1Al), shares exons 2 - 5 with other UGTs of the
phenol/bilirubin UGT gene complex. UGT1A1 appears to be expressed
in a wide variety of rat tissues. Therefore tissue-specific regulation of
this isozyme by endogenous factors (e.g., sex-linked factors) and by
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was investigated. Male and
female Wistar rats (200 g) were treated with TCDD (10 ug/kg, dis-
solved in corn oil, s.c.) and organs were isolated after 7 days. Levels of
UGT1A1 mRNA were measured using a selective DNA probe together
with UGT activities toward 1-naphthol and 6-hydroxychrysene.
Constitutive UGT1A1 expression in kidney appeared to be higher than
in liver, in line with UGT activity toward 6-hydroxychrysene but in con-
trast to the UGT activity toward 1-naphthol. Moreover, constitutive
expression appeared to be higher in kidney and lung from female rats in
comparison with males. TCDD induction of hepatic and renal 7-ethoxy-
resorufin O-deethylase activity (catalyzed by P4501A1), of hepatic
UGT1A1 mRNA and of hepatic UGT activity toward 6-hydroxychrysene
were clearly detectable. In contrast, renal UGT1A1 mRNA was not
increased following TCDD treatment. However, renal UGT activity
toward 6-hydroxychrysene was slightly induced in males and markedly
increased in female rats, suggesting posttranscriptional mechanisms. The
results emphasize the need to study tissue-specific regulation using
selective functional and molecular probes of different UGT isozymes.

Institute of Toxicology, University of Tiibingen (Wilhelmstrafie 56,
W-7400 Tibingen, Germany)
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N~ACETYLTRANSFERASE ACTIVITIES IN HAMSTER CELL LINES RESIS-
TANT OR SENSITIVE TO 1,6-~DINITROPYRENE

0. Cumpelik, F. Kiefer, S. Roesch, and F.J. Wiebel

Permanent cell lines
the cytotoxic and genotoxic

differ widely in their sensitivity to
effects of nitroaromatic com~

pounds such as 1,6-dinitropyrene (1,6-DNP). Since acetyl-
ation may be a limiting step in the process of 1,6-DNP
activation, we have investigated acetyltransferase acti-

vities in various 1,6-DNP-sensitive and 1,6-DNP-resgistant
hamster cell lines using isoniazid (ISO) and p-aminobenzoic
acid (PABA) as marker substrates, N-Acetyltransferase (NAT)
activitities toward these substrates were determined by high
pressure liquid chromatography. In addition, we studied the
appearance of N-acetylated 1,6~DNP products formed by intact
cells,

The results showed that the expression of NATs con-
siderably varied not only between the hamster cell lines
examined but also some of their sub-strains. Thus a high
diversity was observed for strains of V79 cells which had
been obtained from several laboratories throughout Europe
and the US. The majority of these strains contained neither
ISO-NAT nor PABA-NAT. 7Two strains expressed significant
activities of PABA-NAT but not ISO-NAT, and only one con-
tained both NAT activities. Toxicity of 1,6-DNP and appear-
ance of N-acetylated 1,6~DNP products correlated with the
expression of ISO-NAT. Similar observations were made on
V79 variants which had been selected for their resistance
against 1,6-DNP as well as on single strains of hamster CHO
and BHK cells.

The results suggest that the acetyltransferase form
involved in 1,6-DNP activation is similar, if not identi-
cal, to ISO~NAT in the hamster cells examined. The results,
furthermore, point out the need for thorougly ascertaining
the metabolic capabilities of cell 1lines to be used for
toxicity testing.

Institut flir Toxikologie, GSF-Forschungszentrum fiir Umwelt
und Gesundheit, D-8042-Neuherberg/Miinchen
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XENOBIOTIC METABOLIZING ENZYME
ACTIVITIES IN IMMORTALIZED RAT LIVER
PARENCHYMAL CELLS

D. Utesch*, M. Arand*, and U. Zeyen #

Primary rat liver parenchymal cells (PC) dedifferentiate
rather rapidly and do not show permanent cell
proliferation in vitro. Permanent lines of different cell
types, on the other hand, have a low xenobiotic
metabolizing capacity. To overcome this discrepancy, PC
have been immortalized by fusion with a proliferating
hepatoma cell line.

To characterize the resulting hybrid cell lines,
several phase 1 and -II metabolizing enzyme activities
were determined and quantitatively compared to the
activities in the two parental cell types. Cytochrome
P-450-dependent enzyme activities and phenol sulfo-
transferase activity of the hybrids were low or even below
detection limit. Calculated on a "per cell basis", the
hybrids however expressed about 10 % of microsomal and
cytosolic epoxide hydrolase, as well as of glutathione
transferase activities measured in freshly isolated PC. The
a-naphthol UDP-glucuronosyl transferase activity of the
hybrid cells was as high as in PC. Total metabolic
conversion of benzo[a]pyrene in the hybrids was about
50% of that found in PC. From the presented data it is
however not clear if this was P-450-mediated.

Thus, the differentiated status of PC was mnot
conserved as a whole in the hybrids. Particular xenobiotic
metabolizing enzyme activities where however stabilized.
For that reason these cells might be a useful system for in
vitre induction or inhibition studies of xenobiotics.

* Institut f. Toxikologie, Universitit Mainz, Obere
Zahlbacher Str. 67, D-6500 Mainz;

# Institut £ Pharmakologie u. Toxikologie, Universitdt
GieBen, Frankfurter Str. 107, D-6300 Giefen.
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EFFECT OF METHANOL OR GLUTATHIONE-DEPLETING AGENTS ON THE
METABOLISM OF DICHLOROMETHANE TO CARBON MONOXIDE IN RATS
D.Pankow and S.Jagielki

Cytochrome P-450 ITE1 (CYP 2E1) is the major, if not the prin-—
cipal, catalyst involved in the oxidative metabolism of di-
chloromethane (DCM) to carbon monoxide (CO). The second meta-—
bolic pathway of DCM is dependent upon glutathione (GSH) and
GSH-S~transferase and yields carbon dioxide. The purpose of
this study was to evaluate the effect of methanol (MET) on the
carboxyhemoglobin (COHb) formation resulting from DCM gavage.
Male Wistar rats received a single dose of water (10 ml/kg
p.o.) or MET, 98.8 mmol/kg p.o. as a 40 % (v/v) solution in
water. At various intervals after MET or water gavage, DCM
(6.2 mmol/kg p.o. as a 10 % (v/v) solution in Oleum pedum
tauri) was administered. The COHb concentration in the blood
was measured 6 hours after the administration. A stimulation
of the COHb formation was observed, if DCM was administered

12 h — 48 h after MET. The MET administration produced a sig—
nificant decrease in hepatic GSH content. Therefore, the
effect of depletion of GSH by diethylmaleate, phorone or
buthionine sulfoximine was studied on the metabolism of DCM to
CO. The COHb formation was not enhanced following these pre-
treatments.

On the basis of these results it can be concluded that hepatic
GSH depletion per se does not promote the DCM metabolism to
CO. It seems that MET pretreatment produced an induction of
CYP 2E1. The COHb formation was not significantly affected
following a single simultaneous administration of both MET and
DCM, and showed a slight but significant decrease when higher
doses of MET (148 and 198 mmol/kg p.o.) were used. This demon-—
strates competition between DCM and MET on CYP 2E1.

Institute of Industrial Toxicology, Martin Luther University
Halle-Wittenberg, Franzosenweg la, 0-4020 Halle (Saale),
Federal Republic of Germany
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THE BIOTRANSFORMATION OF METHALLYLCHLORIDE BY RAT LIVER MICRO-
SOMES H. Certa, Th. Reinert, R. Hamphoff-Kohler, N. Fedtke,
H.J. Wiegand

The metabolism of methallylchloride (MAC) in microsomal incu-
bations was investigated using headspace gas chromatography
(HS-GC). Microsomes were isolated from male F-344 rats, pre-
treated with phenobarbital (PB), acetone, methylcholanthrene
(MC), diethylhexylphthalate (DEHP) or saline. The metabolism
of MAC was found to be NADPH dependent and was inhibited by
CO, indicating the involvement of cytochrome P-450 dependent
monooxygenases in MAC metabolism. One metabolite was detected
in the headspace and was identified as methacroleine (MET) by
gas chromatography/mass spectrometry. No other metabolite was
detected using HS-GC. The rate of MAC metabolism and the rate
of MET formation were measured and the specific activity
(nmol/min*mg protein) and the turnover number (nmol/min*nmol
cytochrome P-450) were calculated for the individual micro-
somal preparations. The specific activity in microsomes from
acetone and PB pretreated rats was 8.0 and 8.3, respectively,
compared to 2.1 and 1.8 nmol MAC metabolized/(min*mg protein)
in microsomes from saline treated rats. The turnover numbers
for these microsomal preparations were 10.8, 6.0, 3.2 and 2.8
nmol MAC metabolized/(min*nmol P-450), respectively. In con-
trast the specific activity and turnover number were slightly
decreased in microsomes from DEHP and MC treated rats com-
pared to microsomes from saline treated rats. These results
suggest a possible role of the acetone inducible isozyme(s)
and the PB inducible isozyme(s) of the cytochrome P-450
enzyme family in the metabolism of MAC.

The amount of MET formed in the incubation mixture was a fifth
to a tenth compared to the amount of MAC metabolized. This
might be explained by binding of MET to components present in
the incubation mixture or by the formation of other metabo-
lites, which were not detected by HS-GC. The rate of MET
binding and the formation of other metabolites, especially the
possible formation of the epoxide, are currently investigated.

Institute of Toxicology, Huls AG, P.O.
Federal Republic of Germany

1320, D-4370 Marl,
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METABOLISM OF THE TOBACCO-SPECIFIC NITROSAMINE 4-(METHYL-
NITROSAMINO)-1-(3-PYRIDYL)-1-BUTANONE IN ISOLATED PERFUSED
RAT LUNG

H. Foth

4-Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), a nitrosamine found in tobacco
products and smoke, is a strong carcinogen producing mainly tumors in the lung, NNK
is extensively metabolized by cytochrome P-450 isoenzymes in a variety of organs
including tissues from the respiratory and alimentary tract. Few data, however, are
available concerning the degradation and metabolic activation, respectively, of NNK by
the lung. We investigated the metabolism of NNK by intact isolated perfused rat lung.

In lungs from untreated rats, NNK (2 uM) has been extensively metabolized within
3 h with 99 + 3.1 % (u=6) of the total radioactivity (RA) still eluting as NNK.
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), the product of NNK
reduction, contributed 6 + 1 % of total radioactivity. The largest peak of NNK-
metabolites coeluted with NNK-N-oxide and contributed 49 + 2 % of total RA,
Additional metabolites identified by coelution with authentic reference compounds
were NNAL-N-oxide with 6 + 1 %, 4-hydroxy-1-(3-pyridyl)-butanone (HPB,
ketoalcohol) with 14 + 2 %, 4-keto-4-(3-pyridyl)-butyric acid (keto acid) with 15 +2 %
and 4-hydroxy-4-(3-pyridyl)-butyric acid (hydroxy acid) with 2 + 03 of total
radioactivity. During the first 2 h of perfusion time NNK disappearance was paralleled
by an almost linear appearance of NNK-metabolites derived by the three principal
reactions, a-hydroxylation (ketoalcohol, keto acid and hydroxy acid), N-oxidation
(NNK-N-oxide and NNAL-N-oxide) and reduction (NNAL). N-Oxidation was by for
the most prominent pathway of NNK metabolism in rat lung. Metabolites that are
formally derivatives of NNAL appeared with some delay compared to NNAL indicating
that reduction of NNK to NNAL is a prerequisite for further metabolism toward NNK-
N-oxide and hydroxy acid.

Starvation of rats for two days, which is known to increase intestinal metabolism of
NNK and to decrease the acitivity of microsomes from nasal mucosa, had no visible
effect on NNK elimination and metabolite formation. Also, the addition of nicoting, the
main alkaloid of tabacco smoke, did not alter the time course of NNK elimination and
the pattern of NNK metabolism, irrespective whether the addition was performed con-
comitantly with NNK or at later points of perfusion time. Further experiments should
clarify if inhibitors of N-oxidation and o-hydroxylation in vitro exert any effects upon
NNK metabolism in intact lungs.

Zentrum Pharmakologie und Toxikologie, Universitat Gottingen, Robert-Koch-Str. 40,
W-3400 Gottingen.
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SPECIES SPECIFIC METABOLISM OF NNK IN ISOLATED PERFUSED IN-
TESTINAL SEGMENTS
Richter, E.
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N-GLUCURONIDATION OF 1- AND 2-NAPHTHYLAMINE IN
ISOLATED RAT HEPATOCYTES

A. Orzechowski and D. Schrenk

4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), a nicotine derived nitrosa-
mine, is suspected to be the major agent in tobacco smoke to induce lung cancer,
Its carcinogenic properties toward lung and pancreas have been demonstrated in
vivo; however this activity has not yet been linked to a specific metabolic pathway.
NNK metabolism has drawn considerable attention, and its liver metabolism has
been thoroughly investigated. The predominant pathway formed in rat liver microso-
mes is reduction to NNAI (4-methylnitrosamino-1-(3-pyridyl)-1-butanol). However,
in lung and intestinal segments of rats, N-oxidation and a-hydroxylation also contri-
bute considerable amounts. We therefore investigated the intestinal metabolism of
NNK in mouse, rat and hamster.

In all three species NNK (1 pmol/l in perfusion fluid) underwent extensive metabolic
activation, with rat being the least active species. Overall metabolism in mice was
3 fold, in hamster 10 fold higher. The relative contribution of the three major ac-
tivation pathways, i.e. a-hydroxylation, N-oxidation and keto-reduction, displayed
different kinds of behavior. Keto-reduction was found most extensively in hamster,
whereas in mouse NNAI-formation was only a minor metabolite (hamster > rat >
mouse). a-Hydroxylation on the other hand, was most extensive in mice and even
exceeded the amount found in hamster (mouse > hamster > rat). N-oxidation was
the major pathway in hamster and rat, but in mouse was less than «-hydroxylation
(hamster > mouse > rat).

NNK-metabolism was inducible by starvation or acetone treatment in all three spe-
cies. In intestinal absorbates NNK-metabolism was increased up 5fold in rats t0 95%
metabolites (of total radioactivity). However in the perfusion fluid only NNK could
be detected. In mouse and hamster metabolism in uninduced animals was higher in
absorbates (50% and 95 % resp.). After acetone pretreatment the amount of metabo-
lites found in the perfusion fluid increased also about 5fold in these species.

We conclude that different cytochrome P450-content in mouse, rat and hamster
intestines give rise to both qualitative and quantitative different pattern of presys-
temic NNK-metabolism in these species.

Walther Straub Institut fiir Pharmakologie und Toxikologie, Nussbaumstrasse 26,
8000 Miinchen
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EXCRETION OF NNK-METABOLITES IN RAT BILE: NNAL-
GLUCURONIDE

Schulze, J,

4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), a tobacco-specific nitrosa-
mine, has strong carcinogenic activities toward lung and pancreas in animal ex-
periments. The organospecificity toward the pancreas can be enhanced by intragas-
tral application. Therefore metabolism and excretion of NNK as model compound
has attracted considerable attention.

Earlier research has shown different metabolic activation pathways in liver vs.
intestine and lung, with the latter organs showing higher degrees of o-hydroxylation,
whereas the liver predominantly reduces NNK to NNA1 (4-methylnitrosamino-1-(3-
pyridyl)-1-butanol). To elucidate the metabolite pattern we collected bile from rats
dosed with 0.7 or 240 umol/kg NNK. The bile was analyzed by HPLC and time
course and total excretion of total radioactivity and NNK-metabolites determined.
The main metabolite detected at both low and high concentrations of NNK was
NNAl-glucuronide, contributing up to 80% of the NNK metabolites in rat bile.
Other metabolites detected were hydroxy acid and keto acid, products of a-hydro-
xylation. Products of N-oxidation, the predominant metabolites in lung metabolism,
could be detected only in the first two hours after NNK-application. At longer time
periods NNAI-glucuronide was the only metabolite detected.

Excretion of both total radioactivity and NNK-metabolites followed a time course
consistent with a one-compartment model. At the low NNK dose (0.7 umol/kg bw)
half life for NNK was 37 min, in agreement with values reported earlier. The ¢,
values for hydroxy- and keto acid, NNAI and NNAl-glucuronide were larger, ran-
ging from 50 to 110 min. At high concentrations (240 umol/kg bw) t,, values were
larger, ranging from 150 to 300 min.

NNK as well as NNAl are known pancreatic carcinogens in animal experiments. The
finding of large amounts of NNAl-glucuronide as products of NNK-metabolism in
rat liver supports the hypothesis that pancreatic carcinogens are excreted in bile, and
enter the pancreas. Thus after cleaving adducts by pancreas specific enzymes a
locally high concentration of carcinogens would lead to organ specificity.

Walther Straub Institut fiir Pharmakologie und Toxikologie, Nussbaumstrasse 26,
8000 Miinchen

Aromatic amines such as 2-naphthylamine were among the first chemicals
recognized to induce bladder cancer in humans. Interestingly, no carcino-
genic risk has been observed after exposure to the isomeric 1-naphthyl-
amine. To further investigate the underlying mechanisms of metabolic
activation and deactivation we used freshly isolated hepatocytes from
untreated and 3-methylcholanthrene(MC)-treated Wistar rats as an intact
biological system to compare the metabolism of 1- and 2-naphthylamine.
Incubations were carried out at a substrate concentration of 50 M for 1
hour at 37°C. Metabolites were quantified by direct analysis of the
concentrated supernatant by reversed phase HPLC and were identified by
various spectroscopic methods. With hepatocytes from untreated animals
incubated with ("H)-2-naphthylamine 9 metabolites could be separated. 2-
Naphthylamine-N-glucuronide (40% of total metabolites), 2-amino-1-
naphthylsulfate (21%) and N-acetyl-2-naphthylamine (20%) represented
the major metabolites, whereas N-hydroxylation occured at about 2-4 %.
Pretreatment of rats with MC led to a 2-fold increase of total metabolism,
a 2- to 3-fold increase of 2-amino-1-naphthylsulfate (40-50% of total
metabolites), a relative decrease of 2-naphthylamine-N-ghicuronide (20-
30%) and N-acetyl-2-naphthytamine (1-3%) and the appearance of about
6% 2-amino-1-naphthylglucuronide. In contrast, with 1-naphthylamine
oxidative metabolism leading to 1-amino-2-naphthylsulfate occured only
to a minor extend in hepatocytes from untreated and MC-treated rats,
whereas extensive N-glucuronidation was observed (60-70%). N-Hydrox-
ylated compounds were not detectable in incubations with 1-naphthylami-
ne. In conclusion, N-glucuronidation represents a major metabolic path-
way of 1- and 2-paphthylamine in rat hepatocytes. Our results suggest
that efficient N-glucuronidation together with the lack of N-hydroxylation
is the reason for the inability of 1-naphthylamine to induce cancer.

Institute of Toxicology, University of Tiibingen, Wilhelmstr. 56, W-7400
Tiibingen, Germany
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BISDIHYDRODIOL EPOXIDES ARE IMPORTANT GENOTOXIC METABOLITES
OF TUMORIGENIC DIBENZ[A,HJANTHRACENE K.L. Platt

Most tumorigenic polycyclic aromatic hydrocarbons (PAH)
possess the structural element of a bay-region. The metabolic
activation of tumorigenic PAH by sequential enzymatic attack
of cytochrome P-450 dependent moncoxygenase(s) and microsomal
epoxide hydrolase results in the formation of genotoxic bay-
region dihydrodiol epoxides as the biologically most impor-
tant ultimate mutagens and carcinogens. In the case of
tumorigenic dibenz[a,h]anthracene (DBA), however, the forma-
tion of bay-region dihydrodiol epoxides, i.e. DBA-3,4-dihy-
drodiol-1,2-oxides, constitutes only a minor metabolic
pathway. Investigations concerned with the microsomal metabo-
Tism of DBA-(3R,4R)-dihydrodiol, the main metabolite of DBA
and the potential precursor of vicinal bay-region dihydrodiol
epoxides, revealed that the monooxygenase does not preferen-
tially attack the vicinal olefinic double bond (1,2-position)
but aromatic carbon-carbon bonds at distant sites of the DBA
molecule finally 1leading to DBA-3,4:8,9-, -3,4:10,11- and
-3,4:12,13-bisdihydrodiols. Among these bisdihydrodiols
DBA-3,4:10,11-bisdihydrodiol is formed to the highest extent
and exhibits the strongest bacterial mutagenicity after meta-
bolic activation. Thus it can be concluded that DBA-
3,4:10,11-bisdihydrodiol 1is the proximate and DBA-3,4:10,11-
bisdihydrodiol-8,9-epoxide may be the ultimate genotoxic
metabolite of DBA-3,4-dihydrodiol and consequently of DBA
with the greatest biological significance. This conclusion is
further supported by recent observations showing that the
major DNA adducts of DBA and of DBA-3,4-dihydrodicl in vitro
and in vivo do not originate from vicinal bay-region dihydro-
diol epoxides but from more polar metabolite(s), presumably
bisdihydrodiol epoxide(s).

Supported by the Deutsche Forschungsgemeinschaft (SFB 302)

Institut filir Toxikologie der Universitdt, Obere Zahlbacher
Str. 67, D-6500 Mainz
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PROSTAGLANDIN H SYNTHASE MEDIATED TOXICITY OF
XENOBIOTICS: STUDIES IN SEMV CELL CULTURES
G.H. Degen and J. Foth

several xenobiotics and carcinogens are oxidized in vitro by
prostaglandin-H-synthase (PHS). This has been suggested to
contribute to their metabolic activation, particularly in
tissues low in monooxygenase (MFO) activity. In vivo systems
impose certain limitations on studies of the involvement of
PHS in mediating adverse effects of chemicals but cell cul-
tures which express PHS but no MFO-activity can serve as
useful models for investigating PHS-catalyzed bioactivation
and its role in the toxicity of certain xenobiotics.

Such a cell line has been derived from ram seminal vesicles

in our lab! for studies on the metabolism of the carcinogenic
estrogen diethylstilbestrol (DES) and its effect on an end-
point for genotoxicity. Recently, PHS-catalyzed oxidation of
DES has been demonstrated in these cells? which tack consti-
tutively expressed MFO-activity, but contain PHS. DES-oxida-
tion is modulated by compounds known to affect PHS-activity:
it is inhibited by indomethacin and increased upon addition of
arachidonic acid. Now, DES has been found to induce micronu-
clei at concentrations which are not acutely toxic for SEMV
cells3; the induction of micronuclei by DES is dose-depen-
dently inhibited by indomethacin.

The data support the hypothesis that PHS-dependent oxidation
of DES plays a role in its genotoxicity. Moreover, the results
show that SEMV cells are a useful tool for studies on the PHS-
dependent bicactivation of xenobiotics and its toxicological
consequences,

1 Freyberger A et al (1987) Molecular Toxicology 1: 503-512

2 foth J, Degen GH (1991) Arch Toxicol. 65: 344-437

3 Foth J et al Toxicol in Vitro (submitted)

This work has been supported by the Deutsche Forschungsge-
meinschaft (SFB 172) and the Doktor-Robert-Pfleger-Stiftung.

Institut fur Toxikologie und Pharmakologie, Universitét
Wirzburg, Versbacher Str. 9, D-8700 Wurzburg, FRG
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INHALATION PHARMACOKINETICS OF N-HEPTANE IN RAT AND
MAN W. Kessler, P. Kreuzer, and G. A. Csanddy

The aliphatic hydrocarbons n-hexane (HEX) and n-heptane (HEP) are
widely used industrial solvents. HEX caused polyneuropathy in
experimental animals and in occupationally exposed humans. These
symptoms are related to its metabolite 2,5-hexanedione, a y-diketone which
binds to neurofilamental proteins. HEP might possibly have neurotoxic
properties, too, since the equivalent y-diketone 2,5-heptanedione has also
been found in urine of exposed rats and humans. Whereas metabolism and
pharmacokinetics of HEX have been investigated extensively, little is
known about HEP. Therefore, we investigated the pharmacokinetics of
inhaled HEP in Sprague-Dawley rats and healthy volunteers.

Exposures were carried out using closed exposure chambers. These
chambers were an all-glass device for rats and a modified spirometer for
humans (Filser, 1991, Arch. Toxicol. in press). HEP was administered as
single doses into the atmosphere of the chambers resulting in various initial
atmospheric concentrations of 158, 364, 2800, and 10300 ppm in the
chambers containing rats and of 100 ppm in the spirometer system used for
humans. Gas samples were drawn periodically and analyzed by gas
chromatography. The resulting concentration-time courses were
pharmacokinetically analyzed by a two-compartment model (Filser, 1991).
Thermodynamic partition coefficient organism/air which is mainly
determined by the solubility of HEP in fatty tissues was 30 in rat and 47 in
man according to his higher fat content. Below an atmospheric
concentration of HEP of about 40 ppm metabolism in rats followed first-
order kinetics. At higher concentrations metabolism showed saturation
kinetics, Vmax being about 110 umol/h/kg body weight and atmospheric
concentration at Vmax/2 being about 70 ppm. Besides this metabolic
pathway another one was found following first-order kinetics. A similar
metabolic behavior had been observed for n-pentane and n-hexane. In man,
a metabolic elimination according to first-order kinetics was found for the
concentration range investigated. At low exposure concentrations of HEP
metabolism in both species is limited not by enzyme capacity, but by
transport to the metabolizing enzymes.

The pharmacokinetic data acquired will be used in the estimation of the
neurotoxic risk related to HEP exposures.

GSF-Institut fiir Toxikologie, Ingolstddter Landstr. 1, D-8042 Neuherberg
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DETERMINATION OF URINARY 2,5-HEXANEDIONE BY HIGH-
PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) WITH POST
COLUMN DERIVATISATION TO 3-METHYL-2-CYCLOPENTENONE

n-Hexane causes peripheral neuropathies which are
attributed to the ultimate neurotoxic metabolite
2,5-hexanedione (HDO). In order to determine uri-
nary HDO after exposure to n-hexane a HPLC method
was developed for biological monitoring.
2.5 mL of urine were mixed with 0.15 mL of a
solution of HC1 (32 %) and hydrolyzed at 95 °C for
45 min. 0.75 g NaCl were added and the mixture was
extracted once with 1 mL of dichloromethane. After
extracting with silica solidphase columns the HDO
containing fraction was eluted using 1 mL of the
mobile phase of HPLC. 20 uL samples were chro-
matographed on a column (250*%4.6 mm) packed with
Nucleosil 120-5C18 at a flow rate of 1 mL/min; the
mobile phase was composed of 1 mol/L ethanol and
5 mmol/L phosphate buffer (pH 7.2). HDO was con-
verted to 3-methyl-2-cyclopentenone by continuously
adding of a “solution of NaOH (6.25 mol/L;
0.2 mL/min) and heating in a reactor (165 °C, PEEK-
capillary 4.2 m*0.5 mn). UV absorption was measured
at 235 nm.

linear relationship between concentration and
absorption was obtained in the range between 0.5 -
200 mg HDO/L. Urine samples of non-exposed humans
were analyzed. No interference was detectable.
6 mg/L HDO were added to two urine samples which
were analysed 5 and 6 times, respectively: Recovery
was 97 £+ 5 % and 92 * 6 %. The detection limit,
defined as threefold background noise, was less
than 0.7 mg/L urine. One chromatographic run lastet
35 minutes, éaurglng of the column with 6 mol/L
ethanol included.
By the post column derivatisation the absorption
coefficient increased about 300fold. Therefore
interferences of UV-absorbing material in the urine
matrix became negligible small. This new method is
a useful tool for the determination of urinary HDO
after exposure to n-hexane.

GSF - Institut fiir Toxikologie,
Ingolstddter Landstr. 1, D-8042 Neuherberg
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METABOLISM OF 1,3-BUTADIENE IN MICROSOMES FROM LIVERS OF MOUSE,
RAT, AND MAN
1.G. Filser, B. Altthaler, H.F. Welter*, C. Baur**, and G. Johanson***

1,3-Butadiene (BU) was carcinogenic in mice and rats. This effect is assumed to be based on
biotransformation to the epoxides 1,2-epoxybutene-3 (BO) and 1,2,3,4-diepoxybutane. The
former is formed in the first metabolic step via cytochrome P-450 dependent
monooxygenases. In mice, carcinogenic potency of BU was considerably higher than in
rats. One reason for these findings could be a different target dose of BO resulting from
differences in the rate of its formation and elimination. Therefore, a basis for a risk estimate
for BU is information on kinetics of its biotransformation to BO and of its further
metabolism. In previous studies we established kinetic parameters of BU and BO in vivo in
mice and rats (Kreiling et al., Arch, Toxicol. 58: 235, 1986; 61: 7, 1987). Since, for
ethical reasons, kinetic data of both compounds in humans cannot be obtained in vivo, we
determined kinetic parameters of BO in vitrg using liver microsomes (LM) of humans and,
comparatively, of mice and rats (Kreuzer et al., Arch. Toxicol. 65: 59, 1991). In this
communication we report on enzyme specific kinetics of BU in LM,

LM were prepared from livers of mice and rats and from a specimen of one healthy human
liver obtained during organ transplantation. Suspensions of LM containing a NADPH-
regenerating system were exposed at 37 °C o gaseous BU by means of an jn_vitro
headspace apparatus (Kreuzer et al. 1991). The headspaces of incubation vials contained
initial BU concentrations of 30, 300, 1.000, and 10.000 ppm. BU in headspace was
analyzed by gas chromatography. Control experiments were done without NADPH and
with boiled LM. Kinetic parameters were calculated using a two compartment model
(Filser, Arch. Toxicol. 1991, in press). BU accumulated barely in aqueous systems: At
37°C partition coefficient water/air was 0.06, NADPH dependent metabolism was found in
LM of all three species, Vmax (nmol BU/min/mg protein) being 3.22 (mouse), 2.17 (rat),
and 2.56 (man). The apparent Michaelis-Menten constant, Kmapp (mmol BU/L), was
related to the liquid phase. The values obtained were: 0.024 (mouse), 0.035 (rat), 0.023
(man). The similarity of these values might originate from the low solubility of BU.
Vmax was used to calculate maximum rate of BU metabolism in vivo: Assuming liver and
body weights of 1 and 24 g (mouse), 10 and 250 g (rat), and 1.5 and 70 kg (man) and a
protein content of 30 mg/g liver, maximum rates (umol/h/kg body weight) were: 243
(mouse), 157 (rat) 99 (man). The estimates for mice and rats were 61% and 71%,
respectively, of actual values determined experimentally in vivo (Kreiling et al., 1986).
With regard to the resemblance between estimated and measured values in the animal
species one should expect the same being also true in humans.

The data are a basis for the development of a physiological pharmacokinetic model,
describing the burden of organs and tissues in mouse, rat and man with BU and BO.

GSFE-Institut fiir Toxikologie, Ingolstadier Landstr.1, D-8042 Neuherberg, *Klinikum
GroBhadern, Universitit Miinchen, **Institut fiir Gerichtsmedizin, Universitit Miinchen,
***National Institute of Occupational Health, Solna, Sweden
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STEREOMETABOLISM OF ETHYLBENZENE IN MAN: URINARY EXCRETION OF
MANDELIC ACID AND 1-PHENYLETHANOL ENANTIOMERS
M. Korn, I. Wodarz, and W. Gfrérer

Inhaled ethylbenzene (EB) vapors are known health hazards to workers in
manifold areas of industry and craft. The major metabolites of EB are mandelic
acid and phenylglyoxytic acid. Different views of the main pathway, especially the
importance of the intermediate 1-phenylethanol, are discussed in the literature.
Biological monitoring in man is recommended either by determination of the
inhaled solvent vapor equivalent in blood or alveolar air or by determination of the
metabolites mandelic acid or phenylglyoxylic acid in urine samples.

In the present study we analysed 50 urine samples from workers with respect to
mandelic acid enantiomers, phenylglyoxylic acid, and 1-phenylethanol enantio-
mers. Urine sampies were taken at the end of the shift. We estimated the concen-
tration of these metabolites by gas chromatographic procedures using a glass
capiliary column coated with the chiral stationary phase Chirasii-L-Val. Details in
sample preparation have been published elsewere (Korn et al.,, J. High Res.
Chromatogr. & Chromatogr. Communications 11:313, 1988). Average excretion
of phenylglyoxylic acid is 63.4 mg/l urine. Total excretion of mandelic acids is
153.6 mg/|, which is approximately 3-fold over the excretion of phenylglyoxylic
acid. The average amount of 137.4 mg/! for R-mandelic acid and 9.4 mg/! for 8-
mandelic acid results in a S/R ratio of about 1 : 18. R-mandelic acid and
phenylgiyoxylic acid are preferably formed and excreted in humans, S-mandelic
acid seems to be a minor metabolite in man. The average amount in free and
conjugated form of 85 mg/l for R-phenylethanol and 2.7 mg/l for S-
phenylethanol results in a S/R ratio of about 1 : 3. R-phenylethanol is preferably
formed and excreted in humans. They seem to be minor metabolites in man.
According to our results we suggest a metabolic scheme for the
biotransformation of EB as follows: The initial step of the biotransformation of
ethylbenzene is an alpha-oxidation to S- and R-1-phenylethanol. Optical activity.is
thus introduced into the detoxication pattern by the formation of S-(-)- and R-(+)-
phenylethanol. The subsequent enzymatical oxidation of S-1-phenylethanol by
the alcohol dehydrogenase to R-phenylethylene glycal as well as further oxidative
conversions via R-phenylglycol aldehyde to R-mandelic acid accordingly proceed
stereospecifically. The theory of Sullivan et al. (Xenobiotica, 6:49, 1976), that the
optical activ center of methylphenylcarbinol (1-phenylethanol) is destroyed and
subsequently reformed during oxidation steps to mandelic acid, seems to be
unlikely.

Institute of Occupational and Social Medicine, University of Tibingen,
WilhelmstraBe 27, D - 7400 Tiibingen, Germany
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INVOLVEMENT OF CYTOCHROME P-4501IE1 IN THE NADPH-DEPENDENT
MICROSOMAL OXIDATION OF ALDEHYDES J. Bauer, Y. Terelius*,

M. Ingelman-Sundberg* and J. Werringloer

An  NADPH-dependent oxidation of aldehydes by rat liver mi-
crosomes was demonstrated recently and suggested to be cata-
lyzed by the P-450 isoenzyme IIE1 based on the sensitivity
of carboxylic acid formation to inhibition by indazole and
the marked enhancement of this reaction by pretreatment of
rats with isopropanol (Gans & Werringloer, Naunyn-Schmiede-
berg's Arch. Pharmacol. 341:R15, 1990). In order to verify
the function of P-450IIET in the oxidation of aldehydes and
to estimate its contribution to the microsomal formation of
carboxylic acids studies were carried out with the purified
enzyme system incorporated into phospholipid vesicles and
with anti—(P-45011E71)-1gG, respectively. The following re-
sults were obtained using reversed-phase HPLC for the sepa—
ration and UV/Vis detection for the analysis of the products
formed: 1. In the reconstituted enzyme system 4-nitrobenz-
aldehyde was converted to the corresponding carboxy compound
with a specific activity of 12 nmol 4-nitrobenzoic acid
formed nmol P-450IIE1~1 min~! at 37 °C. The velocity of
product formation was found to be dependent on the concen-
tration of P-450IIE1, thus, providing conclusive evidence
for the function of P-450IIE71 in the oxidation of aldehydes.
2. In liver microsomes benzphetamine is N-dealkylated pri-
marily by isoenzymes of the P-450IIB family yielding either
formaldehyde or benzaldehyde which are formed at a ratio of
appr. 4:1, the latter being metabolized further to benzoic
acid. Comparative studies with liver microsomes of control,
phenobarbital- or isopropanol-pretreated animals revealed a
marked susceptibitlity of this reaction to inhibition by
anti-(P-450I1E1)~IgG as well as indazole (Kj < T uM) ranging
from 60% in controls to appr. 80 7 after induction of P-450
IIE1T by isopropanol. It is concluded, therefore, that P-450
IIE1 plays a major role in the NADPH-dependent microsomal
oxidation of aldehydes and that 1indazole functions as a
highly specific inhibitor of this particular enzyme.

Institut fiir Toxikologie, Universitdt Tiibingen, FRG; * Dept.
of Physiol. Chem., Karolinska Institutet, Stockholm, Sweden.
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TRANSPORT AND DEACETYLATION OF ACETYLSALICYLIC ACID
IN ISOLATED GASTRIC MUCOSAL CELLS.
M. Schwenk and I. Radziejowsky

Introduction: It is generally assumed, that the ulcerogenic effect of
acetylsalicylic acid (ASA) is caused by a combination of cyclooxygenase-
inhibition and direct cytotoxic effects after accumulation of the protonated
drug from the acidic lumen into epithelial cells. However, only insufficient
data about the possible effect of ASA deacetylation to salicylic acid (SA) on
the overall kinetics in the gastric epithelium are presently available.

Methods: Cells were isolated from guinea pig gastric mucosal scrapings by
treatment with collagenase and pronase. Cell suspensions were incubated at
37° C with various concentrations of 14C-ASA. Cells were separated at
various times by silicone filtration, and intra- and extracellular ASA- and
SA-levels were assessed by thin layer chromatography.

Results: Cellular uptake rates of ASA were strongly pH dependent: The
relative uptake rates at pH 7, 6, 5 and 4 amounted to 1, 3, 10 and 79. There
was no saturation between 1 pM and 1 mM, and no Na*- or energy-
dependency. ASA was very rapidly deacetylated within cells to SA. The
rate of deacetylation was 12 times faster at pH 4 than at pH 7. At steady
state (20 min), the intracellular/extracellular concentration ratios of ASA
(SA) were at pH 7= 0.2 (2.5) and at pH 4 = 30 (290). Enriched mucous-,
chief- and parietal cells all exhibited similar deacetylation rates.

Conclusions: Acidic luminal pH strongly favors uptake and accumutation of
ASS. Epithelial cells protect themselves by deacetylating ASA to the less
toxic and less cyclooxygenase-inhibiting SA.

Department of Pharmacology, Medizinische Hochschule Hannover, D 3000
Hannover 61
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CYTOTOXICITY OF ALLYL ALCOHOL AND SEVERAL GLYCOLS TO
BALB/c 3T3 CELL CULTURES AND COCULTURES OF 3T3 CELLS WITH
MICROCARRIER-ATTACHED RAT HEPATOCYTES J.-U. VoB,
U. Jlirgens & S. Mdrchel

The cytotoxicity of allyl alcohol and several glycols
(ethylene glycol, 2-methoxyethanol, propanediol-i,2, pro-
panedicl-1,3, and dioxane) was studied in cultures of 373
cells and in cocultures of 3T3 cells with rat hepatocytes.
Hepatocytes isolated from male rats were inoculated with
collagen~coated microcarriers. 24 hours after initiating
both cultures, microcarrier-attached hepatocytes were
transferred to plastic inserts covered by a 80 pm nylon
mesh. These inserts were placed into the wells of 6-well
cluster dishes with 373 cell cultures. 3T3 cells were
exposed to various concentrations of the chemicals for 48
hours with or without cocultivation with rat hepatocytes
for 24 hours. Growth of the 373 c¢ell cultures was assessed
by determination of cellular protein. Effects on hepato-
cyte viability (intracellular LDH-activity) and on the
activity of the 7-ethoxycoumarin O-deethylase were deter-
mined at the end of the cocultivation period. The chemi-
cals exhibited different effects on both cell types. Allyl
alcohol was more toxic to hepatocytes than to 3T3 cells
cultured separately, whereas the opposite was found for
the other substances. The cytotoxicity of allyl alcohol,
ethylene glycol and propanediol-1,3 to 373 cells was mar-
kedly enhanced by cocultivation with hepatocytes. Addition
of 500 uM pyrazole to the cocultures reduced the toxicity
of ethylene glycol and propanediol-1,3 to 3T3 cells and of
allyl alcchol to both cell types. The results indicate
that a) the cytotoxicity of allyl alcohel, ethylene glycol
and propanediol-1,3 depends on the formation of toxic
metabolites and b) the described coculturs system repre-
sents a suitable approach to detect effects of biotrans-
formation on toxic actions of xenobiotics.

Institut filir Toxikologie, Brunswiker
Strafe 10, ¥W-2300 Kiel

Universitdt Kiel,
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INFLUENCE OF CALCIUM ANTAGONISTS ON THE
HEXACHLOROPHENE INDUCED CYTOTOXIC BRAIN OEDE-
MA, ETHANOL TOLERANCE AND WITHDRAWAL SEIZURE
THRESHOLD K. Andreas

The hexachlorophene-induced cytotoxic Dbrain
oedema had been valued in former studies as a
suitable model to test cerebroprotective
substances. Its importance with respect to
clinical concern is based on the occurence of

oedema in connection with different kinds of
brain injuries e.g. hypoxia, ischemia, trauma,
and intoxications. The primary target of

hexachlorophene is the neuronal cell membrane.
Secondary effects are disruption of myelin
lamellae and vacuolation of the white mattler.
Besides alteration of water and electrolyte
content the coordinative motor responses is
disturbed. In rats this motor disturbance is
diminished by calcium antagonists. Nifedipin
(0.3 mg . kg ) ag well as the calcium
influencing nootr%plc substances flunaricine
(20 mg . kg } and cinnarizin (30 mg

kg . d7*) abbreviate the recovery time after
cessatlon of hexachlorophene treatment.

Calcium antagonist also decrease ethanol
effects. The substances mentlfned above and
verapamil (10 or 30 mg diminish or
suppress the within se551on tolerancs and
withdrawal seizure threshold decrease. The

results demonstrate the importance of calcium
ion movement with respect to the mechanism of
action of brain-injuring substances.

Institute of Pharmacology and Toxicology.
Medical Academy "Carl Gustav Carus” Dresden,
Karl -Marx-Str.3, D/0-8080 Dresden, Federal

Republic of Germany
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STRAIN DIFFERENCES IN ACETAMINOPHEN NEPHROTOXICITY
IN THE RAT - FACT OR ARTEFACT? G. Birnmer, M. Koob,
P. Hauser and W. Dekant,
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CELL CULTURE IN NEPHROTOXICITY TESTING
H. L'Eplattenier, J. Zhao, F. Pfannkuch, G.

€ Scholtysik* and
A. Withrich

The need to develop alternative methods has become obv:.ous
in industrial toxicology where there is an  increasin
concern as to refining the tests performed on animals. Cel
culture is one of many in vitro methods to reach this aim.
The present study escribes a cell culture model for
1ephrotox1c1ti{ testing. Experiments were ferformed in order
to evaluate the suitability of such a mode

Two different types
epithelial (PTE}

of cells wexre used:
cells and fibroblasts. The PTE cells were
from the pi kidney cell 1line LLC~ PK; because of the
advantages of wusing a cell line and bécause these cells
still possess many of the morpholegical and functional
characteristics that are present in vivo. The fibreblasts
were from the Baby Hamster Kidney "(BHK-ZI) cell line. Four

proximal tubulax

substances were tested: three known nephrotox:.cants
entamicin, HgCl,, the carbapenem antibiotic CGP 31 608
{5R, 65) -2 Am1nomethyl 6- ((1R}-hydroxyethyl) -2- penem =3~
c;ibm«:éllc acid] and one general Ttoxicant benzalkonium
< oride

The first step of the investigation consisted in assessmag
the general cytotoxicity of the test compounds by performin
the neutral red assay %‘Borenfreund E and Puerner JA (1985
Toxcicol. Letters 24:119) on the fibroblasts. In the second
step compounds were tested on the tubular cells in order to
assess specific nephrotoxicity by determination of (1) The

activity  of different enzymes in the cells (lactate
dehydrogonase, alkaline phos hatose, N-acetyl-f-D-
glucosaninidase and % The

glutamate %drogenase) H
release of these enzymes into the cu
synthesis.
It was an interesting result that the comparison between
cytotoxicity in vitro in the neutral red assa% and oral LD
in the rat 'showed a close correlation (r = 0.94). Gentamici
and CGP 31 608 as expected produced changes in the enzyme
parameters in the cells as well as in the culture medium,
Hg 1, surprisingly did not alter the activities of any of
e enzymes considered for unknown reasons. Also
benzalkonlum chloride, being a non- specific toxicant, did
not alter these arameters. Gentamicin caused a slight
stimulation of cell growth during exposure whereas to other
test substances did not.
In conclusion the cell culture approach and particularly the
neutral red assay  in fibroblasts ma be suitable” for
co’nparlng the toxicity of compounds and can .be predictive
for in_ vivo acute toxicity, Detection in cell culture of
selective nephrotoxicity needs further investigation.

ture medium; (3) DNA-

CIBA-GEIGY Limited, Pharmaceuticals Division, Experimental
Tox:Lcology, P.O. Box, CH-4002 BASEL
*Veterindr-pharmakologishes Institut der Universitit,
CH-3012 Bern.
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NUMBER OF SPERMATIDES IN TESTES AND TESTICULAR
MORPHOLOGICAL EVALUATION AFTER PRENATAL
GANCICLOVIR EXPOSURE IN RATS. J. Hartmann! and G. Rune?

Acetaminophen has been described to be nephrotoxic
in some strains of rodents and major differences in
the nephrotoxic response have been reported.
Fischer F344 rats were considered to be more
susceptible to acetaminophen induced renal cortical
necrosis than Wistar or Sprague-Dawley rats.
Selective deacetylation of acetaminophen to p-
aminophenol in Fischer rats was suggested to be
responsible for nephrotoxicity.

The experiments reported here were designed to
further characterize these strain differences.
However, we were not able to confirm the previous
findings. Acetaminophen (900 mg/kg oral) did not
induce renal cortical necrosis in Fischer and
Wistar rats and did also not induce changes in
urinary parameters indicative for nephrotoxicity.
Moreover, no differences in the structure and
concentrations of biliary and urinary metabolites
were observed. Acetaminophen-glucuronide, -sulfate
and 3-(glutathion-S-yl)acetaminophen, resp. 3~ (N-
acetyl-cysteine-S~yl)acetaminophen were the major
metabolites. In vitro, acetaminophen (up to 5mM)
was not toxic to cells isolated from both Wistar
and Fischer F344 rats and formation of p-amino-
phenol could not be demonstrated in kidney cytosol
of both rat strains.

Institut fiir Toxikologie, Universitédt Wiirzburg,
Versbacherstr.9, D-8700 Wirzburg, FRG

Supported by the Bundesministerium fiir Forschung
und Technologie and the Deutsche Forschungsgemein-
schaft (SFB 172), Bonn.

Ganciclovir is used in therapy of cytomegaly virus infections in AIDS
patients. The present study was aimed at finding out whether effects on
testes development in the offspring may be induced by prenatal treatment.
Dams were treated (s.c.) on day 10 of pregnancy with three injections of
100 mg ganciclovir/kg body wt. Since postnatal (pn) day 50 is the start of
spermatogenesis in rats and the ultimate function is reached on day 100,
the testes {morphology and spermatid count) were investigated on days
50, 75, 100, 130 and 180 postnatally. The number of spermatides in the
testes of exposed offspring was reduced on all days evaluated when
compared to controls. On days 50 and 75 the difference was not
statistically significant. The table shows the number of spermatids (in
Mio) per testes, the values are given as M + S.D.; testes weights were
significantly reduced (p < 0.05), data not shown.

(pn) day n Ganciclovir n Controls
50 10 45 + 35 16 60 + 20
75 10 85 + 23 13 101 + 43

100 20 64 + 17* 14 164 + 32

130 20 97 + 47% 20 147 + 31

180 20 76 £ 41* 20 148 + 45

* ttest; p < 0.05; n = number of testes examined

Morphometric evaluation of semi-thin sections of festis tissue revealed a
significant decrease of the tubular diameter, which in turn corresponded
to the fact that spermatogenesis is obviously not initiated in all tubules.
Summarizing, ganciclovir affects morphological as well as functional
development of testes in rat offspring exposed prenatally on day 10 of
pregnancy to the substance.

Studies supporied by a grant from the Deutsche Forschungsgemeinschaft
to the §fb 174.

Linstitur Sfuir Toxikologie und Embryopharmakologie, Freie Universitit Berlin,
Garystr. 5, W-1000 Berlin 33 and 2 Institut fiir Anatomie, Freie Universitit Berlin,
Konigin-Luise-Str. 15, W-1000 Berlin 33
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POSTNATAL EVALUATION AFTER PRENATAL GANCICLOVIR

EXPOSURE IN RATS. I. Chahoud, M. Mayer, S. Ebel

‘When the embryotoxicity of substances are studied, the postnatal mani-
festation of prenatally induced alterations or lesions in organs must also
be investigated. Ganciclovir is used in therapy against Herpes viruses
and cytomegaly virus. Testis atrophy and Azoospermia, as well as neu-
rotoxicity, are described as side-effects of ganciclovir in man. We per-
formed a study aimed at answering the questions: Do substances such
as ganciclovir, which harm many organs in adults, affect these organs
if they are exposed prenatally? Do the effects manifest themselves post-
natally? Pregnant rats were injected (s.c.) with 100 mg ganciclovir/kg
body wt three times on day 10 of pregnancy. The dams were allowed to
deliver and the postnatal development of the offspring was studied. In
the offspring exposed prenatally to ganciclovir, the absolute and rela-
tive weight of the testes was significantly reduced (p < 0.05, see table)
when compared to the controls. In some offspring macroscopical al-

terations were also found in the brain, kidney and liver.
Testes weight (g), M + S.D.

Age (day) n Ganciclovir Controls
50 10 0.66 + 0.25 0.87 + 0.12
75 10 0.97 £ 0.36 1.40 + 0.15
100 10 1.09 + 0.20 1.56 + 0.16
130 10 1.13 + 0.29 1.54 + 0.08
180 10 1.24 4+ 0.46 1.56 + 0.14

These results and the results presented by J. Hartmann at this meeting
indicate that ganciclovir, which harms testes in adult humans, also

affects the testes in prenatally exposed offspring.

Studies supported by a grant from the Deutsche Forschungsgemein-

schaft to the Sfb 174.

Institut fiir Toxikologie und Embryopharmakologie, Freie Universitit

Berlin, Garystr. 5, W-1000 Berlin 33
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INDUCTION OF APOPTOSIS IN CULTURED HEPATOCYTES AND

IN THE REGRESSING LIVER BY TRANSFOR];IING GROWTH

FACTOR-B1 F. Oberhammer, M. Pavelka , A. Purchios,

and R.Schulte-Hermann

In previous studies in vivo apoptotic liver cells
were found to be stronger positive for an epitope
of the pro-region than for an epitope of mature
transforming growth factor-81 (TGF~Rl). Therefore
we compared the potency of both forms to induce
apoptosis in hepatocyte cultures. TGF-B1 induces
rounding up and fragmentation of the cells into

multiple vesicles. As revealed by the DNA specific

stain H33258 the chromatin of these cells

condensed and segregated into masses at the nuclear

membrane; this was obviously followed by
fragmentation of the nucleus. Ultrastructurally

the cytoplasm was well preserved as demonstrated by

the presence of intact cell organelles. These
features strongly suggest the occurrence of

apoptosis. Quantification of nuclei with condensed

chromatin and fragmented nuclei revealed that

mature TGF-B1 was found 30 fold more effective than

the TGF-B1 latency associated protein complex

(LAP). Finally we administered TGF-81 in vivo using

an experimental model in which regression of the

liver was initiated by a short preceeding treatment

with the hepatomitogen cyproterone acetate (CPA).
Two doses of 1nM TGF-Bl/kg each augmented the
incidence of apoptotic hepatocytes 5 fold. An

equimolar dose of TGF-81 LAP was ineffective. These

studies suggest that TGF-Bl is involved in the
initiation of apoptosis in the liver and that the
mature form of TGF-Bl is the active principle.

Inst. f. Tumorbiology, Borschkegasse 8a,
1090 Vienna, Austria

* Inst. f. Electronmicroscopy, Schwarzspanierstr.
17, 1090 Vienna

§ Oncogen, 3005 First Avenue, Seattle, WA 98121
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DETERMINATION OF NEUROTRANSMITTER CONTENTS IN THE STRIATUM OF
RATS AND MARMOSETS (CALLITHRIX JACCHUS) ON DIFFERENT POSTNATAL
DAYS. R. Schwabe, X. Haun, U. Rahm

To obtain information about the developmental stage of the brain in animals who have
the same biological age but belong to different species, determination of the
neurotransmitter dopamine and the corresponding metabolites was carried out. Since
the marmoset can only raise two babies from triplets, we used only the third baby of a
litter for our study. The determination of the neurotransmitter and the corresponding
metabolites was performed by HPLC with electrochemical detection after preparation
and homogenisation of the brain areas on day 1 (rat, marmoset) and day 6 (marmoset)
and day 7 (rat). The results (preliminary results for marmoset day 6) are shown in the
table.

Table 1: Neurotransmitter contents(mean + S.D.) in striatum of rat and
marmoset on different postnatal days.

Striatum (ng/g wet tissue)
Rat Marmoset

Day 1 (n=3) Day 7 (n=4) Dayl(n=9) Day 6 (n=2)

DA 8841166 26811405 2923 +1350 3584756
Dopac 3591179 4884256 3521271 363+24
HVA 419+375 321+102 1225 +566 1952+17

DA = 3-Hydroxytyramine, Dopac=3,4-Dihydroxyphenylacetic acid,
HVA=Homovanillic acid,

A great difference was found for dopamine levels in striatum between rat and
marmoset. In the rat 33% of the content found on postnatal day 7 is found on day 1. In
the marmoset on day 1, 82% of the content determined on day 6 was found. The ratio
of DA/HVA increases from 2.11 (day 1 ) to 8.35 (day 7) in the rat, whereas it
decreases from 2.39 (day 1) to 1.84 (day 6) in the marmoset. This may be a clue that at
this stage of development there is a difference in the dopamine metabolism.

These studies were supported by a grant from the Deutsche Forscl inschaft

5!

Institut fiir Toxikologie und Embryonalpk kologie, Freie Universitiit Berlin,
Garystr. 5, W-1000 Berlin 33

136

DOSE-RESPONSE RELATIONSHIP OF TERATOGENICITY OF
ETHYL CARBAMATE IN MICE

Thomas Platzek*, Gerd Bochert, Blanka Pauli

Ethyl carbamate (urethane) is a contaminant of various
foodstuffs, especially in certain alcoholic beverages it
is found in appreciable amounts. It is well known as a
strong carcinogen in various laboratory animal species.
Additionally, ethyl carbamate is teratogenic in rats,
mice, and hamsters. We performed a dose-response study
in NMRI mice. The animals were treated p.o. on day 11 of
pregnancy. Four doses from 300 to 1000 mg/kg were
applied. Sectio was performed on day 18 of pregnancy.
Following the highest dose fetomortality was not changed
compared to controls, fetal weight was decreased and the
number of weight reduced fetuses was increased (8.3%).
The predominant skeletal abnormalities were lateral-
ventral fusion of thoracic and lumbal vertebrae. Using
probit analysis dose-response data were established.

Table: Dose-response data, per—fetus approach,
values mg ethyl carbamate per kg bw

ED-10 ED-50 ED-90

all anomalies:
420 21 862 +32 (1768 +149)
ventral-lateral fusion of vertebrals:
621 21 941 +24 (1426 +78)

Studies are in progress to estimate the prenatal-toxic
risk of ethyl carbamate based on several approaches
including dosimetry.

Institut fir Toxikologie und Embryopharmakologie, Freie
Universitdt Berlin, * Max von Pettenkofer-Institut,
Bundesgesundheitsanmt
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INFLUENCE OF HEAVY METALS AND METABOLIC
INHIBITORS ON THE TRANSEPITHELIAL ELECTRICAL
RESISTANCE IN MDCK CELLS

H. Miickter, B. Liebl, E. Doklea, B. Fichtl

The transepithelial electrical resistance (TER) is a sensitive parameter for the
functional assessment of epithelial integrity. Madin-Darby canine kidney
(MDCK) cells have been widely used for those studies. We have studied the
effect of various heavy metals and metabolic inhibitors on the time course of
TER in MDCK cells.

Wild-type MDCK cells were grown on permeable supports in DMEM/F12
medium at 37°C in moist atmosphere containing 5 % CO». The cells developed
TER values above 2000 Qcm? within 2 - 3 days afier reaching confluency.
‘When various heavy metals were added to the cells, a sharp drop in TER within
the first few hours of exposure was noted with some substances, e.g. MeHgCl,
CdCl,, but not with others, ¢.g. TlpSO4. Various arsenicals that inhibit cellular
energy metabolism also decreased TER values in MDCX cells. For example, an
exposure time of 15 min to oxophenylarsine (PhAsO), a potent inhibitor of
pyruvate dehydrogenase, irreversibly damaged the monolayer, while the cellular
ATP values were still within the normal range. On the other hand, phenylarsonic
acid, a Iess toxic analogue of PhAsO affected neither TER nor ATP.

Uncouplers of oxidative phosphorylation, e.g. 2,4-dinitrophenol, carbonyl
cyanide m-chlorophenylhydrazone, rapidly abolished TER in MDCK cells. Since
these substances do not irreversibly bind to celtular structures, the time course of
TER recovery could be studied after removal of the inhibitors. Whereas other
parameters of cellular viability, e.g. ATP content, were completely normal within
a few hours, recovery of TER rarely occurred before 24 h.

Our data suggest that TER measurements can complement the current bundle of
in-vitro toxicity screening methods.

Walther-Straub-Institut fir Pharmakologie und Toxikologie der LMU,
Nufbaumstr. 26, D-8000 Miinchen 2
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BIOCHEMICAL CHARACTERIZATION OF TILORONE-INDUCED
LYSOSOMAL ACCUMULATION OF SULFATED GLYCOSAMINO-
GLYCANS IN CULTURED BOVINE FIBROBLASTS.

J. Fischer
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CHARACTERIZATION OF CULTURED URINARY BLADDER
EPITHELIAL CELLS
Christine Guhe, Hartmut Hentschel#, Wolfram Fsllmann

Epithelial cells of the urinary bladder of pigs, rat and humans were isolated by
a mechanic preparation combined with an enzymatic collagenase digestion.
The method yields dividing cells that can be cultured for several weeks under
serum-free conditions without evident changes in cell morphology. After this
period the cells become senescent and die.

Material from pigs is probably better suited for an extrapolation of
toxicological data from cell culture experiments than rats, which have mainly
been used in the past. The experience gained from the use of pig bladder celis
may provide a basis for the development of a test system with human
material, which is far less readily available.

Ultrastructural investigations demonstrate that the cultured cells develop a
monolayer with a morphologic polarity resembling the epithelium in vivo.
Chromosome analysis shows no changes in the chromosome set during the
culture period. Growth curves indicate a doubling-time of 24 hours in the log-
phase during the first 4 days when the cells are routinely seeded in a
concentration of 1x106 cells per 75 cm? flask. After seven days the cells build
up a monolayer and reach a lag-phase caused by contact inhibition which
stipulate a passage.

Following this characterization, the cultures were used for in vitro
genotoxicity tests. Investigation of sister chromatid exchange (SCE) under the
influence of an alkylating agent (N-Methyl-N"-nitro-N-nitrosoguanidine
(MNNG)) shows an increase of SCE’s in dependence of the MNNG
concentration. DNA repair of the cultured cells is measured autoradio-
graphically by unscheduled DNA synthesis.

The final aim of this project is to obtain an in vitro model with human urinary
bladder epithelial cells with characterized properties which can be used as a
target for agents inducing bladder cancer to clarify the sensitivity to such
agents in man on the level of the target organ.

Institut fiir Arbeitsphysiologie an der Universitit Dortmund, Ardeystr. 67,
W-4600 Dortmund 1

# Max-Planck Institut fiir Systemphysiologie, Rheinlanddamm 201,
W-4600 Dortmund 1
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RESULTS OF THE GERMAN VALIDATION PROJECT OF
ALTERNATIVES TO THE DRAIZE EYE TEST

H. Spielmann, M. Liebsch, 1. Gerner, S. Kalweil, T. Wirnsberger

The di-cationic amphiphilic compound tilorone induces lysosomal
accumulation of sulfated glycosaminoglycans (GAG) in cultured corneal
fibroblasts from several species (Lillmann-Rauch and Ziegenhagen,
Virchows Arch. B Cell Pathol. 60:99, 1991).
Aim of the present study was to characterize the accumulated GAG.
Cultured bovine corneal fibroblasts were exposed to 5 uM tilorone for 96h
without changing the culture medium, control cells were kept under
identical conditions but without tilorone. The -cells were harvested by
trypsinization. Since the intracellular compartment is known to contain a
mixture of proteoglycans and free GAG-chains (H. Kresse and J. Gossel,
Adv. Enzymol. 60:217, 1987), the s-GAG-chains were liberated from core
proteins by a B-elimination reaction. Isolation of free GAG-chains was
achieved by ion-exchange chromatography (DEAE-Trisacryl, 50 mM Bistris,
pH 6.4, 0.1% Triton x 100, elution with rising concentrations of NaCl)
followed by analytical electrophoresis and enzymatic degradation with
chondroitin lyases AC/ABC. After staining with alcian blue, the relative
amounts of individual GAGs were estimated by scanning densitometry. In
untreated cells, dermatan sulfate (DS) was found to be the major compound
accompanied by smaller amounts of heparan sulfate (HS) and chondroitin
sulfate (CS). Treatment with 5 uM tilorone induced marked elevation of
DS. When the tilorone-concentration was increased to 20 uM, not only DS
but also HS was markedly augmented. This resulted in an elevated relative
contribution of HS towards total GAG when compared with the GAG-storage
induced by 5 uM tilorone. This concentration-dependent change in the GAG-
pattern was accompanied by qualitative changes concerning the cytological
lesions. At 5 pM tilorone, the cells showed GAG-containing lysosomes; at
MM tilorone, the cells additionally displayed clear vacuoles and
polymorphic inclusions which suggested unspecific perturbation of the
general digestive functions of the lysosomes.

Dept. of Pharmacology, University Kiel, Hospitalstr. 4, D-2300 Kiel

Since 1988 ZEBET has coordinated a national German interlaboratory
study on the validation of two alternative methods o the Draize rabbit’s
eye lesi, the neutral red/kenacid blue (NR/KB) cylotoxicity assay and
the hen's egg chorioallantoic membrane (HET-CAM) test.

During the first two years the two methods were eslablished in twelve
laboralories (o ensure intra- and interlaboratory reproducibility. Testing
32 chemicals from a variety of chemical classes indicated a betler
correlation between data from the HET/CAM test and both, human and
Draize test data than between cytotoxicity and the in vivodata.

During the final experimental stage of "data base development” (Balls et
al., ATLA 18, 313-337,1990) 165 chemicals were tesled in both {est
systems to provide information whether and 1o what extent the in vilro
tests might be able to replace the Draize rabbit’s eye tesl. The test
chemicals selected are representing a broad spectrum of both chemical
classes and in vivo eye irritating properties.

The evaluation of a total of 200 chemicals tested during the validation
study indicates a sufficient positive predictive value of the HET-CAM
test and a poor correlation between cylotoxocity and in vivodata.

It will be discussed with industry and governement agencies to which
extent the validated in vitro methods can replace the mandatory Draize
test in international guidelines of the CEC and OECD.

ZEBET (Zentralstelle zur Erfassung und Bewertung von
Ersatz- und Erginzungsmethoden zum Tierversuch)
Bundesgesundheitsamt, Pf. 330013, D-1000 Berlin 33
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EFFECTS OF 4-NITROSOPHENETOL ON THE ENDOGENOUS

METABOLISM OF HUMAN RED CELLS  D. GALLEMANN AND P. EYER

The phenacetin metabolite 4-nitrosophenetol (NOPt) has been
shown to induce methemoglobinemia and to exert toxic, mutagenic
and probably carcinogenic effects. Since the disposition of NOPt is
assumed to be markedly influenced by red cells, we studied the
endogenous metabolic responses of human erythrocytes. As
discovered by Kiese (M. Kiese, Methemoglobinemia: A
comprehensive treatise, CRC Press, Clevland 1974), nitrosoarenes
are reduced in red cells to the corresponding hydroxylamines by a
NADPH-dependent diaphorase. The hydroxylamine is cooxidized
with oxyHb, yielding ferriHb and regenerating the nitrosoarene, until
it is eliminated by side reactions, especially with GSH (H. Klehr, P,
Eyer, (1987) Naunyn-Schmiedeberg’s Arch. Pharmacol., Suppl. 333,
R12). The NADPH-supply for this deleterious cycle is maintained by
the pentose phosphate pathway.

In suspensions of human red cells (15gHb/100ml), NOPt
(1.0 umol/ml) rapidly produced ferritlb (27 % within 10 min). The
flux * through the pentose phosphate pathway was drastically
increased, yielding 31 nmol/mi'min #CO, from u-1*C-glucose
(control value: 1.1 nmol/ml'min). During the%irst 10 min after NOPt,
the G6P steady-state concentration was in the range of 2 nmol/ml
(22 nmol/ml in controls), indicating a limiting hexokinase reaction.
During this period, the formation rate of the main tricarbon
metabolites of glycolysis (lactate, pyruvate and 2.3-DPG) steadily
increased from 13 nmol/mlmin in controls to 23 nmol/mlI'min,
yielding 5 nmol,/ml'min net NADH to allow ferriHb reduction. NOPt
itself rapidly decreased to 0.07 umol/ml within 10 min.
Correspondingly, the GSH status was ileavily disturbed: 5 min after
NOPt, GSSG peaked at 0.28 umol/ml, while GSH decreased from
1.00 to 0.20 /umol/ml, indicating a loss of 0.25 /umol/ml total GSH
equivalents.

Walther-Straub-Institut  fiir Pharmakologie und Toxikologie der Ludwig-
Maximilians-Universitit Miinchen, NuSbaumstraBe 26, D-8000 Miinchen 2
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ANTIESTROGEN INDUCED CELL DEATH IN CULTURED MAMMARY
CARCINOMA (MCF-7) CELLS, H. Kienz! and W. Bursch

Many studies have demonstrated that antiestrogens block cell proliferation
in estrogen dependent cell systems. Relatively littie attention has been paid
to the occurrence of cell death under antiestrogen treatment. Recent in
vivo investigations showed that apoptosis ("programmed cell death") is
involved in the regression of an estrogen dependent kidney tumor (H-301).
Characteristic signs of apoptotic cell death are condensation of nucleus
and cytoplasm and in some cell types the activation of an endogenous
endonuclease which cuts the DNA into (oligo-} mononucleosomes.

We have tested whether the antiestrogens Tamoxifen (4-OH-Tamoxifen)
and ICl 164.384 (N-n-butyl-I 1-(3,178-dihydroxyoestra-i,3,5(10)-trien-7 o
yl)-N-methylundecanamide) are able to induce cell death of cultured
estrogen dependent human mammary carcinoma cells (MCF-7).

Our results show:

-inhibition of cell proliferation after antiestrogens, as demonstrated by
others

-increase of number of cells with morphological changes such as nucleus
condensation and fragmentation

-increase of unsedimentable DNA after antiestrogen treatment, indicating
DNA degradation

-induction cell death and inhibition of cell proliferation by antiestrogens are
dose dependent

-cell death can be inhibited by estradiol in a dose dependent way
Conclusion:

Tamoxifen and ICl 164.384 are able to induce cell death in MCF-7 cultures,
some of its features suggest the occurrence of apoptosis.

Institut  fir Tumorbiologie- Krebsforschung,
Borschkegasse 8a, A-1090 Vienna, Austria

University of Vienna,
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CELL DEATH BY APOPTOSIS IN LYMPHOID CELLS M.Cejna, D.Printz
and G Fritsch ‘

We investigate the in vitro tumoricidal mechanism of antileukemic
chemotherapeutic agents, like glucocorticoids, etoposide, cis-Platin on
murine and human lymphoid cells such as CCRF-CEM, $.49 and primary rat
thymocytes. Induction of apoptosis (= "Programmed Cell Death") appears
to be - in addition to inhibition of proliferation - an important mechanism
of these drugs. A prerequisite for screening on the significance of apoptosis
in the therapy of lymphoid malignancies is its rapid and specific detection.
We investigated whether Flow Cytometry (= FCM) can be used to identify
the characteristic nuclear changes of condensation of chromatin and
fragmentation of DNA into (oligo-) mononucleosomes in apoptotic cells.
We found the formation of a hypodiploid DNA population in the drug
treated cells which did not appear in control samples. Sorting of this
population with consecutive histological and biochemical characterization
confirmed this population to be truely apoptotic. The incidence of
apoptotic cells in the other sorted population (G, S, G2/M) was below 5%.
Our results suggest that FCM analysis can rapidly quantitate apoptotic cells
in small sample volumes. Therefore detection of nuclear changes typical of
apoptotic cell death may be a usefull endpoint for therapy monitoring and
development of new cytotoxic assays.

Institut fir Tumorbiologie- Krebsforschung, University of Vienna,
Borschkegasse 8a, A-1090 Vienna, Austria
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INFLUENCE OF THE EXPERIMENTAL DESIGN ON THE OUTCOME OF
IN VITRO CYTOTOXICITY TESTS WITH PROLIFERATING CELLS
M. Gilden, M. Kolossa and H. Seibert

In vitro cytotoxicity tests with proliferating cells have
attained considerable popularity. One common practice is to
expose growing cultures for 24 hr to various concentrations
of a test compound and to characterize the cytotoxicity by
an ECso-value referring to the reduction of an indirect
measure for the final number of (viable) cells. The present
study shows that this approach may result in an underesti-
mation of the general cytotoxicity of some substances.
Balb/c 3T3 cells were plated at a density of 6x10% cells
per well into 96-well culture plates and exposed after 48
hr to various concentrations of test compounds, either
selected for different mechanisms of action or taken from
the MEIC-list (Cell Biol. Toxicol. 5: 331-347, 1989). At
the beginning and at the end of a 24 hr exposure period the
cellular protein content and the amount of lysosomal neu-
tral red (NR) accumulation were measured. The activity of

~ the test compounds was characterized by ECso-values

a) for the inhibition of cell growth determined from the 24
hr increase of protein content and NR accumulation, respec~
tively, and b) for the reduction of both measures for the
final cell number. Some chemicals vrevealed remarkably
lower ECso-values for growth inhibition than for the
reduction of the final cell number indicating a specific
inhibition of cell proliferation at subcytolethal concen-
trations. Other compounds exhibited only sligthly different
ECso-values indicating growth inhibition by cytolethal
action. We conclude from these results that in in vitro
cytotoxicity tests using proliferating cells either the
increase of cell number during the exposure period should
be determined or exposure times markedly longer than the
population doubling time should be employed to ensure the
assessment of the cell growth inhibiting activity.

Institut fir Toxikologie, Universitdt Kiel, Brunswiker
Strape 10, D-2300 Kiel



145

Lymphocyte subset analysis in peripheral blood of Wistar rats
after treatment with 2,3,7,8-tetrachiorodibenzo-p-dioxin (TCDD).
M. Korte, U. Jacob-Mller and R. Stahlmann
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PCB-BINDING TC NUCLEAR COMPONENTS OF LIVER CELLS
E. Schmitz, K. Buff & J. Berndt

Thymus atrophy and immunosuppression are well known effects after exposure to
high doses of TCDD in many species. In marmoset monkeys changes in the
lymphocyte subpopulations were found to be a sensitive parameter in reflecting
biological effects of low doses of TCDD. We investigated whether similar effects on
lymphocyte subpopulations could be observed in the Wistar rat. The animals were
treated subcutaneously with either a loading-dose of 3000 ng TCDD/kg body wt
and weekly maintenance doses of 600 ng/kg body wt or with the vehicle only
(toluene/DMSO; 1+2). Blood was taken from a tail vein one, five and eleven weeks
after initial treatment. Lymphocytes were isolated using a Ficoll separation
procedure and were stained with monocional antibodies. Analysis of the surface
markers was performed using a Becton Dickinson FACScan. Results are shown in
the table {mean + S.D.}.

Group Lymphocytes cpat cps* B-Cells
time afier (% of leucocytes) (%) (%) (%)
freatment

Vehicle (n=10)

1 week 820 + 4.1 68.2 £ 2.0 260+ 24 147 £ 52
5 weeks 848 + 3.2 68.0 + 3.1 247 + 3.7 140 = 3.4
11 weeks 847 £+ 56 §7.2+ 48 23.2 £ 3.2 13.7 = 43
TCDD (n=10)

1 week 796 = 7.2 66.4 = 4.7 27.8 £ 4.7 127 £ 3.8
5 weeks 83.9 =+ 43 €8.5 = 3.9 29.7 + 3.3* 120 = 2.0
11 weeks 86.1 £ 3.8 66.7 + 3.0 28.1 = 3.8* 12225

* statistically significant compared to controls (t-test; p < 0.05)

Although we observed a difference in the CD8* celis in the two groups we do not
consider this as a TCDD-induced effect since the change occurs in the contral
group. 12 weeks after initial treatment, body and organ weights were determined.
The thymus weight was significantly reduced in the TCDD treated group (Control:
230 mg = 60 mg; TCDD: 150 mg + 30 mg).

These studies were supported by grant No. 0765002 from the Bundesministerium
fiir Forschung und Technologie.

institut fir Toxikologie und Embryopharmakologie, Freie Universitit Berlin, Garystr.
5, 1000 Berlin 33, Germany
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COMPARISON OF THE INDUCTIVE POTENCY AND TISSUE
CONCENTRATION OF 2,3,7,8-Cl4DD WITH A DEFINED PCDD-
MIXTURE IN RATS. G. Golor, W. Korner:, H. Hagenmaier-

Polychlorinated biphenyls (PCB) are known to cause
a great variety of disturbances in cell metabolism
including tumor-promoting activity. Most of these
effects emanate from reactions within the nucleus.

We have therefore investigated the uptake and
distribution of the PCB-congener 2,2',4,4',5,5'-
hexachlorcobiphenyl (HCB) in rat liver nuclel.

incubated with HCB at a concentration
In order to prevent dissociation of

Nuclel were
of 8.€ nM.

interacting HCB by subsequent treatment with
organic solvents the ligand was covalently Ilinked
to nuclear macromolecules by photofixation. This

procedure allows for analysis of HCB binding to
highly purified nuclear components as checked by
electron microscopy and gel electrophoresis.

We found most of the HCB {43 %) was retained in the
nuclear envelope. Chromatin bound 34 %, whereas
only 7 % were found in the nucleoplasm, bound to

soluble proteins. Considering the vital importance
of chromatin in the c¢ell we investigated several
subfractions of chromatin. A minor percentage (2 %)
only of total HCB in the nucleus bound to histones,

specifically to the core histones, whereas no HCB
could be detected on histone H1l. The major part
bound to non-histone proteins, namely acidic
chromosomal ©proteins and high mobility group

proteins which are both supposed to play a specific
role in transcription regulation. Binding of HCB to
DNA has been proven to a minor extent of 0,01 %.

From our experiments we
distribution of HCB in the nucleus hints
potential impact on cell functions.

conclude that the uneven
at its

gsf~Forschungszentrum fir Umwelt und Gesundheit,
Abt. flir Zellchemie, D 8042 Neuherberg
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ENDOGENECUS INTESTINAL METALLOTHIONEIN POSSIBLY CONTRIBUTES TO THE RENAL
ACCUMULATION OF DIETARY CADMIUM
B. Elsenhans, XK. Kolb and K.H. FLaig

A defined mixture of polychlorinated dibenzo-p-dioxins (PCDDs) was
administered subcutaneously 16 times (every third day) to male
Wistar rats. The applied dose was calculated to contain 57 ng I-TE
(international TCDD toxic equivalencies)/kg body wt. The mixture
contained the following 2,3,7,8-substituted congeners: 61% CisDD,
32% Cl6DD, 6.5% Cl7DD and 0.5% CIsDD (calculated as % of the
total ng I-TE/kg body wt), as well as several non-2,3,7,8-substituted
congeners. 2,3,7,8-tetrachlorodibenzo-p-dioxin (Cl4DD) was not a
component of the mixture. Concentrations in hepatic and adipose
tissue were determined during the treatment period (one day after
the 3%, 8" and 16" injection) as well as 13 and 34 days after the last
treatment and correlated with the corresponding EROD
(ethoxyresorufin O-deethylase) activities in liver microsomes.

Tissue concentrations of the mixture in the liver were between 1.1
and 13.6 ng I-TE/g. A good linear relationship (R?=87.1%) was
found (when using a double-log plot) between the hepatic
concentration of the mixture (ng I-TE/g tissue) and the EROD
activity. A similar relationship (R?=95.6%) was observed in rats
treated with 2,3,7,8-Cl4DD alone (concentration range in liver tissue
0.2 to 9.7 ng/g). The concentration-response curves for both the
PCDD-mixture and 2,3,7,8-Cl4DD run parallel. However, the
inductive potency of 2,3,7,8-Cl4aDD was approximately 4-fold
compared with the mixture using I-TE’s (factor for 1,2,3,7,8-CIsDD :
0.5). When applying the original TE-factor for 1,2,3,7,8-CIsDD
{(namely 0.1) the data for the mixture become identical with the data
tor 2,3,7,8-ClaDD. There is no difference whether the non-2,3,7,8-
substituted congeners are considered (according to UBA/BGA) or
not.

Studies supported by a grant from the Bundesministerium fiir Forschung und
Technologie (07VDX01).

Institut fiir Toxikologie und Embryopharmakologie, Freie Universitit Berlin,

Garystr. 5, 1000 Berlin 33

*nstitut fiir Organische Chemie, Universitit Tibingen, Auf der Morgenstelie 18,
7400 Tiibingen

The major target organ of the chronic tomicity of cadmium (Cd) is the
kidney. Generally one supposes that after enteral absorption of Cd, the
metal first accumulates in the liver inducing hepatic metallothionein
(T} and then redistributes to the kidnevs. However, small amounts of
dietary CdCl seem to accumulate preferentially in the kidneys rather
than being accumulated in the liver as shown by feeding CdCla at low
dietary concentrations (0.3, 1, and 3 mg Cd/kg diet) to female Sprague-
Dawley rats for 10, 20, and 30 days. Enterally administered Cd induces MT
in the small-intestinal mucosa 1in a concentration-dependent mamner and
thus, may directly contribute to the renal accumulation of oral Cd.
However, this requires some kind of serosal release of mucosal CA-MT. To
test this hypothesis, we used the Fisher-Parsons method of perfusion of
isolated rat amall intestine to investigate the serosal release of
intestinal MT induced by dietary Cd. Substantial amounts of small-
intestinal MT were dinduced in female Sprague-Dawley rats by feeding
dietary CdClz (33 and 112 mg Cd/kg diet, group Cd~I and Cd-II, respec—
tively) for 2 wk. In jejunal segments muccsal MT levels were 51, 7115
and 112413 g MT/g wet wt. in the control, Cd-I and Cd-IT group, respec—
tively; the corresponding levels in the ileum were 4+1, 43+5 and 181135
ug MT/g wet wt. (n=6, MtSD). The rate of the appearance of MT on the
serosal side of the tissue preparation, i.e., the rate of the release of
MT'into the absorbate, was on average 8, 39 and 46 ng MI/cn/h in jejunal
segments of the control, Cd-I and C4&-II group, respectively; corres—
ponding rates in ileal segments were 8, 42 and 162 ng MI/an/h. These
results demonstrate a concentration-dependent release of intestinal MT to
the serosal side. When 102Cd—CdCle was present in the perfusion medium,
109C4 mainly appeared in the MT fraction of the absorbate. The present
£indings indicate that endogenecus intestinal MT may deliver CG-MT to the
organism which may contribute to a direct renal accumulation of orally
ingested Cd.

Walther Straub-Institut fir Pharmakologie und Toxikologie, Ludwig-Maxi-
nilians-Universitédt Minchen, Nusshaumstr. 26, D-8000 Minchen 2, Germany.
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THE INFLUENCE OF OCCUPATIONAL MERCURY EXPOSURE ON
THE HUMAN IMMUNE SYSTEM.
Dagmar Lihmann, O. Strubelt* and H. Kirchner

There is some experimental evidence that mercury can depress
humoral as well as cell-mediated immunity (Dieter et al., Toxicol.
appl. Pharmacol. 68, 218;1983). In order to elucidate the practical
relevance of these observations we investigated blood mercury
levels and a varisty of immunological parameters in 8 male
workers from a mercury recycling plant. These data were
compared 1. with those of 20 age-matched males and 2. with a
group of 20 non-selected blood donors. Mercury blood levels were
determined by AAS, serum immunoglobulin (igG, IgA, IgM) by
nephelometry, lymphocyte subpopulations (T, B, T4, T8, NK-cells}
by flow cytometry after labelling with monoclonal antibodies and
cytokine production with cultured ceils in a whole blood assay
using phytohaeragglutinin (PHA) to stimulate interleukin-2 (IL-2),
interleukin-6 (IL-6) and interferon-gamma (IFN-gamma) production
and Newcastle Disease Virus to induce interferon-ag (IFN-a).
Mercury blood levels amounted to 10.5 + 1.77 g/l in the plant
workers and 1.74 + 0.34 pg/l and 1.63 + 0.28 ug/l, respectively,
in the controls. White cell count was 24% higher in the workers
than in the controls which is presumably due to the higher number
of smokers in this group. There was no statistically significant
difference in any of the immunological parameters assayed
between the groups. A small but significant positive correlation
was found between blood mercury levels and elevated PHA-
induced IL-2 and I[FN-gamma production (r=0.4 and 0.28,
respectively),

Conclusions: Our results provide no indication that occupational
mercury exposure adversely affects the human immune system or
produces reduced immunocompetence.

Institut fir Toxikologie* und Institut fir Immunologie und
Transfusionsmedizin, Medizinische Universitdt zu Liibeck, D-2400
Libeck, Ratzeburger Allee 160
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EFFECTS OF INORGANIC AND ORGANIC ARSENIC COM-
POUNDS ON INTESTINAL ABSORPTIVE FUNCTIONS
G. Hunder, P.T. Nguyen, G. Strugala

The toxicity of arsenic differs between organic
and inorganic compounds and depends on its state
of valence. Although the gastrointestinal tract
is a target organ in arsenic toxicity and a major
site of its absorption, little is known about the
effects of different arsenic species on intesti-
nal absorptive functions. In the present experi-
ments, we investigated in vitro the effects of
arsenic trioxide (As,0;), arsenic pentoxide (As,0g)
and the organic oxopﬁenylarsine (PhAsO) on intes-
tinal absorption of water, glucose and electroly-
tes in isolated luminally perfused jejunal seg-
ments of rats according to the method of Fisher
and Parsons.

As,05 (2.5; 25; 250 umol/l perfusion fluid), As,0g
(25; 250; 2500 umol/l) and PhAsO (2.5; 10:; 25
umol/1l) decreased in a dose dependent manner in-
testinal water transfer to 25% of the correspon-
ding controls. The intestinal transfer of glucose
was decreased and reached only 10% of the control
values, at the highest dose level. Serosal to mu-
cosal concentration ratio of glucose (S/M) de-
creased to 1 whereas in controls a concentration
ratio of about 4 was determined. Depending on the
transmural waterflux, the transfer of Na', K" and
Ca was decreased, but the S/M concentration ra-
tio of these electrolytes was not changed.

The most toxic compound tested was PhAsO. Its in-
hibitory effect was about 10 times higher than
that of As,04, which in turn was 10 times more
potent than As,05.

Walther Straub-Institut fur Pharmakologie und
Toxikologie der IMU Munchen, NuBbaumstr. 26, 8000
Minchen 2 und Merckle AG, 7900 Ulm
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EFFICACY OF DITHIOL COMPOUNDS GIVEN i.p. OR ORALLY
IN ACUTE ARSENIC POISONING. H. Kreppel, B. Schifer,
F.X. Reichl and L. Szinicz

The efficacy of DL-2,3-dimercaptopropanol (BAL),
DL~-2, 3-dimercaptopropanesulfonate (DMPS), and meso-
2,3=-dimercaptosuccinic acid (DMSA) in reducing
lethality and arsenic content of organs was inve-
stigated in mice. Additionally, the efficacy of BAL
dissolved in peanut oil and in saline was compared.
NMRI mice were injected with 85 umol/kg arsenic
trioxide (containing 76~As, organ study) or 130
umol/kg (survival study). 30 min later the animals
were given i.p. or orally equimolar doses (0.7
mmol/kg) of the dithiols or saline (controls). 0.5
h, 2h, 4 h, 6 h, and 8 h, respectively, after the
arsenic injection the 76-As content of several
organs (heart, lung, liver, spleen, kidneys, small
intestine, large intestine, brain, testes, blood,
skin, and muscle) was gquantified using a gamma
counter. In the 130 umol/kg group lethality was
recorded for 30 days. DMPS, both i.p. and orally,
was the most effective dithicl in reducing the ar-
senic content in tissues, followed by DMSA and
BAL/saline; BAL/oil was less effective in reducing
the arsenic content in organs. Remarkably, DMPS
reduced even faster (within 2 h) than the other
drugs the arsenic content of organs. The arsenic
content of the brain was significantly higher in
both, BAL/oil and BAL/saline treated animals, than
in controls and the other experimental groups. In
reducing the lethal effects of arsenic, DMPS and
DMSA, given i.p., were superior to BAL. Given oral-
ly, however, BAL/saline was markedly superior to
BAL/0il and the other antidotes, tested. The vehic~
le (of BAL) as well as the route of administration
of the antidotes seem to be important for its anti-
dotal efficacy in the organism.

Institut fir Pharmakologie und Toxikologie, Akade-
mie des Sanitdts~ und Gesundheitswesens der Bundes-

wehr, BSW, Ingolstadter Landstr. 100, 8046 Gar-
ching, FRG
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INFLUENCE OF NICKEL ON THE INTRACELLULAR FREE
CALCIUM IN STIMULATED HEART VENTRICULAR CELLS
A. Stampfl

NiCl, is known to diminish the force of contraction of a papillary
muscle in a concentration of 2 mmol/l (Kaufmann u. Fleckenstein,
Pfliig. Arch 282, 290-297, 1965). We investigated the influence of
lower concentrations ( 300 pmol/l and 150 umol/l) in heart
ventricular cells of adult guinea-pigs. We measured the Ca™ ™
transients after stimulation using the fluorescence dye Fura 2 under
control and experimental conditions in the same cell. The fura
loaded cells were placed in a temperature controlled (35 ° C;
0.5ml)) chamber on a Zeiss IM 35 inverted fluorescence
microscope. The chamber was perfused with O, saturated modified
Krebs Henseleit Buffer (1.2 mM Ca* T; 1 ml/min) with or without
NiCl,. The fluorescence of one cell was selected with an adjustable
rectangular diaphragm. We used an Amko Delta-Scan dual-
wavelength fluorimeter for excitation and data acquisition. The
measurement of the fluorescence was triggered by the stimulation
pulse. The ratio of 340/380 nm excitation represents the free
intracellular Ca™ *. After addition of 300 pmol/1 NitT at 0.5 Hz
stimulation frequency, we found a decrease of the ratio by 50%
during 82 s. With a stimulation frequency of 0.2 Hz decreased the
ratio by 43% during 104 s. After adding 150 uM NiCl, at 0.5 Hz
stimulation frequency we observed a decrease of 20 % during 65 s.
Both concentrations of Ni* * had no influence on the fluorescence
at 360 nm excitation. This is the isobestic point of Fura, where the
fluorescence is independent of the Ca™ ¥ concentration and de-
pends only from the quench.

The results suggest that the effect of Ni* *+ is action dependent and
therefore possibly an intracellular effect is involved.

Institut fiir Toxikologie, GSF-Forschungszentrum fiir Umwelt u.
Gesundheit GmbH, Ingolstidter Landstr. 1, D 8042 Neuherberg



153

INFLUENCE OF CIRCADIAN RHYTHM, FEEDING RHYTHM AND
FAT CHARGE ON LIPID PEROXIDATION UNDER PEROXISOME
PROLIFERATION BY NAFENOPIN W.W.Huber, B.Kraupp-
Grasl, C.Gschwentner

Oxidative stress, possibly caused by enhanced
peroxisomal B-oxidative fatty acid degradation, has
been discussed as the carcinogenic mechanism of
peroxisome proliferators. However, in a recent long
term experiment with nafenopin (NAF) there was no
association between tumor rate and indicators of
oxidative stress (e.g. thiobarbituric acid reactive
substances = TBARS). The influences of daytime and
fatty acid supply on TBARS formation under NAF were
investigated. Male wistar rats received NAF in the
diet (100 mg/d/kg b.w.) for 10 days. There were
three feeding protocols: 1) ad libitum, 2) food 5
hours per day, 3) as (2) but a single dose of corn
oil (i.g, 20ml per kg b.w.) instead of food on the
last day. The following parameters were determined
at 5-7 time points during 24 hours: a) TBARS, b)
peroxisomal B-oxidation, c¢) carnitin-acetyl-
transferase, d) rel. liver wt., e) serum and liver
triacylglycerol. NAF enhanced all indicators of
peroxisome proliferation (b-d), reduced
triacylglycerol in serum and liver but did not
induce any increase in TBARS. Major variations with
regard to time point were only found after corn oil
treatment. Corn oil alone led to a strong increase
in hepatic triacylglycerol associated with a slight
increase in TBARS. Pretreatment with NAF markedly
reduced the corn oil induced increase in
triacylglycerol and prevented any significant
increase in TBARS. Thus, any synergistic effect of
peroxisome proliferator treatment and a high fat
diet on carcinogenesis seems unlikely.

Institut flir Tumorbiologie & Krebsforschung,
Universitdt Wien, Vienna, Austria
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APPLICATION OF A NEW ESR-METHOD TO DETECT CHANGES OF GSH
TISSUE LEVELS AS A CONSEQUENCE OF TEMPORARY ORGAN ISCHEMIA
H. Nohtl

Generation of highly reactive oxygen species was repeatedly
suggested to cause organ-injury following reperfusion of
ischemic organs. However, methodological problems to detect
these short lived compounds do not allow a clear recognition
of their existence and pathogenetic significance. Glutathione
(GSH) 1is considered a sensitive indicator of imbalanced
oxidant generation in the tissue. Thus, the continous moni-
toring of GSH-Tevels was taken as a reliable approach to
estimate the existence of an "oxidative stress" following
reperfusion of the ischemic heart. Methods frequently used
to determine tissue levels of GSH require homogenation of
the respective organs. We applied instead a sensitive ESR-
method recently developed (1). The essential of this method
is a GSH-induced disruption of a biradical to a stabie mono-
radical. Both types of radicals exhibit different ESR-signals
allowing qualitative and quantitative estimation of GSH. In
the present paper we tested the validity of this method to
detect alterations of heart GSH-levels. Interestingly we
observed the appearence of the paramagnetic split product

in the perfusate following heart-perfusion with the GSH-
trapping biradical. This was due to differences in the
partition coefficient favouring accumulation of the biradi-
cal preferentially in the extravascular system and redistri-
bution of the monoradical into the vascular system. Moni-
toring of the paramagnetic reaction product in the effluent
perfusate elicited significantly Tower and also faster
decreasing GSH-levels in rat hearts following ischemia as
compared to the controls.

(1) V.V. Khramtsov et al., Anal. Biochem. 182, 58-63, (1989).

Institute of Pharmacology and Toxicology, Veterinary
University of Vienna, Linke Bahngasse 11, A-1030 Vienna

R 39

155

CARDIOTOXIC EFFECTS OF NITROFURANTOIN AND t-BUTYL-
HYDROPEROXIDE IN ISOLATED RAT HEARTS
Bettina Biel, H. Brasch and M. Younes

Redox cycling compounds which produce free oxygen radicals
were used to study the importance of oxidative stress for the
development of myocardial damage.

Isolated rat hearts were perfused in a nonrecirculating manner
(Langendorff technique) with Krebs-Henseleit solution {4 ml/min;
370°C; 2.5 mmol/ CaCly) and were stimulated at a rate of 3.33
Hz. In 7 control hearts the force of contraction (43.5+1.6 mN)
and the efflux rates of the enzymes CPK and LDH (140 +40 and
56+ 5 mU/g+min, respectively) and of the reduced form of
glutathione (GSH; 0.6+0.1 nM/g*min) varied little during a 75
min observation period. Oxidized glutathione (GSSG) was not
detected in the efflux from control hearts.

Nitrofurantoin (0.25 and 0.5 mmol/l) had a negative inotropic
effect. Perfusion with 0.5 mmol/t for 75 min decreased the force
of contraction from 47 +2 to 4+ 1 mN. Simultaneously, the efflux
of GSH rose from 0.6+0.2 to 5.3+x0.4 nM/gxmin and GSSG
(1.9+0.6 nM/g+*min} appeared in the effiuent. The release of CPK
and LDH increased to maximum values of 730+221 and
611199 mU/g+min, respectively. At the end of the experiments
the tissue concentration of glutathione was smaller (5.5+0.63
nmol/mg protein) than in the control hearts (9.98 +£0.78 nmol/mg
protein) while the concentration of malondialdehyde was
significantly increased {16.60+1.46 versus 39.00+0.75 nmol/mg
protein). Similar results were obtained with t-butylhydroperoxide
(0.25 mM).

Addition of either catalase (100 mU/ml) or catechin (0.5 mmoi/l)
to the perfusion fluid did not attenuate the negative inotropic
effect of nitrofurantoin or the associated increase of enzyme
efflux but it prevented the appearance of GSSG in the effluent.
These results show that redox cycling compounds can produce
oxidative stress in isolated rat hearts. But apparently oxygen
radicals are not the main cause for their cardiotoxic effects.

Institut flir Pharmakologie, Medizinische Universitdt zu Libeck,
Ratzeburger Allee 160, D 2400 Libeck.
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THE VITAMIN K CYCLE AS A CELLULAR ANTIOXIDANT

Thijssen, H.H.W, Mismetti, P.", and Vervoort-Peters, L.H. M.

The cellular vitamin K cycle comprises 1) the reduction to the hydroquinone, 2)
the oxidation to the epoxide, 3) the reduction to the quinone. In the hepatocyte
the epoxidation is linked to the gamma-carboxylation of glutamic acid residues
in clotting factor proteins. Also for some non-hepatic tissues vitamin K dependent
proteins are known, such as bone Gla protein and matrix Gla protein excreted by
osteoblasts. Functions of the vitamin K cycle in other tissues so far are unknown.
We investigated whether the vitamin K cycle may serve as a radical scavenger
in biosystems. Micro-somal peroxidation stimulated by either Fe**/ascorbate,
NADPH/ATP/Fe?*, or NADPH/CCI, was strongly suppressed by an operating
vitamin K cycle; for instance, 4.5 pM vitamin K with 1 mM DTT as dithiol d
onor for the microsomal vitamin K reductase suppressed the NADPH/CCI, induced
lipid peroxidation almost completely. The vitamin K effect could be inhibited by
warfarin. Evidence for an in-vivo antioxidant function was obtained by observing
warfarin to potentiate the paracetamol hepato-toxicity in rats; paracetamol, 200
mg/kg, given to methylcholanthrene-induced rats was lethal within 20 hr when
co-administered with warfarin (0.2 mg/kg).

Dept. of Pharmacology, University of Limburg, P.O. Box 616, 6200 MD
Maastricht, The Netherlands and "Dept. of Clinical Pharmacology, Medical
Faculty, St. Etienne, France
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INHIBITION OF NO: INDUCED DNA SINGLE STRAND BREAKS
IN V 79 CELLS BY ANTIOXIDATIVE VITAMINS
H. Bittrich, A.K. Matzig, K.E. Appel

Humans are exposed to NO: by inhalation e.g. of
tobacco smoke or by endogenous formation of this
compound as a metabolite of NO, which itself is
either generated as a physiologically essential
substance or as a metabolite of N-nitroso com~-
pounds. NO: is able to damage DNA, proteins and
lipids and was active as a tumor promoter. Pre~-
viously we could show that NO:. induces DNA single
strand breaks (SSBs) in cultivated chinese hamster
lung (V 79) cells. Antioxidative vitamins are sup-
posed to protect cells against NO. induced damages.

Therefore V 79 cells were incubated with micro-
molar concentrations of various tocopherocls, reti~-
nol, B~carotene or ascorbic acid for 30 minutes.
Then cells were treated for 10 minutes with 200 ppm
NO.. The rate of SSBs was measured by the alkaline
elution assay, the amount of DNA by a fluorimetric
assay.

The results show, that r-tocopherol inhibits the
rate of NO: induced SSB to 40%, B-carotene and as-
corbic acid to 25%. None of these vitamins had any
effects on DNA or the viability of cells. When the
experimental conditions were slightly changed, re-
tinol was also able to inhibit the NO: induced SSBs
to 35%. However, in high concentrations, retinol
itself induced SSBs and reduced the cell viability.

In conclusion 7-tocopherol and less B-carotene
and ascorbic acid may have the potential to play an
important role in protecting cells against NO: in-
duced DNA-damage. However, retinol can pass as a
protective substance only with reservation, since
the toxic and protective effects of this vitamin
are strictly concentration dependent.

Max von Pettenkofer-Institute, Federal Health Of-
fice, Thielallee 88~92, 1000 Berlin 33, FRG
supported by Deutsche Forschungsgemeinschaft
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RADICAL-SCAVENGING PROPERTIES OF FLAVONOIDS IN
HUMAN GRANULOCYTES.
C.-P. Siegers, A. Robke, B. Steffen, Z. Guo and R. Pentz

Flavonoids are potent radical-scavengers against activated oxygen
species, as evidenced by their ability to depress lipid peroxidation
in a model of glutathione-depletion-induced spontaneous lipid
peroxidation in rat liver homogenates (Planta medica 43, 240-244,
1981). In a model of phorbol-myristate-acetate-stimulated (PMA)
superoxide anion generation {O"y) the influence of free and
glycosidic-bound flavonoids was investigated; 0"y was measured
indirectly by the oxidation of cytochrome C. PMA alone evoked a
10-fold increase in O p-formation in granulocytes (basal value: 1-3
nmol/10° cells); the solvent for all tested compounds, propandiol
decreased the PMA-stimulated O~o-generation by 20%. (+)-
Catechin showed a concentration-dependent inhibition of the 0o~
formation with an ICgp-value of 11 gmol/l. Quercetin was also
very active with an iCgp-value of 26 ymol/l. The glycosidic forms
of quercetin, quercitrin and rutin, were less active as evidenced by
higher ICgp-values of 179 and 66 umol/l, respectively. The known
degradation products of quercetin, occurring after oral application
of quercetin or rutin in the systemic circulation, 3,4-
dihydroxyphenylacetic acid and 4-methylcatechol, inhibited the O
o-formation with ICgg-values of 95 and 125 pmol/i, respectively.
Naringenin lacking a 3,4-dihydroxy-grouping was ineffective in this
respect indicating that this molecular structure seems to be an
essential prerequisite for the scavenging properties of flavonoids
against oxygen free radicals.

Institut flr Toxikologie der Medizinischen Universitdt zu Libeck,
Ratzeburger Allee 160, D-2400 Lubeck FRG
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ANTIOXIDANTS INCREASE LACTATE AND PYRUVATE PRO-
DUCTION AND THE FORMATION OF CARBON DIOXTIDE FROM
GLUCOSE AND GLYCEROL IN HEPATOCYTES.

A.Bredy, C.Guthardt, and R.XKahl

The influence of two antioxidants, the hydroxyl
radical scavenger dimethyl sulfoxide (DMSO) and the
iron chelator o-phenanthroline (CP), on glycolysis
in freshly 1isolated rat hepatocytes was examined.
Both antioxidants increased the production of
lactate + pyruvate in the presence of 5.5 mM
glucose in the medium by about 407 within a 30 min
incubation period (DMSO: 142 4+ 14 %Z; OP 138 + 7 %
of control). The formation of carbon dioxide from
glucose labeled at Cl was also stimulated by both
agents (DMSO: 122 + 7 % ; OP: 138 + 9 7 of contro).
Only part of this increase was due to protection of
glycolysis (carbon dioxide formation from glucose
labelled at C6: DMSO: 117 £ 6 Z; OP: 118 4+ 3 % of
control). When a tracer dose of radioactively
labelled glycerol was administered to the
hepatocytes 1instead of glucose, a much higher
increase of carbon dioxide formation by the
antioxidants was observed than that detected with
glucose as the substrate (DMSO: 195 + 40 %; OP: 527

+ 57 7% of control). These results suggest that the
glycolytic pathway as well as the hexose
monophosphate pathway in freshly prepared

hepatocytes are moderately suppressed by oxidative
stress and that the inhibition can be relieved by
antioxidants. In addition, the basal rate of other
reactions of carbohydrate and/or fat metabolism may
also be reduced by reactive oxygen.

Department of
Martinistr.52,

Pharmacology, University of Hamburg,
W-2000 Hamburg 20, Germany
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DETERMINATION OF 8~HYDROXYDEOXYGUANOSINE IN DNA
OF HEPATOCYTES AFTER TREATMENT OF RATS WITH
2—-NITROPROPANE, PHORONE OR N-NITROSOMORPHOLINE.
M.Dahlhaus, R.Kramer, J.LaSoe

Oxidative damage to DNA is believed to be a major contributor
to aging and other associated degenerative processes. Also the
genetoxicity of several mutagens and carcinogens is considered
to be caused by the effects of reactive oxygene species (ROS)
on the genome. The determination of the oxidised nucleoside 8-~
hydroxydeczyguanosine {8-OH~-dG), one of the = 20 known oxi~-
dative DNA damage products, is generally used to record the
attack of e.g. hydroxy radicals on cellular DNA.

The aim of this study was to determine the formation rate of
8~0OH-dG after administration of various compounds, for which
generation of ROS during their metabelism can be assumed. The
test compounds were administered by i.p. injection to male

F 344-rats. After 6 hours rats were killed, livers exised and
immediately homogenised. DNA was lsclated and hydrolysed by
nuclease P1 and alkaline phosphatase. Deoxynucleosides were
separated by HPLC and detected using UV- and electro-
chemical detection systems. The ratio of 8~OH-dG/dG indicates
the extend of DNA damage.

The results show, that administration of 2-nitropropane (2-NP),
a widespread industrial solvent and hepatocarcinogen, led to a
5-6 —fold increase in the amount of 8-OH-dG. Phorone, which
is able to deplete glutathione, was slightly effective. The com-
bined administration of Phorone and 2-NP led to no measurable
increase of 8~0OH-dG compared with 2-NP treatment alone. Rats
treated with the liver carcinogen N-nitrosomorpholine (NMOR)
in various doses showed no significant increase of 8-0H-d4G
formation above control values.

Max von Pettenkofer Institute, Federal Health Office,
Thielallee 88~-92, 1000 Berlin 33, FRG
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THE DETECTION OF PERFERRYL~HEME COMPQUNDS BY CHEMILUMINES-
CENCE K. Stolze

In a previous study we have postulated the transient exi-
stence of a perferryl species during the formation of MetHb
from hydroxylamine derivatives and butylated hydroxyanisole
(BHA). The strong oxidizing property of this compound was
proven by the formation of a phenoxyl type radical from BHA
in the presence of Methb and H,0, (1). More detailed studies
of this compound revealed tranéignt Tight emission during
MetHb generation from hydroxylamine and, to a Tesser extent,
from BHA. Chemiluminescence was also observed when other
ferriheme compounds were mixed with H,0,. Simultaneously
paramagnetic species were generated s géesting the following
set of reactions:

1Tl

1) Met(ix-Fel 1Ty 4 4 0, ——met ("x-Fel'-0H) + H,0

2) Met(*X-Fel'-0H) + H ——= et (Hx-Fel'=0) + H+1ight

The identity of the light emitting species is unclear. The
absence of oxygen decreases light intensity and affects its
generation and decay kinetics. Analysis of the light spectra
using interference and cut off filters does not exclude
singlet oxygen as one main 1ight source but other types of
chemiluminescence generation cannot be excluded. The main
subject of our investigation is to clarify whether the ob-
served chemiluminescence is characteristic for ferryl com-
pounds so that it can be used for their detection.

{1} K. Stolze and H. Nohl, Methemoglobin Formation from
Butylated Hydroxyanisole and Oxyhemoglobin. Comparison with
Butylated Hydroxytoluene and p-Hydroxyanisole. Free Radical
Res. Comms. {1991), in press

Institute of Pharmacology and Toxicology, Veterinary Uni-
versity of Vienna, Linke Bahngasse 11, 1030 Vienna
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HEMOGLOBIN BINDING OF AROMATIC AMINES: MOLECULAR DOSIMETRY
AND QUANTITATIVE STRUCTURE ACTIVITY RELATIONSHIP OF THE N-
OXIDATION, G. Sabbioni

We have established the hemoglobin binding index (HBI) [ (mmol
compound / mol Hb) / (mmol compound / kg body weight)] of
several aromatic amines in female Wistar rats.: aromatic
amine (HBI): 4-fluoro- (33), 4-iodo- (296), 4-bromo- (341),
4-trifluoromethyl- (148), 4-ethyl- (5.8), 4~methylmercapto-
(2.5), 3-chloro- (18), 3~ethyl- (12.7), 2-chloro- (0.5), 2-
ethyl- (5.1), 2,4-dichloro- {2.3), 2,6-dichloroaniline (not
detected.), 2,4-difluoro~ (32), 3-chloro-4-fluoro- (31), 2,5-
dimethyl- (7.3), 2,6-dimethyl- (1.1), 3,4-dimethyl- (0.7),
3,5~dimethyl-~ (14) and 2,4,6~trimethylaniline (0.1).

For our studies of quantitative structure activity
relationshipe we included HBI's determined by other
researchers in the same rat strain. The logarithm of
hemoglobin binding (log HBI) was plotted against the
following parameters: the sum of the Hammett constants (o =
o, * 9,), PKa, log P (octanol/water), the half wave oxidation
potential (E1 2) and the electronic descriptors of the amines
and their corresponding nitrenium ions obtained by
semiempirical calculations (MNDO, AM1 and PM3), such as
atomic charge densities, energies of the HOMO and LUMO and
their coefficients, the bond order of C-N, the dipole moments
and the 'reaction enthalpy' [MNDOHF, AM1HF or PM3HF =

Hf (nitrenium) - Hf(amine)). The amines were classified in
three groups: Group 1, all para substituted amines: log HBI
correlates with To, AMI1HF, El 51 PKa and logP with r=0.84,
0.71, 0.73, -0.69 and 0.60 , respectively.

Group 2, all amines with halogens: log HBI correlates with
pKa, Zo, MNDOHF, E and logP with r=0.81, -0.80, -0.55, -
0.46, and -0.20, respectively.

Group 2, all amines with alkyl groups: log HBI correlates
with with El o PM3HF, Zog, pKa and logP with r=0.92, 0.B9,
0.76, 0.24, and 0.12, respectively.

Institute of Toxicology, University of Wirzburg, 8700
Wirzburg, Germany
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EFFICACY OF TWO NEW OXIMES IN SOMAN POISONED GUINEA
PIGS

F.S. Worek

The oxime HI 6 (1-[[[4-(aminocarbonyl)-pyridinol-methoxyl-methyl]-2-

(hydroxyimino)methyllpyridinium dichloride) proved to be quite effective in
the therapy of soman (SO) poisoning but is less effective in tabun poisoning.
Recently, HL& 7 (1-[[[4-aminocarbonyl)pyridiniclmethoxy] methyl}-2,4-bis-
[hydroxyimino)methyl}-pyridinium diiodide) was shown to reactivate
acetylcholinesterase (AChE) inhibited by SO and tabun. We now investigated
the efficacy of HI&S 7 dimethane sulfonate and HI 6 on cardiorespiratory
pattern in guinea-pigs poisoned by 10 x LD50 SO.

Female Pirbright-white guinea-pigs were anesthetized with urethane and the
a. carotis, v. jugularis and trachea were cannulated. After base line
measurements SO (160 ug/kg = 10xLD59) or saline (both i.v.) were injected. 2
min later saline, atropine (AT, 10 mg/kg), HI 6 (30 umol/kg) + AT or HL® 7 (30
umol/kg) + AT (all i.v.) were administered. Circulatory (heart rate and mean
arterial pressure) and respiratory data (respiratory rate and minute volume)
were recorded for 60 min or until death. Blood was taken before drug
administration and at the end of the experiment for measurement of AChE
activity.

SO administration resulted in a rapid respiratory arrest followed by
circulatory failure (mean survival time 7.8 min). In the SO + AT group a
significant but transient improvement of circulation was observed. Due to
respiratory arrest the circulation failed after a mean of 9.5 min. HI 6 + AT
improved circulation almost completely but respiration only to about 40% of
base line and the animals died after a mean of 31.4 min. The therapy with
HILs 7 + AT restored circulation completely, too, but improved respiration only
partially and the survival time increased to 52.8 min.

AChE was totally inhibited by SO and was not reactivated by HI 6 or HLS 7.
The results of this study indicate that the therapy of superlethal SO poisoning
with AT alone is insufficient. The combination of HI 6 or HLS 7 with AT may
significantly improve respiration. These data suggest that the oxime HL& 7 is
at least as efficient as HI 6 in the therapy of SO intoxication.

Institut fir Pharmakologie und Toxikologie, Akademie des Sanitiits- und
Gesundheitswesens der Bundeswehr, BSW, Ingolstédter Landstr. 100, D-8046
Garching, Germany
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LIQUID/SOLID/LIQUID-EXTRACTIONS WITH DIFFERENT
SORBENTS: A COMPARATIVE STUDY

W. Diinges, H. Jolaei-Moghadam and G. 0zgill

In chromatographic or gentoxicological investigations
of drugs or toxicants in biological or environmental
fluids liguid/solid/Tiquid-extraction is the standard
sample preparation procedure.

For hplc analysis of drinking water the first step is
sorption of the analytes on surface modified silica
{particle size 40 um, "reversed phase material”, rpm),
then: treatment with a solvent, followed by concentra-
tion of the desorbate to 1 ml, up to 1/4 of which is
analyzed by hplc. In 2 1 samples (bed volume: 2 ml)
pesticides were thus quantitated down to 20 ppt-concen-
trations, G. Werner, DVGW-Schriftenreihe Wasser, 65 67-
87 (1988).

For assaying mutagenicity, drinking water is passed
through columns with a macroporous polystyrene resin
(particle size 700 gm, e.g. XAD 2). After desorption
with an organic solvent and further concentration, ali-
quots are investigated with Ames’ technique, see e.g.
S. Onodera, J. Chromatogr. 557 413-427 (1991).

For gc analysis 20 to 100 ml water samples are passed
through a column with 0,2 ml sorbent, desorption with
ether, concentration to 5 gl. With rpm as sorbent we
have recovered pesticides (40 ppt-range) in high
yields, W. Diinges, H. Muno and F. Unckell, DVGW-Schrif-
tenreihe Wasser, 108 187-208 (1990).

Using our micro method we have examined the extraction
efficiency of rpm and of resins with comparabie par-
ticle size. The recovery of a test mixture consisting
of chemically different compounds (ppb-range) was not
satisfactory for all compounds in many of the investi-
gated systems.

Institut fiir Kernchemie, Johannes Gutenberg-Universitit
Mainz, Fritz Strassmannweg 2, D-6500 Mainz, Deutschland
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SURAMIN - A CHROMATIN-INTERACTIVE POLYANION
A. Ignatius, K. Tempel, and M, Hund

(SA)
trials as a novel

Although the polyanion suramin
entered clinical

has recently
antitumor com-

pound, the postulated mechanism(s) of action are
still controversial (La Rocca, R.V., et al.: J.
Steroid Biochem. Mol. Biol. 37: 893, 1990),.

Therefore, potentially nucleotoxic effects of SA
were studied in primary cultures of rat and chick
embryo cells by using some short-term tests. At
therapeutically relevant serum concentrations the
cells were exposed to SA for 30-60 min. The princi-
pal results may be summarized as follows:

At concentrations of > 20-40 udg/ml, SA inhibited
scheduled and unscheduled (UDS) DNA synthesis,
enzymatic DNA breakdown (DNase I), and a DNA repair
enzyme, Of-alkylguanine~-DNA alkyltransferase. An
increase 1in activity was observed in poly(ADP-
ribose)polymerase. Within a Jlower concentration
range (< 20 ug/ml), SA slightly stimulated UDS. At
concentrations of > 40-60 ug/ml, SA enhanced
nucleoid sedimentation and diminished the viscosity
of alkaline cell lysates.

The present results suggest that SA is able to
interfere either directly (because of its polyanio-
nic nature) or indirectiy (because of chromatin

condensation) with enzyme systems critical to
cellular proliferation.
Institute of Pharmacology, Toxicology, and Phar-

University of Munich, Kéniginstr. 16, D-8000

FRG.

macy,
Minchen 22,
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DNA MODIFICATIONS INDUCED BY PHOTOSENSITIZATION
B. Epe, E. Miiller and H. Henzl

Specific repair endonucleases were used to quan-
tify various types of DNA modification induced
under cell-free conditions by photosensitization
(acridine orange, proflavin and hematoporphyrin
in the presence of visible light, acetone in the
presence of UV3®). The DNA damage profiles thus
obtained were compared with those generated by
direct excitation of DNA, chemically generated
singlet oxygen and hydroxyl radicals.

wWhile the DNA damage profile induced by hydroxyl
radicals is dominated by single strand breaks
and sites of base loss (sensitive to exonuclease
IIT and endonuclease IV), the damage profiles
produced by both singlet oxygen and by the
photosensitizers in the presence of visible
light consist predominantly of base modifica-
tions sensitive to FPG protein (formamidopyrimi-
dine-DNA glycosylase), a repair endonuclease
which so far has been demonstrated to recognize
8~hydroxyguanine and formamidopyrimidines. Exci-
tatlon of acetone by UV'¥® generates pyrimidine
dimers (sensitive to UV-endonuclease from M.
luteus) and base modifications sensitive to FPG
protein in a ratio of 2:1.

A modified alkaline elution assay was used to
quantify endonuclease-sensitive DNA modifica-
tions in L1210 (mouse leukemia) cells treated
with acridine orange plus visible light. High
levels of FPG-sensitive modifications were
detected. We conclude that for this dye the DNA
damaging mechanism in the cells is largely the
same as that found under cell-free conditions.

Institute of Toxicology, University of Wirzburg,
Versbacher str. 9, D-8700 wirzburg, Germany
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DIFFERENT BINDING OF METHYL BROMIDE TO BLOOD
MACROMOLECULES DUE TO CONJUGATOR STATUS

A. Miller, U. Jorritsma, B. Gansewendt

Inhuman erythrocytes, an enzymatic polymorphism has been described for
the conjugation of methyl bromide to glutathione. 70 % of the human
population are conjugators, 30 % lackthis enzyme activity (non-conjugators).
Preliminary experiments showed marked differences between conjugators
and non-conjugators in the distribution of 14C-methy! bromide in blood
compartmenis . Following the same dose of methyl bromide, the non-
conjugators showed significantly higher levels of radioactivity in lymphocytes.
After incubation of whole blood samples of conjugators and non-conjugators
with the same dose of methy! bromide, higher SCE rates could be observed
in the group of the non-conjugators.

The genotoxic potential of methyl bromide has been attributed to the direct
alkylation of DNA. The results of these preliminary experiments suggest
thatdifferences in DNA-alkylation due to this polymorphism are responsible
for the observed disparity in genotoxic effects.

Inthe study presented here, whole human blood samples {(9ml) of conjugators
andnon-conjugators were incubated in gas-tightheadspace-vials (22 mljwith
different doses of 14C-methyl bromideat 37° C under constant rolling. After
6 h, plasma was separated and lymphocytes were isolated by density
centrifugation. DNA was isolated by phenol extraction and human serum
albumin was separated by affinity chromatography.

Striking differences were determined concerning the covalently bound
radioactivity in lymphocytes; the group of non-conjugators showed clearly
higher values. Accordingly, higher levels of alkylation were observed in
serum albumin of non-conjugators. After hydrolysis and HPL.C-separation,
S-14C-methyl-cysteine was determined in this protein. These differences in
alkylation of target macromolecules caused by the described enzyme
polymorphism influence the genotoxic risk of methyl bromide. The resuits
presented here demonstrate a coincidence concerning alkylation levels of
lymphocyte-DNA and serum albumin. The measurement of methylated
serum albumin appears to be a suitable parameter for biomonitoring of
workers exposed to methyl bromide.

Institut fur Arbeitsphysiologie an der Universitdt Dortmund,
Ardeystr. 67, W-4600 Dortmund 1, FRG
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BAY-REGION DIOL EPOXIDE-DNA ADDUCTS OF DIBENZI[a,h] -
ANTHRACENE AFTER METABOLIC ACTIVATION IN VITRO
J. Fuchs and J. Mlcoch

The absolute
diol epoxide-DNA

stereochemistry of wvarious bay-region
adducts of dibenz/[ a,h] anthracene
(DBA) was assigned. DNA adducts were obtained after
metabolic activation with liver microsomes from
Aroclor 1254 induced male Sprague-Dawley rats in vitro
and were separated by reverse phase HPLC chromato-
graphy. The absolute configurations of the adducts
were determined by coelution with adducts from the
reaction of the (+)- and (-)-3,4-dihydroxy-dihydro-DBA
after activation and also from the reaction of the
anti- and syn-3,4-dihydroxy-1,2-epoxy-tetrahydro-DBA
with DNA or with individual deoxyribonucleotides. The
main bay-region DNA adduct of DBA was formed via (-)-
3R,4R-dihydroxy-3,4~dihydro-DBA and was identified as
an anti-35,4R-dihydroxy~1R,2S-epoxy-1,2,3,4-tetra-
hydro~DBA derived deoxyguanosine adduct. One minor
deoxyguanosine adduct originated from the anti~1,2-
epoxide of (+)-3S,4S-dihydroxy-3,4-dihydro-DBA. Syn-
1,2-epoxides of the two enantiomeric dihydrodiols of
DBA formed four different deoxyguanosine adducts to a
lesser extent. The absolute stereochemistry for six of
probably eight different deoxyadenosine adducts could
be assigned.

Using C-labeled DBA the amount of bay-region anti-

dihydroxy-epoxy-tetrahydro-DBA adducts of deoxy-
guanosine was calculated to be 187 of the total
binding, syn~-diol epoxide-deoxyguanosine adducts of

DBA represented a fraction of 6%. Bay-region diol
epoxide-deoxyadencsine adducts were responsible for 4%
of adduct associated radiocactivity. Bay-region diol
epoxide-DNA adducts represented only 25% of the total
DNA adducts. The major proportion of adduct related
radiocactivity eluted at more polar conditions.

Institut fiir Toxikologie der Universitdt Mainz, Obere
Zahlbacherstr. 67, D-6500 Mainz.
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IN VITRO STUDIES OF THE GENOTOXIC EFFECT OF
TOLUENE DIISOCYANATE (TDI)

B. Marczynski, A. B. Czuppon, E. Lammich, W. Marek, and X.
Baur,

Toluene diisocyanate (TDI) used especially for the production of
polyurethanes is known to induce chromosome aberrations, base-
pair substitution and frameshift mutation after metabolic
activation. Inhalation of TDI vapours is associated with immediate
t);pe hypersensitivity, direct toxic effects and allergic alveolitis. The
effect of TDI immediately upon genomic DNA has not yet been
investigated. Following treatment of human blood by TDI, the
isolated DNA was analysed by anion-exchange chromatography
(FPLC), and DNA from white blood cells (WBC) was analysed by
alkaline and neutral filter elution and pulsed-field gel
electrophoresis (PFGE).

The results show that TDI induces single and double strand breaks
in DNA of WBC in vitro. The elution rates calculated after alkaline
filter elution were significantly increased after TDI treatment. TDI
induced DNA fragments of around 200 kbp. Denaturation and
renaturation of TDI treated DNA indicated that DNA could be
cross-linked by TDI. Purified DNA treated with TDI in buffer
alone showed none of the double strand breaks as assessed by
FPLC. These findings suggest that DNA damages could be induced
by TDI after biotransformation of the latter. Further studies are
needed to correlate these results with the phenomenon of
"apoptosis” which is considered to be due to the activation of
endogenous endonucleases in cells such as lymphocytes in response
to a variety of adverse conditions.

Research Institute of Occupational Medicine at the Ruhr-
University of Bochum, Gilsingstr. 14, D-4630 Bochum 1, Germany
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MUTAGENICITY OF AROMATIC AMINE-DNA-ADDUCTS
R.S. Kerdar, D. Wild

The discovery that certain carcinogenic heterocyclic aromatic
amines occur in fried fish, fried beef and beef extract has
attracted renewed attention to aromatic amines. Although their
genotoxic effects have been studied in various ways, so far they
cannot be connected with each other or with the chemical
structure of the amine. One main question concerns the
mutagenicity of adducts: is it the mere presence of an adduct
which determines the mutagenic outcome or does the specific
chemical structure of the amine bound to DNA play a role? We
aimed to study the two consecutive effects, DNA-adducts and
mutations in Salmonella typhimurium and to relate these to
chemical structure. For this purpose, the ultimate reactive species
of several aromatic amines (arylnitrenium ions) were generated
by the arylazide photolysis technique, DNA-adducts were
assayed by the 32P-postiabelling technique, mutations were
assayed by the Salmonella reversion test.

The nitrenium ions derived from the heterocyclic cooked food
mutagens MelQ and 1Q produced the highest levels of DNA-
adducts; the levels decreased in the sequence 2-aminofluorene,
NI, MelQx, 1-aminopyrene, PhIP, 4-aminobiphenyl (see Wild and
Dirr, Mutagenesis 4, 446, 1989 for full names and chemical
structures). The nitrenium ions of MelQ and 1Q were also the
most mutagenic, those of PhiP and 4-aminobiphenyl the least
mutagenic. These and other data suggest that the DNA-adducts
derived from these amines are equally mutagenic. However, the
adducts derived from 2-aminofluorene appear to be relatively
weakly mutagenic, those derived from 1-aminopyrene highly
mutagenic. Thus the yield of mutations does not only depend on
the frequency of adducts but also on their aromatic ring structure.

(Supported by DFG, SFB172)

Institute of Toxicology, University of Wirzburg,
D-8700 Wiirzburg, Germany.
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THE POSSIBLE ROLE OF o.3-UNSATURATED CARBONYL
COMPOUNDS IN CARCINOGENESIS: GENOTOXIC ACTIVI-
TIES, DNA-ADDUCT FORMATION, AND DEVELOPMENT OF
SENSITIVE DETECTION METHODS FOR DNA-ADDUCTS.
S. Scheckenbach, C. Deininger, C. Hoffman and E. Eder

o, B-Unsaturated carbonyl compounds are chemically react-
ive, industrially important and environmentally ubiquitous
compounds. They are natural products which are formed
endogenously, e.g. during lipid peroxidation, and are con-
sidered to play an important role in mutagenesis and carci-
nogenesis. We established structure-mutagenicity relation-
ships and investigated their genotoxic effects in the SOS-
chromotest as well as their strand-breaking abilities using
the alkaline elution technique. The underlying mechanism
for genotoxic effects is most probably their formation of
DNA-adducts. We identified two types of regicisomers of
1,N2-cyclic deoxyguanosine adducts, 7,8-cyclic adducts,
7-linear adducts and 1,N2,7,8-biscyclic adducts as well as
1,N2-cyclic, 7-linear bisadducts. Although endogenously
formed acrolein congeners are a constant source of DNA-
damage, no clear data are available for the extent of this
damage in humans. For a more precise assessment of the
DNA-damage sensitive detection methods for such DNA-ad-
ducts are necessary in order to evaluate the role of these
compounds in human carcinogenicity. Optimized hydro-
lyzation methods of the modified DNA and of the enrich-
ment of DNA-adducts led to an improvement in the detec-
tion. In particular, separation of modified nucleosides by
Sephadex LH-20 chromatography prior to HPLC-analysis re-
sulted in a clear increase in detectability. Nevertheless the
detection sensitivity is not sufficient for an in vivo analysis of
adducts. Therefore, we are at present developing a highly
sensitive 32P-postlabelling technique using HPLC-separation
for adduct enrichment.

Institut fiir Toxikologie, Versbacher Strafie 9, D 8700 Wiirzburg
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INFLUENCE OF ETHANOL ON ORGANSPECIFIC GENOTOXIC
EFFECTS OF N-NITROSONORNICOTINE IN MICE. S.Knas-—
milller and G.D.McCoy™

The influence of ethanol on genotoxic effects of
the tobacco specific nitrosamine N-nitrosonornico-
tine (NNN) was investigated in animal mediated DNA
repair tests with E. coli X-12 strains differing in
repair capacity (uvrB/rechA vs. uvr+/rec+). Mixtures
of the strains were given iv. into mice. 2 hrz la-
ter, induction of DNA damage was measured by deter-
mination of the strain survival rates. NNN (120-24
mg/kg i.v.) caused dose related effects in all or-
gans (liver)lungs’>kidneys>blood>spleen). When etha-
nol (8-2 g/kg) was given orally 24 hrs before the
NNN (60 mg/kg), a substantial increase of genotoxi-
city was found (20-40% at the highest dose) in all
organs. A similar effect was observed with acetone
(3,6 g/kg; given 15 hrs before NNN). On the contra-
ry, ethanol administration 1 hr before NNN treat-
ment resulted in a reduction of DNA damage. Bioche-
mical mechanisms responsible for the dual effects
of ethanol (modulation of P450I1El) are discussed.

* Dept. of Environmental Health Sciences, Case
Western Reserve University, Cleveland, OHIO

Institute of Tumorbiology and Cancer Research,
University of Vienna, Borschkegasse 8a,
A-1090 Vienna, AUSTRIA
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TIME DEPENDENT INCREASING MUTAGENICITY OF CHLOROPRENE
G. Westphal, U. Hindermeier, M. Blaszkewicz, H. Peter, Ch.Lippmann
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INTERACTION-STUDY ON METABOLISM AND MUTAGENICITY OF
METRONIDAZOLE AND ETHANOL
V. Sterk*, J. Miller, J. Rosenthal

Chioroprene (2-chioro-1,3-butadiene) is used as an intermediate for the production of
chemical resistant plastics (e. g. Neoprene™) and as an ingredient of glues. Due to
inconsistent data the substance has not yet been classified by the TARC (International
Agency for Research on Cancer) in regard to its carcinogenic potential. The close
structural relationship to vinyl chloride and 1,3-butadiene, which both are proven
carcinogens in animal experiments and the inconsistant data prompted us to reinvestigate
the chemical in the Ames- and the SCE- Test (Sister Chromatid Exchange).

Pure chloroprene is unstable. The substance therefore was purchased as a 50% solution in
xylene and freshly distilled prior to each experiment. Due to the volatile character of
chloroprene the Ames Test with S. typhimurium TA 100 was carried out as a
preincubation test in gas tight screw cap vials with or without addition of $9 Mix or
glutathicne. Cytotoxicity of chloroprene in TA 100 was tested in parallel experiments
with one single dilution of an aliquot of the stock cultare.

Under the conditions discribed above freshly prepared chloroprene was only slightly
mutagenic. Addition of $9 Mix had no effect. However, a mutagenic effect occured
linearly with increasing age of the distilled substance, The revertants per ptmol induced by
aged chloroprene were the same whether the substance was incubated gasthight or not.
The mutagenicity of "aged" chloroprene was doubled with the addition of $9. Glutathione
in physiological concentrations (with and without $9 Mix) reduced the mutagenicity and
the cytotoxicity independent of the age of the substance. The increase of mutagenicity
with aging of the distillate was far slower when the substance was kept under nitrogen or
argon.

Suprisingly the distillate could be splitted in fractions of different activity without change
of the boiling point. The last fraction was by far the most active in regard to the time
dependent increase of mutagenicity. To check if these findings correlate to the occurence
of an additonal substance in the distillate, the fractions were analysed by gas
chromatography. It revealed three peaks in the aged last fraction of the distillate, which
were not 1o be seen when the same sample was analysed immediately after distillation.
These peaks were hardly visible in aliquots of these samples kept under argon.

SCE determination according to Perry & Wolf was performed in isolated human
Iymphocytes. Following 24 hours of cultivation, chloroprene was added and incubated for
48 hours. A dose dependent enhancement of the rate of SCE was found.

Our experiments show that chloroprene induces sister chromatid exchange in isolated
human lymphocytes. Mutagenicity in the Ames-Test is low with freshly distilled
chioroprene and not inducable with S9 but increases with aging of the instable chemical.
Thus mutagenicity of chlorprene is due to a succsessive product rather than to the
substance itself.

Institut fiir Arbeitsphysiologie, Ardeystr. 67, 4600 Dortmund
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GENOTOXIC AND CELL-TRANSFORMING PROPERTIES OF
5-AZACYTIDINE IN THE SYRIAN HAMSTER EMBRYO CELL
SYSTEM

D. Schiffmann and H. Stopper

5-azacytidine (5-AC) is an effective antineoplastic compound which
has been used in the treatment of leukemia. It induces tumeors in se-
veral organs of rats and mice. The mechanisms of these effects are
still poorly understood although it is known that 5-AC can interact
with DNA synthesis and DNA methylation. Furthermore the
known data on its clastogenic and/or gene mutation inducing po-
tential are still controversial. Therefore we have investigated which
kind of genotoxic effects are caused by 5-AC in Syrian hamster em-
bryo (SHE) fibroblasts. It is possible to assay three biological end-
points (micronucleus formation; unscheduled DNA synthesis =
UDS; cell transformation) under identical conditions of metabolism
and dose at target in this cell system. 5-AC induces morphological
transformation of SHE cells (0.5 to 2 uM), but no DNA excision re-
pair (UDS). Therefore, 5-AC seems to be devoid of direct DNA da-
maging potential. Furthermore, our studies revealed that 5-AC is a
potent inducer of micronuclei in the SHE system at low concentra-
tions (uM). This indicates that 5-AC is able to cause changes at the
chromosomal level. The possible relationship of these findings to
chromosomal damage and/or aneuploidy is currently under in-
vestigation.

Institute of Toxicology, University of Wiirzburg, 87 Wiirzburg, Germany

The 5-nitroimidazole derivate metronidazole is widely used in
the treatment of trichomonas - and anaerobic bacterial infec~
tions and parasitic infestations.Although therapeutic benefits
are beyond guestion metronidazole has been shown to be muta-
genic in bacterial assays and can cause cancer in experimental
animals. In mice metronidazole potentiates the teratogenicity
of alcohiol. In this study investigations on the interaction
of metronidazole and ethanol were performed in order to
detect an increase of mutagenicity in dependence on the
different pretreatment. One group of NMRI-mice was pretreated
orally with metronidazole in three different concentrations
(100, 400, 1600 mg/kg b.w.) for four days, another group
additionally received water or 10 % ethanol (w./v.), the
control groups received water or 10 % ethanol, respectively.
The effect of pretreatment was tested on induction of micro-
somal enzymes (Schulte-Hermann and Parzefall: Chem.-Biol.
Interactions 31, 297, 1980) and on mutagenicity in the
Salmonella/mammalian microsome assay (Ames-test) by a
slightly modified protocol {(Prival and Mitchell: Mut. Res.

97: 103, 1982).Liver-S9 (separated liver homogenate containing
microsomal enzymes) of the differenty pretreated animals was
used as metabolizing system and was tested on enzyme activity.
The data demonstrate that the oxidative metabolism of me-
tronidazole can be induced by pretreatment with metronidazole
and more distinctly with metronidazole in combination with
ethanol. In the Ames-test metronidazole demonstrated a strong
mutagenic activity with TA 98 and TA 100 strain of Salmonella.
However compared to control mouse-Tiver S9 the metabolic
activation mediated by pretreated mouse-liver S9 caused nei-
ther enhancement nor reduction of the response. These results
postulate that alcohol-consumption during metronidazole-
therapy does not increase the known mutagenic effect of
metronidazole.

*Present address: Sektion Pharmakotherapie, Universitdt Ulm,
P.0. Box 3880, D ~ 7900 Ulm

Sekt. Pharmakotherapie, Universitdt Ulm, P.0. Box 3880, Ulm
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H-RAS GENE MUTATIONS IN RAT LIVER TUMORS
PRODUCED BY CARCINOGENIC AROMATIC AMINES
H.RS6schlau, A.Bitsch, H.-G.Neumann

2-Acetylaminofluorene (AAF) is a complete liver
carcinogen in rats. 2-Acetylaminophenanthrene
(AAP) and trans—4~acetylaminostilbene (AAS)
initiate liver cells but do not produce liver
tumors in adult Wistar rats. In an initiation-
promotion experiment with newborn Wistar rats
and phenobarbital (500 ppm in the drinking
water) as a pronmnoter, it has now been confirmed
that all three chemicals initiate the
generation of liver tumors. Tumor incidence
after 18 and 24 months in males and females,
respectively: 18 mo.: AAF (1.5 mwmol/kg) 0/3,
1/3; AAP (1,5 mmol/kg) 2/4, 1/4; BAAS (0.15
mmol/kg) 4/5, 4/6. 24 mo.: AAF 3/6, 7/7; AAP
5/5, 6/6; AAS 3/7, 6/6.

The H-ras gene was analyzed in 32 tumors. The
base pairs 1091-1403 including codon 12 and
1438-1611 including codon 61 were seqguenced. In
addition all exons and meost of the introns were
sequenced in 12 of the tumors. This provides
the first comprehensive information about the
H-ras gene in Wistar rats, which differs
somewhat from that e.g. in Fischer rats. Point
mutations could not be found in any one of the
tumors. In accordance with most but not all
other published results, point mutations of the
H-ras gene, therefore, seem not to play a role

in the formation of rat liver tumors Dby
initiating aromatic amines.
Supported by the Deutsche Forschungsgemein-

schaft, SFB 172.

Institute of Pharmacology and Toxicology of the
University, Versbacherstr.9, 8700 Wirzburg,
F.R.G.
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DIFFERENCES IN GAP- (GTPASE ACTIVATING PROTEIN)
ACTIVITY BETWEEN LIVER TUMORS AND NORMAL LIVER
TISSUE IN MICE. O .Miiller, and M.Schwarz

The oncogenes H-ras, K-ras ang N-ras encode for small membrane bound
proteins of molecular mass 21 kD that bind guanine nucleotides. The
cellular p21 proteins (p21,) are believed to be active as signal transducers in
their GTP-complexed form. GTP-complexed p21. is converted into its
inactive GDP-complexed form by means of an intrinsic GTPase activity.
This intrinsic GTPase activity of p21, is swongly increased by the two
cytosolic proteins pl20-GAP and NF1-GAP. The GAP-mediated
stimulation of p2l; GTPase activity was measured in cytosols obtained
from carcinogen-induced liver tumors and normal liver tissues of mice of
two strains, namely C3H/He and C57BL/6J. Liver cytosolic extracts
mediated an increase in the GTPase activity of wild-type p21.. There were
great differences between tumor and normal tissues in the maximal velocity
YVmax and in the apparent Michaelis constant Ky, of the p21, GTPase
reaction. Both V.. and apparent Ky, were decreased in the liver tumors.
Cytosolic extracts isolated from liver tumors that harbored point mutations
in codon 61 of the c-Ha-ras gene did not differ in their activity from extracts
obtained from non-mutated liver tumors. Since both GAP proteins are
important cellular regulators of the ras signalling pathway and probably also
effectors of ras p21 the observed differences in GAP activity may be of
relevance for the tumorigenic process in mouse liver.

Institute of Experimental Pathology, German Cancer Research Center, Im
Neuenheimer Feld 280, D-6900 Heidelberg, Germany
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ANALYSIS GF MUTATIONS IN THE P53 AND THE C-HA-RAS
GENES IN RODENT AND HUMAN LIVER TUMORS S .Kress, J.
Konig, R. Bauer-Hofmann and Y. Zhu-yuan

Alterations of the p53 and the c-Ha-ras genes by point mutation are
frequently observed in human cancers. While the p53 gene is regarded to
function as tumor suppressor gene and is inactivated by point mutations,
ras-protooncogenes become activated and assume oncogenic potential by
the introduction of point mutations.

We comparatively analyzed the mutation frequencies in both the p53 and
the c-Ha-ras gene in a total of 93 carcinogen-induced liver tumors of
three different mouse strains, in 19 cell lines derived from some of these
experimental tumors and in 8 human hepatocellular carcinomas (HCC)
stemming from patients of the eastern part of China. The DNA sequences
of interest within the two genes were amplified via PCR. The mutation
analyses were carried out by single-strand conformation polymorphism
(SSCP) analysis, direct sequencing and allele-specific oligonucleotide
hybridization of the amplified DNA fragments.

While 2 of the 8 HCC cases and 3 of the 19 murine hepatoma cell lines
showed p53 mutations, none of the 93 primary mouse liver tumors was
mutated in this gene. On the contrary, none of the human tumors and
none of the murine cell lines analyzed was mutated in the c-Ha-ras gene
while activating mutations at codon 61 of this protooncogene were
frequent in liver tumors of some strains of mice but absent in others.
Those strains of mice which showed a high frequency of c-Ha-ras
mutations are also characterized by a high background incidence of
spontaneous liver tumors and a high sensitivity towards liver carcinogens
and tumor promoters. Our results now suggest that different molecular
genetic mechanisms may be operative in the development of liver tumors
in these particular strains of mice and in humans. This may impede or
even render impossible the extrapolation of liver carcinogenicity data
from mouse to man and contradicts the use of the highly sensitive mouse
strains for liver carcinogenicity assays.

Institute of Experirnental Pathology, German Cancer Research Center,
Im Neuenheimer Feld 280, D-6900 Heidelberg, Germany
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AWTIOXIDANTS INHIBIT THE ENHANCEMERT OF MALIGNRARTY CELL
TRANSFORMATIOR INDUCED BY 2,3,7,8-TETRACHLORODIBENZO-P-
DIOXIN (TCDD)

D.Wolfle, E.Becker, C.Schmutte and H.Marquardt

The mechanisms of the tumor promoting activity of TCDD
were studied using as in vitro-model the enhancement of
malignant transformation of C3R/M2 mouse fibroblasts.
TCDD, at the very low concentration of 1.5 uM, was found
to enhance the cell transformation induced by N-methyl-N'-
nitro-N-nitrosoguanidine and 3-methylcholanthrene as
effectively as the tumor promoter, 12-0-tetradecanoylphor-
Doi-13-acetate (TPA). This effect was strongly inhibited
by mannitol, a scavenger of hydroxyl radicals, or antioxi-
dants, i.e., ascorbic acid and tocopherol. Thus, oxygen
radicals appear to play an important role in tumor promo-
ter—-enhanced malignant transformation.

In addition, the role of preotein kinase € (PKC) activa-
tion was studied. A PKC inhibitor, i.e., 1l-(isoguincline-
sulfonyl)~-2-methylpiperazine (B-7), markedly  reduced
malignant transformation enhanced by TPA but not that en-
hanced by TCDD. Thus, the results suggest that TPA and
TCDD enhancement of cell transformation is dependent on a2
common mechanism, possibly induced by oxygen radicals,
and, in addition, on a further mechanism that may involve
signalling pathvays and is agent-specific.

Dept. of Toxicology, University Hamburg Medical School,
€rindelallee 117, D-2000 Hamburg 13, F,R.G.

Supported by a grant from the Bundesministerium fiir For-—
schung und Technologie (BMET).
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DOWN-REGULATION OF THE EPIDERMAL GROWTH FACTOR
RECEPTOR BY THE HEPATOCARCINOGEN 2-ACETYLAMINO-
FLUORENE IN MALE WISTAR RATS IN VIVO AND IN VITRO

W. Muster and P. Cikryt

The epidermal growth factor (EGF) receptor is a transimembrane
glycoprotein with intrinsic tyrosine kinase activity. The EGF receptor is
involved in the control of cellular proliferation both in normal and in
neoplastic cells. Activation of the cell surface EGF receptor is initiated by
the binding of EGF or the transforming growth factor o (TGFo) which is
functionally equivalent to EGF to the extracellular domain. One of the
initial cellular events triggered by recegtor activation is the autophos-
phorylation of the cytosolic domain of the EGF receptor. However, the
sequence of EGF receptor-stimulated signal transduction from the plasma
membrane o the nucleus is still not known in detail. The concentration of
the EGF receptor seems to be of critical importance in the regulation of
cellular proliferation. it has been shown that the EGF receptor concen-
tration is modulated by a number of diverse chemical tumaor promotors
such as 2,3,7,8-tetrachlorodibenzo-p-dioxin, phenobarbital, 12-O-tetra-
decanoylphorbol-13-acetate and ethiny! estradiol.

In our study we have addressed the question of whether the EGF
receptor is involved in the mechanism of tumor prometion by the
complete hepatocarcinogen 2-acetylaminofluorene (AAF). We have
shown that the EGF receptor was down-regulated as early as 2 days
after treatment of male Wistar rats with 0.02 % AAF in the diet. The EGF
receptor concentration did not recover during a 3 weeks treatment period.
Using cultured rat hepatocytes, we have extended our studies of the
underlying mechanism of EGF receptor down-regulation by AAF. The
protein kinase C (PKC) seems not to be involved because the PKC
inhibitor staurosporin did not prevent the EGF receptor down-regulation.
On the other hand, it was demonstrated in competitive binding
experiments that AAF did not interact directly with the EGF receptor. The
influence of AAF ireatment on EGF and TGFa production in cultured rat
hepatocytes will be presented and a possible mechanism of cellutar EGF
receptor down-regulation by AAF will be discussed.

Institute of Toxicology, University of Wiirzburg, Versbacher Str. 9,
W-8700 Wiirzburg, Germany.
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ISOLATION, BIOCHEMICAL CHARACTERISATION AND LONG-TERM CULTURE OF QVAL CELLS
FROM CARCINOGEN-FED RATS. P. Steinberg,R. Pack,R. Heck and F. Oesch

Oval cells(0C) are liver epithelial cells that proliferate during hepatocar-
cinogenesis and chemically-induced severe liver injury.It is likely that
they derive fram cholangioles or cells located near these structures in the
portal spaces of the rat liver.The fate of OC regarding the histogeresis of
hepatocellular carcinomas is a matter of considerable controversy.In the pre-
sent study we isolated,biochemically characterised and established long-term
cultures of OC from rats fed a choline-deficient/Dl-ethionine-supplemented
diet(CDE) for 6,14 or 22 weeks.OC isolation was performed as follows:the li-
ver first underwert a two-step collagenase perfusion;then the tissue was min-
ced and incubated with collagenase,pronase E and DNase I.A single-step dis-
continuous Nycodenz gradient was used to obtain a nonparenchymal cell frac-
tion and OC were purified from this fraction by centrifugal elutriation.The
freshly isolated OC (30-70 million/rat liver,viability and purity >90%) had a
diamter of 12-15 um,were ¥=glutamyltranspeptidase(GGT)-positive,cytokeratin
(CK) 7, 8,18 and 19-positive,peroxidase-negative and expressed lactate dehy-
drogenase (LDH) isoenzymes 1-5; interestingly,60 % OC also expressed albumin,
a marker for liver parenchymal cells.A low glucose-6-phosphatase{@6PASE) and
relatively high GGT and alkaline phosphatase(AP) activities(when compared to
parenchymal cells) were detected in OC.Primary OC cultures were established
by allowing frshly isolated OC to attach to uncoated Petri dishes;0C lines
were obtained by cloning after selective removal of contaminating fibroblasts
with EDTA.OC cultures contained small and large epithelial-like cells repli-
cating to form uniform monolayers with a cobblestone appearance.Mononuclea-
ted giant cells were also present in the different cell lines,being more nu-
merous in cultures of OC from rats fed CDE for 22 weeks.After 22 passages OC
expressed LDH isoenzymes 2-5,CK 8 and CK 18, while only 15 % expressed K 7
and CK 19 was undetectable;G6T and AP activities were strongly reduced,that
of G6PASE remained unchanged.All OC lines at passage 22 showed anchorage-de-
pendent growth.In conclusion,isolated OC express both bile duct epithelial

as well as parenchymal cell-specific markers. The OC lines will now be used
in transformation studies to determine if oval cells can give rise not only
to cholangiocellular but also to hepatocellular carcinomas in the rat liver.

Institute of Toxicology,University of Mainz,Obere Zahlbacher Str. 67,
W-6500 Mainz,F.R.G.

This study was supported by the Deutsche Forschungsgemeinschaft grant
Ste 493/1-2.
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EFFECTS OF MAGNETIC FIELDS ON RAT MAMMARY TUMOR
DEVELOPMENT INDUCED BY 7,12-DIMETHYLBENZ(A)ANTHRA-
CENE (DMBA) ’
M. Mevissen, U. Wahnschaffe, and S. Buntenkdtter

A series of epidemiological studies indicated associations
between exposure to magnetic fields (MF) produced by alter—
nating current (AC) power transmission lines and a variety of
cancers, including breast cancer. In order to test the possi—
bility that MF acts as a cancer promoter, 4 separate experi-
ments have been conducted in rats in which the effects of
chronic exposure to MF on the development of mammary
tumors induced by DMBA were determined. Female rats were
exposed in magnetic coils for 91 days to either AC(50 Hz)-MF
(with magnetic flux denmsities of 30 mT or 1 uT) or to direct
current(DC)-MF (15 mT). DMBA (5 mg) was administered per
os at the onset of MF-exposure. The administration of DMBA
was repeated thrice at intervals of 1 week. Per experiment,
18-36 animals were exposed in 6 magnetic coils. The same
number of rats was used as control. These control animals
were placed in dummy coils and treated with DMBA but were
not exposed to MF. The experiment with AC-MF at 30 mT was
repeated once. At the end of the exposure or sham-exposure
period, tumor number and sizes were determined at necropsy.
In one experiment (AC-MF at 1 pT), blood was collected for
melatonin determination. Results were as follows: In sham-—
exposed animals, the tumor incidence varied between 50 and
78% in the 4 experiments. The number of mammary tumors
per animal (mean + S.D.) was 2.2 + 2.0, 1.6 * 0.73, 1.7 + 2.5
and 2.1 + 1.2 in the 4 experiments, respectively. In none of
the experiments, MF significantly altered tumor incidence or
number of tumors per animal when statistical calculations
were done with non-parametric two-sided tests. Although
there was a tendency to increased tumor incidence and
number of tumors per animal in the experiment with AC-MF
at 30 mT, this tendency could not be substantiated when the
experiment was repeated. In conclusion, these experiments do
not indicate that MF acts as a promoter of breast cancer.
Supported by grants from the Bundesministerium fiir For—
schung und Technologie

Department of Pharmacology, Toxicology and Pharmacy, School
of Veterinary Medicine, 3000 Hannover 71
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HISTOCHEMICAL PHENOTYPING OF DIETHYLNITROSAMINE-
INDUCED LIVER LESIONS OF MALE C3H/He, B6C3F1 AND
C57BL/6J MICE

A. Buchmann

Male C3H/He, B6C3F1 and C57BL/6J mice were given a single i.p.
injection of diethylnitrosamine (20ug/g body wt.) on day 15 after birth and
animals were killed between 17-29 (C3H/He and B6C3F1) and 29-46 weeks
(C5TBL/6J) after treatment. Carcinogen-induced liver lesions were
identified by a deficiency in the marker enzyme glucose-6-phosphatase and
the enzymatic phenotypes of these lesions were studied by enzyme- and
immunohistochemical methods using serial liver sections stained for seven
additional histochemical markers. In all three mouse strains, liver Iesions
were characterized by an increased basophilia and a decreased expression of
UDP-glucuronosyl-transferase, microsomal epoxide hydrolase and NADPH-
cytochrome P450 reductase, while the cytochrome P450 isoenzymes 1A2,
2C6 and 2E1 were virtually unexpressed. Quantitative analyses revealed that
throughout all periods of investigation on average more than 70% of the
glucose-6-phosphatase-deficient lesions occupying up to 99% of the total
volumetric fraction expressed concomitant alterations in at least one of these
additional marker stainings. Upon determination of the phenotypic
complexity levels, between 70-90% of lesions were found to contain
alterations in at least 6 of the markers analysed, while alterations in less
than 3 markers were comparatively infrequent. On the background of
previous observations in the rat liver system, the relative homogeneity of
enzyme phenotypes and the apparent lack of time-dependent changes in
enzyme expression suggest that the majority of lesions of all three mouse
strains possess an increased neoplastic character already from the very early
beginning of the carcinogenic process in liver.

Institute of Toxicology, University of Tiibingen, 7400 Tiibingen, FRG
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INITIATION AND PROMOTION OF ENZYME-ALTERED LIVER
FOCI IN RATS BY DIFFERENT TYPES OF MUTAGENIC
METABOLITES OF POLYCYCLIC AROMATIC HYDROCARBONS

G. Werle-Schneider!»2 and H.R. Glatt!;

Different metabolites of polycyclic aromatic hydrocarbons such as
dihydrodiol epoxides, phenol dihydrodiol epoxides, benzylic esters and
quinones have been demonstrated fo be mutagenic in cell colture. In order
to estimate the relative importance of different classes of metabolites in
vivo some proximate or ultimate mutagenic re;l)resentatwes such as 6-
hydroxymet ylbenzogaywy;ene 6-hydr0)g/ymet_h¥ -BPg, BP-1,6-quinone,
trans-7,8-dihydroxy-7,8-dihydro-BP (BP-7,8-diol) an l—hfrdroxy- P-7,8-
diol as well as pyrene-1,6-quinone and i-hydroxympt_hy pyrene (HMP)
were examined for their initiating and promoting activities 1 rat liver and
compared with their purely aromatic congeners benzo[a]pyrene (BP) and
pyrene. The initiating poténcy was tested bg a single 1.p. injection of the
compound into rats within one day after birth, followed by continuous
exposure to the promotor phenobarbital beginning at weaning. The
Eromotmg_ac’uvny was analysed by continuous treatment of the rats with
P-1,6-quinone and HMP" subséquent to a single dose of diethyl-
nitrosamine. As parameters of hepatocarcinogenic response, number and
volume fraction of adenosine triphosphatase deficient foci were
determined. .
Three compounds markedly enhanced number and volume fraction of
engme—alt_ered foci, the activity following the order BP > BP-7,8-diol >
HMP. Animals treated with 6-hydroxymethyl-BP at the same dose died
within four weeks. All other compounds led fo statistically significant, but
very small, increases in the number of enzyme-altered foci. HMP
adalmonally possessed promoting activity in the liver of female but not of
male rats.
The observation that BP-7,8-diol did not exceed the activity of BP
suggests that other activation pathways are of importance. These other
activation pathways do not appear to ‘involve any of the other examined
metabolites, sinCe none showed sufficient = carcinogenic  activity.
Nevertheless, some benzylic alcohols proved to be bio-logically active:
HMP exhibited both initiating and promoting activity and 6-hydroxy-
methyl-BP was highl}l toxic. The sex-dependence of the promoting activity
of HMP can be explained by the different expression of sulfotransferase
activity in liver between aduli female and male rats.

nstitute of Toxicology, Obere Zahlbacher StraBe 67, D-6500 Mainz
German Cancer Research Center, Institute of Experimental Pathology,
Im Neuenheimer Feld 280, D-6900 Heidelberg, Germany
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SELECTION OF APPROPRIATE CONDITIONS FOR A MOUSE
LIVER FOCI BIOASSAY  Barbara Ostermeier, E. Deml, Doris
Oesterle

The "Rat Liver Foci Bioassay" (RLFB) has been developed as an in
vivo short term test system to detect carcinogens. For risk assessment
in long term carcinogenicity studies two rodent spezies are used. We
investigated with diethylnitrosamine (DEN) as initiating agent whether
the experimental conditions described in the RLFB according to
Oesterle and Deml (J Cancer Res Clin Oncol 105: 141-147, 1983)
would be suited for a Mouse Liver Foci Bioassay. 21-31 days old male
and female mice of the strains C3H and the hybrids between C3H
(males) and C57 (females), the B6C3F1 (inbreeding, Neuherberg)
were used. Male C3H mice are described to be especially sensitive
towards chemical carcinogens. C57 mice contribute vitality and
longevity. The B6C3F1 hybrids are commonly used in long term
studies. The following results were obtained:

Male mice were more sensitive to DEN than female mice. B6C3F1
mice were more sensitive than C3H mice. The appropriate
histochemical marker for preneoplastic foci is the loss of glucose-6-
phosphatase. In contrast to rats, loss of adenosine-5-triphosphatase
and emergence of gamma-glutamyltranspeptidase are not suited.
Applying a standard scheme with 1x10 or 1x30 mg DEN/kg body
weight for initiation and 10 mg of the PCB-mixture Clophen AS0 /kg
body weight twice a week for 11 consecutive weeks for promotion, the
yield in foci was lower than 1 per cm? liver section after 12 weeks.
Single enzyme-deficient cells were observed which might be
interpreted as initiated cells. The prolongation of the promoting
period up to 23 weeks resulted in a dose- and time-dependent
enhancement of foci incidence up to 16 per cm*.

In conclusion: For the use as a short term test, the promoting period
should be shortened by using a more efficient promoter. Under the
experimental conditions given, male mice were more sensitive than
females and less sensitive than rats.

GSF - Institut fiir Toxikologie, W-8042 Neuherberg
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TISSUE-SPECIFIC REGULATION OF G-PROTEIN a~SUBUNITS
BY THYROID STATUS. M. Michel-Reher and G. Gross®

Thyroid_status is known to affect the responsiveness
of various receptors acting through G-proteins.
Thgrgfore, we have compared the effects of hyperthy-
rgldlsm (T;) and hypothyroidism (PTU) on the expres-
sion of G-protein a-subunits in four rat tissues,
hear?, vas deferens, liver and cerebral cortex. T,
was induced by treatment with triiodothyronin (0.5
mg/kg/d for 7 days) and PTU was induced by treatment
with 6-propyl-2-thiouracil (0.05% in the drinking
wgtgr for 6 weeks). G-Protein a-subunits were quan-
tlfleq by pertussis toxin (PTX)-catalyzed ADP-ribo-
sylation and by Western blotting using the specific
antisera AS/7 (recognizing the a-subunits of G;;, and
Giz) and GC/2 (recognizing the a-subunit of G,). The
amount of PTX substrates in cardiac membranes was
largest in PTU (2008 fmol/mg protein, n =9) and
§mallest in T, (102%4 fmol/mg protein, n=8, p<0.001
1n one-way analysis of variance); similar data were
obtalped in vas deferens (112+7 wvs, 90*4 fmol /mg
pyoteln, p<0.05). On the other hand, PTX-substrates
did not differ among groups in liver (=63 fmol/mg
pr9te1n) or cerebral cortex (=430 fmol/mg protein).
This Fissue difference could be caused by the ex-
pression of different G-proteins among tissues. How-
ever, immunodetectable a~-subunits of both G; and G,
were elevated in cardiac membranes from PTU compared
to T, rats whereas both remained unchanged in cere-
bral.cortical membranes. We conclude that tissue-
sp§01fic factors regulate the expression of G-pro-
tein e-subunits by thyroid hormone.

Depts. Medicine and ‘Pharmacology, University of
Essen, Hufelandstr. 55, D-4300 Essen, FRG

R 47

187

ISOPRENALINE INCREASES TRANSCRIPTION OF mRNA
ENCODING THE INHIBITORY G-PROTEIN ALPHA-SUBUNIT
IN THE HEART

F.U. Miiller, W. Schmitz

In failing human hearts due to idiopathic dilative cardiomyopathy
the inhibitory G-protein alpha-subunit (Gia-2) and its mRNA are
increased while the stimulating G-protein alpha-subunit (Gsa) and
its mRNA remain unchanged (Feldman et al., J Mol Cell Cardiol 21,
359 - 365, 1989). Similar alterations in G-protein expression have
been found in hearts of rats treated with isoprenaline (ISO) for 4
days (Eschenhagen et al, Naunyn Schmiedeberg’s Arch Pharmacol
343, 609 - 615, 1991). In order to study whether these changes are
due to enhanced transcription or to increased stability of the mRNA,
run-on transcription assays were performed in ventricular nuclei of
rats treated with a 4-day infusion of NaCl 0.9% (CTR) or ISO (2.4
mg/kg-d). Ventricular nuclei were isolated and run-on transcrip-
tions were performed as described ecarlier (Miiller et al, Naunyn
Schmiedeberg’s Arch Pharmacol 344 (Suppl), R 57, 1991).
Compared to CTR ISO increased incorporation of 32P-UTP into
specific transcripts encoding Gie-2 by 40% (ISO: 38+4 ppm, CTR:
2742 ppm, n=7, SEM, p<0.05) while transcriptional activity of Gsa
remained unchanged (ISO: 34+3 ppm, CTR: 33+2 ppm, n=7). No
change in total 32P-UTP incorporation into nascent RNA was
observed.

In conclusion, increase of Gio-2 expression after B-adrenergic
stimulation in rat hearts is at least partly due to increased
transcriptional activity of Gia-2. The unchanged transcriptional
activity of Gsa supports previous results of unchanged Gsa mRNA
levels under the same experimental conditions. Further
investigations using run-on transcription assays should allow further
insights in the regulation of G-protein expression and the possible
role of cyclic AMP in this regulation. (Supported by the DFG.)

Abteilung Aligemeine Pharmakologie, Universitits-Krankenhaus
Eppendorf, Universitit Hamburg, MartinistraBe 52, D-W-2000
Hamburg 20, FRG
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Gooe-mRNA EXPRESSION PATTERN IN HUMAN AND RAT
HEART. EVIDENCE FOR B-ADRENOCEPTCR-MEDIATED
UPREGULATION IN RAT HEART

T. Eschenhagen, U. Mende, M. Nose, A. Warnholtz

Although the exact role of the pertussis toxin sensitive G-protein Go
is still not defined there is evidence that it may mediate inhibition of
neuronal Ca-channels through muscarinic receptors, stimulation of
neuronal and cardiac atrial K-channels and stimulation of
phospholipase C. Two a-subunits of Go (Goal and Goa2) with a MW
of 40 and 39 kDa, respectively, have been described recently to be
encoded by at least three alternatively spliced mRNAs (Hsu et al J
Biol Chem 265:18576, 1990). Conflicting data exist concerning the
expression of Goa in the heart. We used a single stranded 32P-labe-
led 550 bp cRNA derived from the 3’ noncoding region of the rat
Goal cDNA as a hybridization probe for northern blot analysis of to-
tal RNA which was extracted from human or rat hearts. Overall
expression levels of Goa-mRNA were low in the heart as compared to
rat brain. In atria from nonfailing and failing human hearts the Goa-
probe detected at least two Goa-mRNAs at about 4.6 and 3.4 kb. In
contrast, Goa-mRNA was not detectable in human ventricles. In
hearts from 2-month old rats two predominant Goo-mRNA bands at
about 4.3 and 3.4 kb and two faint bands at about 2.4 and 1.6 kb were
detected. Expression levels of all four mRNA subtypes were in-
creased by infusion of isoprenaline (2.4 mg/kg.d) by maximally 75 %
(n=6, p<0.05) after 8§ days and remained elevated over a 4-week infu-
sion period. The time course of Goa-mRNA upregulation resembled
the time course of 8-adrenoceptor mediated upregulation of Gic2-
and Gig3-mRNA levels in rat heart. - We conclude that (1) in the
adult human heart expression of Goal is probably restricted to the
atria, (2) there might be more than three Gow-splice variants in rat
heart and (3) regulation of the molecular expression of Gool might
participate in adaptation to chronic 8-adrenergic stimulation in vivo.
(Supported by the DFG)

Abteilung Allgemeine Pharmakologie, Universitits-Krankenhaus
Eppendorf, Universitit Hamburg, MartinistraBe 52, D-W-2000 Ham-
burg 20, FRG .
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INHIBITION OF Ca?® CHANNELS IN BOVINE ADRENAL
MEDULLA CELL% BY az-—ADRENERGIC D CPIATE AGON}STS.
T. Kleppigch ; G. Ahnert-Hilger", M. Gollasch™, J.
Hescheler

Catecholamine (CAT) release from bov%?e adrenal me-
dulla, which largely depends on [Ca +} , has been
cbserved tc be voltage-dependend and dihydropyri—
ding-sensitive. The physiologically evoked rise in
[Ca +]~ is initially localized exclu% vely to the
entire subplasmalemmﬁ} area. Thus, Ca’’ influx via
voltage-dependent ca®’ channels is thought to be
involved in CAT secretion. Since aj-adrenoceptor
agggists inhibit  secretion of CATs and decrease
Ca uptake in bovine chropaffin cells, we studied
a-adrenergic effects on Ca T channels in this cell
tygi, using the patch-clamp technique. Whole-cell
Ba currents were reccrded in a Na -free solution.
Adrenaline (AD) (10pM) in the presence of pro-
pranolol (1pM) reduced the Ca channel current in
chromaffin cells by 35.3+8.2% (SEM; n=8). Yohimbine
(100pM) suppressed this inhibitory effect, whereas
prazosin (100pM) was inactive. Clonidine (1§pM)
mim%cked the effect of AD. The opioid D-Ala“-D-
Len--enkephalin (DADLE) (5pM) caused an inhibition
of the Ca channel current by 23.7+9.7% (SEM;
n=9), which was reduced by the receptor antagonist,
naloxone (100pM}. The effects of AD and DADLE
progressively declined during infusion of GDPSS in-
to the cell and were abolished by treatment of
cells with pertussis to%}n (PT). These data point
to an inhibition of Ca?’ channels via receptors
coupled to PT-sensitive G-proteins.

*Institut fiir Physiologie der Humboldt-Universitédt
Berlin, Hessische Str. 3-4, 1040 Berlin, FRG
#Institut fiixr Pharmakologie der Freien Universitdt
Berlin, Thielallee 69-73, 1000 Berlin 33, FRG
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ALTERATIONS IN THE EXPRESSION OF GTP-BINDING PROTEINS IN
3T3-L1 CELLS AFTER DIFFERENTIATION TO THE INSULIN-SENSITIVE
PHENOTYPE C. Huppertz

Murine 3T3-L1 fibroblasts differentiate to an insulin-sensitive, adipocyte-like pheno-
type after growth to confluence and treatment with dexamethasore, isobutylmethyl-
xanthine and insulin. In these cells, glucose transport activity is insensitive to insulin
before differentiation, and is increased 8-10 fold by the hormone after differentia-
tion. Furthermore, the response of adenylate cyclase to catecholamines is markedly
increased. In addition, an increase in heterotrimeric GTP-binding proteins has been
observed after differentiation. In the present study we have further studied the
expression of GTP-binding proteins in 3T3-L1 cells in order to find specific altera-
tions of their overall expression or of their subcellular localization correlated with
the metabolic changes occurring during differentiation. Differentiated and undiffe-
rentiated 3T3-L1 cells were homogenized, and membrane fractions (plasma
membranes and low-density microsomes) were isolated by differential centrifugation.
Subunits of heterotrimeric GTP-binding proteins were detected by immunoblotting
with peptide-derived antisera (obtained from Dr. K. Spicher, Institut fiir Pharmako-
logic der FU, Berlin), Ha-ras with polyclonal antiserum. After differentiation, the
abundance of the a;-subunit, of the o -subunit, of the S-subuait of keterotrimeric G-
proteins, and of Ha-ras as normalized per protein was reduced by approximately
50%. The abundance of a 47 kDa a-subunit was reduced by approximately 20%,
whereas that of a 43 kDa a,-subunit was increased about 3-fold after differentiation.
When normalized per cell, the abundance of oy, a,, o (47 kDa), §, and Ha-ras
was moderately increased, whereas the abundance of the 43 kDa og-subunit as
normalized per cell was markedly increased, since the total membrane protein per
cell increased significantly during differentiation. Cholera toxin-catalyzed ADP-ribo-
sylation of both the 47 and 43 kDa a,-subunit was significantly increased after diffe-
rentiation.  The abundance of all of the GTP-binding proteins in the low-density
microsomes was reduced rather than increased by differentiation. In summary, the
data show a moderate increase of the G-protein subumits o, «,, a; (47 kDa), and 8
as normalized per cell, and a large increase of oy (43 kDa). The specific increase in
the abundance of the 43 kDa o, -subunit might be responsible for the previously
described increase in adenylate cyclase responsiveness to catecholamines after diffe-
rentiation of 3T3-L1 cells.

Institut fiir Pharmakologie und Toxikologie der RWTH Aachen, Weadlingweg 2,
D-5100 Aachen, FRG.
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ASSIGNMENT OF Go-TYPE G PROTEINS CONTAINING
DIFFERENT B SUBUNITS TO TRANSMEMBRANE RECEPTORS.

C. Kleuss*, H. Scherlibl, B. Wittig*, and G. Schultz

G proteins constitute a family of heterotrimeric signal transducers attached
to the cellular membrane. Suppression of a single G,-protein o, subunit
blocks the agonist-induced inhibition of voltage-sensitive Ca™ channels
(Kleuss et al. Nature (1991) 353, 43-48). We tried to inhibit the expression
of G-protein B-subunits by intranuclear injection of antisense
oligonuclectides into rat pituitary GHj cells. Injection of an
oligonucleotide targeting the mRNAs of all 3 known B subunits reduced
the modulation of Ca** channels induced by somatostatin or carbachol.
This effect was observed 18h after oligonucleotide injection and lasted one
further day. An oligonucleotide targeting the mRNA of the B3 subtype
selectively blocked the carbachol-induced inhibition of Ca™ currents. The
inhibitory effect of somatostatin on Ca™™ currents was impaired by
injection of a Pi-type antisense oligonucleotide. An oligonucleotide
targeting the mRNA of the Po-type G-protein subunit was ineffective. Our
previous and present results indicate that in GHs cells a G, protein
containing ;- and Ps-subtype subunits couples the muscarinic receptor to
the voltage-sensitive Ca*™" channel; a G, protein containing oty and B

subunits couples the somatostatin receptor to the same effector.

* Institut fiir Molekularbiologie und Biochemie, Freie Universitét Berlin,
Arnimallee 22, W-1000 Berlin 33
Institut fiir Pharmakologie, Freie Universitit Berlin, Thielallee 69-73,
W-1000 Berlin 33
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REVERSE INTRINSIC ACTIVITY OF ANTAGONISTS ON G PROTEIN-COUPLED RECEP-
ToRS. W. Schiitz

The concept that an antagonist may have biological effects opposite to those
of an agonist because of its ability to stabilize an antipodal conformation of
the receptor ("reverse agonism") is well known for ethyl-p-carboline-3-car-
boxylates on the GABA ,/benzodiazepine receptor. At G protein-coupled re-
ceptors, biological effects observed with an antagonist are usually inter-
preted as the result of its ability to block receptor activation produced by an
endogenous agonist. However, considerable evidence has been accumulated
that antagonists not only bind to the receptor, but also induce a confor-
mational change which favors uncoupling of the receptor from its G pro-
tein. Findings obtained by us and others which are in support of this con-
cept are the following: (i) agonist and antagonist binding to muscarinic cho-
linergic, D,-dopamine, p-opicid, and A,-adenosine receptors is reciprocally
modulated by guanine nucleotides; (i) the guanine nucleotide-dependent in-
crease in antagonist receptor binding is lost upon purification and reesta-
blished following reconstitution of the purified receptor with G protein;
7ii) in contrast to agonist-bound receptors, which accelerate nucleotide ex-
change and thus GTPase activity on the G protein molecule, antagonist-
bound 8-opioid receptors inhibit GTPase activity of their associated G pro-
tein; (iv) in functional reconstitution systems, the basal rate of association
of [*3SIGTPYS to G protein as well as GTPase activity is increased even in
the presence of the unliganded receptor and, for the p,-adrenergic and A,;-
adenosine receptor, this increase is shown to be abolished by antagonists.
Hence, the existence of antagonists with reverse intrinsic activity seems a
more general feature of G protein-coupled receptors and requires a re-
evaluation of biological effects produced by competitive antagonists.

Pharmakologisches Institut der Universitit Wien, Wihringer Str. 13a,
A-1090 Wien
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G Proreiv ReGuraTion IN Tayrom CeLLs
E. Selzer and A. Schifferer

The molecular mechanisms underlying the development of thyroid autono-
mous adenomas are still poorly understood, although abnormalities in G
protein function have been implicated. Stimulation of growth by serum
factors involves G-controled pathways in many cells. We have therefore
used thyroid tissues as a model system to investigate the regulation of G, -
expression: (i) membranes from autonomous adenomas contain two pertus-
sis toxin-substrates, which can be identifed as G, ; and G,,, using sub-
type-specific antibodies; G, is absent or barely detectable in membranes
derived from the corresponding extranodular tissue, whilst levels of G,,
are comparable. (ii) The increased amounts of G, ; in autonomous adeno-
mas are of functional relevance since basal adenylyl cyclase activities are
significantly reduced when compared with the control membranes from the
paired, undiseased tissue (10.5+1.65 vs 20.28+1.68 pmol cAMP.min-!,
mg! protein; n=11). (iii) Thyroid membranes from normothyreotic patients
contain both G;, | and G, ,. This suggests that hyperthyroidism produced
by the autonomus adenoma is asscciated with a loss of G, in the remain-
der of the gland. In primary cell culture, normal human thyroid cells do
not express G;, ; uniess TSH (thyroid stimulating hormone) is added to the
culture medium. In thyroid celis derived from autonomous adenomas, Gy,
levels are not regulated by TSH. Likewise, in 2 rat thyroid epithelial cell
line (FRTL-3), TSH induces the expression of G, ,, suggesting that
species differences do exist. We conclude that TSH regulates the activity in
Gi-linked pathways in the thyroid gland. This control may modify the
activity of other mitogenic stimuli. In autonomous adenoma G, , escapes
TSH control and is apparently expressed constitutively. This constitutive
expression of G, may be causally related to autonomous growth of
thyroid cells.

Institute of Pharmacology, Vienna University, Wahringer Strafle 13a;
A-1090 Vienna, Austria
supported by a grant from the Austrian National Bank (3698)
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FUNCTIONAL EXPRESSION OF THE BUMAN SHT, -RECEPTOR
IN E.COLI

M. Freissmuth®, B. Bertin®™, A.D. Strosberg®, S.Marullo*

The 5HT, ,-receptor has been suggested tc couple to both G, and G, since
both SHT, ,-receptor-mediated activation and inhibition of adenyly! cyclase
have been obesrved in the same tissue. We have investigated the functional
coupling of the human 5HT, ,-receptor using an in vitro reconstitution sys-
tem based on the expression of recombinant recepior and G protein &-sub-
unit in E.coli. The gene coding for the SHT, ,-receptor was ligated into a
plasmid that allowed for the accumulation of active recepfor in the inner
bacterial membrane upon induction. Binding of the agonist radioligand
[*H]-OHDPAT [8-hydroxy-(2-N-dipropylamine)-tetralin] to intact bacteria
was saturable (K, ~8 nM, B_, ~120 sites/cell) and showed the appro-
priate pharmacological profile. Incubation of E.coli membranes with puri-
fied bovine brain G,; reconstituted guanine nucleotide-sensitive high-
affinity binding of [3H] OHDPAT to the receptor (K ~ 0.7 nM). Titration
of the receptor with increasing amounts of rG,-subunits (G protein «-sub-
units expressed in and purified from E.coli) in the presence of purified
bovine brain By-subunit showed the following rank order of potency in
reconstituting high-affinity agonist binding: 1G> 1G, ,> 1G>
1G,,; neither 1G,,, nor rG,,; were capable of interacting with the recep-
tor. This results show that the SHT, ,-receptor can discriminate among the
various subtypes of G,, and G,_,. In addition, based on the inability of the
receptor to couple to er " and 1G,,., We postulate the existence of an
additional molecular species of serotonin receptor, which has a pharmacolo-
gical profile similar to the SHT, ,-receptor but is capabie of stimulating
adenylyl cyclase via G,.

“Pharmakologisches Institut der Universitit Wien; Wahringer Str. 13a,
A-1090 Wien

*Institut Cochin de Génétique Moléculaire; 22, rue Méchain; 75014 Paris;
Frankreich
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DIRECT ACTIVATION OF PERTUSSIS TOXIN-SENSITIVE G-PROTEINS BY
BASIC HISTAMINERGIC AGONISTS AND ANTAGONISTS R. Seifert

Amphiphilic basic substances such as mastoparan, substance P
and compound 48/80 directly activate regulatory heterotri-
meric guanine nucleotide-binding proteins (G-proteins), pre-
sumably by mimicking the structure of the third cytoplasmic
domain of agonist-occupied receptors (Higashijima et al.
{1990} J Biol Chem 265:14176-14186). We studied the effects
of basic histaminergic agonists and antagonists on GTPase ac-
tivity of o-subunits of &-proteins in membranes of dibutyryl
cAMP-differentiated HL-60 Tleukemic cells. Basic substances
activated GTP hydrolysis in the order of effectiveness 2-{2-
(3-chlorophenyl)}-4-imidazolyl]ethanamine (chlorophenyihista-
mine) (Hl-agonist} > 2-[2-{3-fluorophenyi)-4-imidazolyl]-
ethanamine (fluorophenylhistamine} (H -agonist) = diphenhy-
dramine (Hl-antagonist) = chlorpheniramine (H,-antagonist) =
arpromidine (H,-agonist and H -antagonist) = fmpromidine (H,-
agonist and Hlj-antagonist) > dimaprit (H,-agonist) > h1¢ta-
mine. The EC. “values for GTPase activation ranged from 0.28-
0.55 @M, and maximum effects were reached at 1-3 wM. In mem-
branes frcm pertussis toxin-treated cells, the stimulatory
effect of the chemotactic peptide, ALformy{ L-methionyl-L-
leucyl-L-phenylalanine {fMet-teu-Phe), was greatly reduced,
and basic suhstances inhibited GTP hydrolysis. Clemastine
(H, -antagonist) and famotidine (H2~antag0nist) did not reduce

GThase stimulations caused by histamine and H,- and H,-ago-
nyst<. Basic substances enhanced the effect of fMet- Leu Phe
at a maximally effective concentration on GTP hydrolysis. A-
fthylmaleimide diminished GTPase activations by basic sub-
stances and by fMet-Leu-Phe but enhanced the relative extent
of synergistic interaction between chlorophenylhistamine and
the chemotactic peptide. Our data suggest that basic hista-
minergic agonists and antagonists directly activate pertussis

toxin-sensitive G-proteins, i.e. through a mechanism dif-
ferent from that of fMet-Leu-Phe.
institut fir Pharmakologie, Freie Universitdt Berlin,

Thielallee 59/73, D-1000 Berlin 33, F.R.G.
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G-PROTEINS INVOLVED
OF INSULIN-SECRETIGN
W. Reosenthal

IN THE RECEPTOR-MEDIATED INHIBITION
A. Schmidt, 6. Otto, K. Spicher,

Inhibitory modulators of insulin secretion include ad-
renaiine, scmatostatin and galanin, which exert their
affects via cell surface receptors coupied to pertussis
toxin-sensitive G-proteins. In order to identify the G-
proteins involved in the inhibitory control of insulin
secretion, we analyzed them in membranes from SV40-
transformed pancreatic B-cells from hamster (HIT-T15});
membranes from a rat insulinoma cell Tine (RINMSF) were
used for com ar1son The proteins of the two cell lines,
which were 2P-ADP- T?bOSyxcLeﬂ by pertussis toxin, dif-
fered considerably in their e]ectrcpnoretwc mob111ty
fmunoblotting of membranes with antibodies against per-
tussis toxin-sensitive G- prote.ns showed that both cell
tines possess the two forms of & \u and G, ) and G
31 st detected 1in RINmSF ce135 Bit not° in HIT- ffS
%15 appeared to be present in HIT-T15 but not in
QINm“F ceﬁ] In membranes of HIT-T15 cells, adrenaline
and c10ﬁ1d1ne stimutated a pertussis toxin-sensitive
high-affinity GTPase. The hormone alsec stimulated
1ncorporat1on of the photoreactive GTP analogue, [o-
%2p16TP azidoanilide, into proteins comigrating with the
immunotogically 1den*1f1ed a-subunits of G, Goz and Gj,.
Similar effects on photolabeling of proteins were
cbserved with somatostatins 14 and 28 and with galanin.
The data indicate that 1nH1b1to"y modulators of insulin
secretion act via multiple G-proteins which belong to the
G; and G,y families. The assignment of these G-proteins to
the known transduction pathways i.e. inhibition of
adenylyl cyclase and Ca?* channels and stimulation of K*
channels remains to be clarified.
Th%stOWk was supported by the Deutsche Forschungsgemein-
schaft

Institut fur Pharmakologie, Freie
Thielallee 69/73, D-1000 Berlin 33

Universitdt Berlin,
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SK&F 96365 blocks agonist-induced inward currents through
nonselective cation channels in HL-60 cells

Dietmar Krautwurst

Biophysical characteristics and Pharmacological modulation
of nonselective cation (NSC) channels in neutrophil-like
cells are poorly understood. We studied NSC channels under
whole-cell voltage-clamp conditions in HL-60 leukemic
cells. In these cells no voltage dependent inward currents
were observed. When HL-60 cells were differentiated to the
granulocyte type with 200 uM dibutyryl cyclic AMP (for 48
h), ATP (30 pM) and N-formyl-L-methionyl-L-Teucyl-L-phenyl-
alanine (fMLP, 100 nM) induced inward currents at negative
potentials in a reversible manner. The effects of both ago-
nists were not additive. In undifferentiated cells ATP
induced only about half the current observed in
differentiated cells. NSC currents were blocked by compound
SK&F 96365  (1-{B-[3-{4-methoxyphenyl)propoxyl]-4-methoxy-
phenethyl}-1H-imidazole hydrochloride) in a dose-dependent
manner, with an ICgp of about 3 pM. Pretreating the cells
with pertussis toxin produced a complete inhibition of
fMLP-induced currents and about 80% inhibition of ATP-in-
duced currents. Infusion of GDPBS (guanosine 5'-0-[2-
thioldiphosphate, 500 pM) via the patch pipette abolished
the agonist-induced currents. By varying the extracellular
ionic conditions, we found Na* to be the main charge car-
rier of fMLP-induced inward current. Ca?t to a small extent
also participated in the agonist-induced inward current. We
conclude that activation of membrane purinergic receptors
and fMLP receptors induces currents through nonselective
cation channels via guanine nucleotide-binding protein (G-
protein)-dependent mechanisms.

Institut fir Pharmakologie, Freie Universitdt Berlin,Thiel
allee 69/73,0-1000 Berlin 33
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CROSS-TALK BETWEEN CHEMOTACTIC RECEPTORS SHARING THE SAME G
PROTEIN POOL IN MEMBRANES OF HL 60 CELLS

S. Stasch, L. Blomberg and K.H. Jakobs

Differentiated human leukemia (HL 60) cells contain high numbers of receptors for the
chemotactic factors, fMet-Leu-Phe (fMLP) and complement factor 5 a (C5a), both
coupled to pertussis toxin-sensitive guanine nucleotide-binding regulatory proteins G
protein). Agonist activation of cither receptor stimulated binding of the GTP analog,
guanosine 5'-[y-thio]triphosphate (GTP[S]), to membrane G proteins by a similar maximal
extent. In the presence of both agonists, no additive stimulation was observed. Guanine
nucleotides inhibited the high affinity binding of the radiolabelled agonists [3H]tMLP and
[1ZSI]C5a in a similar manner with the potency order GTP[S] > guanosine 5-[B,y-
imino|triphosphate (GppNHp) >> GDP. The possible interaction of the two receptors was
studied by measuring agonist binding to one receptor in the presence of the other receptor
agonist. fMLP and C5a had no effects on [1 T]C5a and [3H]tMLP receptor binding,
respectively, when studied in the absence of guanine nucleotides. However, in the
presence of 10 nM GTP[S], fMLP reduced the binding of [1251]C53 in a concentration-
dependent manuer (by maximally about 30 %). The same extent of reduction was
observed when the binding of [3H]ﬂVILP was studied under similar conditions at
increasing concentrations of C5a. The potency of GTP[S] and GppNHp to inhibit
[1251]C5a binding was increased about 3-fold by fMLP (10 uM), while the potency of
GDP was not changed. Similar data were obtained when the influence of C5a (10nM) was
studied on binding of [JH}fMLP in the presence of increasing concentrations of guanine
nucleotides. On the other hand, the potency of Na* jons, which also inhibit agonist
receptor binding and receptor-G protein coupling in HL 60 membranes, probably by an
action on the receptor moieties, was not enhanced by addition of another receptor agonist.

The data suggest that fMLP and CSa receptors share the same G protein pool in
membranes of HL 60 cells. Activation of these G proteins by one of the two receptors in
the presence of metabolically stable GTP analogs apparently decreases the availability of
G proteins required for the high affinity agonist binding state of the other receptor.

Institut fiir Pharmakologie der Universitit GH Essen, Hufelandstr.55, ‘W-4300 Essen
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ROLE OF GDP IN RECEPTOR-STIMULATED BINDING OF GUANOSINE 5'-[y-
THIO]TRIPHOSHATE IN MEMBRANES OF HL 60 CELLS

T. Wieland and M. Baden

Membranes of myeloid differentiated human leukemia (HL 60) celis contain a high
number of receptors for the chemotactic peptide, fMet-Leu-Phe (fMet, N-
formylmethionine), which stimulate phospholipase C via a pertussis toxin-sensitive
guanine nucleotide-binding regulatory protein(s) (G protein). Stimulation of the receptors
leads to an increase in binding of the radiolabelled GTP analog, guanosine S-[y-
thio]triphosphate ([3SS]GTP[S]), to membrane G proteins, however only in the presence
of exogenously added GDP when membranes were incubated at 30°C. In contrast, at 0°C
fMet-Leu-Phe stimulated the binding of [355]GTP[S] to G proteins without addition of
GDP. Furthermore, exogenous GDP only decreased receptor-stimulated binding of
[3SS]GTP[S] at an incubation temperature of 0°C. When HL 60 membranes were
preincubated at 30°C in the presence of Mg2+ followed by binding of [355]GTP[S] at
0°C, control binding was significantly increased, while the extent of agonist-stimulated
binding of [35 S]GTP[S] was reduced. The effect of preincubation at 30°C was mimicked
by incubation at 0°C with alkaline phosphatase, an enzyme capable of degrading GDP.
Therefore, the release of [3H]GDP from prelabelled HL 60 membranes was studied under
similar conditions as used for binding of GTP(S]. At 30°C, [3H]GDP was rapidly
released, with only 50 % of total [3H]GDP remaining bound to the membranes after 10
min of incubation. In contrast, at 0°C the binding of ["H]GDP was very stable, with about
80 % still being bound after 60 min of incubation. Addition of fMet-Leu-Phe did not
significantly alter the observed basal release of [3H]GDP under the conditions studied.
Furthermore, the degradation of [3H]GDP in grelabelled membranes was stadied. About
50 % of the bound [3H]GDP was degraded to [PH]JGMP when membranes were incubated
for 60 min at 30°C in the presence of Mg2+, while it was stable at 0°C. A similar extent of
GDP degradation was obtained by addition of alkaline phosphatase to the 0°C incubation.
The data suggest that in native membranes of HL 60 cells the G proteins are initialty in a
GDP-liganded form and that GDP is rapidly released and degraded when the membranes
are incubated at or near a physiological temperature. GTP[S] will rapidly bind to these
unliganded G proteins, a reaction not further facilitated by agonist-activated receptors. In
order to keep the target G proteins under control of formyl peptide receptors, GDP has to
be added. In contrast, at low temperature GDP remains apparently bound to the respective
G proteins, which state allows the receptor action.

Institut fiir Pharmakologie der Universitit GH Essen, Hufelandstr.55, W-4300 Essen
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SELECTIVE PHOSPHORYLATION OF G PROTEIN B, SUBUNITS
IN MAMMALIAN MEMBRANES
B. Nuernberg

It is generally believed that G protein activation involves a GDP/GTP
exchange at G protein «-subunits in the presence of By-dimers.
Recently Wieland et al. (Eur J Biochem 196:707, 1991) reported
evidence for an additional mechanism of information transfer by
intermediately thiophosphorylated transducin B-subunits. The present
report evaluates whether this reaction is common among three distinct
B-subunits (B,-8;) present in mammalian membranes.

HL-60 cell and porcine brain membranes were incubated with [y—32P]-
GTP in the presence of MgCl,. Reaction was terminated by adding
Laemmli's buffer. Samples were subjected to SDS-PAGE with and
without 6 M urea. Resolved proteins were transferred to nitrocellulose
followed by identification of 8-subunits using subtype-specific peptide
antibodies from rabbits against three mammalian 8-subunits (8,-8;).
Subsequently, immunoblots were exposed to X-ray films in order to
visualize phosphorylated protein bands.

Both membranes tested contained at least two immunoreactive bands at
35 and 36 kD which were sensitive to 8,- and B~ specific peptide
antibodies. Additionally, in porcine brain a third band was identified at
32-33 kD using a peptide antibody specific for the 8,-subunit. Protein-
incorporated radioactivity comigrated only with the 35/36 kD
immunoreactive bands. Using SDS-PAGE in the presence of 6 M urea,
B-subunits shifted to a molecular weight range of 40-43 kD.
Furthermore, resolution of the 35/36 kD bands (B, and 8,) were
achieved, whereas a third band immunoreactive to 8, comigrated with
B,. Radioactivity comigrated only with a 8,-immunoreactive doublet
whereas neither B,- nor B,-subunits were radioactively labelled.

From the results obtained it is concluded that only the B,-subunit of
mammalian G proteins undergoes transient ~GTP-dependent
phosphorylation, whereas 8,- and 8,-subunits are not phosphorylated at
least under the experimental conditions chosen.

Institut fiir Pharmakologie der Freien Universitit Berlin, Thielallee
69/73, D-1000 Berlin 33, in cooperation with Institut fiir
Pharmakologie der Universitit GH Essen, Hufelandstr. 55, D 4300
Essen 1
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Gge IN NEUROBLASTOMA x GLIOMA HYBRID CELLS (NG108-15)
UPON OPIOID EXPOSURE H. Ammer and R. Schulz

The literature provides data suggesting a selective interaction of anti-
G protein antibodies with the function of specific G protein subunits in
situ. On the basis of these studies we report investigations on the
function of G.e in particutate membrane fractions of NG108-15 cells,
using a site specific G protein antibody as well as purified Gg. The
amount of cAMP produced served as a functional parameter for
adenylate cyclase activity which is regulated by both inhibitory and
excitatory receptors via G proteins. The antibody employed was
raised against a decapeptide resembling the extreme C-terminus of
Gy, a region suggested to be involved in receptor coupling. For in
situ application, the antibody was affinity-purified and its specificity
was verified by Western blot analysis, using recombinant G proteins
expressed in E. coli. Preincubation of NG membranes with anti-a
antibodies  inhibited ~ dose-dependently the PGE,-stimulated
production of cAMP but failed to affect opioid action on adenylate
cyclase activity. Preimmune IgG did not show this effect. However,
concomitant exposure of the antibody together with its cognate
peptide as well as heat inactivation of the antibody failed to restore
PGE,-action, although binding ex situ to isclated e« -subunits was
completely eliminated. We, thus, turned to study ésa function in
membrane preparations exposed to low pH. This material fails to
respond to PGE, but substitution with G_ dose-dependently
reconstitutes PGE,- as well as forskolin-medalated stimulation of
adenylate cyclase activity. Pretreatment of Gy with the anti-e
antibody prevented functional reconstitution as indicated by failure o
PGE, to stimulate cAMP production. Controls with free peptide as
well as heat inactivated antibodies eliminated this effect. Moreover,
opioids proved fully active in both low pH pretreated and
reconstituted merbranes.

Supported by SFB 220
Institut fiir Pharmakologie, Toxikologie und Pharmazie, Universitat
Munchen, KoéniginstraBe 16, W-8000 Mlinchen 22
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PURIFICATION OF A G-PROTEIN INHIBITOR FROM BOVINE
BRAIN

M.J. Lohse
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PHOSDUCIN - A REGULATOR OF G-PROTEIN MEDIATED
SIGNAL TRANSDUCTION

P. Bauer. S. Miiller, M. Puzicha

Phosducin has been known as a retinal phosphoprotein which binds to the
By-subunits of the retinal G-protein Gy. We show here that phosducin can
act as a regulator of different G-protein activities.

The cDNA of phosducin was isolated both from bovine retina and from
bovine brain via amplification using the polymerase chain reaction (PCR).
Both products were sequenced and found to be identical. The PCR-
product from bovine brain was then cloned into an inducible bacterial
expression vector. After induction of transformed E. coli and preparation
of a cytosolic extract, a protein with an apparent molecular weight of about
33,000 D was identified in Coomassie stained sodium-dodecyl-sulfate
polyacrylaride gels. This protein represented a significant fraction of the
cytosolic proteins of the induced bacteria, and was not present in control
bacteria. It was identified as phosducin by means of specific anti-peptide
antibodies. After purification of the expressed product to 95 %
homogeneity, the effects of this phosducin on various purified G-proteins
were determined by measuring their GTPase and GTPyS-binding
activities. Phosducin inhibited the GTPase activity of Gg, Go and G;j
holoproteins. The GTPase activities of isolated Gog- and Gag-subunits
were not affected, and the inhibitory activity of phosducin depended on the
addition of isolated By-subunits.

Purified phosducin was an excellent substrate for cAMP-dependent protein
kinase (PKA). This phosphorylation abolished the inhibitory effect of
phosducin on G-protein function. Since PKA is activated via Gg and
inhibited via Gi, phosducin may act as a negative feedback regulator for
Gi-mediated signals but as a positive feedback regulator for Gg-mediated
signals. Thus, phosducin seems to play an important role in G-protein
mediated signal transduction.

Laboratory of Molecular Biology, University of Munich, Max-Planck-
Institute of Biochemistry, 8033 Martinsried, FRG.
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THROMBIN STIMULATES TYROSINE PHOSPHORYLATION IN BC3HI
CELLS
S. Offermanns

Crude cytosolic preparations from bovine brain containing B-adrenoceptor
kinase (BARK) are capable of inhibiting By-adrenoceptor (BAR) function.
This inhibitory effect can in part be attributed to BARK-mediated BAR-
phosphorylation followed by binding of the protein 8-arrestin. When such
crude cytosolic fractions are further purified on anion exchange columns,
the inhibitory effects of BARK-mediated phosphoryl—ation are lost. This
was thought to be due to separation of the kinase and B-arrestin on these
columns. Therefore, it was attempted to restore the inhibitory effect by
combining the fractions containing the kinase with other fractions from the
same column. Fractions eluting at =250 mM NaCl from a DEAE-Sephacel
(Pharmacia) column were found to inhibit the GTPase activity of Gg
stimulated by phosphorylated purified BARs. These fractions were further
purified by several chromatographic procedures. The final product was a
protein of an apparent molecular weight of 33,000 as determined by gel
electrophoresis. This protein turned out to inhibit the GTPase of G cven
in the absence of receptors. Therefore, this protein was termed G-protein
inhibitor protein (GIP). Half-maximal inhibition of the GTPase of Gy
occurred at a stoichiometry of GIP:Gg of about 1:1, suggesting that
inhibition is effected by formation of a complex between the two proteins.
To determine the sequence of this protein, 3 g of the purified protein
were digested with CNBr, and the fragments were purified by reverse
phase chromatography. Gas-phase sequencing of two fragments allowed
the determination of sequences containing 9 and 7 amino acids,
respectively. These sequences are identical to two stretches contained in
the retinal protein phosducin. This suggests that GIP is identical to or a
close homologue of phosducin.

Laboratory of Molecular Biology, University of Munich, Max-Planck-
Institute of Biochemistry, 8033 Martinsried, FRG.

Thrombin is a potent mitogen for different cell types,
including BCiHl cells. In this study, the effect of
thrombin on %yrosine phosphorylation was examined using
anti-phosphotyrosine antibodies. Thrombin was found to
induce tyrosine phosphorylation of 65/70- and 110/120-kDa
proteins in BC3Hl cells. The effect of thrombin was con-
centration-dependent, being half-maximal and maximal at
concentrations of 0.01 and 0.5 U/ml, respectively. The
thrombin-induced increase in phosphorylation was rapid
(=10 s) and transient with a peak response after about 90
s. Preincubation of cells with pertussis toxin (PT) had
no effect on thrombin-induced tyrosine phosphorylation.
Epidermal growth factor (EGF) stimulated tyrosine phos-
phorylation of proteins of identical molecular masses to
those phosphorylated in response to thrombin. Additional-
1y, EGF induced tyrosine phosphorylation of 170- and
55/60-kDa proteins. The phorbol ester, 12-myristate 13-
acetate (PMA), also stimulated tyrosine phosphorylation
of proteins identical to those phosphorylated by throm-
bin, suggesting that activation of protein kinase C {PKC)
is sufficient to induce tyrosine phosphorylation. How-
ever, the PKC dinhibitor, staurosporine, and down-regula-
tion of PKC activity by prolonged exposure to phorbol es-
ter completely inhibited tyrosine phosphorylation induced
by PMA but not by thrombin. In BC3HI cells permeabilized
by streptolysin-0, the non-hydrolysable guanine nucleo-
tide GTPyS stimulated tyrosine phosphorylation of prote-
ins of identical molecular masses to those phosphorylated
after exposure of cells to thrombin. These results sug-
gest that thrombin stimulates tyrosin phosphorylation via
a PT-insensitive G-protein in a manner not necessarily
dependent on PKC.

This work was supported by the DFG

Institut fiur Pharmakologie, Freie Universitiat Berlin,
Thielallee 69/73, 1000 Berlin 33, F.R.G.
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IMMUNOCHEMICAL CHARACTERIZATION OF PHOSPHOLIPASE C
ISOZYMES OF HUMAN GRANULOCYTES

M. Camps, A. Carozzi*, P. Schnabel, P.J. Parker*, and P. Gierschik

We have previously reported that human HI-60 granulocytes contain a
soluble phospholipase C (PLC), which is markedly stimulated by purified
G-protein By-subunits. G-protein Sy-subunits also stimulated soluble PLC
from human peripheral neutrophils, as well as membrane-bound, detergent-
solubilized PLC from HL-60 cells. Partial purification of soluble HL-60
PLC revealed the existence of at least two distinct PLC isozymes in
granufocytes, designated PLC-I and PLC-II. Only one of these forms
(PLC-II) was sensitive to stimulation by Pvy-subunits. To characterize the
PLC isozymes present in granulocytes and to identify the 8+y-sensitive form
of the enzyme, we have performed an immunochemical analysis of
granulocyte PLCs using antisera raised against synthetic peptides
corresponding to sequences predicted by various PLC ¢cDNAs. Here, we
report that antibodies reactive against the PLC-3, isozyme, which is known
to be stimulated by members of the o, subfamily of G-protein o-subunits in
other cells, fail to detect immunoreactive proteins in HIL-60 cells or human
neutrophils. In contrast, a serum raised against a PLC-8, peptide was
strongly and specifically reactive with a = 140 kDa and a = 100 kDa
polypeptide present in both membraneous and soluble fractions of HL-60
cells and peripheral granulocytes and designated 5,' and §3,'', respectively.
Since the PLC-8, cDNA encodes a 1181 amino acid residue protein, it is
likely that 8,' corresponds to the native PLC-8, polypeptide and S,
represents a proteolytic fragment. Interestingly, 8,' is much more abundant
in membranes than in cytosol, whereas #,'' is the predominant soluble form
of B,, suggesting that proteolysis of PLC-§, may alter the subcellular
distribution of PLC-8,. Most importantly, however, both 8,’ and 3,"' are
constituents of the partially purified, By-sensitive PLC-II preparation, but
absent from the By-resistant PLC-I preparation. Taken together, our results
show that the PLC-B, is the predominant PLC-8 isozyme in granulocytes
and that this protein is a likely candidate for the PLC isozyme regulated by
G-protein By-dimers in this system.

Pharmakologisches Institut, Universitit Heidelberg, Im Neuenheimer Feld
366, 6900 Heidelberg, FRG, and *Imperial Cancer Research Fund,
London, UK.
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MASS MEASUREMENTS OF INOSITOL 1,4,5-TRISPHOSPHATE AND
INOSITOL 1,3,4,5-TETRAKISPHOSPHATE IN A NEURONAL CELL LINE.
DESENSITIZATION OF THE INOSITOLPHOSPHATE RESPONSE TO
BRADYKININ.

G. Reiser

The second messenger inositol 1,4,5-trisphosphate (Ins-P;), which releases Ca2t
from internal stores can be inactivated by dephosphorylation to Ins 1,4-P,, or,
alternatively, be phosphorylated to Ins 1,3,4,5-P,. Ins-P, has been suggested
also to be involved in Ca2+ metabolism, yet by a still unknown mechanism.

We have found high-affinity receptors for Ins-P, in porcine cerebellar
membranes [Doni¢, F. & Reiser, G. (1989) FEBS Lett. 254, 155-158]. The
receptor which we have isolated and purified from brain [Doni¢, F. & Reiser,
Biochem. J. 1991, 275, 453] displays a high selectivity for Ins 1,3,4,5-P4.
Binding protein preparations from pig cerebellum (bovine liver) were used to
quantify cellular contents of Ins-P, (Ins-P,) in tissue samples.

In a neuronal cell line (108CC15, NG108-15) the levels of InsP; and InsPy
rise transiently after stimulation with bradykinin (ECsqg approx. 150 nM).
Maximal InsP3 level of 354 pmol/mg protein (15-fold basal level) is obtained at
10 - 15 s after addition of bradykinin, the InsP, level rises maximally to 78
pmol/mg protein (14-fold basal level) at 20 - 30 s. The bradykinin-dependent rise
of the inositolphosphate levels is diminished with reduced extracellular Ca2*
concentration. However, depletion of internal Ca?* stores by treatment with
ionophores does not affect the bradykinin-induced rise in InsP3 and InsPy4 levels.
Pretreatment of the cells with La3+ or Ni2+ to inhibit Ca2+ fluxes prevented the
rise of InsPy levels induced by bradykinin. Homologous desensitization to
bradykinin occurs in the signal transduction pathway already at the production of
inositolphosphates, since after a 2 min stimulation with bradykinin the rise in
cellular masses of InsP; and InsP,, inducible by a following second bradykinin
stimulus, is substantially reduced.

Thus, we have obtained some evidence for the mode of activation of
phospholipase C by bradykinin in neural cell lines which might be a useful
system to study the physiological role of InsP,.

The technical assistance of Britta Baumann and the help of Frédéric Donié is
gratefully acknowledged. Supported by DFG (Re 563/3-1).

Physiologisch-chemisches Institut der Universitit Tibingen, Hoppe Seyler Str. 4,
7400 Tibingen, FRG
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SEQUESTRATION PERMITS REACTIVATION OF DESENSITIZED
B2-ADRENOCEPTORS

S. Pippig

Agonist-stimulation of Bp-adrenoceptors (B3AR) causes disappearance of
the receptors from the cell surface. This process is called receptor
sequestration.

Sequestered BpARs remain accessible for hydrophobic ligands, but are
inaccessible for hydophilic ligands. Upon fractionation of plasma
membranes on sucrose gradients, sequestered receptors are found in a
"light vesicle fraction".

Sequestration was originally proposed to be a mechanism of receptor
desensitization. However, after treatment of cells with Concanavalin A
(Con A), which prevents BAR sequestration, agonist induced desen-
sitization is little affected. Therefore the hypothesis was investigated that
receptor sequestration may be important in receptor reactivation after
stimulation and desensitization of B2AR.

82AR desensitization has been shown to be triggered by receptor phos-
phorylation, and reactivation of the receptors after removal of agonist is
accompanied by receptor dephosphorylation. When cells were pretreated
with Con A and then stimulated with the By AR agonist Isoproterenol (1so0),
82AR remained phosphorylated even after removal of the agonist.
Receptor function was measured under the same conditions by
determining BpAR-stimulated adenylyl cyclase activity in cell membranes.
Receptor function decreased by 50 to 60 % after a 10 min desensitization
with Iso. After removal of the agonist, receptor function of control cells
returned to control levels over a period of 60 min. In contrast, in Con A-
pretreated cells receptors remained desensitized. These data indicate that
sequestration of desensitized receptors permits their dephosphorylation
and that this is a necessary step in their reactivation.

Laboratory of Molecular Biology, University of Munich, Max-Planck-
Institute of Biochemistry, 8033 Martinsried, FRG.
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DO NEUTROPHILS HAVE FUNCTIONAL ;- ADRENOCEPTORS?
LF. Musgrave

Neutrophils possess 8,-adrenoceptors which play a role in the inhibition of
N—formyl—L--methionyf~L—leucyl-L-phenylalanine (FMLP)-stimulated
superoxide anion (O,~) production (Seifert & Schultz, Rev Physiol
Biochem Pharmacol 117: 159 (1991)). Human neutrophils have been
reported to possess «,-adrenoceptors (Panosian & Marinetti, Biochem
Pharmacol 32: 2234 (1983)). However, the functional role of these
receptors is unknown, We therefore investigated the effect of a,-
adrenoceptor agonists on FMLP-induced O, production. 5-Aliyl-2-amino-
5,6,7,8-tetrahydro-4H-thiazolo-[4,5-d]Jazepin-dihydrochloride (BHT 920)
and 5-bromo-6-(2-imidazolin-2-ylamino)-quinoxaline (UK 14304),
structurally unrelated non-catecholamine full o,-adrenoceptor agonists, by
themselves had no effect on O, production. Surprisingly, neither BHT 920
nor UK 14304 had any effect on FMLP-induced O, production at
concentrations up to 10 uM, despite evidence for tonic elevation of cyclic
3',5" adenosine cyclic monophosphate (cyclic AMP) by endogenous
adenosine. The B-adrenoceptor agonist isoprenaline significantly reduced
FMLP-induced O, production. However, this effect of isoprenaline was
not affected by either BHT 920 or UK 14304 at 10 uM. The apparent
discrepancy between our functional studies and the binding studies of
Panosian & Marinetti {1983) may be due to the presence of platelets in
their neutrophil membrane preparations. We therefore examined the
binding of the selective a,-adrenoceptor antagonist [PH]-(2-[2,3-dihydro-2
methoxyl-1,4-benzodioxin-2-yl]-4,5-dihydro-1H-imidazole hydrochloride)
([*H]-RX821002) to membranes of HL-60 myeloid cells, an accepted
model for neutrophils. Membranes from undifferentiated, dibutyryl cyclic
AMP- or dimethyl sulfoxide-differentiated HL-60 cells showed no saturable
high affinity binding of [*H]-RX821002, whereas such binding was clearly
seen in membranes from human erythroleukemia (HEL) cells which are
known to possess a,-adrenoceptors.

Taken together the above results suggest that the lack of functional response
to &,-adrenoceptor agonists in human neutrophils is due to the absence of
o,-adrenoceptors in these cells.

Institut fiir Pharmakologie, Freie Universitét Berlin, Thielallee 69/73, 1000
Berlin 33, Germany. IFM is supported by the Alexander von Humboldt
Stiftung.
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A MEMBRANEQUS COFACTOR PRESENT IN VARIOUS CELL TYPES
ENHANCES SUPEROXIDE PRODUCTION IN A CELL-FREE SYSTEM
FROM DIFFERENTIATED HL-60 CELLS I. Schwaner

The  superoxide-producing  NADPH-oxidase  system  in
phagocytes consists of different cytosolic components and
one membraneous component, the cytochrome b, (Seifert,
R. & Schultz, G. (1991) Rev. Physiol. Biochem. Pharmacol.
117:1). We studied the effects of various types of
membranes from myelocytic cells on the superoxide
production in a cell-free system from dimethyl sulfoxide-
differentiated HL-60 cells. Membranes from the human
erythroleukemia cell line HEL enhanced arachidonic acid-

induced superoxide production in a concentration-
dependent manner by up to about 80 %. Intact HEL cells,
cell-free systems derived from these cells and HEL

membranes plus cytosol from differentiated HL-60 cells
did not produce superoxide. Cytosol from HEL cells did
not potentiate superoxide formation in the cell-free
system from differentiated HL-60 cells. The inhibitor of
protein isoprenylation lovastatin substantially reduced
the effect of HEL membranes. Neither pertussis toxin- nor
cholera toxin-treatments nor heating of the HEL membranes
affected the enhancing effect. The enhancing effect was
independent from the presence or absence of the stable
guanine nucleotide GTPyS. Membranes from the human
myelocytic cell 1lines K-562 and U-937 and from human
thrombocytes and erythrocytes (the latter being devoid of
cytochrome b,..) enhanced superoxide production as well.
The effect o? membranes was not mimicked by various
phospholipids and diacylglycerols. In conclusion, we have
found a membraneous cofactor of NADPH-oxidase activation
which (1) 4s heat-stable, (2) is present in various
myeloid cell types, (3) is not a guanine nucleotide, (4)
is not a GTP-binding protein, (5) is not cytochrome by,
and (6) is not a defined 1ipid.

Institut flir Pharmakologie, Freie Universitdt Berlin,
Thielallee 69/73, D-1000 Berlin 33, F.R.G.
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ISOLATION AND EXPRESSION OF A HEAT-STABLE
ENTEROTOXIN RECEPTOR ¢cDNA FROM A HUMAN COLONIC
CELL LINE.

J.-M. Heim, S. Singh*, G. Singh*, G. Krause, and R. Gerzer

Heat-stable enterotoxins (STs) are small pe{)tides secreted from
enterotoxigenic strains of E. coli, Y. enterocolitia and V. cholerae.
These peptides induce acute diarrhea by binding to and activation of
a membrane form of guanylate cyclase. Recently one form of this
type of guanylate cyclase has been cloned from rat tissue. (Schulz S
et al.(1990) Cell 63:941). We now have isolated another form of ST-
sensitive guanylate cyclase from a human colonic cell line (T84).
Methods: A “bacteriophage lambda UNI-ZAP-XR library was
screened with a catalytic domain probe from rat GC-B, A full-length
clone was obtained by the 5'-rapid amplification of cDNA (RACE)
protocol. A full-lenght cDNA was ligated to the expression vector
pSVL and COS-7 cells were transiently transfected using DEAE-
dextran. Accumulation of cyclic GMP was measured by stimulating
the monolayers with different concentrations of STa in culture
medium containing IBMX. Cyclic GMP was measured by RIA.
Results: Sequence analysis revealed a protein with a predicted
molecular weight of 120 858, an extracellular ligand binding region, a
single transmembrane domain and a cytoplasmatic catalytic domain.
Sequence comparison between ST-sensitive guanylate cyclase from
rat tissue (GC-C) and human source (STaR) indicated 81 % sequence
identity for the whole molecule, but only 71 % identity for the
extracellular li%and—binding domain. Ex?ression of STaR ‘in COS-7
cells and stimulation of the transfected cells with STa showed a dose-
depenent accumulation of cGMP with a half-maximal response of 15-
20 nM. Compared to the published results for rat GC-C, the human
StaR appears to be about 20-times more sensitive to STa.

The sequence diversity of the extracellular ligand binding domain
may account for this increased sensitivity of the human receptor.

Present adress: Dept. of Pharmacclogy, UT South Western Medical
Center, Dallas, TX, USA

Labor fiir Klinische Pharmakologie, Medizinische Klinik, Klinikum
Innenstadt, Ziemssenstrale 1, W-8000 Miinchen 2, Federal Republic
of Germany
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ACTIVATION OF ADENYLYL CYCLASE BY PITUITARY
ADENYLATE CYCYLASE ACTIVATING POLYPEFTIDE (PACAP)
IN MEMBRANES OF PORCINE HEARTS

L. Will-Shahab, G. Wallukat, and I. Kiittner

PACARP is a novel hypothalamic peptide present in two forms with 38 and
27 amino acid residues which shows 68% homology with vasoactive
intestinal peptide (VIP). VIP-receptor mediated activation of cardiac
adenylyl cyclase (AC) has already been shown in membrane preparations
of a number of species except guinea pig+rabbit (Chatelain et al.,1980).

We used highly purified sarcolemmal membranes of porcine hearts to
measure AC activation by PACAP-38, PACAP-27, VIP, and l-isoprenaline.
AC activating potency of both of the PACAP’s was equipotent and was
found to surpass that of l-isoprenaline 2-3 times. VIP was slightly but not
significantly less active than PACAP. At pmolar concentrations PACAP
activated AC via a high affinity class of receptors (Kact~0 pM). At higher
concentrations PACAP seems to occupy VIP receptors since no additive
effects has been observed. Guanylyl imidodiphosphate, a nonhydrolyzable
GTP derivative, potentiated the PACAP-induced AC activation indicating
that Gs protein(s) are coupled to these peptide receptors. In order to search
for a physiological function of the PACAP/VIP receptors in cardiac
sarcolemma cultured neonatal rat cardiomyocytes were exposed to PACAP.
The peptide was found to increase the beating rate to about 30 beats/min
at maximum. The dose-response curve was biphasic in shape and resembles
in this respect to the PACAP-induced activation of AC in porcine sarco-
lemma.

The findings suggest that PACAP’s may have specific function(s) in
regulation of cardiac activity via distinct VIP and PACAP receptors.

Inst.Cardiovasc.Res.,Div.Cell. Molec. Cardiol.,
Robert-Rossle-Str. 10, D-0O-1115 Berlin, FRG
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DETECTION OF HORMONAL ACTIVATION OF PROTEIN KINASE A IN
BOVINE CORONARY ARTERY IS DEPENDENT ON THE PH-BUFFER USED
FOR HOMOGENIZATION. R. Fermum and K.-U. Mdritz

A major problem encountered with studies on the hormonal
regulation of cyclic-AMP-dependent protein kinase in tissues
is the preservation of the activation state of the enzyme
after homogenization.

After preincubation of isolated bovine coronary arteries
with either isoproterenol (IS0) or L-thyroxine (T), the
activity of protein kinase A (PK-A) of the 30000 x g super-
natant fraction was investigated. When homogenization was
performed at physiological ionic strength of 0.16 M in a
buffer solution containing 20 mM phosphate, no significant
increases in kinase activity ratios were observed in
coronary arteries treated with IS0 or with T. These results
agree with those of SILVER et al. (Am. J. Physiol. 242,
H177 1982) and VEGESNA and DIAMOND (Can. J. Physiol.
Pharmacol. 62, 1116 1984) for IS0. In contrast, homogenates
prepared in buffer solutions containing MOPS or imidazole
showed that stimulation with IS0 or T was associated

with a marked increase in activity retio. Isozymic

forms of PK-A in the supernatant were idendified by DEAE
cellulose chromatography. IS0 activated predominantly the
subtype IT isoenzyme. This effect was also only detectable
when MOPS was substituted for phosphate in the
homogenization buffer. The results suggest that MOPS has a
preserving effect on the activation state of PK-A after
hormonal stimulation in situ.

Institut fir Pharmakologie u. Toxikologie d. Univ.,
Friedrich-Loeffler-Str. 23d, D/0-2200 Greifswald, FRG
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NITRIC OXIDE SYNTHASE-CATALYZED FORMATION
OF HYDROGEN PEROXIDE B. Heinzel

An FAD- and FMN-mediated electron-transfer from
NADPH to molecular oxygen is apparently involved in the
brain NO synthase-catalyzed conversion of L-arginine into
NO and L-citrulline [Mayer et al., FEBS Lett. 288, 187-191,
1991]. Here we show that this oxygen reduction results in
the formation of hydrogen peroxide at low concentrations of
L-arginine or tetrahydrobiopterin (Hsbiopterin) due to an
uncoupling of oxygen reduction. This generation of
hydrogen peroxide was strictly dependent on the presence of
CaZ+/calmodulin and was inhibited by L-arginine and
Hybiopterin with half-maximal effects observed at 11 uM
and 0.3 uM, respectively. The L-arginine analogues N®-
nitro-L-arginine, its methylester and N®-monomethyl-L-
arginine (L-NMMA) inhibited the synthesis of L-citrulline
from 0.1 mM L-arginine with half-maximal effects at 0.74
uM, 2.8 uM and 15 pM, respectively. The N@®.nitro-
derivatives also blocked the formation of hydrogen peroxide,
whereas L-NMMA did not affect this reaction. These
results indicate that Ca2+-dependent activation of brain NO
synthase may lead to the formation of hydrogen peroxide
and/or reactive oxygen species instead of NO at
pathophysiologically low levels of intracellular L-arginine
or Hybiopterin.

Present adress: Institut fir Pharmakodynamik und
Toxikologie, Universitdt Graz, Universitéitsplatz 2, A-8010
Graz, Austria.

Institut fiir Pharmakologie, Freie Universitit Berlin,
Thielallee 67-73, D-1000 Berlin 33, Germany.
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CEREBELLAR NO SYNTHASE IS A Ca2+/CALMODULIN-
DEPENDENT CYTOCHROME C REDUCTASE B. Mayer

Nitric oxide (NO) is formed from L-arginine by differently
regulated NO synthase isoenzymes with NADPH, tetra-
hydrobiopterin and molecular oxygen as essential cofactors.
Previously, we have shown that a soluble NO synthase
purified from porcine cerebellum catalyzes an FAD- and
FMN-mediated electron-transfer from NADPH to molecu-
lar oxygen in a Ca2+/calmodulin-dependent fashion [Mayer
et al., FEBS Lett. 288, 187-191, 1991]. Similarily, the NADPH-
dependent enzymatic reduction of cytochromes is mediated
by FAD- and FMN-containing reductases, and Bredt et al.
[Nature 3851, 714-718, 19911 reported on considerable
sequence homologies between rat brain NO synthase and
cytochrome Py50 reductase. We investigated whether brain
NO synthase may be a soluble isoform of cytochrome ¢ (P450)
reductase. It was found that the purified enzyme catalyzed
a reduction of cytochrome ¢ which was to 90 % dependent on
the presence of Ca2+/calmodulin (Km = 34.1 uM cytochrome
¢; Vmax = 10.2 pmol x mg-1 x min-1). Thus, cytochrome ¢
reduction proceeded about 10-fold faster than the formation
of L-citrulline. Precipitation of NO synthase by cytochrome c
agarose and lack of inhibition by superoxide dismutase
indicate a direct interaction of these proteins. Our results
suggest that brain NO synthase is a Ca2+/calmodulin-
dependent cytochrome ¢ reductase which may participate
in intracellular electron-transfer processes.

Present adress: Institut fiir Pharmakodynamik und
Toxikologie, Universitiat Graz, Universitidtsplatz 2, A-8010
Graz, Austria.

Institut fiir Pharmakologie, Freie Universitdt Berlin,
Thielallee 67-73, D-1000 Berlin 33, Germany.
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STUDIES ON THE SUBSTRATE SPECIFICITY OF NITRIC OXIDE
SYNTHASE M. Hecker, D.T. Walsh, A. Zembowicz, and J.R. Vane

Nitric oxide (NO) is a potent vasodilator and antithrombotic agent, and
plays an important role in the cytotoxicity of activated macrophages and
as a neurotransmitter. Its formation from L-arginine (L-Arg) is catalyzed
by a NADPH-dependent dioxygenase, referred to as NO synthase (NOS),
which can exist in at least two distinct forms, a constitutive
Ca2*+/calmodulin-dependent NOS (NOS.) and a Ca2+-independent
inducible NOS (NOS;). An important way of elucidating the chemical
mechanism of the biosynthesis of NO is to characterise the substrate
specificity of these isoforms of NOS. We have, therefore, investigated the
substrate specificity of NOS preparations from cultured endothelial cells
(EC) and lipopolysaccharide-activated J774.2 monocyte/macrophages by
monitoring the NO-mediated increase in intracellular cyclic GMP in LLC-
PK; pig kidney epithelial cells. NOS, activity in EC was largely
membrane-bound, whereas NOS; activity in J774.2 cells was equally
distributed among cytosol and membrane(s). The cytosolic NOS; in EC
and the membrane’bound NOS; in J774.2 cells were strictly Ca?+-
dependent, whereas the membrane-bound NOS, in EC and the cytosolic
NOS; in J774.2 cells were not. Interestingly, the capacity of these
isoforms of NOS to produce NO was very similar, suggesting that the
biosynthesis of NO by EC, in contrast to the continuous production of NO
by cytokine-activated macrophages, is tightly controlled by intracellular
signals. L-Homoarginine and L-Arg-containing small peptides, such as L-
Ala-L-Arg, L-Arg-L-Arg, L-Arg-L-Phe or L-Arg-L-Arg-L-Arg, could
replace L-Arg as a substrate for the NOS. in EC and the Ca2+-
independent NOS; in J774.2 cells. In contrast, the Ca2+-dependent NOS;
accepted only L-Arg, NG-hydroxy-L-arginine and L-Arg-L-Arg as
substrates. Thus, the active site of NOS seems to be flexible enough to
accomodate molecules different from L-Arg in size, charge and
hydrophobicity, These findings also suggest that the availability of L-Arg-
containing small peptides may represent an important regulatory factor for
the biosynthesis of NO, e.g. by EC. We conclude that, irrespective of
their intracellular localisation, at least three isoforms of NOS exist, which
can be differentiated by their substrate specificity and Ca?+-dependency
(Supported by a grant from Glaxo Group Research Lid.).

The William Harvey Research Institute, St. Bartholomew's Hospital
Medical College, Charterhouse Square, London ECIM 6BQ, U.K.
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Immunohistochemical detection of NO synthase type I
suggests co-localization with NADPH-diaphorase but
not soluble guanylyl cyclase, and para-neuronal func-
tions for nitrinergic signal transduction

Harald HH.W. Schmidt * Gerard D. Gagne, Mahlon F. Miller,
Timothy D. Warner, Hong Sheng & Ferid Murad.

Nitrinergic signaltransduction is based on two protein families.
Nitrogen oxides (NO) synthases (NOS), which catalyze the conversion
of L-arginine to NO and citrulline but may also have other oxido-reduc-
tase functions. NO activates the soluble isoforms of guanylyl cyclase
(GC-S), which catalyze the conversion of GTP to the second messen-
ger molecule cyclic GMP. Polyclonal antiserum (6761-8) to rat cerebel-
lum type I NOS (160 kDa-dimer) and monoclonal antibody to rat lung
GC-S (By) were generated in order to localize both signal transduction
proteins in various rat tissues. NOS was also visualized by its NADPH-
diaphorase (NADPH-d) properties, that is NADPH-dependent nitroblue
tetrazolium formazan formation. Throughout the rat, NOS and NADPH-
d were co-localized. Staining was found both in neuronal cells, i.e. in
the cerebellar cortex (granular cells), hippocampus (CA, dentate gyrus),
pituitary, peripheral neurons and ganglia (duodenum), but also in non-
neuronal cells, i.e. in pancreas (islets of Langerhans), kidney (macula
densa), and epithelial celis (lung, uterus, stomach). Western blot anal-
ysis revealed that the NOS present in epithelial cells and pancreatic B-
cells, may differ in molecular mass (180 and 150 kDa) from the rat
brain NOS-I. These type I-related NOS may have important para-neu-
ronal functions such as mediating the renal tubulo-glomerular feedback,
bronchodilatation, and peptide-hormone (e.g. insulin) secretion. In the
brain, NOS and GC-S were not co-localized in the same cells but were
found in adjacent cell layers. In the brain, NO is, therefore, likely to
function as a inter-cellular messenger or neurotransmitter generated in
specialized neurons (granular cells) regulating GC-S activity in specific
target cells (Purkinje and CA pyramidal cells). Since we and others re-
cently succeeded to purify a haman NOS from cerebellum, there is evi-
dence that nitrinergic signal transduction does also occur in man.
Department of Pharmacology, Northwestern University Medical
School, Chicago IL 60611, U.S.A.; Abbott Laboratories, Abbott Park,
IL, 60064 U.S.A.
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PARTICULATE AND SOLUBLE ENDOTHELIAL NITRIC OXIDE
SYNTHASES HAVE SIMILAR PROTEIN STRUCTURES WHICH
DIFFER FROM BRAIN NITRIC OXIDE SYNTHASE

U. Férstermann*¥, J.S. Pollock*, J.A. Mitchell* and M. Nakane*

Constitutive, calcium/calmodulin-regulated nitric oxide synthases (NOS) have
been identified in brain and endothelial cells. Clearly both of these enzymes
are different from the calcium-independent, induced isoform of NOS found in
macrophages. On the other hand, it has been inferred from the immunohisto-
chemical staining of endothelial cells by a polyclonal antibody against brain
NOS that brain and endothelial NOS are identical (Snyder and Bredt, Trends
Pharmacol. Sci. 12: 125-127, 1991). In our experiments, we found brain
NOS (isoform I) exclusively in the cytosolic fraction, whereas about 95% of
the total endothelial NOS activity (isoform III) was particulate and only about
5% was soluble. We purified soluble NOS from rat brain and particulate NOS
from bovine aortic endothelial cells using affinity chromatography on
2'5' ADP Sepharose followed by Superose 6 gel permeation chromato-
graphy. On sodium dodecyl sulfate-polyacrylamide gel electrophoresis, brain
NOS migrated as a single band corresponding to a Mr of 155 kDa, whereas
purified, particulate NOS from native and cultured endothelial cells had a
denatured molecular mass of 135 kDa. Brain NOS had chromatographic
properties different from the two endothelial enzymes: Brain NOS was eluted
from DEAE anion exchange columns with 0.1M KCl, whereas elution of both
the soluble and the particulate endothelial NOS required 0.2M KCL On
Superose 6 gel permeation chromatography, brain NOS eluted according to its
native molecular weight of approximately 300 kDa, whereas both endothelial
enzymes eluted anomalously near the total included volume. In Western blot
analyses, polyclonal antibodies generated against purified, denatured brain
NOS did not cross-react with endothelial NOS. Conversely, monoclonal
antibodies generated against purified, denatured, particulate endothelial NOS
recognized both the particulate and the soluble endothelial NOS as single
bands corresponding to a molecular weight of 135 kDa, but did not cross-
react with brain NOS. Immunohistochemical experiments showed that our
antibodies against particulate, endothelial NOS, but not our antibodies against
brain NOS, stained endothelial cells. These data indicate that soluble and
particulate endothelial NOS may represent post-translational modifications of
the same protein, whereas brain NOS is a structurally different protein.
*Abbott Laboratories, Abbott Park, IL 60064, USA, and iDcpartment of
Pharmacology, Northwestern University, Chicago, IL 60611, USA
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TETRAHYDROBIOPTERIN REGULATES THE FORMATION
OF NITRIC OXIDE IN CULTURED ENDOTHELIAL CELLS.
K. Schmidt and E.R. Werner”*

In mammalian tissues, there are at least two isoforms of NO
generating enzymes which catalyze the conversion of L-argi-
nine into L-citrulline and NO: a constitutively expressed, Ca2+/
calmodulin regulated enzyme present in the brain and in
endothelial cells, and a Ca2+-independent, cytokine-inducible
enzyme found in activated macrophages. While the latter has
been found to be regulated by tetrahydrobiopterin (H4biopterin),
a possible cofactor role of this pteridine for the Ca2+/calmodulin
dependent NO synthase is still discussed.

In the present study we demonstrate that inhibition of
Hbiopterin biosynthesis in intact endothelial cells reduces
their ability to produce NO. Under control conditions, endo-
thelial cells responded to addition of bradykinin or the Ca-
ionophore A 23187 with an enhanced formation of NO as
detected spectrophotometrically by the conversion of oxyhemo-
globin to methemoglobin or by an increase in intracellular
c¢GMP levels. Preincubation of endothelial cells with 2,4-
diamino-6-hydroxypyrimidine (DAHP), an inhibitor of GTP
cyclohydrolase I, reduced in same concentration range intra-
cellular Hybiopterin levels and the formation of NO. Addition of
. sepiapterin, a pteridine which leads to the biosynthesis of
Hybiopterin via a salvage pathway, elevated intracellular
Hgbiopterin levels and restored the ability of endothelial cells to
produce NO.

These data indicate that the biosynthesis of EDRF depends on
the presence of intracellular Hybiopterin, which, in addition to
Ca2+, may represent a further (patho)physiological regulator of
endothelial NO biosynthesis.

Institut fiir Pharmakodynamik und Toxikologie, Universitit
Graz, A-8010 Graz, und *Institut fiir Medizinische Chemie
und Biochemie, Universitdt Innsbruck, A-6020 Innsbruck.
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NITRIC OXIDE STORES IN VASCULAR TISSUE
A. Mlsch, P. Mordvintcev*, A. Vanin* and R. Busse

The identity of endothelium-derived relaxing factor, the nitric oxide
(NO)-containing vasodilator released from endothelial cells, is still
obscure. Though NO is generated by endothelial NO synthase
intracellularly, a paracrine action of free NO is questionable, because
of its lability. Instead, NO could be stabilized by formation of a
nitrosyl-complex with ferrous iron bound to thiolate groups. We
studied the biological activity, stability, and interaction of dinitrosyl-
iron(il)-di-L-cysteine (DNIC) with vascular tissue. DNIC potently
activated purified soluble guanylyl cyclase (GC) and relaxed
noradrenaline-precontracted segments of endotheliurn-denuded
rabbit femoral artery (ECgg's 10 nM). DNIC (1 uM) lost its biological
activity and decomposed in Tyrode’s solution at 37°C with a half life
of 30 s, as measured by UV and electron spin resonance (ESR)
spectroscopy. Pre-incubation (5 min; 37°C) of endothelium-denuded
rabbit aortic (RA) segments with DNIC resulted in a rapid formation of
a stable (> 2 h) ESR-detectable dinitrosyl-iron(ll) complex with aortic
protein thiol groups. A labile vasodilating and GC activating factor
was released from pre-incubated RA segments for up to 2 h of
perfusion. N-acetyl-L-cysteine enhanced the release of the GC
activating factor and enabled the detection of paramagnetic DNIC in
the superfusate. We conciude that NO produced by, or acting on
vascular cells can be stabilized and stored as a dinitrosyl-iron(1l)
complex with protein thiols, and can be released from cells in the
form of a low molecular weight dinitrosyl-iron(ll)-dithiolate by intra-
and extracellular thiols.

*Present address: Institute of Chemical Physics, USSR Academy of
Sciences, Moscow, USSR

Department of Applied Physiology, University of Freiburg, H.-Herder-
Str. 7, D-7800 Freiburg, Federal Republic of Germany
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THE ROLE OF NITRIC OXIDE (NO) FOR THE POTENTIATION
OF THE ANTIPLATELET EFFECTS OF NITRATES BY
CULTURED ENDOTHELIAL CELLS

J. Aissa and M. Feelisch.

The antiaggregatory effect of organic nitrates such as glyceryl
trinitrate (GTN) has been shown to be markedly potentiated by
cultured vascular smooth muscle cells and plasma via the
formation of NO.The aim of the present study was to investigate
whether  endothelial cells (EC) also express this
biotransformation pathway and to elucidate its role for the
antiaggregatory action of nitrates in vitro.

RESULTS: The formation of NO from superfused aortic EC
cultured on microcarrier beads was measured continuously by
means of difference-spectrophotometry. Infusion of GTN over
the cells (1-300 pM, 1 min) resulted in the immediate and
concentration-dependent generation of NO. Preincubation of
platelet-rich plasma (PRP) with GTN (0.1-200 pM) for 5 min
resulted in a concentration-dependent inhibition of ADP-
induced aggregation.in the presence of EC in suspension
(2.8x10° cells/ml) the concentration response curve for GTN
was shifted to the left. This potentiation was completely
reversed by oxyhaemoglobin (10 uM) indicating that the effect
was mediated via NO. Similar results were obtained with
isosorbide dinitrate and isosorbide 5-mononitrate. The
potentiation of the antiaggregatory effect of GTN by EC was
even more pronouced in washed platelets.

CONCLUSION: These data demonstrate that EC metabolize
organic nitrates to NO. This NO generation is responsible for
the potentiation of the inhibitory effects of nitrates on platelet
aggregation in vitro. Our results suggest that the
biotransformation of organic nitrates in EC is likely to play an
important role for the modulation of blood cell function in vivo.

Department of Pharmacology, Schwarz Pharma AG,
Alfred Nobel Str. 10, 4019 Monheim, Germany
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EFFECTS OF ILOPROST AND SIN-1 ON cAMP AND c¢GMP
LEVELS IN WASHED HUMAN PLATELETS

B. Beisiegel and L. Grodzinska™

The guanylate cyclase activator NO and the adenylate cyclase activator
PGI, show a synergistic inhibitory effect on platelet aggregation in vitro
and in vivo by elevating platelet cGMP or cAMP. The dose- and time-
dependent alterations in ¢cGMP and cAMP levels after coincubation with
the NO-donor SIN-1 and the PGI,-analog iloprost were studied, in order
to investigate possible interactions of the second messengers. cAMP
levels increased with iloprost 3-30 ng/ml for 1-30 min from 22.7+5.6 to
250452 pmol/ 108 platelets; ¢cGMP levels were not altered. Incubation
with SIN-1 3-30 ug/ml for 1 min showed a dose dependent rise of cGMP
levels from 1.640.3 to 6.2+ 1.4 pmol/108 platelets, 10 min incubation
with SIN-1 30 ug/ml increased cGMP levels from 2.0+0.3 to 13.241.4,
and 30 min from 1.940.3 to 15.4+2.4 pmol/108 platelets. cGMP levels
were not significantly altered by coincubation of SIN-1 with iloprost and
vice versa, CAMP levels were unaltered by coincubation with SIN-1.
Thus we conclude that the synergistic inhibition of platelet aggregation is
not due to synergistic alterations in cAMP or cGMP levels.

II. Medizinische Klinik, Klinisch-Pharmakologisches Labor, Johannes
Gutenberg-Universitit, Langenbeckstr. 1, 6500 Mainz and

*Department of Pharmacology, Copernicus Medical Academy, Cracow,
Poland
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MOLSIDOMINE, THE NOVEL SYDNONIMINE CAS 936 AND
THEIR METABOLITES INHIBIT INTRACELLULAR FREE
CALCIUM IN STIMULATED HUMAN PLATELETS I. Baumann
and J. Baumann

Recent studies have indicated that molsidomine (MOL),
SIN-1, SIN-1A and the novel analogues CAS 936, C87 3754
and C87 3786 may alter cell activity independent of
providing NO (BOHN et al.: J. Cardiovasc. Pharmacol. 18,
522, 1991). Since cytosolic free Ca may be considered
as a common denominator of cellular activity this study
investigates the effects of these compounds on this
parameter.

Washed human platelets were incubated with the agents for

2 min in Tyrode-HEPES buffer (pH 7.4; [Ca++]e: 2 mM,
37°C) and then  stimulated with calcimycin (3 uM),
thrombin (0.5 IU/ml) or arachidonic acid (A4; 10 uM).

Changes in cytosolic Ca'  were monitored fluorimetrically
using INDO-1AM (1.5 pM). In comparison to solvent-treated
controls (inhibition: 0 Z), the percent inhibition of the
[Ca™"];-signal subsequent to the addition of the test
drugs was as follows:

concentration calcimycin thrombin AA
[ nMjj inhibition [%]

MOL 100 100 100 100
MOL 10| 56 t 4 64 + 4 57 t 3
CAS 936 100 100 100 100
CAS 936 10 73 t 2 79 £ 2 79 & 2
SIN-1 100 13 £5 58 £ 2 88 & 4
€87 3754 100 39 £ 6 54 + 5 75 & 5
SIN-1A 100 34 £ 5 55 t 1 59 £t 4
C87 3786 100 7+ 2 41 + 4 73 £ 5

x + SEM (n=4) or respective stimulus controls
The data suggest an inhibition of stimulated cytosolic
cat by both NO-donators and (inactive) prodrugs.

Institut flir Pharmakologie, Heinrich-Heine-Universitit
Dlisseldorf, Moorenstr. 5, W-4000 Diisseldorf 1
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ISCHEMIA AND REPERFUSION-INDUCED EARLY ARRHYTHMIAS
IN VIVO: BENEFICIAL EFFECTS OF THE ACTIVE METABOLITES
OF MOLSIDOMINE (SIN 1;SIN 1A) T.F .Krzemiriski

The sudden restoration of coronary blood flow can lead to reper-
fusion - induced ventricular fibrillation and sudden death in man.
The effects of two molsidomine active metabolites (SIN T;SIN 1A)
against ischemia- and reperfusion-induced arrhythmias and creati-
ne kinase (CPK) release were investigated using anaesthetized
rats (60mg/kg pentobarbiton,i.p.) with transient (7min) coronary
artery occlusion (improved method according to Seley et al.,An-
giclogy, 1960;11;398-407) . Moreover, the hemodynamic parameters
(heart rate(HR), systolic and diastolic blood pressures(BPs,BPd),
tension-time index (TT!) were measured. The test drugs or vehicle
{controls) were administered {i.v.) 10min prior to occlusion (bolus
and continuous infusion).

Reperfusion-induced ventricular fibrillations (VF) were observed in
100% of control animals (n=16), whereas such episodes occured in
54 and 53% of the animals treated with 6pg/ml/kg+3.6pg/mi/ka/h
(n=16) or 20ug/ml/kg+12ug/mifka/h (n=16) SIN 1. This effect of
SIN 1A (n=16) in the same doses was less pronounced.

The mean duration of reperfusion-induced VF and ventricuiar ta-
chycardias (VT) were not changed by both drugs, if occured.

The mortality index was reduced from 43% in control to 31 and
18% by SIN 1, while SIN 1A decreased this ratio to 12 and 25%
respectively.

SIN 1 was more effective in dose dependently reducing of the
CPK release caused by reperfusion. The mean CPK wvalue in the
plasma of the higher dose SIN 1 treated group (7.7+1.6 U/g Prot.
n=10) after reperfusion was not different from the value of the
sham operated group (8.1+1.2 U/g Prot., n=8).

These evidences may enlarge present clinical indications for long-
-treatment with molsidomine (as the NO-releasing drug) in preven-
ting severe rhythm disturbances caused by sudden coronary artery
reperfusion.

Department of Pharmacology, Silesian Academy of Medicine,
Jordana 38, 41-808 Zabrze, Poland
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PHARMACOLOGICAL PROPERTIES OF SPH 3672, A NITROVASODILATOR DIRECTLY LIBERATING
NITRIC OXIDE.
E.Noack, M.Behne and G.Kojda

The activity of orgamic nitrates is blunted by the development of tolerance during
long-tern therapy. On a molecular basis nitrate toleramce is thought to be asso-
ciated with reduced intracellular concentrations of substances containing SH-groups
suSh as cysteine. Therefore, several new compounds were developed (Noack et al.:
2 Tnt, Meeting "Biology of nitric oxide", London Oct 1, 1991) combining both, a
nitrate- and a thiol-group. In the case of SPH 3672 (N-[3-Nitratopivaloylj-1-
cysteineethylester) the intramolecular thiol moiety derives from the covalently
bound cysteine molecule. Isolated quanylate cyclase (GC), partially purified from
the cytosolic fraction of husan platelets by DEAE-sepharose-chromatography is half-
naximally stimulated by 1,5410,16 w¥ of SPN 3672, measured by radioimmunassay for
cyclic GHP. A nearly 10-fold potentiated stimlation of GC was observed with glyce-
rol trinitrate (GIN), but only in the presence of 5 mH cysteine. The vasorelaying
activity of SPM 3672 was examined in isolated rat aorta and porcine right coronary
artery rings precontracted with norepinephrine (1u) or. PGF,, (504M) resp.. Pre-
sence of intact endothelium was checked by the addition of acetylcholine (104K) or
substance P {3nM) resp.. Dose-response-curves for SPM 3672 were performed via cumu-
lative drug application (10nN-0,1mK). In order to evaluate a development of tole-
rance a second dose-response-curve was added, or the vessels were preincubated with
GIH (30 win, 0,1sM). Halfmaximally vasodilating concentrations (ICsp) of SPK 3672
slightly increased following repeated drug application in rat aorta (ICgy:
1,2140,09 and 2,0240,37 ¥ resp., n=5).In porcine coromary artery SPH 3672 ex-
hibited an ICsy-value of 1,0510,18 M (n=8). Preincubation of the artery rings with
GTN, performed to elicit nitrate tolerance, significantly potentiated the vasorela-
xing activity of SPN 3672 (ICgy: 0,5140,09 4M, n=8). By contrast, repeated exposure
of these vessels with GIN resuited in a pronounced and significant reduction of its
vasodilating activity [ICg(GEN): 0,4040,07 resp. 6,9740,56 4N, n=5]. These results
demonstrate that SPM 3672 is a powerful, approyimatly GTN-equieffective vasodi-
lator, activating isolated human 6C without the requirement of additional thiols.
Furthernore, the activity of this cowpound is not diminished by tolerance and is
not only fully retained but even slightly enhanced in porcine coromary arteries
tolerant to GIN. Thus, in future SPN 3672 could represent a therapeutical alterna-
tive in long~term nitrate treatment.

INSTITUT FOR  PHARNAKOLOGIE, HEINRICH-HEINE-UNIVERSITAT,
D{SSELDORF 1

MOORENSTR.5, 4000
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SEPIAPTERIN INCREASES TETRAHYDROBIOPTERIN LEVELS AND IN-
FLUENCES BLOOD PRESSURE IN SPONTANEOUSLY HYPERTENSIVE RATS.
H.Prast, G.Werner-Felmayer, H.Wachter
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STABLE EXPRESSION OF cGMP-DEPENDENT PROTEIN KI-
NASE IN CHO CELLS SUPPRESSES CALCIUM TRANSIENTS
P.Ruth, B.May, W.Landgraf, A.Keilbach

Among several abnormalities observed, an impairment of en-
dothelium dependent relaxation was shown in aortae from SHR
(Experientia 45,705-708,1989). Furthermore, tetrahydrobiop-
terin synthesis is lower in SHR than in normotensive Wistar
Kyoto rats (WKY). It has been shown recently, that nitric
oxide synthase requires tetrahydrobiopterin for full ac-
tivity (FEBS letters 277,215-219,1990) and that intracellu-
lar levels of tetrahydrobiopterin regulate the amount of
nitric oxide (NO) formed from L-arginine (J.Exp.Med.172:
1599-1607). Thus, decreased tetrahydrobiopterin might lead
to decreased NO synthesis and hence contribute to hyperten-
sion in SHR. We treated SHR (n=6) with sepiapterin
(10mg/kg) which is converted to tetrahydrobiopterin by a
salvage pathway. Controls received the same dose of pterin-
6-carboxylic acid (n=6), which is not metabolized to te-
trahydrobiopterin, or vehicle (n=5).

Bleood pressure of SHR treated with sepiapterin was lower
than that of SHR treated with pterin-6-carboxylic acid or
vehicle. This effect lasted for two days. While NO syn-
thase activities in various brain areas and organs remained
unchanged by the treatment, sepiapterin but not pterin-6-
carboxylic acid increased the tetrahydrobiopterin levels.
Significant increases were geen in the brainstem, cerebel-
lum, liver and serum. These results demonstrate that the
increase in tetrahydrobiopterin levels by sepiapterin leads
to a transient delay in the development of hypertension in
SHR. Further experiments will show whether this effect is
due to peripheral or central mechanisms.

Institut fiir Pharmakodynamik und Toxikologie, und Institut
fiir Medizinische Chemie und Biochemie der Universitdt Inns-
bruck, Peter-Mayr-Strafe 1, A-6020 Innsbruck, Austria.
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EDRF  INFLUENCES PERIPHERAL  SYMPATHETIC
ACTIVITY IN MYOCARDIUM Klaus Addicks, & Wilhelm
Bloch

There is discussion about the influence of regulational factors of the
vascular wall such as EDRF/NO on the vascular reaction induced by
sympathetic innervation.

We studied isolated perfused rat-hearts at a constant coronary flow
of 9ml/min. and added NO(10°M) to analyse the effects of
EDRF/NO on the intrcardiac sympathetic nerve fibres. Coronary
and left ventrikular pressure were monitored. The intraxonal
catecholamines were visualised by fluorescence microscopy and
measured.

Time NO/EDREF, 108 M
% of control

Area of 3 min. 126%
intraaxonal
catecholamines 20 min. 125%

3 min. 69%
coronary pressure .

20 min 66%

The NO-antagonist L-nitro-arginin causes a decreased fluorescence
of intracardiac nerve fibres and a rise in coronary perfusion pressure.
These results demonstrate a strong inffluence of EDRF on
peripheral sym%)athetic activity. The observed vascular resistence is
consequence of the direct effects of EDRF on the walls of coronary
vessels and the observed modulation of sympathetic activity.

Department of Anatomy, Universitét of Cologne, Joseph-Stelzmann-
Str.9, D5000 Cologne 41, Germany

The cDNA of the la cGMP kinase (cGK) was stably transfec-
ted into CHO cells which lack endogenous cGK. After ampli-
fication of the integrated gene the concentration of ¢GK in
these cells was 3 yM. The recombinant cGK showed cGMP
activation and binding characteristics identical with the en-
zyme purified from bovine lung. To study the effsc:t of the
¢GK on the cytosoelic calcium concentration ([Ca +]i), cal-
cium transients in CHO celis were inveatigated. Thrombin at a
concentration of 30 nM stimuiated [Ca +]i in CHO wild type
cells (CHO- WT) from 127 nM to 492 nM and in CHO cells
expressing cGK (CHO-cGK) from 120 nM to 412 nM. Pre-
incubation with 1 mM 8-Br-cGMP almost completely reduced
thrombin induced calcium transients in the CHO-cGK cells,
but not in CHO-WT celis. In contrast to 8-Br-cGMP, 1 mM 8-
Br-cAMP did not affect the calcium transients in both cell
clones.

These results suggest that the activation of the ¢GK indeed
lowers cytosolic calcium concentration. The mechanism of
this effect remains to be resolved. However, the target pro-
tein(s) being phosphorylated by ¢cGMP kinase are obviously
present also in CHO cells which do not endogenously express
cGK.

Inst.f.Pharmakologie und Toxikologie der Techn. Universitat
Miinchen, Biedersteiner Str, 29,
D-8000 Miinchen 40, Germany
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CHARACTERIZATION OF AN ENDOGENOUS NITRIC OXIDE
(NO)-STIMULATED ADP-RIBOSYLATION S. Dimmeler and B. Briine

An endogenous ADP-ribosyltransferase is present in different tissues
including platelet cytosol. Agents known to release NO are able to
activate the ADP-ribosylation of a 39 kD-protein in a ¢cGMP independent
way. Recently we demonstrated that NO, derived from it's physiological
source L-arginine by the enzymatic activity of the soluble NO-synthase,
stimulates the ADP-ribosylation in rat cerebellum as well as in DMSO-
differentiated HL-60 cells. Using platelet cytosol we observed a
dramatically increased ADP-ribosylation by addition of the cofactors (1
mM NADPH, 250 pM CaCly, 10 uM tetrahydrobiopterin, 10 pg/ml
calmodulin and 3 pM L-arginine) known to activate the cytosolic NO-
synthase. Unfortunatelly, the increased incorporation of ADP-ribose from
NAD was not inhibited by known NO-synthase inhibitors N-nitro-L-
arginine or N-methyl-L-arginine. We now studied the effect of each
cofactor alone and detected an increase of 32P-ADP-ribose incorporation
in the presence of NAPDH whereas all other cofactors were ineffective.
The stimulatory effect was concentration dependent reaching a maxium
with 1 mM NADPH. NADPH not only enhanced the basal acitivity. It
increased also the NO-stimulated ADP-ribosylation synergistically. Since
the stimulatory action was only achieved in the presence of another
reduced cofactor like DTT, we suppose that the ADP-ribosylation may be
linked to the cellular redox status. NADPH may attribute to the
physiological significance of this reaction by shifting the dose-response
curve of nitric oxide to the left.

Department of Biological Chemistry, University of Konstanz,
Universititsstr. 10, 7750 Konstanz
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EFFECTS OF THE ADENOSINE RECEPTOR AGONISTS NECA AND CCPA ON
LYSOSOMAL ENZYME RELEASE AND ADHESION TO ENDOTHELTIAL CELLS
OF HUMAN NEUTROPHILS.

A. Felsch and U, Borchard
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COMPARISON OF THE EFFECTS OF ADENOSINE AGONISTS ON
CORONARY AND AORTIC ENDOTHELIAL CELLS

J. O. Schiele

Human neutrophils (PMN) play an important role in athero-
sclerosis due to their adhesion to the blood vessel wall and
the release of enzymes and reactive oxygen species. We in-
vestigated the influence of the Aj-receptor agonist NECA [5°
N-ethyl-carboxamido-adenosine] and the A;-receptor agonist
CCPA [2-chloro-Né-cyclopentyl-adenosine] on adhesion to
cultured porcine aortic endothelial cells (PAE) and B-glucu-
ronidase release of PMN stimulated by phorbol 12-myristate
13-acetate (PMA) or n-formyl-methionine-leucine~
phenylalanine (FMLP). NECA (1077 to 107 mol/l) reduced the
adhesion of PMA (10 ug/l) stimulated PMN to a minimum of 69
Z and inhibited the enzyme release of FMLP (30 nmol/l)
stimulated PMN to 75 Z of control. GCPA (107 to 1075 mol/l)
enhanced the adhesion to a maximum of 132 Z and slightly
inhibited the enzyme release of PMN to 90 % of control.
Additionally, NECA increased the cyclic AMP formation of
isobutylmethylxanthine (0.25 mmol/l) treated PMN to a
maximum of 411 Z and CCPA to 145 Z of control. These fin-

dings suggest that Aj-receptors mediate inhibitory effects on

enzyme release and adhesion of stimulated human PMN. These
effects are partly explained by the activation of adenylate
cyclase.

Institut flir Pharmakologie, Heinrich-Heine-Universitét,
Moorenstr. 5, W-4000 Diusseldorf 1
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PURIFICATION OF A HIGH AFFINITY ADENOSINE BINDING SITE
FROM BOVINE BRAIN

A. Lorenzen and U. Schwabe

There is increasing evidence that endothelium from different vessels exhibits different
functional properties. In cultivated endothelial cells adenosine has been shown to
increase cAMP levels via adenosine A, receptors. Conflicting results have been
reported on the extent of adenylyl cyclase stimulation by adenosine in endothelium
from different tissues and species. Therefore, we compared the effect of several
adenosine receptor agonists on cAMP levels in both macro- and microvascular
endothelial cells of the same species.
Macrovascular endothelial cells were cultivated from guinea pig aorta. Coronary
endothelial cells were prepared from guinea pig heart and were mainly of
microvascular origin. Cells were subcultivated on microcarrier beads, and stimulated
in the presence or absence of the phosphodiesterase inhibitor 4{(3-butoxy-4-
methoxyphenyl)methyl]-2-imidazolidinone (Ro 20-1724, 500uM). cAMP content
was determined by radioimmunoassay.
In coronary endothelium, 5'-N-gthylcarboxamidoadenosine (NECA), R-N6-phenyl-
isopropyl-adenosine (R-PIA) and the new A, receptor selective agonist 2-[4-(2-car-
boxyethyl)phenethylamino]-5-N-ethylcarboxamido adenosine (CGS 21,680) stimula-
ted CAMP formation 8-, 3-, and 2 fold, respectively. In the presence of Ro 20-1724
basal levels were unchanged, NECA-, R-PIA- and CGS 21,680 stimulated cAMP
levels were 37-, 21-, and 16 fold. Forskolin and isoproterenol increased cAMP levels
in presence of Ro20-1724 40- and 5 fold. The time course showed an initial steep
increase of the cAMP level, reaching a plateau after 10 to 15 min. The NECA-induced
CAMP increase was competitively blocked by the adenosine receptor antagonist
xanthine amine congener (XAC),
Tn aortic endothelium, NECA and forskolin increased cAMP level in presence of
Ro20-1724 more than 200 fold. CGS 21,680, R-PIA and isoproterenol increased
¢AMP levels in the presence of the phosphodiesterase inhibitor 52-, 87- and 5 fold. In
both endothelial cell preparations the observed rank order of potency was typical for
an adenosine A, receptor: NECA > CGS 21,680 > R-PIA.
In aortic and ‘coronary guinea pig endothelium NECA is the most efficacious
adenosine analogue. CGS 21,680 and R-PIA are partial agonists for the adenosine
receptor. The large differences in the maximal response to stimulation with
adenosine agonists in coronary versus aortic endothelium may either be due to
different activities of adenylyl cyclase or phosphodiesterase or to different adenosine
receptor densities.

Pharmakologisches Institut, Universitat Heidelberg, INF 366, D-6900 Heidelberg
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CHARACTERIZATION OF A NOVEL ADENOSINE-BINDING PROTEIN
FROM THE CYTOSOLIC FRACTION OF HUMAN PLATELETS

M. Schreiner, T. Fein

It has been shown previously that bovine brain membranes do not only contain
adenosine receptors, but also two other proteins of unknown function with
different affinities for 5’-N-elhy1carboxamido[3H]adenosine([3H]NECA). A high
affinity NECA binding protein can be distinguished from A, adenosine receptors
and the low affinity adenotin-like NECA binding protein by its characteristic
pharmacological profile.

Bovine brain membranes were solubilized with the zwitterionic detergent CHAPS
(3-[3-(cholamidopropyl)dimethylammonio]-1-propanesulonate), and the solubi-
lized extract was subjected to ion exchange chromatography on a QAE sepharose
column. [3H]NECA binding sites were absorbed completely to the gel, and the
high affinity NECA binding sites were selectively recovered almost completely by
elution with a KCl gradient (20-300 mM). Solubilization and ion exchange
chromatography purified high affinity NECA binding sites approximately 70-
80fold compared to membranes. These fractions were adsorbed to a NECA affinity
matrix produced by coupling adenosine 5’-carboxylic acid to an amino terminal
agarose. High affinity NECA binding sites were eluted with 10 mM adenosine
(purification factor of NECA agarose: 200). Subsequent polyacrylamide gel
electrophoresis revealed the enrichment of a polypeptide with an apparent
molecular weight of 53 KDa.

In summary our results show a 16,000fold purification of a 53 KDa high affinity
NECA binding protein by ion exchange and affinity chromatography.

Pharmakologisches Institut der Universitit, Im Neuenheimer Feld 366, 6900
Heidelberg, FRG

Previous studies have shown that human platelets contain two different
([SH]NECA) binding proteins. An adenotin-like binding site has been seperated
from A, adenosine receptors and partially purified by affinity chromatography. In
this study we describe an additional NECA-binding protein obtained from the
cytosolic fraction of human platelets, which can be distinguished from the
membrane-bound adenotin-like NECA-binding protein by several criteria. Gel
filtration of the cytosolic fractions of human platelets yielded a single peak in
which two distinct NECA-binding sites were observed. The first part of the peak
exhibited adenotin-like binding properties with adequate affinity for NECA and 2-
chloroadenosine whereas in the second part of the peak [PHINECA binding was
displaced by NECA but not substantially by 2-chloroadenosine used for the
definition of nonspecific binding. A separation of these two NECA-binding
proteins was obtained by ion exchange chromatography on DEAE-Sepharose CL
6B. A first NECA-binding component was not retarded by the column, whereas a
second binding component was eluted by a NaCl-gradient from 200-400 mM. The
second binding peak showed the typical binding characteristics of the adenotin-
like binding site with the order of potency 5’-N-methylcarboxamidoadenosine
(MECA)>NECA >2-chloroadenosine >adenosine. In contrast, the first peak had
the potency order NECA >MECA >adenosine>2-chloroadenosine. In addition, 5-
50fold differences in the binding affinities for several adenosine analogues were
observed. Our results show that human platelets contain an additional cytosolic
NECA-binding protein which can be distinguished from A, adenosine receptors
and adenotin-like binding protein present in platelet membranes.

Pharmakologisches Institut der Universitdt, Im Neuenheimer Feld 366, 6900
Heidelberg, FRG
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CHARACTERIZATION OF MEMBRANE-BOUND HIGH AFFINITY
NECA-BINDING SITES FROM BOVINE CEREBRAIL CORTEX

M. Nitsch-Kirsch

In additjon to adenosine receptors, bovine cortical membranes contain low affinity
adenotin-like NECA (5'-N-cthylcarboxamidoadenosine) binding sites and high
affinty NECA binding sites of unknown function. For detection of these high
affinity binding sites in membranes, it was necessary to remove metabolites with
high affinity, e.g. adenosine by addition of adenosine deaminase and inosine by
addition of nucleoside phosphotylase. The pore-forming peptide antibiotic
alamethicin further increased binding of [3H]NECA to this site by more than
100%. In contrast to A, adenosine receptors and the low affinity NECA binding
protein, this site was sensitive against treatment with the sulfhydry! alkylating
agent N-ethylmaleimide. This site was characterized by competition experiments
which demonstrated a pharmacological profile distinct from the and
adenosine receptors and the adenotin-like NECA binding protein. This site did
not bind adenosine receptor antagonists, but had a relatively high affinity for
adenine nucleotides and the inosine derivative NBTI (S-4-nitrobenzyl-6-
thioinosine). Saturation with [3H]NECA revealed a Ky value of 53.7 nM and a
binding capacity of 796 fmol/mg protein. These pharmacological data show that
the previously described solubilized high affinity NECA binding site and the site
characterized in membranes are identical.

Pharmakologisches Institut der Universitit, Im Neuenheimer Feld 366, 6900
Heidelberg, FRG

234

DECREASED AFFINITY OF CENTRAL
SPONTANEOUSLY HYPERTENSIVE RA

ADENOSINE RECEPTORS IN

A. Matjas*, F.-J. Zimmer, R. Keil

Defective adenosine mechanisms have been proposed to be involved in the
pathophysiology of arterial hypertension. Thus, it has been observed that
adenosine has a lower activity to depress stimulation-induced noradrenaline
release and vasoconstriction in arteries of spontaneously hypertensive rats (SHR).
In the present study we have used radioligand binding for a direct characterization
of A, adenosine receptors in brain membranes of Wistar Kyoto rats (WKY) and
SHR rats.

Saturation experiments with [3H]—2-chloro-N6-cyclopentyladenosine ( [3H]-CCPA)
demonstrated a higher affinity in 5 weeks old SHR in the "prehypertensive" state,
whereas 48 weeks old SHR showed a lower affinity in comparison with age-related
WKY rats. No gross changes in receptor density were seen in both groups of
animals. In the presence of GTP, the low-affinity binding site shows a lower
affinity in 5 weeks old SHR and no difference in 48 weeks old SHR in comparison
with controls. This result appears to be of functional importance since the effects
of adenosine are mediated by the low affinity state of the receptor,

Saturation studies with the antagonist radioligand [3H]—1,3-dipropy1-
cyclopentylxanthine ([3H]-DPCPX) showed no significant difference both in
affinity and number of receptors in 5 weeks old rats, but a marked reduction in
affinity and B 2 Values was found in 48 weeks old SHR in comparison with age-
matched WKY Trats. Competition experiments for [°H}-DPCPX binding to
adenosine receptors by R-N6-phenylisopropyladenosine (R-PIA) showed a
significant decrease of both high and low affinity binding sites in 48 weeks old
SHR rats. This difference was mitigated by the addition of GTP. B . values for
both groups were not different.

In conclusion, our results show a decreased affinity of central A, adenosine
receptors in SHR in comparison with WK rats, which is already detectable in the
"prehypertensive” phase. These changes might be due to an alteration of receptor
structure or to a deficient G protein-receptor coupling.

*Fellow of the Alexander von Humboldt Stiftung. Supported by Deutsche
Forschungsgemeinschaft.

Pharmakologisches Institut der Universitit, Im Neuenheimer Feld 366, 6900
Heidelberg, FRG
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COUPLING OF PERTUSSIS TOXIN SENSITIVE G PROTEINS TO A1
AND NON-A1 ADENOSINE RECEPTORS

Angela Ameri

In a previous study it was demonstrated that the adenosine agonists R-
phenylisopropyladenosine  (PIA) and 5-N-ethylcarboxamidoadensosine
(NECA) inhibit CA1 neurones in rat hippocampal slices by binding to A1l
receptors and excite these neurones by acting on adenosine receptors other
than the A1 receptor (Ameri and Jurna, 1991, Brain Res., 546, €9-78). The
aim of the present study was to investigate the involvement of GTP-binding
proteins (G proteins) in the transmembranal signal transduction activated
by PIA and NECA. For this purpose, pertussis toxin (PTX) was injected
intracerebroventricularly. For control experiments, two groups of rats were
injected either with the vehicle or with heat-inactivated PTX. Intracellular
recording were made from CAl neurones of rat hippocampal slices 4-10
days after the pretreatment. The inhibition (i.e. hyperpolarization and
decrease in meuronal input resistance) produced by PIA (0.5 pmoll) and
NECA (1 pgmol/l) in unpretreated neurones and neurones pretreated with
the vehicle or inactivated toxin was significantly reduced in PTX-pretreated
neurones. Also when applied in higher concentration (1-2.5 umol/l), PIA
failed to increase the hyperpolarization and the decrease in membrane
resistance. An excitatory effect of PIA (i.e. depolarization and increase in
neuronal input resistance) was observed in about 50% of the unpretreated
neurones when PIA was applied in a high concentration (2.5 gmol/l) or it
was produced by PIA at lower concentrations in all neurones when the A1
receptor was blocked by DPCPX. After pretreatment with PTX, the
excitatory effect of PIA was absent.

It is concluded that PTX-sensitive G proteins are involved in the inhibitory
action of PIA and NECA mediated by A1 receptors and in the excitatory
action mediated by non-A1 receptors.

This study was supported by the SFB 246.
Institut fiir Pharmakologie und Toxikologie der Universitit des Saarlandes,
D-6650 Homburg/Saar, FRG.
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THE TRIAZOLOPYRIMIDINE TRAPIDIL ONLY MODERATELY
INTERACTS WITH THE A -ADENOSINE RECEPTOR OF BRAIN
AND HEART

E.-G. Krause, H. Tenor

Trapidil (5-methyl-7-dimethylamino-s-triazolo [1,5«] pyrimidine; TRAP)
is a nonspecific inhibitor of PDE isoenzymes (Tenor et al.: Biomed.Bio-
chim.A, 46:749,1989) that is clinically applied, especially in Japan, in
early stages of ischemia-related heart failure due to its positive inotropic
and cardioprotective effects. As it was suggested from hemodynamic
studies, that TRAP did not affect the regulatory function of adenosine, the
interaction of TRAP with the A, adenosine binding sites was studied in
membrane preparations from rat brain and bovine heart muscle tissue
using ['H}-PIA and [PH]-DPCPX as radioligands. In a competing assay the
K; value for TRAP of brain membrane was calculated at 517 + 25 uM
which reflects a 32-fold less affinity as it was additionally measured for
theophylline (K| 15,9 + 5 uM). The K; value of unlabelled PIA was found
at 0.89 + 0.1 uM, almost idendical with its K, value. In cardiac
membrane fraction the affinity of the A, adenosine receptor (B,,.: 14.5
fmol/mg protein; K, for DPCPX: 0.11 + 0.02 nM) for TRAP was found
in the mM range (K: 1.4 + 0.2mM) which secems to be without
pharmacological importance. In comparison, theophylline interferes with
a respective 160 times higher affinity (K;: 8.7 £ 1.9 uM) with that
binding site. As any suppression of the beneficial effects of endogenous
adenosine at the level of A, receptors, as it was recently demonstrated for
some specific PDE inhibitors, may be deleterious during ischaemia the
lack of such side effect of TRAP may explain, at least partly, its efficacy
in the treatment of heart failure.

Institut fiir Herz-Kreislaufforschung,Robert-Réssle-Str. 10, Berlin-Buch
(FRG)
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EFFECTS OF AN A2-ADENOSINE RECEPTOR AGONIST ON
CONTRACTILE RESPONSE AND ¢AMP CONTENT IN
VENTRICULAR CARDIOMYOCYTES FROM GUINEA PIGS

B. Stein, A. Drogemiiller, C. Seeland

There are conflicting reports concerning the existence of cAMP-
increasing A2-adenosine receptors on cardiomyocytes. Therefore,

we investigated the effects of the selective A2-adenosine receptor
agonist 2-[p-(2-carboxyethyl)phenethylamino]-5’-N-ethylcarbox-

amid-adenosine (CGS 21680C) alone and in the presence of
isoprenaline (ISO) on contractile response (extent of cell shortening

in % of cell length) and cAMP content (pmol/mg protein) in
isolated  ventricular  cardiomyocytes from guinea  pigs
Cardiomyocytes were electrically stimulated at 1 Hz

CGS 21680C alone (10 nmol /1 - 10 pmol /1) did not change contracti-
lity, but concentration-dependently increased cAMP content from
2.774+0.14 to 4.4310.39 at the highest concentration investigated (10
pmol/l, n=10-12, p<0.05). ISO (10 nmol/}) increased contractility
from 1.81+0.07 to 3.4540.12 and cAMP content from 2.37+0.15 to
3.47+0.13 (n=11-14, p<0.05). Additionally applied CGS 21680C
concentration-dependently attenuvated contractility from 3.45+0.12
to 2.09+0.09 at 10 umol/l (n=11-15, p<0.05). However, CGS
21680C in the presence of ISO increased cAMP content from
3.43+024 to 4.58+031 (n=12-15, p<0.05). The Al-adenosine
receptor antagonist 1,3-dipropyl-8-cyclopentylxanthine (DPCPX, 0.3
pmol/l) antagonized the contractility-decreasing effects of CGS
21680C and led to a further increase of the CGS 21680C-stimuiated
cAMP content.

We conclude that A2-adenosine receptors exist on ventricular
cardiomyocytes which increase cAMP content without affecting
contractility. (Supported by the DFG.)

Abteilung Allgemeine Pharmakologie, Universitiits-Krankenhaus
Eppendorf, Universitit Hamburg, Martinistrae 52, D-W-2000
Hamburg 20, FRG

238

INTRALUMINAL PGE2 CONTRACTS EPITHELIUM-
DENUDED GUINEA PIG TRACHEA

Duft S.1, Wilkens J.H.2, Becker A.1,

Machmiiller C.,1 Tig, S.1

Airway epithelium derived PGE) has been proposed to act as airway
smooth muscle relaxing factor (for review see Morrison K. J. et al.,
Am. J. Physiol. 258, L258 - L262, 1990). However, constricting
effects of PGE2 have also been observed (Gardiner P. J. and Collier H.
O. J. Prostaglandins, 819 - 841, 1980). In all of these experiments ring
or strip bioassays have been used.

In order to study the role of PGE2 more closely related to the in vivo
situation, we established a novel sensitive in vitro system that allows
perfusion of intact, epithelium denuded guinea pig trachea (GPT) tubes.
GPT responses were assessed as diameter changes by computerized
video-microscopy (resolution 15 um). Response to added PGE2 was
expressed as percentage of the maximal change in diameter induced by
methacholine (100 uM) in the same preparation.

Unexpectedly, PGE2 dose-dependently (0.1 nM - 1 uM) contracted
tracheal tubes (maximal contraction 59 & 7 %; n=6). Pretreatment of the
GPT with the cyclooxygenase (CO) inhibitor diclofenac (10uM) did not
affect maximal contraction (65 * 14 %, n=4).

In contrast, in epithelium denuded tracheal ring preparations under basal
tone or precontracted with methacholine (1 uM), PGE2 caused a dose
dependent relaxation (-37 £ 6 %, n=6 and -59 * 8 %, n=5).
However, after pretreatment with diclofenac (10uM) PGE2 contracted
tracheal rings. A bell-shaped dose response curve was observed with its
maximal contraction at 10 nM PGE2 (46 £9 %, n=9).

The effect of PGE2 depends critically on the experimental approach.
Relaxation to PGE2 in ring preparations appears to be CO dependent,
whereas the response of GPT tubes to exogenous PGE? is not affected
by CO inhibition. We conclude that endogenously released prostanoids
influence the effect of exogenous PGE) .

IKlinische Pharmakologie, Medizinische Hochschule Hannover,
3000 Hannover 61, ZInnere MedizinV, Universititskliniken des
Saarlandes, 6650 Homburg/Saar
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CALCIUM-DEPENDENT REGULATION OF PHOSPHOLIPASE A, IN THE
HUMAN MONOCYTIC TUMOR CELL LINE THP-1.
W.Rehfeldt and K.Resch

Phospholipase A;(PLA;), which selectively hydrolizes the
sn-2 fatty acyl ester bond of membrane phospholipids,
plays an important role in generating arachidonic acid,
the precursor for the biological active eicosanoids.
Compared to the intensively characterized secretory and
extracellular forms of the enzyme, little is known about
the role
cular weight phospholipases A;(cPLA;).

We have purified a PLA; from the cytosol of the human
monccytic tumor cell line THP-1 to homogeneity, which
exhibits a molecular mass of 100 kDa.

The enzyme shows a striking preference for poly-
unsaturated fatty acids in the sn-2 position of phospho-
lipids. It is activated at physiclogical calcium concen~
trations with an ECse of approximately 400 nM Caz2+.
Reconstruction experiments with partially purified PLA:
and 100.000* g (microsomal) fractions, led to a Caz+-
dependent association of the enzyme with the particulate
fraction at Ca?+—concentrations of 300 -~ 500 nM.

To investigate the influence of intracellular calcium-
levels on PLA, activity, +the enzyme activity was
measured in Thapsigargin treated cells (10-¢M). Thapsi-
gargin is a non 12-0-tetradecanoylphorbol-l3-acetate
(TPA)- type tumor promoter, which raises intracellular
calcium by specific inhibition of microsomal Caz+—
ATPases.

short +erm incubation of THP-1 cells (0~5h) induced a
significant increase in PLA; activity after 10 minutes,
being maximally enhanced after 1 hour.

The enzyme activity was determined in wvitro in the
presence of mM concentrations of calcium. The activation
was thus due to a calcium— dependent modification of the
enzyme in vivo.

These data illustrate the diverse role of calcium on the
regulation of the activity of +this intracellular cPLA:.
on the one hand mobilization of intracellular calcium
activates cPLA; directly and induces translocation of
the enzyme to the membrane, which represents its natural
substrate. One +the other hand, PLA; activity may be
regulated by Ca?+—dependent modification perhaps due to
Ca?+/CaM- dependent kinases.

of the new class of 1intracellular high mole-

Inatitute of Molecular Pharmacology, Medical School
Hannover, W-3000 Hannover, Federal Republic of Germany
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PROSTANOID SYNTHESIS OF HUMAN MONOCYTES:
E!;FECT OF ACETYL SALICYLIC ACID
J.Fauler

Monocytes are involved in the inflammatory response. We found that
monocytes isolated from blood of normal volunteers synthesized
thromboxane Ag (TXAg) and prostaglandin Ez (PGEp) in response to
fMLP and A23187. However, it is not clear from this and previous
investigations whether monocytes are able to synthesize TXAz
themselves or whether TXAy originates from contaminating
platelets. We, therefore, investigated this issue by using
acetylsalicylic acid (ASS), an irreversible inhibitor of
cyclooxygenase. Monocytes and platelet rich plasma (PRP) were
prepared at 0, 6, 12, and 24 hours after treatment of healthy
volunteers with 500mg ASS. TXA2 and PGE2 synthesis was
assessed by radioimmuno assay. The identity of TXB2 was
unequivocally demonstrated by gas chromatography mass
spectrometry. Values in the table were obtained from at least 6
independent experiments and expressed as ng TXBz / 108

monocytes.

Time after treatment (hrs) 0 6 12 24
Stimulus

None 57 68 58 57
A23187 (5uM) 132 112 112 112
fMLP  (1pM) 124 122 116 128

The amounts of PGE2 were under all conditions less than 5% of the
amounts of TXB2. Synthesis of TXAg (Tab.) and PGE2 by monocytes
in the absence and in the presence of A23187 or fMLP was
unchanged during the entire observation period (p>0.05). In contrast
TXAo synthesis by PRP stimulated by A23187 was suppressed by
more than 95% (p<0.05) throughout the 24 hour interval compared
to the synthesis before ASS. The present study, therefore,
conclusively shows that TXA2 is the main prostanocid metabolite of
monocytes.

Department of Clinical Pharmacology, Hannover Medical School,
Konstanty Gutschowstr.8, 3000 Hannover 61, Federal Republic of
Germany
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AVAROL RESTORES THE ALTERED PROSTAGLANDIN AND
LEUKOTRIENE METABOLISM IN MONOCYTES INFECTED WITH
HUMAN IMMUNODEFICIENCY VIRUS.
K. Pfeiferl, H.C. Schroder

Schattonl
Miroslav Gasicz, W.E.G. Miller

W.F.H.

Infection of monocytes with human immunodeficiency
virus (HIV-1) [strain Ada-M] caused increased
levels of leukotriene B, (LTB,) and prostaglandin
(PGE } in vitro. These two products result from
tﬁe act1v1t1es of the two enzymes 5-lipoxygenase
and cyclooxygenase. Addition of Avarol [Miller et
al., Cancer Res. 45: 4822, (1985)], an HIV inhibi-
tor, strongly reduced the levels of LTB, and PGE,
via inhibition of both lipoxygenase and cyclooxy-
genase in monocytes. The 50% inhibition concentra-
tions (ICgn) for the enzymes were determined to be
1.97 upM P lipoxygenase) and 2.26 uM (cyclooxy-
genase). A 50% reduction of the extent of LTB, and
PGE,- production in HIV-infected monocytes was
measured at a concentration of 0.9 uM Avarol, a
dose which caused an 80% anti-HIV effect in vitro
[50% inhibition of virus release from infected
cells: 0.3 uM]. These data show that Avarol inhi-
bits the enzymes lipoxygenase and cyclooxygenase
and suggest that, in general, inhibitors of these
enzymes are promising anti~HIV compounds.
Moreover, we present evidence that Avarol displays
also an antiinflammatory effect via inhibition of
lipoxygenase and cyclooxygenase and hence should
be considered as a promising agent for treatment

of inflammatory skin diseases, e.g. psoriasis
vulgaris.

1 Institut fir Physiologische Chemie, Abteilung
"Angewandte Molekularbiologie", Universitét,

Buesbergweg 6, 6500 Majnz, Germany.
Faculty of Science, Department of Chenmistry,
University, 11001 Belgrade, Yugoslavia.
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REGULATION OF PROSTACYCLIN-DEPENDENT SIGNAL TRANS-
DUCTION IN ENDOTHELIAL CELLS H. Schréder, C.
Machunsky, K. Schrér

Whereas nitric oxide is known to produce an
autocrine stimulation of endothelial cGMP, con-
flicting results have been published on whether or
not prostacyclin (PGI has a similar autocrine
function in endothell % cells. Using porcine aor-
tic endothelial cells (PAEC), the present study
investigates if the release of PGI, may cause ele-
vations of CcAMP in the endothelial generator
cells. In PAEC at passage 1, the 37-fold PGI., sti-
mulation by 3 pM calcimycin was not accompanied by
an increase in intracellular CAMP.,
Correspondingly, the PGI, mimetic iloprost (10 pM-
10 uM) did not change cﬁh? levels in these cells.
Under the same conditions, forskolin (1-100 uM)
and prostaglandin (PG) E, (0.1-10 uM) produced
concentration-dependent increases in cAMP with a
9-fold and 8-fold stimulation at 100 uM forskolin
and 10 uM PGE respectively. In PAEC at passage
6, basal PGI, %ormation was reduced by 80% as com-
pared to control cells at passage 1. Under these
conditions, iloprost (0.1-10 uM) increased cAMP
with a 6-fold elevation at 10 uM. cAMP stimulation
by iloprost (10 pM) was further enhanced up to 11-
fold over basal, when PAEC (passage 6) were cul-
tured for 48 h in the presence of indomethacin (10
uM) or diclofenac (10 uM) prior to the experiment.
These results demonstrate that in endothelial
cells, basal PGIZ formation may cause a complete
homologous desensitization of adenylate cyclase,
presumably via down-regulation or uncoupling of
PGI, receptors.

Institut fiir Pharmakologie der Heinrich-Heine-Uni-
versitdt, W-4000 Diisseldorf, Moorenstr. 5
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CYCLOOXYGENASE-RELATED AND NON-CYCLOOXYGENASE-RELATED
EFFECTS OF IBUPROFEN ENANTIOMERS ON HUMAN PLATELET AND POLY-
MORPHONUCLEAR LEUKOCYTE FUNCTIONS M. Villanueva, M. Palmér

This study investigates the effect of racemic ibuprofen (IBU
+) and its S~(+) (IBU +) and R-(-) (IBU -) enantiomers on
human platelet and polymorphonuclear leukocyte (PMN) func-
tions in vitro. IBU % and IBU + inhibited collagen (2.5
wg/ml)-induced aggregation (AGG) and TXB, generation of
platelet rich plasma (PRP) and washed platelets (WP), while
IBU ~ was up to 100 times less active:

PRP (ICgq, uM) WP (ICgq, ubM)

AGG TXB, AGG TXB,
IBU+/~ 134 + 63 50 £ 27 1.31 £ 0.33 0.27 £ 0.03
IBU + 87.5 £ 44 26 £ 15 0.57 £ 0.44 0.16 % 0,02
IBU - 1260 + 670% 380 + 60% 33,0 + 6.80% 15.6 =% 1,20%

(n = 3-6), * p< 0.0L (IBU - vs. IBU )

In contrast, no significant differences between the isomers
were found with respect to inhibition of FMLP-induced 0O
generation, B-glucuronidase release and A-23187-induced LTB,
formation in human PMN (n = 4-9):

0," (ICgq, mM) B-GLUC (ICgny, mM) LTB, (ICgp, mM)

IBU+/- 0.60 £ 0.13 0.44 £ 0.08 0.26 £ 0.10
IBU + 0.50 £ 0.11 0.53 * 0.12 0.14 £ 0.07
IBU - 0.43 £ 0.08 0.58 + 0.09 0.22 £ 0.02

The data suggest non~stereoselective actions of IBU on PMN
function in vitro, eventually related to its chellating pro-
perties. These effects required higher concentrations than
inhibition of platelet function which is clearly due to in-
hibition of cyclooxygenase. These data suggest antiinflamma-
tory actions of IBU which are independent of inhibitory
cyclooxygenase product formation.

Institut fiir Pharmakologie, Heinrich-Heine-UniversitHt Diis-
seldorf, Moorenstr. 5, W-4000 Dlisseldorf 1
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INHIBITION OF STIMULUS INDUCED ACTIVATION OF
HUMAN POLYMORPHONUCLEAR NEUTROPHILS (PMN) BY SC
41930, A LTB4 RECEPTOR ANTAGONIST R. Heckenberger

SC 41930 - 7-[3-(4-Acetyl-3-methoxy~2-propenyl-
phenoxy)propoxyl=-3,4-dihydro-8~propyl-2H-1-benzo-
pyran~-2-carboxylic acid - is a new, orally active
LTB receptor antagonist which selectively
inhibits LTB, induced PMN chemotaxis and granular
enzyme release (Djuric et al., J Med Chem 32:
1145, 1989). This study investigates the effects
of SC 41930 on FMLP (30 nM) or Calcimycin (10 uM)
induced activation of human PMN.

SC 41930 concentration dependently inhibited 057
generation (ICgg = 5.9 % 1.5 uM), B-glucuronidase
release (ICgp = 7.6 t 1.0 uM) and LTB, release
(IC5p = 3.8 't 0.5 uM). Preincubation of PMN with
SC 41930 (10 uM) shifted the FMLP dose response
curves to the right. The increase of c¢ytosolic
ca?t-level in PMN following stimulation was also
concentration dependently inhibited by SC 41930
(ICg =~ 10 uM). In additional experiments SC
4193 (100 uM) inhibited 5~lipoxygenase product
formation from linoleic acid (100 uM) by 53% but
not at lower concentrations. In contrast nordihy-
droguaretic acid inhibited the enzyme at concen-
trations of 30 uM by 35%.

These
~ and nonreceptor

data demonstrate an inhibition of receptor
mediated PMN activation by SC
41930. Some additional inhibition of the 5-
lipoxygenase enzyme at higher concentrations may
contribute to this effect.

Institut fiir Pharmakologie, Heinrich-Heine~Uni-
versitdt Dilisseldorf, Moorenstr. 5, D-4000 Diissel-
dorf 1, Federal Republic of Germany
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ORAL CICAPROST PREVENTS IMPAIRMENT OF ENDOTHELIUM-DEPENDENT
RELAXATION IN THE CORONARY CIRCULATION OF HYPERCHOLESTEROLE-
MIC RABBITS I. Woditsch, H. Strobach

Cholesterol enriched diet (12, 3 months, CHOL) resulted in a
pronounced reduction of endothelium-dependent relaxation in
Langendorff-perfused (22 ml/min) rabbit hearts (NZW) as com-
pared to hearts of a control group (CON): Infusions (3 min)
of bradykinin (BK), substance P and carbamoylcholine at
equieffective concentrations into the coronary inflow tract
resulted in a significantly reduced decrease of coronary
perfusion pressure (CPP). Total release of endothelium-
derived NO (oxyhemoglobin-technique) and prostacyclin (6-
ox0-PGF, , RIA) into the coronary effluent induced by the
vasodilators was enhanced in hypercholesterolemia. Oral
cicaprost given together with cholesterol diet (CHOL+CICA)
(5 pglkgxd, withdrawn 72 h before exp.) largely prevented
this impairment. This is examplified with BK (0.05 pmol/l):

group A CPP A NO A 6-0x0-PGF1,,
[mng ] [nmol] [nmol]

CON 5.4 £ 0.6 1.5 £ 0.2 0.09 + 0.02

CICA 4.4 £ 0.5 1.6 £ 0.3 0.21 £ 0.04%

CHOL 1.1 * 0.5% 2.3 £ 0.3% 0.24 £ 0,04%

CHOL+CICA 3.8 £ 1.0+ 1.5 £ 0.3+ 0.17 £ 0.03

The data are mean * SEM of 9 experiments in each group.
*)p<0.05 vs. CON, +)p<0.05 vs. CHOL

Basal mediator release and basal levels of CPP were not
significantly different in all groups. The data demonstrate
an impairment of endothelium-dependent relaxation in the co-
ronary microcirculation of hypercholesterolemic rabbits
which is not accompanied by diminished mediator release and
which can largely be reversed by an oral prostacyclin mime-
tic.

Institut fur Pharmakologie, Heinrich-Heine-Universitdt Dis-
seldorf, Moorenstr. 5, W-4000 Disseldorf 1
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ORAL CICAPROST PREVENTS FUNCTIONAL PLATELET DESENSITIZATION
IN CHOLESTEROL-FED RABBITS Th. Hohlfeld, A. Weber, M. Braun
BGI, mimetics may reduce the pro-atherogenic effects of
platelets. However, platelets are known to become less sen-
sitive to PGI, in hypercholesterolemia. This study investi-
gates the effect of long-term oral treatment with the PGI,
mimetic cicaprost (CICA) on platelet function in experimen-
tal hypercholesterolemia.

Male New Zealand White rabbits (1.8-2 kg) were fed a chole-
sterol-enriched diet (1Z for 3 months, CHOL), resulting in
severe aortic plaque formation. CICA treatment (5 pg/kg x d,
orally, during CHOL feeding) was withdrawn 3 days before
measurements in order to exclude direct CICA effects on
platelet function. CICA did not change serum levels of cho-
lesterol. Platelet reactivity, measured by ex vivo collagen
(0.6 pg/ml)-induced aggregation (GCIA), was markedly in-
creased by CHOL feeding in comparison to a control group fed
standard diet (CON). Platelet semsitivity to PGI,, determin-
ed by the IGg, of iloprost for inhibition of ADP-induced
platelet ATP secretion, increased 3-fold in CHOL rabbits.
CICA completely prevented this hypercholesterolemia-related
desensitization of platelets,

Group n ClA [mm/min} ICs, iloprost [nM
CON 9 33 £ 12 14.6 2.4
CON-CICA 9 31 % 13 21.9 & 4.1
CHOL 8 161 £ 8 41.6 * 8.4
CHOL-CICA 9 59 + 167 9.5 + 3.0"

p<0.05 vs CON; T p<0.05 vs CHOL

Binding studies with rabbit platelet membranes using 3H-ilo-
prost as ligand showed a markedly reduced affinity (4-fold
increase of Ky) and an increase (2-fold) of binding sites in
CHOL fed rabbits, which was not reversed by CICA treatment.

The data confirm the desensitization of platelets to PGI, in
hypercholesterolemia and demonstrate an improvement towards
normal by oral CICA. This action may involve a mechanism in-
dependent of a regulation of specific binding sites.

Institut fur Pharmakologie, Heinrich-Heine-Universitdt Dis-
seldorf, Moorenstr. 5, W-4000 Dusseldorf 1
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INHIBITORY EFFECTS OF THE NEW PGD, ANALOG
ZK 118.182 IN PLATELETS AND NEUTROPHILS
H.Darius

PGD, is a labile arachidonic acid product involved in mast cell
activation, bronchial smooth muscle tone and the regulation of sleepwake
rhythm. The chemical instability and rapid metabolism in vivo hampered
studies on the physiologic role and possible therapeutic properties of
PGD,. The pharmacologic properties of ZK 118.182 [(5Z,13E)-
(9R,11R,15F)-9-Chloro-15-cyclohexyl-15-hydroxy-16,17,18-19,20-
pentanor-3-oxa-5,13-prostadienoic acid], a chemically stable PGDZ-
analog were studied in human platelets (PL) and neutrophils (PMN).
ADP-induced PL aggregation was dose dependently inhibited by ZK
118.182, PGD; and iloprost exerting IC5-values of 14.3£1.9,
65.4+8.5 and 3.3+1.4 nmol/l (n=6-9). Collagen-induced aggregation
and ATP release from PL were inhibited by ZK 118.182 with ICgq
values of 42.2+12.0 and 21.9+6.4 nmol/l. Platelet cAMP levels
increased dose dependently from 9.746.5 to 227+84 pmol/108 pl.
following incubation with ZK 118.182 3 umol/l. Isolated human PMNs
were stimulated by FMLP (30 nmol/1) or PAF (3 umol/l). Preincubation
with 2.8 umol/l ZK 118.182 inhibited oxygen radical release by 80425
% when FMLP and by 58+ 17 % when PAF were used for stimulation.
PGD, and PGE, were significantly less potent. -Glucuronidase release
was inhibited dose-dependently, with ZK 118.182 being more potent than
PGD, and PGE,. ZK 118.182 is a chemically stable PGD,-analog with
potent PL and PMN inhibitory effects. The inhibitory effects are
mediated via intracellular cAMP elevation.

II. Medizinische Klinik, Klinisch-Pharmakologisches Labor, Johannes
Gutenberg-Universitit, Langenbeckstrasse, 6500 Mainz
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EFFECTS OF PHOSPHODIESTERASE INHIBITORS ON
PLATELET PROSTACYCLIN RECEPTOR DESENSITIZATION
J. Michael-Hepp and J.Meyer

Long term exposure of platelet (PL) prostacyclin receptors to the agonist
results in a dose and time dependent down regulation of the membrane
receptors. The exact mechanism of this desensitization process is
unknown. The influence of diminished cAMP degradation by phospho-
diesterase (PDE) inhibition on the prostacyclin analog induced receptor
desensitization was studied in human PL. Incubation of PL with the
prostacyclin analog iloprost (ILO; 100 nmol/l) for 1 min to 12 hrs at 21°
C resulted in a decrease in 3H-ILO binding by 50 % of the respective
vehicle treated control value 27060 fmol/10% pl. Binding decreased
dose-dependently from 361+17 to 352429, 220415, and 181+19
fmol/10% pl. following incubation with ILO 1,10, and 100 nmol/i for 4
hrs. When PL were coincubated with ILO 1 nmol/l and the PDE-
inhibitor piroximone 150-500 pmol/t 3H-ILO binding was reduced to
269433 fmol/109 pl. This augmentation of PL desensitization by the
PDE inhibitor was not clearly dose-dependent in the concentration range
studied. Platelet cAMP levels increased dose-dependently following
incubation with iloprost 0.1-3 nmol/l from 24+5 to 649493 pmol/10°
pl. Coincubation with piroximone (150-500 pmol/l) for 4 hrs at RT did
not significantly alter ILO induced increase in cAMP levels.
Desensitization of PL 3H-ILO binding is not altered by simultaneous
inhibition of cAMP degradation by phosphodiesterase inhibition.
II.Medizinische Klinik, Klinisch-Pharmakol. Labor

J.Gutenberg-Univer., Langenbeckstrasse, 6500 Mainz



249

ACE-INHIBITORS STIMULATE THE ENDOTHELIAL PROSTACYCLIN FORMA-
TION — INFLUENCE OF A THRESHOLD CONCENTRATION OF BRADYKININ.

Rainer H. Boger, Stefanie M. Bode-Boger, Anita Otten, Jurgen C. Frolich

Inhibitors of angiotensin converting enzyme (ACE-I) and bradykinin (Bk) are known
to induce the formation of vasorelaxant prostacyclin ( PGl, ) in various vascular

preparations. Whether the effect of ACE-1 is due to the diminished degradation of
endogenous Bk or a direct effect of the ACE-! on the vessel wall is undecided.

We investigated the role of prostacyclin formation induced by the ACE-inhibitors
captopril and fosinoprilate in ring preparations of rabbit aorta.

Rings were incubated for 15 min. with ACE-l (10 nM — 100 uM), exogenous brady-
kinin (100 nM or 0,1 nM), or with ACE-I (100 uM) and Bk (0,1nM). Prostacyclin for-
mation was determined by radioimmunoassay (RiA) as its stable metabolite 6-ke-
to-prostaglandin F4 .

Captopril and fosinoprilate increased the formation of prostacyclin dose-depen-
dently in the range from 10 nM — 1 uM. Higher concentrations of the ACE-l had no
further stimulating eftect.

In the presence of a threshold concentration of Bk (0,1 nM) the formation of pro-
stacyclin by ACE-l (1 uM) was significantly increased versus basal by captopril and
by fosinoprilate.

[% of basal release]
treatment captopril fosinoprilate
ACE-I {10 nM) 389,4+98,0 187,8+47,1
ACE-I (1 uyM) 694,9+122,3 54791977
ACE-I (100 pM) 245,0+ 80,0 149,4+21,0
Bk (100 nM) 613,8+121,0 305,1+£42,6
ACE-l (1uM) + Bk (0,1nM} 1284,0 +285,1 379,0+118,7

These results indicate that the stimulation of prostacyclin formation in the vessel
wall by ACE-I may be at least partly due to the diminished degradation of Bk. Cap-
topril had a stronger stimulating effect on prostacyclin formation in rabbit aorta
than fosinoprilate. This may be due to a direct stimulation possibly related to the
SH-group of captopril.

Department of Clinical Pharmacology, Hannover Medical School,
D-3000 Hannover, Germany
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COMPARISON OF INHIBITIONS OF LYSO-PAF-TRANSACETYLASE AND
5-,12-,15-LIPOXYGENASES BY 2,6-DI~TERT BUTYLPHENOL
DERIVATES OF NAPHTHOQUINONES AND RELATED COMPOUNDS

W. Kloth, F. v. Bruchhausen and G. Wurm®

Since we have found dual inhibitors of 5-lipoxygenase [EC
1.13.11.34; LOX] and acetyl CoA: 1lyso-PAF (platelet-acti-
vating factor) acetyltransferase [EC 2.3.1.67; Lyso-PAF-TA]
within bicatecholic structures (v. Bruchhausen et al.,
Arch. Pharmacol. 342, R6, 1990) and highly hydroxylated
compounds (Querner et al., Arch. Pharmacol. 343, R82, 1991)
we extended the comparison to naphthoquinones with or
without substituents of 2,6-di-tert butylphenol. Oxydized
products of ' labelled arachidonic acid, or PAF
(platelet-activating factor) from M labelled acetyl CoA,
respectively were separated after selective extraction by
suitable thin layer chromatography and counting.

Most of the 16 substances used inhibited 5-LOX, fewer 12-
LOX and only that which had an aliphatic residue at the 4th
position of the 2,6-di-tert butylphenol inhibited the 15-
LOX preparation. An inhibitory potency against Lyso-PAF-TA
especially had two naphthoguinones with an 2- or 3-
positioned hydroxyl group, irrespectively to the presence
of a tert butylphenol residue (TBP-R). Probucol with two
TBP-R also had no such inhibitory action. The 2 compounds
mentioned possessed a 5-LOX inhibitory potency, i.e. were
dual inhibitors. These compounds were: 1.) 2-(3,5-di-tert
butyl-4 hydroxyphenyl)-3-hydroxy~1,4-naphthoguinone, 2.) 2-
hydroxy-1,4-naphthoquinone. They both did not inhibit
purified prostaglandin synthetase (Kalkbrenner, Med. The-
sis, Berlin, 1989). It remains to be seen whether these
compounds also act on the cellular level.

Fre;ie Universitét*Bean, Institut fir Pharmakologie,
Thielallee 67-73, “Institut fir Pharmazie, Kdnigin-Luise-
StraBe 2-4, D-1000 Beriin 33
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CICLOSPORIN (CS) SUPPRESSES THE THROMBOXANE Bz (TXBz)
PRODUCTION OF HUMAN GLOMERULAR MESANGIAL CELLS
(HMC)*

H.H. Radeke, S. Kuster, and V. Kaever

In vivo data suggest that CS therapy leads to an increased
renal TXBz production and a fall of renal blood flow and
glomerular filtration rate in >50% of the treated patients.

In the present study with cultured HMC starting from a
comparable basal secretion (TXBz: 1.66 * 0.027 ng/mg protein
vs PGEz: 2.5 + 0.536 ng/mg protein) interleukin 1-p (IL—1-§)
dose dependently enhanced the TXB: release up to 3-fold,
while PGEz was raised up to 16-fold. CS at doses from 0.01
to 1 ng/ml dose dependently reduced basal and IL-1-B
induced TXBz secretion by >92%, but PGEz release was only
diminished by 40%. A significant inhibition of the IL-1-8 in-
duced release of PGEz by CS (1 ng/ml) was observed after a
lag period of 12 hrs (up to 48 hrs), while TXBz secretion was
significantly reduced already after 6 hrs. In parallel, deter—
mining the enzymatic activity in particular fractions of HMC
CS at these low concentrations caused a reduction of the IL-
1-8 induced cyclo—oxygenase/thromboxane synthase activity
(IL-1-8 + CS: 2.51 vs. IL-1-B: 8.27 ng TXBz/mg prot./30
min). However, Western blots using specific cyclooxygenase
(COX) antibodies revealed that neither basal nor IL-1-§ in-
duced COX protein expression of HMC was affected by CS.
These results with cultured HMC determined at very low CS
concentrations are in contrast with in vivo findings during
longterm CS therapy. Our in vitro data suggest that CS might
have specific effects on the cytochrome P450 III enzyme,
thromboxane synthase at concentrations far below the
immunosuppressive level.

Institute of Molecular Pharmacology, Medical School; D~3000
Hannover 61, F.R.G. (* SFB 244/Bl1)
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5-LTPOXYGENASE METABOLITES IN SELENIUM
DEFICIENT LEUCOCYTES

F. Weitzel

Selenium dependent glutathione peroxidases are known to
reduce various types of peroxides and to play an important
role in the cellular defense system against oxidative stress.
The role of the two known selenium containing enzymes,
glutathione-peroxidase (GPx) and phospholipid-
hydroperoxide-glutathione-peroxidase (PH-GPx) in the
regulation of the 5-lipoxygenase-activity (5-LOX) in
leucocytes was examined.

Rat basophilic leucemia cells (RBL-1) were cultured for 5
days in a selenium deficient medium, or in control medium
supplemented with Na;8eO3.

In this in vitro system the activity of 5-LOX was enhanced
6-fold in selenium deficient cells. This observation was
confirmed by results obtained from ex vivo experiments
with polymorphnuclear gronulocytes from selenium
deficient rats. In both cases HPLC analysis of 5-LOX
products showed a product shift in favour of increased
hydroperoxy-eicosatetraenoic acid (HPETE) formation in
selenium deficient cells.

Since the activation of 5-LOX occurs via translocation to
the membrane, we propose that its regulation by the
peroxide tone is controlled by the membrane-associated
selenoenzyme PH-GPx.

Biochemical Pharmacology, Faculty of Biology,
University of Konstanz, D-7750 Konstanz
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IDENTIFICATION OF A PUTATIVE PEPTIDOLEUKOTRIENE
RECEPTOR BY AN ANTLIDIOTYPIC ANTIBODY
STRATEGY. J.A. van Hilten, and *J. Mollenhauer

Peptidoleukotrienes (L'TC4, LTD4 and LTE4) are involved in
induction of biological activity that is believed to be mediated via
putative LT receptors. Therefore the characterization of LT
receptors in peritonal macrophages using anti-idiotypic antibodies
(AJA) raised against an anti-LT monoclonal antibody (LTmAb) was
tried, AIA recognition of proteins expressing the LTmAb epitopes
could include a putative LT-receptor. (1), AIA activity against the
functional LTmAb epitope in two immunized rabbit sera was
demonstrated by (i) high titers (1:4000) agajnst F(ab’), of the
LTmAb in an ELISA and (ii) by inhibition of 3H-LTE4 binding to
LTmADb by 1:300 antisera dilutions. (2), we found binding of AIA on
macrophages by immunofluorescence and (3), a three-fold increase
in AlA-reactivity against membrane proteins as compared with the
original homogenate in an ELISA with native proteins. In
confirmation with the ELISA, the strongest signals were also found
with denatured and blotted membrane proteins: protein
conformations of a Mr of 236, 200, 118, 100, 75, 25 and 18 KDa were
detected. SH-reduced proteins gave signals at 25 and 18 KDa. More
§peciﬁcally, overlay assays with SH-L'TD4, 3H-LTE4, 3H-PGE2 and

-TXB2 favor protein conformations of the putative LTD4/E4-
receptor of 236 and 75 KDa. These data suggest the presence of a
oligomeric protein composed of 25 and 18 KDa subunits with intra-
molecular disulphide bridges all bearing the functional LTmAb,
located almost exclusively in plasma membranes of murine
peritoneal macrophages.

Dept. of Pharmacology and Toxicology, Universitaststrasse 22, D-
8520 Erlangen, Germany.

*Pres. addr.: Rush Medical School, Dept. of Biochemistry, Chicago,
IL 60612, USA.
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INHIBITION OF LEUKOTRIENE (LT) RELEASE FROM FMLP-STIMULATED
RAT NEUTROPHILS AND OF HUMAN PLATELET AGGREGATION BY PROSTA-
GLANDIN (PG) E» AND 3-MORPHOLINOSYDNONIMINE (SIN-1) D.
Pallapies, K.-U. Jirmann, A. Dembifiska-Kiet, and B.A. Peskar

Nitric oxide (NO) has been shown to interact synergistically
with PGEq and PGI» with regard to inhibition of platelet
activation (Radomski et al., Br. J. Pharmacol. 92, 639-646,
1987; Sinzinger et al., Llancet i, 627-628, 1990). However,
in human and animal tissues much less PGEq than PGER is
formed under normal conditions. In addition, PGE2 concentra-
tions in inflammatory exudates have been demonstrated to be
higher than those of PGI2. We have now examined the effects
of PGE2 and the NO donor SIN-1 on LT release from rat peri-
toneal neutrophils (RPN) stimulated by FMLP and on aggrega~
tion of human platelets induced by thrombin. RPN elicited
by i.p. injection of glycogen were incubated in Tyrode
solution (1x107 cells/ml) at 370C for 20 min in the absence
or presence of SIN-1 (30 - 300 pM), PGE2 (1 - 100 nMj and
FMLP (100 nM). Aggregation of 1.0 ml washed human platelet
suspensions (2.5 x 108 cells/ml) induced by thrombin (20 -
30 mU/ml) was measured for 4 min. SIN-1 and/or PGE2 were
added 90 s or 60 s before thrombin, respectively. It was
found that basal release of LTBa (0.48 + 0.09 ng/107 cells)
and cysteinyl-LT (< 54 pg/107 cells) from RPN was signifi-
cantly stimulated by FMLP to 12.1 + 4.7 ng/107 cells (p <
0.001) and 424 + 129 pg/107 cells (p < 0.01), respectively.
Both PGF» and SIN-1 inhibited release of LTBgz and cystei-
nyl-LT in a concentration-dependent manner. The combination
of both compounds resulted in an effect not greater than
expected by summation. Platelet aggregation was inhibited
by SIN-1 (0.5 or 1 uM), while PGEp (0.3 - 5.0 uM) had only
marginal effects. Nevertheless, PGEp potentiated the inhibi-
tion of platelet aggregation by SIN-1 concentration-depen-
dently. We conclude that PGE2 and NO, probably by increasing
cyclic AMP and cyclic GMP levels, respectively, may exert
differential regulatory effects on cellular functions of
RPN and platelets.

Department of Pharmacology and Toxicology, Ruhr-University
of Bochum, Universitdtsstr. 150, D-4630 Bochum 1, FRG
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ISCHEMIA AND REPERFUSION-INDUCED EARLY ARRHYTHMIAS
IN VIVO: CARDIOPROTECTIVE EFFECTS OF DEFIBROTIDE
J.B.Grzyb and R.Brus

The ability of defibrotide to increase the generation of prostacyc-
lin (PGl;) may play important role for the prevention and treat-
ment of ischemia- and reperfusion-induced arrhythmias.

The effects of defibrotide and PGl, in different doses against
ischemia- and reperfusion-induced arrhythmias and creatine kinase
(CPK) release were compared using anaesthetized rats (thiopentone
i.p.) with transient (7min) coronary artery occlusion (improved
method according to Seley et al.,Angiology,1960;11; 398-407).
The test drugs or vehicles were administered {(i.v.) 10min prior to
occlusion (bolus and continuous infusion). Reperfusion-induced ven-
tricular fibrillations (VF) were observed in 71% in control group
(n=28), whereas such episodes occured in 40, 33 and 43% of the
animals treated with 0.96mg/ml/kg+0.96mg/ml/ka/h (n=10),
32mg/mi/kg+32mg/mi/kg/h (n=15) and 96mg/mli/kg+96ma/mli/kg/h
(n=16) respectively. PGl, given in two doses: 100ng/mi/kg/h (n=16)
and 100ng/kg/min (n=16) reduced the incidence of VF to 43% in
higher dose only. The mean duration of VF and ventricular tachy-
cardias (VT) were not effected by defibrotide, if occured. In con-
trary, PGl, dose dependently prolonged VF duration, whereas
exerted no influence on VT occurrence and duration. Mortality
index (M) was not significantly reduced by defibrotide in all doses
The lower dose of PGl, reduced M| to 0%, while the higher dose
increased to 20% compared to control {10%). Defibrotide in the
highest dose decreased the CPK release similary to PGl; in higher
dose. PGl; in lower dose significantly reduced CPK release

(8.6 + 0.7U/g Prot., n=16) compared to control (13.6 + 1.3U/g
Prot., n=28).

The appearance of the rhythm disturbances depends on the amount
of PGl, released, so the proper defibrotide dosage may have

a crucial importance for new clinical indications.

In conclusion, the cardioprotective effects of defibrotide (e.g.VF
prevention) might extend the potential therapeutic implications of
this substance.

Department of Pharmacology, Silesian Academy of Medicire,
Jordana 38, 41-808 Zabrze, Poland
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POLYAMINE MODULATORS OF MITOCHONDRIAL CALCIUM
TRANSPORT
I. Rustenbeck and W. Miinster

The polyamine spermine has a dual effect on the
mitochondrial Ca uptake, an dinhibition of the
initial wvelocity of mitochondrial ca?t uptake
followed by a subsequent increase of mitochondrial
Ca accumulation. This dual effect could be
observed also with other, chemically different
polyamine cations such as aminoglycosides, poly-
lysine, and protamine.

The IC., values of the various polyamines differed
by more than 10°, ruthenium red being the most
potent inhibitor of uptake velocity with an ICg, of
0.19 uM, while the efficacy of ca2t uptake
inhibition differed by a factor of less than three.
Generally, a high potency of a compound was
accompanied by a high efficacy. Cyclic polyamines
were completely ineffective. Particularly effective
stimulators of mitochondrial Ca’' accumulation were
the aminoglycosides tobramycin and gentamycin as
well as spermine. The ECg, values for stimulation
of mitochondrial Ca“’ accumulation also differed by
more than 10% between the various agents. However,
potency and efficacy were not in parallel, an
increase in potency over gentamycin (EC;, 28 uM)
was accompanied by a marked loss of efficac%.
Ruthenium red did not stimulate mitochondrial ca®*
accumulation.

Thus the present results allow to define a group of
polyamine modulators of mitochondrial Ca
transport including ruthenium red and spermine
which are wusually regarded as functional antago-
nists. Structurally, not only charge but also the
spatial distribution of the amino groups along a
flexible backbone seem to be of importance.

Institut flir Pharmakologie und Toxikologie, Universtdt
Gottingen, D-3400 Gottingen
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CHEMOSENSITIZER PROPERTIES OF CYCLOSPORIN A IN
MULTIDRUG RESISTANT FRIEND LEUKEMIA CELLS.

A. Reymann®, C. Dorner , R. Erttmann , G. Looft , C. Woermann”,
and M. Dietel™"

Cyclosporin A (CsA), used clinically as an immonosuppressant drug,
has been reported to restore sensitivity to certain anticancer drugs by
blockade of p-glycoprotein (pgg) 170-mediated extrusion of c%ostatics
in vitro and is a current candidate for clinical trial (Nooter, K. et al.,
Int J Cancer 45, 263-268, 1990). However, pharmacodynamic
properties of CsA as a chemosensitizer require further definition.
We {ef)ort on in vitro chemosensitizing effects of CsA including two
gossm e solvent systems for CsA, i.e. cremophor EL (CREL) or Tween
0/Ethanol (TW/E) as compared to the experimental chemosensitizer
R,S-verapamil (VER). Murine leukemia cells strain FA-6RADR ex-
pressing ggpl7_0_, were tested in a daunorubicin (DNR) accumulation
assay with a silicone filtration method. Cells were preincubated with
drugs for 10 min, followed by 60 min incubation with radiolabelied
DNR (1 pmol/1), and centrifuged into trichloroacetic acid. CREL (up
to 10 ml/1) increased DNR content in F4-6RADR as well as in sensitive
F4-6P. Therefore, TW/E (maximum concentration 0.3/1.0 ml/l) was
used as the solvent system for CsA studies. CsA (0.01-10 pmol/l) ele-
vated total DNR content in resistant F4-6RADR with first effects
observed at 0.3 pmol/t CsA. In contrast to VER, the potency of CsA in
reversing resistance-associated deficits for DNR in F4-6RADR could
not be defined une_%uivocally: At 10 pmol/1 CsA, elevating effects on
DNR content in F4&-6RADR ‘were also found in TW/E solvent controls
ggmoll mg cell protein, n=4, SEM, F4-6RADR controls: 178+11; CsA:
84125, TW/E alone 709490). Furthermore, unlike VER, CsA ele-
vated DNR content in sensitive cells also (pmol/mg cell protein, F4-6P
controls: 7041+67; CsA: 959+ 114). Indicative of functional synergism
in pgpl70 inhibition, the concentration—de%endem response to CsA
was increased in the presence of 1 pmol/l1 VER in a more than additive
way. In proliferation assays CsA, but also TW/E or CREL increased
the sensitivity of F4-6RADR cells to cytostatic effects of DNR.
In conclusion, chemosensitizing effects of CsA were superimposed in
part by effects of the solvent siystem required to test CsA in the
experimental setup. Interaction of VER with CsA is compatible with
different mechanisms of action on pgp17Q.
" Abteilung All%emeine Pharmakologie, Abteilung Pidiatrische HE-
matologie und Onkologie, Universitits-Krankenhaus Eppendorf, Uni-
versitit Hamburg, Martinistraie 52, D-2000 Hamburg 20," “Institut fiir
Pathologie, Universitit Kiel, MichaelisstraBe 11, D-2300 Kiel 1, FRG
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INTESTINAL ABSORPTION OF B-LACTAM ANTIBIOTICS AND
OLIGOPEPTIDES: |ll. DIFFERENCES IN THE UPTAKE OF
ZWITTERIONIC a-AMINO-CEPHALOSPORINS OF THE CEPHALEXIN-
TYPE AND DIANIONIC CEPHALOSPORINS OF THE CEFIXIME TYPE
W. Kramer, U. Gutjahr, F. Girbig

The uptake of two types of orally active B-lactam antibictics of different
chemical structure - the zwitterionic «-amino-B-lactam antibiotic
cephalexin and the dianionic a-carboxymethoxyimino-8-lactam antibiotic
cefixime - was investigated using brush border membrane vesicles from
rabbit small intestine. The uptake of both classes of orally active B-lactam
antibiotics was stimulated by an inwardly directed H* gradient; the
stimulating effect of such a pH-gradient on the uptake of cefixime was
much greater than on the uptake of a-amino-B-lactam-antibiotics. In
contrast, the modification of histidine residues by diethylpyrocarbonate
greatly inhibited the uptake of a-amino-B-lactam antibiotics, whereas the
uptake of cefixime was only slightly inhibited. The uptake of cephalexin
was inhibited by cefixime and dipeptides and vice versa the uptake of
cefixime was inhibited by cephalexin and dipeptides. The uptake of a-
amino-B-Jactam antibictics was markedly impaired upon heat
pretreatment of brush border membrane vesicles whereas the uptake of
cefixime remained unchanged. Organic anions like palmitate or the
organic transport inhibitor DIDS clearly inhibited the uptake of cefixime
and had no or only a slight inhibitory effect on the uptake of cephalexin;
bile acids, folate or dicarboxylic acids did not inhibit the uptake of both,
cephalexin and cefixime. Competition photoaffinity labeling experiments
with [3H]benzylpenici|lin as photoaffinity probe demonstrated a direct
interaction of cefixime with the peptide transporter of M, 127 000.

These results suggest that dianionic cephalosporins like cefixime bind to
the intestinal peptide transport system responsible for the uptake of orally
active a-amino-B-lactam antibiotics and oligopeptides. Their transport
across the intestinal brush border membrane, however, seems to occur
by an additional transport system for organic anions. It may be
speculated that this transport system physiologically transports fatty
acids.

Hoechst Aktiengesellschaft, P.O. Box 80 03 20, D-6230 Frankfurt am
Main 80
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TWO DIFFERENT mRNA'S ARE CODING FOR THE HEPATOCELLULAR

PHOSPHOLIPIDS. D.B.J. Herrmann, and H.G. Opitz TRANSPORT PROTEINS FOR TAUROCHOLATE AND BUMETANIDE
¥W. Honscha, K. Schulz and E. Petzinger
Thioether phospholipids (TLPs) such as Ilmofosine The transport proteins for hepatocellular uptake of

(1-hexadecylthio-2-methoxymethyl-1, 3-propanediol-
phosphochline, BM 41.440) are synthetic analogues
of the cell membrane component lysophosphatidyl-
choline. TLPs represent a new family of anticancer
compounds with an unique pharmacological profile.
The purpose of this study was to determine the
correlation between the antineoplastic activity of
Ilmofosine and related substances and their speci-
fic effect on cell membrane phospholipid metabo-
lism in sensitive and resistant MethA fibrosarcoma
cells in vitro. TLPs exerted a concentration- and
time-dependent inhibition of sensitive but not of
resistant MethA sarcoma growth. Accordingly, a
specific inhibition and stimulation of phosphati-
dylcholine (PC) and triacylglycerol (TG) synthe-
sis, respectively, was observed in sengitive
cells. These biochemical changes preceeded cellu-
lar destruction for 6 h, indicating that they are
not trivial consequences of tumor cell death. All
other 1lipid fractions investigated were not in-
fluenced by TLPs. Determination of lysophosphati-
dylcholine acyltransferase (ACTF) activities and
affinities to TLPs in cell-free systems of TLP-
sensitive and -resistant MethA cells revealed dif-
ferences in inhibitor constants (sensitive cells:
Ki = 423 uM; resistant cells: Ky = 13 uM). These
data suggest that susceptibility of tumor cells to
TLP-induced cytolysis is correlated to a selective
inhibition of fatty acid incorporation intc the PC
fraction of cellular membranes. Differences in
affinities of TLPs to ACTF can explain these re-
sults on a subcellular level.
Department of Immunopharmacology,
heim GmbH, Sandhofer Str. 116,
Germany

Boehringer Mann-
D-6800 Mannheim 31,

taurocholate and bumetanide were expressed in Xenopus laevis
oocvtes by injection of rat liver poly A*-RNA. A twofold
induction of the {3H)-taurocholate uptake {in comparison to
non-injected oocytes) was accompanied by an only 20%
increase in the uptake of (3H)-bumetanide. Oocyte uptake of
both compounds was inhibited by the non-labeled substrates.
Furthermore uptake could be reduced to the control levels by
addition of competitive inhibitors of the transport systems.
size fractionation of the poly A*-RNA by sucrose gradient
centrifugation yielded two different mRNA-fractions which
either accounted for taurocholate transport (fraction 21,
400-800% increase) with only a slight increase in bumetanide
uptake, or for bumetanide transport (fraction 18, 160-200%
increase) with concomitant small increase in taurocholate
uptake. Both mRNA-fractions are clearly different in their
size. The mRNA-fraction which contains the sequence
information for the taurocholate transporter has a size of
0.4 to 1.8 kb, whereas the second mRNA-fraction (bumetanide
transporter) has a size of 0.6 to 2.5 kb. Uptake of cholate
wag induced by both mRNA-fractions with an almost 2.5 fold
higher expression by the bumetanide fraction. In conclusion,
the bumetanide transporter mRNA has a size of more than 1.8
kb and is clearly different from the mRNA for the
taurocholate transport protein. This transporter accepts
cholate even better than the taurocholate transporter. Both
mRNA-fractions were used for the construction of cDNA-
libraries. Expression tests of pools of the cDNA-clones are
under progress in order to isolate the c¢DNA-clomes which are
coding for the different transport proteins.

Institute of Pharmacology and Toxicology, University of
Giessen, Frankfurter Str. 107, D-6300 Giessen, F.R.G.



R 66

261

TISSUE-SELECTIVE ACTION OF PRAVASTATIN DUE TO
HEPATOCELLULAR UPTAKE VIA A SODIUM-INDEPENDENT
BILE ACID TRANSPORTER.
Kornelia Ziegler, Walter Stiinkel

Pravastatin (PRA), a hydrophilic metabolite from P. citrinium, is a specific
inhibitor of the microsomal enzyme 3-hydroxy-3-methyl-glutaryl-
coenzym A reductase, which has a key function in the biosynthesis of
cholesterol. PRA inhibits sterol synthesis selectively in liver and in
intestine, the major sites of cholesterogenesis, but not in non-hepatic cells.
This appears to be due to the high enrichment in the liver and the excretion
via the bile, whereas there is no penetration into cells of extrahepatic
tissues. The molecular mechanisms of this predominant hepatocellular
uptake of PRA remain unclear. The aim of the present study was therefore,
to characterize the uptake mechanisms of PRA into isolated rat liver cells.

We investigated the effect of PRA on the hepatocellular uptake of
substrates of endogenous transport systems in the basolateral membrane of
liver cells.

PRA competitively inhibits the sodium-independent hepatocellular uptake
of cholate, taurocholate and ouabain, whereas the total uptake of cholate is
non-competitively blocked. The sodium-dependent taurocholate transport
is, however, only effected in millimolar concentrations. PRA has no
affinity to other transport systems in liver cells such as those for long-
chain fatty acids, amino acids, bilirubin and bivalent organic cations.

Therefore, we conclude that PRA is a foreign substrate of a sodium-
independent transport system for bile acids. The tissue selectivity of PRA
is due to the uptake via a transport system which predominantly exists in
liver cells.

Present address: Institut fiir Pharmakologie und Toxikologie,
Frankfurterstr. 107, 63 Giessen, FRG
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SENSITIVITY OF SIALIDASE AND HUMAN SIALYLTRANSFER-
ASE TOWARDS DIFFERENT CALCIUM ANTAGONISTS

G. Werner and W. Gielen

Removal of external cellular sialic acid modulates
the action of calcium channel ligands through an
inhibitory effect on transmembrane calcium influx
and/or by a decrease of external calcium availabi-
lity. A functional role of sialic¢ acid . in the re-
gulatory mechanism of calcium channels may addi-
tionally be discussed, (G. Werner et al., Biochem.
Pharmacol.,in press).Thus, it would be interesting
to know whether the enzymes of the sialic acid me-
tabolism, the hydrolyzing sialidase (EC 3.2.1.18),
prepared from Clostridium perfringens and the
transferring sialyltransferase (EC 2.4.99.1/4/6),
isolated by affinity chromatography (CDP-hexanol-
amine coupled to a Sepharose 4B matrix) from hu-
man serum, are influenced by different calciunm
antagonists. Tissue sialic acid release was meas-
ured according to Warren (J. Biol.Chem. 234, 1971-
1975, 1959), transfer of !'4C-N-acetyl-neuraminic
acid was performed on asialofetuin. The incubation
of the enzyme solutions with nisoldipine, gallopa-
mil, diltiazem and fendiline (10-3-10-7mol/1; 2-60
min) resulted in an enzyme activity of 90,0-106,7%
(sialidase) 'and 97,5-106,2% (sialyltransferase)
compared to control. From these experiments it is
concluded that the sialic acid metabolism is not
affected by c¢calcium antagonists, and that after
sialidase treatment the regeneration of the sur-
face sialic acid can be achieved even in the pre-
sence of c¢alcium antagonists.

Institut £ir Pharmakologie der Universitdt zu Kdln,
Gleueler Str. 24, D-5000 Kdéln 41, FRG
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A METHOD TO DETERMINE LOCAL ANAESTHETIC EFFICACY
IN ISOLATED FROG NERVE B. Brdunig

An in vitro method is described to assay local
anaesthetic acting drugs in isolated sciatic nerves
of Rana esculenta. Drug actions were quantified by
measuring amplitude and conduction velocity of
electrically induced summation potentials.
Experiments were performed in a humidified chamber
which was constructed and accomodates several
nerves of maximal lengths (95mm) under optimal
physiological conditions. With the use of nerves

of maximal lengths, it was possible to perform
measurements at an electrode distance of 15mm,
which is optimal for recording of summation
potentials. Precision of measurements in the
threshold range was improved by electronical
averaging before recording the potentials.

Dose response curves were obtained for procaine

and lidocaine with cumulative technique, using
amplitude and conduction velocity of Ay~fibers as
parameters. Determination of ED5 revealed that
procaine has a 6.6-fold higher egficacy on the
amplitude and a 6.5-fold on the conduction velocity
than lidocaine.

The comparison of the conduction of excitation of
all types of A-fibers shows that the Ag-fibers

are blocked earlier and with smaller concentrations
of the local anaesthetic drug.

Wissenschaftliche Unternehmensberatung Pharma,
Dr. M. Dorn, 6250 Limburg-0Offheim
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COMPARTMENTALIZATION OF THE INTESTINAL METABQOLISM AND METABOLLTE TRANSPORT
OF p~NITROPHENOL IN THE GUINEA PIG IN VIVD

E. Fischer* and F. Lauterbach

Two different compartments were found in the isolated mucosa of the guinea
pig jejunum in vitro for the metabolism of drugs and for the transport of
their conjugates (Lauterbach et. al. (1989), Progr. in Pharmacol. and Clin.
Pharmacol. 7/2: 231). The present experiments were designed to study the in-
testinal metabolism of p-ritrophemoi (PNP) and the tramsport of p-nitrophe-
nyl sulphate (PNP-S) and p-nitrophenyl glucuromide (PNP-G) in the jejunum

of the guinea pig im vivo and to compare these results with data obtained

in the isolated mucosa.

The isolated jejunal loop was recirculated or single pass perfused with iso-
tonic medium containing 0 mM, 1 mM or 10 mM sulphate; p-nitrophenol was

used in @ concentration of 20 uM, 100 yM and 500 pM.

PNP was metabolized in the jejunum and the metabolites were rapidly trans-
ported back on the luminal side. A steady state in the luminal concentra-
tion of conjugates at single pass perfusion was observed already in 5 or

10 minutes. Luminal appearance of PNP-S tended to saturability, e.g. 5 times
higher PNP comcentration (500 pM) produced only about 50 % increase in the
tuminal PNP-S compared to the rate (1050 mmole in 45 min) measured at

100 uM PNP concentration. The absence of sulphate in the incubation me-

dium decreased the luminal appearance of PNP-S and stimulated that of PNP-G.
These effects were more pronounced at the single pass perfusion of PNP. How-
ever, higher sulfate concentration (10 mM) did not change significantly the
tuminal appearance of PNP-S.

Similary to the results of the in vitro experiments PNP underwent preferen-
tially sulphoconjugation and the metabolites were released mainly on the
luminal side in vivo as well. About 50 - 60 % of the perfused amount of PNP
could be detected in 90 min as sulphoconjugate and only 10 % or less was
present as glucuronide on the luminal side when PNP was recirculated in

the jejunum.

The data obtained in vivo thus emphazise the importance of luminal sulphate
for the conjugation reaction observed previously in vitro and show the im-
portance of the protective excretory function of the intestimal tract.

Arbeitsgruppe Biochemische Pharmakologie, Abteilung fir Pharmakologie und

Toxikologie, Ruhr-Universitit, 0-4630 Bochum

*The authors would like to thank the Alexander von Humboldt-Foundation for
a grant emabling E.F., (Department of Pharmacology, Medical School of Uni-
versity, Pécs, Hungary) to stay in Bochum as a research fellow.
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EFFECT OF CICLETANINE, A PROSTACYCLIN SYNTHESIS
STIMULATING DRUG, ON KIDNEY FUNCTION. J. Greven,
A. Rahn, and E. Brandle

The furopyridine derivative cicletanine [1,3~-
dihydro-3-(4-chlorophenyl)-7~-hydroxy-6é-methyl-
furo(3,4-c)pyridine} is a new antihypertensive
drug which acts directly on vascular smooth muscle
by increasing prostacyclin sythesis. At doses
higher than those having an antihypertensive
action cicletanine exerts natriuretic effects. The
aim of the present study was to characterize the
renal effects of cicletanine by means of clearance
and micropuncture techniques in anaesthetized
rats. The drug was applied intravenously at doses
of 15, 30 and 60 mg/kg b.w. Urine flow and renal
NaCl excretion increased dose-dependently. Renal
potassium-excretion was also enhanced but showed
no dose-dependency. At the maximum effective dose
cicletanine decreased fractional tubular Na-reab-
sorption by 5 %. By micropuncture of proximal and
distal tubules an action of cicletanine in the
distal tubule could be established. Thus, cicleta-
nine shares the tubular site of action with that
of thiazide diuretics. However, in contrast to
thiazides, cicletanine did not decrease renal
plasma flow and GFR and, again in contrast to
thiazides, dose-dependently diminished arterial
blood pressure in these short-termed experiments.
It is concluded that cicletanine, independently
from its vasodilating properties, may increase
renal NaCl excretion by inhibiting NaCl reabsorp-
tion of the distal tubular epithelium.

Institut fir Pharmakologie und Toxikologie der
RWTH Aachen, Wendlingweg 2, 5100 Aachen

266

PHARMACOLOGICAL CHARACTERIZATION OF HISTAMINE
RECEPTORS IN THE URETER OF THE DOG
R. Dodel, D. Hafner

Histamine receptors were characterized pharmaco-
logically in the isolated ureter of the dog.
Histamine and the H,~receptor agonist 2-(2-pyri-
dyl)~ethylamine produced a concentration depend-
ent contraction of isolated strips of the ureter
(ECs, for histamine 5.0 x 107> + 1.0 x 10~2
mol??). This effect was competitively antagonized
by the H,-receptor antagonist dimethindene (PA,:
8.30). The H,~antagonist cimetidine in a concen-
tration of 13_5 mol/l was without action on the
concentration response curve for histamine.
However, a relaxant effect of the Hz—receptor
agonist impromidine could be shown after pre-
contraction with various spasmodic agents (PGF,,
serotonin, carbachol). Contractile force of the
ureter was increased in the order: PGF,, < potas-
sium < carbachol < serotonin < histamihe.

It is concluded that there are two types of
histamine receptors in the canine ureter:

(1) Hy-receptors, mediating contraction and (2)
Hy-receptors, mediating relaxation in the pre~
contracted preparation.

Department of Pharmacology, University of Dilissel-
dorf, Moorenstr. 5, D-4000 Diisseldorf, Federal
Republic of Germany
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PHARMACODYNAMIC INTERACTION BETWEEN LOOP AND
THIAZIDE DIURETICS WITH THE ACE-INHIBITOR RAMIPRIL.
M. Hropot, T. Fabian, R.H.A. Becker and W. Fabian®

The combination of ACE-inhibitors with diuretics is well
established in the treatment of hypertension and cardiac
insufficiency and has an additive effect on the blood pressure
lowering potency of both classes of drugs. Aim of this study was
to evaluate the influence of the ACE-inhibitor ramipril (RA} on
diuresis and saluresis induced by furosemide (FU), piretanide (P},
and hydrochlorothiazide (HCT) in dogs. For this purpose
experiments were performed in male Beagle dogs with body
weights of 17 to 20 kg. The dogs were treated with RA, 10
mg/kg p.o., simultaneously either with FU, 5 mg/kg p.o., PI,
1.56 mg/kg p.o., or HCT, 12 mg/kg p.o. The salidiuretic effects
were measured hourly for up to 6 hours and in a collection
period of 7 to 24 hours after diuretic treatment. Blood samples
were taken hourly up to 6 hours and at 24 hours after the
administration of diuretics. Urine electrolytes, plasma aldosterone
(PA) and plasma renin activity (PRA) were measured. Oral
administration of RA caused mild diuretic and natriuretic effects
with no change in potassium excretion. Simultaneous oral
administration of Pl and RA produced an additive natriuresis and
chloruresis with little change in urine and potassium excretion.
PRA significantly increased after RA and Pi. Simultaneous oral
administration of FU and RA caused also an additive and a
prolonged natriuresis and chloruresis. The potassium excretion
was not changed. RA exerted the same favourable effects on
HCT-induced natriuresis, thus Nat/K* ratio being increased. PA
was markedly decreased and PRA increased by RA in
combinations with both loop diuretics.

In conclusion, the ACE inhibitor RA favourably influences the
saluretic profile of diuretics by increasing Na*/K* ratio and
reducing serum PA. The rebound effects following furosemide
are attenuated.

I;loechst AG, P.0O.B. 800320, W-6230 Frankfurt am Main, FRG
St. Katharinen Krh., Chirurgische Klinik, Frankfurt am Main
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DOES DEOXYCORTICOSTERONE ACETATE (DOCA) AFFECT RENAL
DOPAMINE EXCRETION DURING ACUTE SALT LOADING?

B. Miihibauer, S. Lang, H. Osswald

In a recent study [Miihlbauer et al., Winter Meeting DGPT, Hannover 1991]
we demonstrated that renal dopamine (DA) was not increased after expansion
of the extracellular volume (1% NaCl as drinking water plus DOCA admini-
stration 1 mg/kg, for five days). Since it has been suggested earlier [Haberle
et al. In: The Juxtaglom. App., Elsevier, pp 177-188, 1988] that an inhibitory
principle in the tubular fluid in salt loaded rats, presumably DA, was
depressed by DOCA treatment, we wanted to examine whether DOCA treat-
ment can inhibit renal DA excretion in a model of acute salt loading in
conscious Sprague-Dawley rats.

Group I (CON) kept on normal diet (Altromin C 1324) served as controls.
Group II rats (HS8) were salt loaded with 8% NaCl containing rat chow
(Altromin C 1051) 24 h before the experiment. Group IIT (HS8+DOCA) was
treated as group II plus 1 mg/kg body weight DOCA s.c. Thereafter, rats were
housed in metabolic cages for 24 hours. Urine was collected and concentra-
tions of sodium, creatinine (Crea), and DA were measured by photometry and
by HPLC with ECD, respectively. The following results were obtained (means
+ SD):

DA Na Crea n

[nmol/kg/d} [mmol/kg/d]  [mol/kg/d]
1 (CON) 555 + 12.2 72430 269+36 6
I HS) 685+ 95(ms.) 158 +40 251412 6
I HS+DOCA) 67.5 + 49 (ms) 179 +3.4 256+ 11 6

The data show (1) that DA excretion in 24 h urine remains unchanged in spite
of a 2.5-fold increase in sodium excretion and (2) that DOCA administration
did not affect DA excretion. Our experiment does not support the concept that
DA is a dominant natriuretic factor in the renal response to acute salt loading.

Pharmakologisches Institut der Eberhard-Karls Universitit Tibingen,
Wilhelmstr. 56, D-7400 Tiibingen
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CLONING AND FUNCTIONAL EXPRESSION OF THREE CALCIUM
CHANNEL £ SUBUNITS FROM HEART, AORTA AND BRAIN
R.Hullin, M.Freichel, D.singer-—Lahat* , N.Dascal®)
M.Biel, V.Flockerzi

The L-type calcium channel is the major pathway for
voltage-gated calcium entry in heart and most kinds
of smooth muscle. In these tissues calcium currents
are differentially modulated by phosphorylation and
G-proteins. However, the responsible sites of the
channel for this modulation are unknown and might
reside in one of the four subunits o1, @2, 8 or ¢,
which form the oligomeric channel complex. cDNAs of
these subunits have been cloned from skeletal mus-
cle. So far only ol and a2 have been identified in
cardiac and smooth muscle but not § and ¥. As very
similar ol and a2 exist in both tissues, B and ¢
may be responsible for tissue specific channel
function and modulation. We now have isolated cDNAs
from three novel and distinct g subunits (caB2a,
CaB2b, CaB3) which are expressed in different abun-
dance in heart, smooth muscle and brain. Their de-
duced amino acid sequence is homologous to the g8
subunit originally cloned from skeletal muscle
(CaBl). CaB2a and CaB2b are splicing products of a
common primary transcript (CaB2). A partial DNA se-
guence complementary to a third variant of the CaB2
gene, subtype CaB2c, has also been cloned from rab-
bit brain. Coexpression of CaB2a, CaB2b and CaB3
with al heart enhances not only the expression in
the oocyte of the channel directed by the al alone,
but also effects its macroscopic characteristics
such as drug sensitivity and kinetics. These re~
sults together with the known al heterogeneity,
suggest that different types of calcium currents
and their distinct hormonal regulation may depend
on channel subunit composition.

Institut flir Pharmakologie und Toxikologie, TUM,

8000 Milnchen 40, FRG and Department of Physiology
and Pharmacology, Tel Aviv University, Israel.
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CELL SURFACE LOCALIZATION OF THE ATP-DEPENDENT
CALCIUM STORE IN AN HUMAN ISLET TUMOR CELL LINE
(HIT). K.Lange and u. Brandt.

A hydrodynamic shearing technigue was used for the isolation of
a cell surface-derived vesicle fraction containing microvilli

and other cell surface protrusions. This surface-derived vesicle
fraction was shown to contain the major portion of the total
cellular ATP-dependent Ca++ storing activity of HIT cells. The
properties of this Ca++ store are identical with those described
for the microsomal Ca++ stores of various other cell types.
Moreover, it was shown that omission of the shearing procedure
prior to the homogenization step resulted in the recovery of

this surface derived vesicle fraction in the microsomal

iraction. Electron microscopic evidence is presented for the
involvement of micravilli in the action Pl response agonists and
other effectors of the intracellular Ca++ store in HIT cells.

Institut 1Gr Pharmakologie, Freie Universitat Berlin, Thielallee
68-73, Berlin 33, Federal Republic of Germany
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IMMUNOREACTIVITY OF Ca** CHANNEL ANTIBODIES AGAINST
MEMBRANES AND CELLS FROM SKELETAL MUSCLE AND
HEART  H. Haase, W. Nastainczyk', T. Schneider®, and
R. Vetter

Monoclonal antibodies directed against the 165 kDa oy-subunit (mAb 8B7)
and the 55 kDa B-subunit (mAb 7C3) of the skeletal muscle Ca?* channel
were produced by hybridoma technique. The antibodies immunoprecipita-
ted 1,4-dihydropyridine (DHP) sensitive Ca?* channels from rabbit skeletal
muscle that had been prelabeled with (+)-[methyl-*H]isopropyl-4-(2,1,3-
benzoxadiazol-4-yl)-1,4-dihydro-2,6-dimethyl-5-methoxycarbonyl-pyridine-
3-carboxylate {(+)-PH]PN200-110} and solubilized with digitonin.
Immunoprecipitation was half maximal at 10 nM and 3 nM for mAb 8B7
and mAb 7C3, respectively. The mAb 8B7 and mAb 7C3 were able to
immunoprecipitate 52% + 5% and 93% £ 3% of the DHP-labeled Ca®*
channels (mean 4 SEM, n=3), respectively. Both mAb 8B7 and 7C3
immunoprecipitated phosphorylated Ca?* channels from skeletal muscle
membranes in a dose-dependent manner.

By contrast, the .(+)-[PH]PN200-110 labeled receptor from solubilized
cardiac sarcolemmal membranes was only poorly precipitated by mAb
8B7. It was not precipitated by mAb 7C3.

However, incubation of cultured spontaneously beating rat heart myocytes
with mAb 8B7 caused a dose-dependent positive chronotropic effect. This
positive chronotropy was 74% of that obtained with 10 uM (-)isoprenaline
and was not reversed by the 8-adrenergic and o-adrenergic agonists (-)-
propranolol (1xM) and phentolamin (1xM), respectively. Under the same
conditions, the antibody mAb 7C3 did not influence the basal beating rate
amounting to 150-180 min™,

*Institute of Physiological Chemistry, University of Saarland, D-6650
Homburg/Saar

Institute of Cardiovascular Research Berlin-Buch, Robert-Rossle-Str. 10,
D-1115 Berlin-Buch
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MITOCHONDRIAL
LEUCOCYTES

Ca®* ANTAGONIST RECEPTORS IN HUMAN

* *k ek *de
G.Zernig , W.Sperl , AMayr and M.Widschwendter

The demonstration of beneficial effects of CaZ* antagonists in recent large
controlled clinical trials of myocardial infarction has again strengthened the interest
in the molecular mechanisms of the long-observed anti-ischemic effects of certain
members of this drug class (for a recent review see Zernig, 1991, Trends
Pharmacol Sci 12(12),439).

One of the putative target systems for the anti-ischemic effect might be the
mitochondrial Ca "'-antagonist—receptor which is associated with an inner
mitochondrial membrane anion channel (Zernig et al., 1990, Mol Pharmacol
38,362). This receptor has been partially purified (Zernig and Reider, 1991, Mol
Pharmacol, in press). A major experimental advance for the complete elucidation
of its proposed (patho)physiological role would be its characterization in easily
accessible tissues from patients suffering from ischemia.

Saturable binding of the dihydropyridine (DHP) ca?t antagonist (+)-
[SH]nitrendipine could indeed be demonstrated in human leucocytes.
Granulocytes and lymphocytes/monocytes were obtained from adult volunteers
according to Boyum, 1968, Scand J Clin Lab Invest 21(897),77. Binding was
stimulated by CdCl, (1-100 mM) or NaCl (up to 500 mM tested). To exclude any
contribution by L-type Ca’ * channels, the cells were preheated at 56°C for 15 min.
Saturation experiments were performed in presence of 0.1 mM CdCI2 to prevent
any possible (+)-[“H]nitrendipine interaction with the DHP binding domain of the
nucleoside transporter of contaminating erythrocytes (Striessnig et ‘,?I., 1985, Eur J
Pharmacol 150,67). In presence of 500 mM NaCi at 37°C, (x)-[°H]nitrendipine
saturably bound to the lymphocyte-monocyte preparation with a Ky of 588 + 138
nM (mean = SEM, n=3) and a B ;. of 44.7 + 3.7 pmol/mg protein (determined
acccording to Bradford, 1976, An%iochem 72,248), corresponding to 1.55 *
0.12 pmol/106 cells. Granulocytes displayed a Ky of 710 + 244 nM and a B, of
58.8 = 15.2 pmol/mg protein (n=4), corresponding to 1.95 + 0.60 pmol/10mca:§lls.
Experiments are under way to assess the potential usefulness of these easily
obtainable human preparations for the elucidation of ischemia-related celiular
events.

Supported by FWF (P7492-MED) and Dr.Legerlotz-Foundation (G.Z.).

*Institut fiir Biochemische Pharmakologie, P.Mayr-StraBe 1 and **Department of
Pediatrics, AnichstraBe 35, University of Innsbruck, A-6020, Austtia.
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VASCULAR ACTIVITY AND INOTROPIC ACTION OF SOME DI-
HYDROPYRIDINE-TYPE CALCIUM CHANNEL BLOCKERS SUB-
STITUTED IN POSITION 2

J. Giinther and U. Fricke

The vascular selectivity of the 1,4 Dihydropyridine (DHP)-type calcium
channel blockers is well established. Both, high vascular activity and
minimal cardiodepressive effects, are highly influenced by the sub-
stitution of the DHP-nucleus in position 2 and 3. While alteration in the
ester side chain increases potency, substitution in position 2 is said to de-
crease the activity of the DHPs (Bossert et al Med.Res.Rev,Vol 9,
1989). In order to study the latter aspect further, we investigated the
action of (+)3-ethyl-5-methyl-14-dihydro-2-ethyl-6-methyl-4-(3-nitro-
phenyl)-3,5-pyridindicarboxylat (Bay F 1779), its 2-trifuormethyl-deri-
vative (Bay K 9593), a 2-(2™-hydroxyethyl)-derivative (Bay R 8885) and
a 2-(N’-phthalimidomethyl)-derivative (Bay I 1990) on porcine ventri-
cular trabeculae as well as on coronary and basilary arteries. Nitren-
dipine (NTD) was used as reference. Isolated trabecular muscles
(resting tone (RT) = 0,5 g; Krebs-Henseleit-solution, pH 7,4; 30 C)
were stimulated at 1 Hz isolated right coronary (RT— 20 g) and
basilary, arteries (RT= 07 g) bathed in Krebs-Henseleit- solution (pH
74; 37 C) were precontracted with 60 mmol/l KCL The calcium
antagomsts were added cumulatively. Half maximum negative inotropic
effects and vasorelaxation were obtained at the following drug-
concentrations (nmol/l; n=5-9).

T A, coranari A. bagsilaris
NTD 93,2 + 13,6 282 +23 416 +5,6
BAYF 1779 67,6 + 3,8 131+ 15 103 £ 15
BAYK9593 957463 330 4 49 9744+ 75
BAYR 8885 452 +47 209 + 35 257+ 1,8
BAY 11990 1200 + 16,1 2190 + 320 80,7 + 8.1

The data show that, increasing the side chain in position 2 markedly re-
duces vasodilator effects in coronary arteries compared to nitrendipine.
However in basilary arteries bulky side chains rather increase vascular
activity.

Institut fiir Pharmakologie, Universitit zu Koln, Gleuelerstr. 24, W-5000
Kéin 41
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DECREASE IN FREE INTRACELLULAR CALCIUM CONCENTRA-
TION IN CARDIAC MYOCYTES AFTER AN INCREASE IN EX-
TRACELLULAR MAGNESIUM CONCENTRATION

W. Vierling
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RADIOLABELED CALMODULIN LIGANDS: THEIR LOW
AFFINITY AND HIGH LIPOPHILICITY MAY LEAD TO
ARTEFACTS IN BINDING STUDIES Patrizia M. Caldirola and
Hendrik Timmerman *

When we had developed a new radioligand (fig. 1) for calmodulin to
study the interaction of a new series of calmodulin antagonists, using a
calmodulin-agarose complex for establishing the affinities, some
peculiar results were obtained. The unexpected resuits could readily be
explained by a high binding of the labelled compoulnd and the
investigated ligands to the walls of the test tubes used. Such results
were not only found with our new radioligand ([ H]-VUF 4576) but
also when [ 'H]-chlorpromazine was applied.

In literature comparable findings have been published. For explaining
such results it has been suggested to assume the influence of positive
co-operativity or irreversible binding. We propose that not only in our
study but also in some published investigations binding of radioligand
and/or the cold compounds under investigation may have had a strong
influence. We suggest to be very careful in interpreting displacement
data obtained with ligands which combines a rather low affinity and a
high degree of lipophilicity. This care should be taken not only for
binding to calmodulin but for any other system.

F

)
Fsainncy

Fig. 1 The structure of VUF 4576; in the related radioligand, the
tritium isotope is located in the methyl moiety connected to the
nitrogen.

*Department of Farmacochemie, Vrije Universiteit, De Boelelaan
1083, 1081HV Amsterdam, The Netherlands.
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DIAZOXIDE-SENSITIVITY OF THE ATP-DEPENDENT
K+ CHANNEL IN PANCREATIC B-CELLS

C. Schwanstecher, C. Dickel and U, Panten

Intracellular calcium concentration was measured in
isolated myocytes of guinea-pig hearts by means of
the calcium-sensitive fluorescent dye fura II.

There was no detectable [Mg?+*],-dependent decrease
of the calcium transient elicited by stimulation at
0.2 Hz in the presence of 1.2 or 2 mmol/l [Ca%*]..
This is in contrast to the findings that [Mg2+ ],
diminishes the force of contraction in isolated pa-

pillary muscles and decreases the calcium inward
current in isolated myocytes (Dichtl, Vierling,
Eur. J. Pharmacol., 1991, in press). In the pre-
sence of isoprenaline (10 nmol/l), there was only a

Mg?+* -dependent shortening but also no decrease in
the calcium transient. However, if additionally
ryanodine was present to deplete intracellular cal-
cium stores, a significant decrease in the calcium
signal was found after increasing [Mg%*]., from 1.2
to 9.6 mmol/1l.

If the [Ca%?*]: was increased during rest by ele-
vating [K*]., there was only a slight reduction in
[ca2+*]y at 60 mmol/l K* (by about 15%), but a

strong decrease in the presence of 30 mmol/1 Kt
about 65%).

The results show that, in spite of the negative
inotropic effect of magnesium in multicellular tis-
sue, it is difficult to demonstrate a magnesium-in-—
duced decrease in the calcium transient after sti-
mulation in isolated ventricular myocytes. However,
under certain conditions, there is evidence for a
MgZ+ -dependent decrease of [Ca2+*]l:i in the myocyte.

(by

Institut fir Pharmakologie und
Technischen Upniversitdt Minchen,
29, D-8000 Miunchen 40

Toxikologie der
Biedersteiner Str.

The potency of diazoxide to activate ATP-sensitive potassium chan-
nels (K-ATP channels) in isolated membrane patches of insulin-
secreting cells depends on the presence of MgATP. MgATP might
act by serving as substrate for kinases phosphorylating the channel
proteins. In the present study we used the inside-out configuration of
the patch-clamp technique to study the control of the diazoxide-sen-
sitivity of the pancreatic B-cell. Diazoxide (10-400 pmol/1) failed to
significantly activate K-ATP channels in the absence of any nucleo-
tides. In the presence of 30 or 100 umol/l MgATP, channel activity
was reduced to 40 or 8 % of controls and was restored to 80 or
48 %, respectively, by addition of maximally effective concentrations
of diazoxide (ECy, 90-100 pmol/I). When the bath solution was
supplemented with MgADP (1mmol/1), the channel activating po-
tency of diazoxide (300 umol/l) was even stronger than in the pre-
sence of MgATP. Moreover, in conjunction with MgADP diazoxide
(50-300 pmol/l) strongly antagonized the channel-inhibitory effect
of tolbutamide. It is concluded that protein phosphorylation is not
the sole mechanism by which cytosolic nucleotides control the
diazoxide-sensitivity of the K-ATP channel in B-cells.

Institut fiir Pharmakologie und Toxikologie, Universitiit Gottingen,
Robert-Koch-Str.40, D-3400 Gottingen
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MAGNESIUM ATP ENHANCES PINACIDIL - INDUCED DISPLACE-
MENT OF GLIBENCLAMIDE FROM THE SULPHONYLUREA RECEP-
TOR IN A PANCREATIC B-CELL LINE AND CEREBRAL CORTEX

M. Schwanstecher, S. Behrends, Ch. Brandt and U. Schaupp

The effects of blockers and openers of K* channels on binding of
[3H]-glibenclamide to microsomes obtained from a pancreatic B-cell
line (HIT-T15) or rat cerebral cortex were examined. The blockers
quinine, chlorpromazine and thiopentone and the openers cromaka-
lim and minoxidil sulphate did not significantly interact with the sul-
phonylurea receptor of HIT-cells both at phosphorylating (presence of
" MgATP) and dephosphorylating (absence of MgATP) conditions. In
the absence of MgATP pinacidil insignificantly displaced [PH]-gliben-
clamide binding to microsomes from HIT-cells. This displacement of
[*H}-glibenclamide binding was strongly enhanced by MgATP and
was due to a decrease in the number of high affinity binding sites for
glibenclamide. MgATP enhanced pinacidil-induced inhibition of [3H]-
glibenclamide binding to microsomes from rat cerebral cortex. The ef-
fect of MgATP on pinacidil-induced inhibition of [°H]-glibenclamide
binding was maintained after solubilization of the membranes from
HIT-cells or rat cerebral cortex.
It is concluded that the sulphonylurea receptor is regulated not only
by sulphonylureas but also by the K+ channel openers diazoxide and
pinacidil and by protein phosphorylation. The binding sites for sul-
phonylureas and these K+ channel openers are not identical, but ap-
pear to be located at a single protein or at tightly associated proteins.

Institut fitr Pharmakologie und Toxikelogie der Universitiit,
Robert-Koch StraBe 40, D-3400 Gittingen
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EFFECTS OF GLIBENCLAMIDE, CHARYBDOTOXIN, [ATP]; AND
[Ca2+]i ON CROMAKALIM-INDUCED MEMBRANE CURRENTS
IN VASCULAR SMOOTH MUSCLE CELLS

D. Pfriinder and I. Anghelescu

The target channels for the hyperpolarizing action of K¥ channel open-
ers such as cromakalim have not been finally established in vascular
smooth muscle. Using the whole-cell clamp technique, we recorded stea-
dy-state membrane currents at a holding potential of +20 mV for 20-40
min in enzymatically dispersed cells of guinea pig portal vein and rabbit
aorta. The drugs under investigation were added to the extracellular
medium, while intracellular variations of ATP and/or CaZ+ content were
done by respective modifications of the pipette solution, which replaces
the cytosol after rupture of the membrane patch. - Cromakalim (3x10‘6
or 10-5 mol/l) induced an increase of the membrane current, which was
antagonized by 10-3 mol/l glibenclamide, a known antagonist to the va-
sorelaxation by cromakalim, and was reversible upon washout of the
drug. Only in few cells, glibenclamide had an effect of its own on the
membrane current at +20 mV, while all cells responded to cromakalim.
The augmentation of the steady-state current by cromakalim was ob-
served regardless of whether ATP (5 mmol/l) was present in the pipette
solution or not, suggesting that the presence of ATP-sensitive KT chan-
nels is not a necessary prerequisite for the action of K+ channel openers
in vascular smooth muscle cells. - Cromakalim-induced membrane cur-
rents were independent of the intracellular level of Ca2+ (2x108 or
2x10°6 mol/1). Prior application of charybdotoxin (10"7 mol/ty, an as-
sumed blocker of large-conductance Ca2~-dependent K+ channels
(BK(g), however, reduced the increase of the steady-state current evoked
by cromakalim. The significance of these data remains to be established.

1I. Physiologisches Institut der Universitit Heidelberg, Im Neuenheimer
Feld 326, D-6900 Heidelberg, Germany
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EVIDENCE THAT NORADRENALINE-INDUCED 86Rb EFFLUX
FROM RABBIT AORTA DOES NOT OCCUR VIA BKcy; CHANNELS
V.AW. Kreye

In vascular smooth muscle, noradrenaline and other agonists increase the
efflux of 86Rb, a marker of KT ions. Pharmacological regimens aiming
at a reduction of the intracellular Ca2t level interfere with this agonist-
induced augmentation of 86Rb efflux, and make it apparently suitable to
study mechanisms involving intracellular Ca2+ modulation. Regarding
the abundance of large-conductance Ca2+—dependent KT channels
(BK(y) found in vascular smooth muscle by the patch clamp technique,
we took so far for granted that agonist-induced 86Rb efflux be mediated
by this channel type. However, in patch clamp studies on isolated vascu-
lar smooth muscle cells, we found that tedisamil (10‘6 - 104 mol/l) re-
duced the open-probability of BK(, channnels, while it had no effect on
noradrenatine-induced 86Rb efflux. In addition, noradrenaline-stimulated
86RD efflux was neither inhibited by charybdotoxin (10-7 mol/l), which
is assumed to be a selective inhibitor of BK(-, channels, nor by tetracthy-
lammonium (20 mmol/1), which aiso inhibits BK(, channels in isolated
membrane patches. On the other hand, noradrenaline-induced 86RbD ef-
flux was partially inhibited by the K* channel blockers Ba2+ (5
mmol/l), 4-aminopyridine (5 mmol/l) and quinidine (104 mol/1). The
most potent inhibitors, however, were organic nitrates and atrial natriure-
tic factor (which raise intracellular cGMP), 8-bromo-cGMP, and trifluo-
perazine. In rabbit aorta made nominally Ca2+-free, noradrenaline-in-
duced 86Rb efflux was suppressed, but the validity of this data is ob-
scured by the fact that the basal 86Rb efflux was substantially raised
under these conditions. - Our findings suggest that augmentation of 36Rb
efflux by noradrenaline is probably not the result of an activation of
BK(, channels, but its true nature remains to be established.

I1. Physiologisches Institut der Universitit Heidelberg, Im Neuenheimer
Feld 326, D-6900 Heidelberg, Germany
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CHARACTERIZATION OF A SPECIFIC BINDING SITE FOR K*
CHANNEL OPENERS IN RAT AOQRTA
U. Quast and K.M.Bray

The K* channel openers (KCOs) form a heterogeneous
group of compounds which relax smooth wmuscle by
opening K* channels in the plasmalemma. At present
it is not Kknown whether these drugs elicit their
effects by binding to the same target (presumably
the K* channel) and whether they bind to the same
site of this target. To approach these guestions we
have developed a binding assay for KCOs in a vas-
cular smooth muscle preparation.

In intact rat aortic strips, the novel tritiated
KCO, 2H~P1075 (2H-N-cyano-N/-(1,l-dimethylpropyl)-
N’/’-3pyridylguanidine), a potent pinacidil analogue
shows saturable specific binding of high affinity
(Kp = 6t 1 nM, Bpax = 21 t 3 fmol/mg tissue wet
weight). Specific binding of °2H-P1075 is stereo-
specifically inhibited by representatives from all
major families of K* channel openers with a rank
order of potencies that correlates well with the
potencies of eliciting ®“Rb* efflux from rat aorta.
Glibenclamide, an inhibitor of the KCOs, also inhi-
bits *H- P1075 binding and increases the rate of
dissociation of *H~P1075 from the tissue in a con-
centration-dependent manner, indicating a negative
allosteric coupling between the binding sites for

glibenclamide and 2H-P1075. 1In addition, lowering
temperature (from 37°C to 2°C) and decreasing
intracellular ATP 1levels by metabolic poisoning,

attenuates specific >H-P1075 binding by reducing

Binascs

The data demonstrate the existence of a
and functionally relevant binding site for the
3H~P1075 in rat isolated aorta.

specific
XCO

cardiovascular Department, Preclinical Research,
Sandoz Pharma Ltd., 4002 Basel, Switzerland.
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EFFECTS OF THE POTASSIUM CHANNEL OPENERS HOE 234
AND LEMAKALIM IN RAT AORTA
E. Klaus, H.C. Englert, W. Linz, C. Bartsch and B.A. Schéikens

In rat aorta with intact endothelium HOE 234 ( (3S,4R)-3-
Hydroxy - 2,2 - dimethyl - 4 - (2 - oxo - 1 - pyrrolidinyl} - 6 -
phenylsulfonylchroman hemihydrate) and Lemakalim exert dose
dependent relaxations of KCI {20 mM) induced contractions with
IC,-values of 1.5-10019M and 8.8-10°M, respectively.
Bradykinin at 107 M and HOE 234 at 10"'! M only marginally
reduced KClI induced contractions by 9 % and 15 % {n=4) when
tested in separate experiments. However the combined addition
of Bradykinin (1077 M) and HOE 234 (1Q°'' M) inhibited
contractions by 48 % (n=4). Bradykinin at 10% M and HOE 234
at 5-10°1" inhibited KCI induced contractions by 25 % (n=7) and
41 % (n=8) when tested in separate experiments. In this case
the combined addition produced a 67 % (n=8) reduction. The
antispasmogenic effects of combined HOE 234 and Bradykinin
were sensitive to blockade of ATP dependent potassium
channels by glibenclamide {10° M, 96 % and 90 % reductions
of antispasmogenic effect, n=4, respectively), inhibition of NO-
synthetase by nitroarginine (10°* M, 71 % and 94 % reduction,
n=4, respectively) and to inhibition of Bradykinin B,-receptor by
HOE 140  (D-Arg-[Hyp®,Thi®,D-Tic’,Oic®lbradykinin, 107 M,
83 % and 61 % reduction, n=4), Lemakalim at 107° M,
3:-10° M and 1078 M inhibited the antispasmogenic effects of
20 mM KCI by 20 % (n=4}, 40 % (n=4) and 66 % (n=6). At
these concentrations Bradykinin (1076 M) failed to augment the
relaxation induced by lemakalim. Nevertheless the 43 % (n=12)
relaxation induced by the combined addition of lemakalim
(108 M) and Bradykinin {10°® M) was almost completely
abolished by either glibenclamide_{10-3 M, n=86), or nitroarginine
(10" M, n=5) or HOE 140 (10" M, n=86). These results show
that at low concentrations potassium channel openers may
interfere with Bradykinin induced NO formation in endothelial
cells. Glibenclamide sensitive potassium channels are most likely
to mediate these effects.

Hoechst AG, P.QO.B. 800320, W-6230 Frankfurt am Main, FRG
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STRYCHNINE ACTIVATES POTASSIUM CHANNELS IN VASCULAR
SMOOTH MUSCLE G. Haeusler

Besides its well-known blockade of glycine receptors,
strychnine appears to interact with potassium channels of
vascular smooth muscle cells (VSMC) as suggested by the
following findings. Measurements of the membrane potential
with intracellular glass microelectrodes revealed 2 hyper-
polarization of VSMC within 3-6 min when strips of rabbit
main pulmonary artery were exposed to strychnine. The
hyperpolariggtion wgg concentration-dependent over the
range of 10 to 10 mol/l strychnine. It was accompanied
by a decrease in space constant A indicating a strychnine-
induced decrease in membrane resistance and, therefore,
suggesting an opening of potassium channels by strychnine.
The hyperpolarization was antagonized by tetraethylammonium
(TEA), but not by glibenclamide. The decrease in space
constant A produced by strychnine was antagonized by TEA
in a competitive manner. Strychnine inhibited the con-
traction in response to noradrenaline both in the rabbit
main pulmonary artery and the rabbit aorta. The inhibition
occurred in the same range of strychnine concentrations
that hyperpolarized the membrane of VSMC of rabbit main
pulmonary artery. There was both a rightward shift by
strychnine of the noradrenaline concentration-response
curve as well as a depression of its maximum. In VSMC of
rabbit main pulmonary artery incubated in the presence of
strychnine, noradrenaline-induced contractions appeared
only when the agonist had depolarized the membrane from
the hyperpolarized state to a value which was some mV more
positive than the resting membrane potential. Quaternary
strychnine was inactive, suggesting an effect of strychnine
on 2 component of the potassium channel located near the
inner side of the surface membrane.

Department of Pharmaceutical Research, E. MERCK,
Frankfurter Strasse 250, D-6100 Darmstadt, Germany
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PATHOPHYSIOLOGICAL ELECTRICAL AND MOTOR REACTIONS OF ISOLATED
URINARY BLADDER PREPARATIONS (GUINEA PIG) ON CYPERMETHRIN
E.Neu1'3, D.Broersz, M.Ch.Michailov3, D.Hﬁting3, S.Magourzr3

The evaluation of functional disturbances of the urogenital
tract on toxicants is an important task for the medical and
eco-toxicology. Normal functions depend on electrical and
motor activities of this tract (Proc. Int. Un. Physiol. Sci.
16, 117, 1986 & 17, 529, 1989). Cypermethrin (a pyrethroid)
influences these activities of vesical preparations (guinea
pig). This toxicant (10-100 /uM) had a negative chrono- and
inotropic effect on the spontaneous fast (1-5/min) and slow
(0.1-0,5/min}) contractions (isotonically recording) of de-
trusor and trigonum preparations: Contraction amplitudes and
frequency were decreased (to 50% of the initial values; n=8,
pl 0.002)., The contractions of detrusor after electrical
neural stimulation (100 Hz, 0,3 ms, 3 s} were also diminished
{to 70%; n=4, p<€0.01). At normal conditions detrusor myo-
cytes generate in vitro electrical (intracellular recording)
spikes (S: 40%), bursts (B: 22%) and burst-plateaus (BP: 38%)
(n=112), which can be transformed by changes of ionic con-
centrations. Cypermethrin (1-50 ,uM) (n=8) transformed S
in B and/or BP similar to effects after increase of [K']
or decrease of [Ca*tt]; it induced in cells with initial
BP~activity a strong decrease of BP-amplitudes and =-duration
(more than twice of the initial value) without visible chan-
ges of the membrane potential. All effects were concentra-
tion-dependent and only partially reversible (after washing
up to 1 h)., It is suggested that cypermethrin could also
induce pathophysiological motor reactions of the urinary
tract (the motility of pyeloureter was also inhibited after
cypermethrin) in vive and that the action mechanism may be
based on disturbances of KV~ and/or Ca’*-channels of the
detrusor myocytes, Investigations with Patch Clamp could
clear finally the membrane action mechanisms.

Klin., Kl. GroBhadern, Univ. Minchen, 8000 Miinchen 701
f. Tox. & Embryonalpharm., FU Berlin, 1000 Berlin 332
f. Tox. & Inst. f. Strahlenbiol., GSF-8042 Neuherberg3

Urol.
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REVERSE USE-DEPENDENCE OF d-SOTALOL IS CONSISTENT WITH SLOW
ON- AND OFF-KINETICS OF A PERIODICAL INTERACTION WITH POTASSI-
UM CHANNELS. J.Weirich, S.Hohnloser, T.Dieterle and H. Antoni

The frequency-dependence of the class-3-action (APDgy,-prolongation) of
d-sotalol (dSo) was examined on electrically stimulated guinea pig papillary
muscles. According to a reverse use-dependence (block of closed K+-
channels) dSo (50uM) prolongs APDgy, at low frequencies (0.5Hz) from
222410 ms to 293+12 ms (means+SE; n=6; p<0.05) whereas the effect
is reduced at high stimulation rates (3Hz) with 159+8 ms vs 189+9 ms.
The use-dependent APDgyy-prolongation at 0.5 Hz disappears with slow
recovery-rates of 0.026+0.001 and 0.021+0.004 AP-! upon switching the
stimulation frequency from 0.5Hz to 2Hz or to 3Hz, respectively. Although
the relationship between APD-prolongation and K*-channel blockade indu-
ced by dSo is complex, the use-dependent steady-state prolongation of APD
(APDgodSo -APDg,Co) is consistent
with an algorithm for periodical li-
gand binding (J. Weirich and H. An-
toni, J. Cardiovasc Pharmacol 15,
1990) after modifications: instead of
equilibrium blockade, br,and bd,,, a
minimal and maximal APD-prolon-
gation and a t, -interval equal to the
diastolic interval is used. According
to this periodical interaction of dSo
with K*-channels the on- and off-
kinetics are in the order of several se-
conds (7,,=17s and 7,4=27s). These
kinetics result in an effect-frequency-
relation with saturation characteristics
at low frequencies (continuous curve)
and recovery-rates (0.029 AP! and
2 s 0.019 AP! at 2Hz and 3Hz) in agree-
diastolic interval  ment with the experimental values.

Conclusion: The slow recovery-rates might be important for preserving the
class-3-effect of dSo even during runs of up to 10 closely coupled extrasy-
stoles, thus preventing them from degeneration into ventricular fibrillation.
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Department of Physiology, University Freiburg i.Br, Hermann-Herder-
Str.7, D-7800 Freiburg i. Br., FRG
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CARDIAC CALCIUM CHANNEL REGULATION BY ACETYL-
CHOLINE DEPENDS ON PROTEIN PHOSPHATASE ACTIVITY
S. Herzig

The increase in cardiac contractile force and in
L-type calcium channel current observed after 8-
adrenergic stimulation is partially antagonized
by cholinergic agonists. Calcium channel
activity, and hence channel phosphorylation,
could be physiologically regulated not only by
the cAMP-dependent phosphorylation rate but also
by modulation of protein phosphatase activity.
Thus, the adrenergic/cholinergic interaction was
assessed in the absence and presence of three
different phosphatase inhibitors.

Using the whole-cell patch clamp technique in
isolated guinea pig ventricular myocytes, calcium
currents were elicited every 10sec (300ms-pulses
from -40mV to +20mV). When the effect of
isoprenaline (1onM) on the current was
established (a two- to about fivefold increase),
acetylcholine (10,uM) rapidly and reversibly
reduced this effect by 64+5% (n=9). This
inhibition was abolished (2.4+5%, n=4) when cells
were treated with 3mM external NaF, which non-
selectively inhibits phosphatases. Internal
dialysis with okadaic acid (an inhibitor of type
2A and 1 phosphatases) led to a concentration-
dependent inhibition of the acetylcholine
response (3/uM: 45+7%, n=5; 9/uM: 15+3%,n=4).
Cell dialysis with the spécific type 1-
phosphatase inhibitor protein I, (from rabbit
skeletal muscle, 1000U/ml, n=4) suppressed (7.6
+8.2%) the acetylcholine effect.

These results suggest that the activity of
cellular protein phosphatases -~ possibly a type 1
phosphatase - 1is involved in the cholinergic
regulation of the cardiac calcium channel.
(Supported by Deutsche Forschungsgemeinschaft.)

Pharmakol.Inst.d.Univ. , Hospitalstr.4, W2300 Kiel
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EVIDENCE FOR PHOSPHATASE ACTIVATION BY M-
CHOLINOCEPTOR AGONISTS AND ADENOSINE
RECEPTOR AGONISTS IN THE HEART J. Neumann, G.
Kaspareit

In various cardiac preparations M-cholinoceptor (M) agonists
and adenosine receptor (Ad) agonists reduce isoprenaline
(Iso)-stimulated phosphorylation of regulatory proteins
independently of changes in cAMP content. However, type 1
phosphatase activity in the heart is decreased by Iso and
increased by M-agonists and A-agonists. If this pbosphatase
activation is of functional importance the effects of M-agonists
and Ad-agonists in the heart should be modified by addition of
phosphatase activity inhibitors. NaF inhibits type 1 and 2A, 2B
and 2C phosphatase activity whereas okadaic acid (OA)
inhibits type 1 and 2A phosphatase activity only. Wg tested the
effects of carbachol (C) and the Ad-agonist (- )-N -phenyl-
isopropyladenosine (PI1A) on force of contraction (FC) in
guinea-pig papillary muscles in the presence of the
phosphatase activity inhibitors NaF (3 mM) or OA (10 uM).
The IC50 of C or PIA for the negative inotropic effect (NIE) in
the presence of Iso was 1.4 uM and 1.2 uM, respectively. In the
additional presence of NaF the IC50 was > 1000 pM for C
and > 100 uM for PIA. The NIE of C (1 gM, 2 min) in the
presence of Iso was reduced from 46 % to 22 % by 10 uM OA.
At3 mM NaF and at 1 pM OA inhibited goinea-pig
phosphorylase phosphatase activity which comprises type 1 and
2A phosphatase activity by 43 % and completely, respectively.
1t is concluded that non-specific (NaF) and specific (OA)
phosphatase activity inhibitors can diminish the effects of a M-
agonist and an Ad-agonist on FC at concentrations where they
inhibit cardiac phosphatase activity. This supports the
hypothesis that activation of type 1 and conceivably 2A
phosphatase are involved in the cardiac effects of M- and Ad-
agonists. (Supported by the DFG.)

Abteilung Allgemeine Pharmakologie, Universitits-
Krankenhaus Eppendorf, Universitit Hamburg, Martinistrafie
52, D-W-2000 Hamburg 20, FRG
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MAPPING OF VENTRICULAR PB-ADRENOCEPTOR SUBTYPES
IN THE SEVERELY FAILING HUMAN HEART.1 1
A.Drtge,H.-R.Zerkowski,H.F.Pitschner ,M.Mitze

A decrease in cardiac B-adrenoceptors (AR) is a
general feature of chronic heart failure; it is,
however, not known, whether B-AR are uniformely
decreased in the failing ventricles or whether
regional variations exist. To answer t?ég que-
stion we assessed B-AR number [by (-)[ “’1]-iodo-
cyanopindolol (ICYP) binding] and the relative
amount of B,- and B,-AR [by analyzing competi-
tion curves of the é -AR antagonist ICI 118,551
(erythro—(t)-1-(7-me%hy1indan—4—y10xy)-3—isopro~
pylaminobutan-2-ol) with ICYP bindingl in ventri-
cular segments (obtained by cutting transversal
rings of 2 cm from the midventricular region) of
explanted hearts from 2 patients with end-stage
dilated cardiomyopathy (DCM) and 1 patient with
end-stage ischemic cardiomyopathy (ICM). In all
three hearts ventricular B-AR number was very

low (15-25 and 8-13 fmol ICYP bound/mg protein

in DCM, 10-20 fmol/mg protein in ICM) and evenly
distributed over the whole ventricular regions.
Similarly, B,- and ﬁZ—AR were uniformely distri-
buted: In DCM the B,%,-AR ratio was 65-70: 35-
30%, in ICM it was 75-80:25-20%. These results
demonstrate a) that in failing human ventricles
B~AR are homogeneously down-regulated and b)

that in end-stage DCM the loss in PB-AR is main-
ly due to a loss in B,-AR, while in end-stage

ICM the reduction in B-AR is due to a concomi-
tant decrease in B1— and BZ-AR.

Dept. Thoracic- & Cardiovascular Surgery, Uni-

)(ersity of Essen, Hufelandstr. 55, D-4300 Essen,
) Kerckhoff-Klinik, Benekestr. 4-6, D-6350 Bad
Nauheim Germany
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IBOPAMINE MEDIATES POSITIVE INOTROPIC EFFECTS VIA
R4-AND B,-ADRENOCEPTORS IN THE HUMAN MYQCARDIUM
R H.G. Schwinger

Inotropic and vasodilatory actions of dopamine derivates may
improve cardiovascular function in congestive heart failure
patients. We studied the effects of epinine (EPI 1-1000
umol/l), the biologically active metabolite of ibopamine on
isometric force of contraction (FOC) in electrically driven {1
Hz, 37°C) papillary muscie strips (PAP) from nonfailing human
myocardium (NF, brain death, n=3), moderately failing (NYHA
lI-1ll, n=8) and terminally failing myocardium (NYHA IV, n=7)
as well as right auricular trabeculae {AUT, ACVB, n=9}. The
inotropic effects (IE in mN) after prestimulation with forskolin
{FOR, 0.3 ymoi/l}), milrinone (MIL, 100 gmol/l}, ICI 118.551
(ICl, 50 nmol/l}, CGP 207.12A {CGP, 300 nmol/l) or ICl+CGP
and of isoprenaline (ISO, 0.01-10 ymol/l) were also studied. In
PAP and AUT (IE: +6.7+£0.2 mN) EPI concentration
dependently increased FOC (PAP: IE: NF: +6.9+0.5 mN,
NYHA 1I-Hl: +3.9+0.2 mN, NYHA IV: +2.8+0.2 mN). The
potency of EPl was higher after FOR (NYHA IV: +3.9+0.3
mN; ECgo 9.32 pmol/l) or MIL (NYHA 1V: +3.7+0.3 mN, ECg,
12.23 pymol/l) compared to EPI alone {ECgo 37.7 pmol/l). in
contrast ICI (AUT: ECgq 11.4 umol/l), CGP (ECyy 16.3 pmol/l)
and ICl +CGP (ECgq 49.6 umol/l) shifted the concentration
response curve of EPl (ECg4 5.7 ymol/l) to the right. In
radioligand binding experiments {1251-CYP) EPI has higher
affinity to R,-than to B,-adrenoceptors.

(1) EPI has similar efficacy but lower potency than ISO to
increase FOC, (2) the positive IE of EPI decreases parallel to
the degree of heart failure, (3} EPI increases FOC via
activation of 34-and &,-AR.

Medizinische Klinik 1, Klinikum GroRhadern, D-8000 Miinchen
70, Germany
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DESENSITIZATION OF CARDIAC ADENYLATE CYCLASE IN
SPONTANEQUSLY HYPERTENSIVE RATS
M. Béhm, K. Larisch, K. Weismann and E. Erdmann

In order to study whether alterations of the inhibitory guanine-nucleotide
binding protein a-subunits (Gia) contribute to alterations of adenylate
cyclase (AC) regulation in hypertensive cardiomyopathy of sponta-
neously hypertensive rats {SHR) without heart failure, we measured per-
tussis toxin substrates (PTS). The amount of Gia was quantified by
competition of rat myocardial membrane extracts to DS 4 antiserum
binding to the 125l-radiolabeled C-terminus of retinal transducin o (125l-
KENLKDCGLF).The DS4 antiserum was raised against the same deca-
peptide (KENLKDCGLF). Cardiac B-adrenoceptors (3-AR), m-cholinocep-
tors (m-Ch) as well as isoprenaline (ISO)-, guanine-nucleotide
{Gpp{NH)p)- and forskolin (FORS)-stimulated AC activity and the ino-
tropic responses (IR} to ISO- and carbachol were studied in SHR and
age-matched Wistar-Kyoto-rats (control).

In SHR, there was a 40 % increase of pertussis toxin substrates. The
radioimmunological quantification of Gia revealed a 41 % increase in
membrane extracts of SHR. In addition, B-AR were reduced by 36 %
and m-Ch were diminished by 14.4 % in SHR compared to WK. Basal
AC, ISO-, Gpp(NH)p- and FORS-stimulated AC activities were also
reduced. However, in the presence of 5 mmol/t MnCl, no differences in
adenylate cyclase activities between SHR and controls were detected
under either condition. In isolated, electrically driven papillary muscle
strips, the IR to ISO was reduced while the indirect negative inotropic
effect of carbachol was unchanged.

The present study shows that the amount of Gia-proteins and not only
pertussis toxin substrates are increased in membranes of hypertrophic
hearts from SHR. Increased Gia-expression and reduced B-adrenoceptor
number might have functional relevance in the regulation of AC activity
and force of contraction in SHR, whereas the activity of the catalyst
appears to be unchanged. The data of this study raise the possibility
that an increase of Gia expression might play a pathophysiological role
not only in heart failure, but also in hypertrophic cardiomyopathy.

Medizinische Klinik 1, Universitdt Mlnchen, Klinikum GroRhadern,
Marchioninistr. 15, D-8000 Miinchen 70, Germany
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DESENSITIZATION OF B_-ADRENOCEPTORS OF RAT CARDIOMYO-
CYTES BY PLASMA OF PATIENTS WITH SEPTIC SHOCK
C.Reithmann and K.Werdan

amines are known to desensitize cardiac B-adrenoceptor
(B-AR)-~adenylyl cyclase (AC) stimulation. In hyperdyna-
mic septic shock catecholamines are often needed to
maintain arterial blood pressure. The aim of the present
study was to estimate the desensitization of cardiac
B-AR in patients with hyperdynamic septic shock treated
with noradrenaline (NA) or dopamine (DA). As an in-vitro
model the desensitization of rat cardiomyocyte B-AR by
treatment with plasma of patients with hyperdynamic
septic shock was studied,

Exposure of rat cardiomyocytes for 48 h to plasma of
critically ill patients without shock treated with DA

in a dosage causing renal vasodilatation (200 ug/min,
n=5) did not significantly alter B-~AR number and isopro-
terenol-stimulated AC-activity (decrease by 13 and 2 %,
resp.). A pronounced decrease of 8-AR (by 30 %) and of
AC-activity (by 32 %) was found following incubation of
the cells with plasma of patients with cardiogenic shock
treated with adrenaline {mean 20 ug/min, n=6). Exposure
to plasma of patients with septic shock treated with NA
(mean 13 ug/min, n=6) even decreased B-AR and AC-activi-
ty by 40 and 50 %, resp. In contrast, incubation of the
cells with plasma of septic shock patients treated with
DA (mean 780 ug/min, n=6) did not significantly alter
B-AR number and AC~activity (decrease by 2 and 19 %,
resp.). .

Conclusion: Exposure of rat cardiomyocytes to plasma of
septic shock patients treated with NA, but not to plasma
of septic shock patients treated with DA, desensitized
A-AR-stimulated AC-activity in rat cardiomyocytes. The
data suggest that the B-AR desensitization by exogenous
NA is one of the reasons for the early cardiac tolerance
to NA in patients with hyperdynamic septic shock.
Medizinische Klinik I, Universitiat Miinchen,
Marchioninistr. 15, W-8000 Miinchen 70, F.R.G.
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CARDIAC B-ADRENOCEPTORS IN ATENOLOL-TREATED HYPERTHYROID
RATS. G Amos, L Brown, C Marchant, C Sernia.

In hyperthyroidism, cardiovascular changes possibly related
to B-adrenoceptor up-regulation are prominent. We have
determined whether administration of the selective
8,-adrenoceptor antagonist, atenolol, modifies these
cardiovascular changes. Male, 10 week old Wistar rats were
given either saline (S rats)} or triiodothyronine (T3;
1 mg/kg/day sc) for 7 days (T7 rats) or T; for 14 days (T14

rats) together with atenolol (100mg/day) for the last 7
days (A rats). In A rats, heart rate was decreased (S,
251%5; T7, 355%15; T1l4, 506+8; A, 447+20 beats/min), but

not plasma T3 (S, 1.0+0.1; T7, 19.3%0.4; T14, 29.743.8; A,
38.0+4.5 ng/ml), right atrial (RA) weight (S, 68+2; T7,
83+3; T14, 148%5; A, 13948 mg), left ventricular (LV)
weight (S, 778+36; T7, 917414; T14, 1104%22; A,
1024436 mg), systolic blood pressure (S, 122+6; T7, 135%9;
T14, 176+7: A, 182411 mmHg), basal rate of contraction of
isolated RA (S, 239%3; T7, 310+6; T14, 310+4; A, 304%9
beats/min) or basal force of contraction of isolated LV
papillary muscles. Maximal chronotropic responses to
noradrenaline were reduced (S, 196+7; T7, 168+11; T14,
158+11; A, 13347 beats/min). Positive inotropic responses
to noradrenaline were decreased (S, 3.1+0.5; T7, 2.240.5;
T14, 1.0+0.3 mN); LV papillary muscles from A rats showed
toxicity at low noradrenaline concentrations. The increase
in LV B;—adrenoceptor density measured by 23I-cyanopindolol
binding (S, 30.0+10.3; T7, 60.8110.8; T14, 285+23.2 fmol/mg
protein) was not altered by atenolol treatment. Thus, most
T3—induced cardiovascular changes, especially hypertrophy
and hypertension, occur independently of B-adrenoceptor
changes; only tachycardia is partly due to B~adrencceptor
activation. In isolated tissues, atenolol treatment does
not reverse the decreased responses of hyperthyroid tissues
nor the marked increase in ventricular p;-adrenoceptor
density.

Department of Physiology and Pharmacology,
The University of Queensland, 4072, Australia.
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Differential influence of phosphodiesterase III and IV
inhibition on the positive inotropic response to
isoprenaline in rat and guinea-pig left atria.

D. Wilhelm, M. Ebbert, and A. Leidig

R 80122 ((E)-N-cyclohexyl-N-methyl-2-[[[phenyl
tetrahydro-2 oxoimidazo [2,1-bl-quinazolin-7-y1) methy-
lene] aminoloxy] acetamide) is a cardiotonic compound
which preferentially inhibits phosphodiesterase (PDE) III.
In the present study, the PDE IV inhibitor rolipram was
used to examine whether inhibition of PDE IV modifies the
mechanical effects of PDE III inhibition by R 80122. The
experiments were performed in guinea-pig and rat Tleft
atria to study the species difference in the distribution
of PDE isoenzymes. In isolated guinea-pig left atria,
pretreatment with R 80122 (0.1 - 1 umol/1) dose-depently
shifted the concentration-response curve of isoprenaline
(IPN) to the left. R 80122 (0.1, 0.3, 1 wmol/1) increased
force of contraction by 7 = 5%, 26 = 7%, and 43 =z 5%,
respectively (X = SEM, n = 6). Rolipram (1 umol/1) had
a small positive inotropic effect (10 = 2%) and did not
influence the concentration-response curve of IPN. The
combination of R 80122 (0.3 or 1 umol/1) and rolipram
(1 ymol/1)  shifted the concentration-response curve
further to the left than R 80122 alone.

In isolated rat Teft atria, pretreatment with R 80122
(1 pmo1/1) did not influence the concentration-response
curve of IPN. R 80122 (1 pmoil/1) did not significantly
increase contractile force (6 = 3%). Rolipram (1 umol/1)
augmented force of contraction by 80 = 8% and depressed
the maximal response to IPN. The combination of R 80122
and rolipram (both 1 umol/1) did not further enhance
contractile force (94 = 11%) and abolished the positive
inotropic response to IPN.

The results are consistent with a role of both PDE III and
IV in rat and guinea-pig atria. With respect to contrac-
tile force the differential response -to rolipram and
R 80122 suggests a dominant role of PDE IV in rat left
atria and of PDE III in guinea-pig left atria.

JANSSEN RESEARCH FOUNDATION, W-4040 Neuss 21, F.R.G.
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ROLIPRAM DIFFERENTIALLY AFFECTS THE CARDIOTONIC PROFILES
OF THE PHOSPHODIESTERASE (PDE) IH-INHIBITORS R 80122, ADI-
BENDAN, MILRINONE, AND ENOXIMONE IN AN ACUTE HEART FAI-
LURE MODEL. J. Schneider and E. Beck

We have recently reported that the higly selective phosphodiesterase II1-
inhibitor R 80122 ((E)-N-cyclohexyl-N-methyl-2-[[[phenyl (1,2,3,5-tetrahydro-
2 oxoimidazo [2,1-b}-quinazolin-7-yl) methylene] amino] oxy] acetamide)
induces marked cardiotonic effects. The present study was performed to
evaluate the contribution of PDE IV-inhibition by rolipram additional to PDE
Hi-inhibition by R 80122. The selective PDE lil-inhibitors adibendan, milri-
none, and enoximone served as reference compounds.

The model used was the guinea-pig heart-lung preparation with hexobarbi-
tal-induced acute heart failure. Cumulative addition of the PDE Ill-inhibitors
dose-dependently improved cardiac function in the following order of car-
diotonic potency: R 80122 > adibendan > milrinone > enoximone.
Pretreatment with the PDE IV-inhibitor rolipram (10* M) neither had any
effects on functional parameters nor prevented the loss of cardiac function
after induction of heart failure.

After pretreatment with rolipram (10* M) the effects of enoximone on LVP,
+LVdP/dt,,,, -LVdP/dt, .., heart rate (HR), stroke volume (SV) and cardiac
output (CO) were hardly influenced. The same pretreatment enhanced the
positive chronotropic actions of milrinone and caused positive chronotropic
effects of adibendan and consequently potentiated the increases of the
contractile parameters elicited by both drugs. For R 80122 the same pictu-
re was obtained, although the distance between chronotropic and inotropic
actions was more pronounced and no increase in SV and CO was obser-
ved.

In conclusion, the effects of PDE IV-inhibition additional to PDE IlI-inhibition
seem to be primarily mediated by interactions with HR. The increase in HR
elicited by R 80122, in the presence of rolipram only, was not able to
further enhance the marked increases in SV and CO induced by this drug.

Janssen Res. Found., Raiffeisenstr. 8, W-4040 Neuss 21, FRG
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SELECTIVITY OF DIFFERENT PHOSPHODIESTERASE
INHIBITING AGENTS FOR PHOSPHODIESTERASE III AND IV
FROM PORCINE VENTRICULAR HEART TISSUE

H. Wenzlaff, H. Scholz, W. Zimmermann

Recent studies reported a positive inotropic effect of
_ phosphodiesterase (PDE) IV inhibitors after pretreatment with the
PDE III inhibitor milrinone. These results suggest a synergism of
PDE HI and IV inhibition. Therefore, we tested whether the
nonselective PDE inhibitor 3-isobutyl-1-methylxanthine (IBMX),
the selective PDE II inhibitors milrinone (MIL), saterinone (SAT)
and UD-CG 212 Cl ((2-(4-hydroxyphenyl)-5-(5-methyl-3-0x04,5-
dihydro-2H-6-pyridazinyl)-benzamidazole HCI); UD-CG) and the
selective PDE [V inhibitor rolipram (ROL) equally inhibited PDE
I and IV activity. In homogenates from porcine ventricular heart
tissue three different PDE activities could be separated using a
DEAE sepharose chromatography. According to Reeves et al
(Biochem. J. 241, 535-541, 1987) the isozymes could be identified as
PDEdlI, I and IV. A calmodulin-activated PDE (PDE 1) was not
found.
IC 5¢ values for the PDE inhibitors were as follows:

IC 50 values (umol/]) and selectivity
Agent I7 JIT JV JIIT/IV

IBMX 27.1 4.30 9.59 0.49
MIL 293 1.58 6.79 0.31
SAT 394 0.06 1.00 0.06
UD-CG 300 0.16 22.2 0.01
ROL >1000 616 3.20 193
n=4 each

It is concluded that among the so-called selective PDE I1I inhibitors
there are differences in PDE IV inhibiton, with UD-CG 212 Cl being
the most selective inhibitor of PDE IIL (Supported by the DFG.)

Abteilung Allgemeine Pharmakologie, Universitits-Krankenhaus
Eppendorf, Universitit Hamburg, MartinistraBe 52, D-W-2000
Hamburg 20, FRG
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HEMODYNAMIC EFFECTS OF THE
INHIBITOR PIROXIMONE IN MAN
M. Buerke, T. Cyrus, R. Erbel

PHOSPHODIESTERASE

Phosphodiesterase (PDE) inhibitors are new drugs
for the therapy of congestive heart disease. PDE
inhibitors increase contractile force by
inhibition of cAMP degradation and elevation of
ca2* in cardiac muscle cells. We measured the
hemodynamic effects of Piroximone bolus
administration by a Swan-Ganz catheter in patients
with very severe congestive heart disease (NYHA
ITI-IV). Piroximone (0.25, 0.5, 1, 2 mg/kgbw) was
tested vs placebo. Piroximone bolus injection
resulted in dose related increase in cardic index
(CI), <decrease 1in pulmonary capillary wedge
pressure (PCWP), mean pulmonary arterial pressure
(MPAP) and right atrial pressure (RAP). Heart rate
(HR) and mean arterial blood pressure (MABP) were
not significantly altered.

before bolus 0.5 2 mg/kgKG PIR

cI 1.840.1 2.440.2% 3.240.2 [1/m2)
PCWP 23+1.5 1410 9%2.2* [mmHg ]
MPAP 3844 3245% 2342% [mmHg ]
RAP 13+3 813* 915%* [mmHg ]
HR 100+10 9615 130%15 [b/min]
MABP 1014 8615 756 [mmHg ]

*p<0.05

Piroximone exerted potent inotropic effects, which
resulted in an elevation of CI and a decrease of
PCWP, MPAP and RAP. In patients with congestive
heart disease the administration of Piroximone
might be an effective way to treat the failing
heart.

II. Med. Klinik, Klin. Pharmakol. Labor, J.
Gutenberg-Universitit, Langenbeckstr.1, 6500
Mainz, FRG
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THE EUDISMIC RATIO OF THE STEREOSELECTIVE DRUG
ASOCAINOL DEPENDS ON THE EXPERIMENTAL CONDITIONS:
EVIDENCE AGAINST THE GUARDED RECEPTOR HYPOTHESIS

J. Godicke, A. Mescheder, and F. Steinke

The dependence of antiarrhythmic drug potency
upon the experimental conditions is explained in
terms of two models: the modulated receptor
hypothesis envisages a binding site on Na

channels the affinity of which varies, e.g. among
channel states. The guarded receptor hypothesis
assumes the binding site to have a constant
affinity, but the access of drug and its removal
from a critical compartment vary according to
factors determining drug diffusion, protonation
and its mobility in the electric field.

Since enantiomers are identical with regard to
physicochemical properties, the eudismic ratio
(ER) should remain unaffected by conditions which
change absolute potency, if the guarded receptor
hypothesis is wvalid. We investigated (+)-
asocainol and its less active enantiomer in
various models of Na®™ channel function in guinea
pig myocardium. Stimulus frequency and diastolic
potential were varied in order to change absolute
potencies by up to one decade. The ER obtained
measuring rectangular pulse threshold in atria
increased from 2.5 to 3.1 when raising (K+)o.
Similarly, for the use-dependent depression of
Vmax in papillary muscles, ER increased from 0.9
to 2.0. Use-dependent inhibition of whole-cell
Nat current in isolated myocytes displayed ERs
which ranged from 3.4 to 9.1, depending on pulse
frequency and holding potential.

In all assays, there was an increase of ER with
elevation of absolute potency. These findings are
consistent with the modulated receptor
hypothesis, but they contradict the guarded
receptor hypothesis.

Abt.Pharmakol.d.Univ., Hospitalstr.4, W-2300 Kiel
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MOLECULAR ELECTROPHYSIOLOGY OF VERATRIDINE
ACTION AT THE CARDIAC SODIUM CHANNEL
X.-G. Zong", M. Dugas, and P. Honerjéger

Veratridine (pK,=9.6) modification of Na current was examined in
single dissociated ventricular myocytes from late-fetal rats using the
whole-cell configuration of the patch clamp technique. Pulses to -30
mV for 50 ms were applied every 2 or 5 s from a holding potential of
-100 mV (20 °C; [Na]o=70 mM), and amplitude, I,;, and time
constant, 7 3, of the post-repolarization inward tail current induced
by the alkzial%id were measured. Increasing the pH of a 30 uM
veratridine superfusate from 7.3 to 8.3 increased I;,; by a factor of
2.5£0.5 (meant SEM; n=3). Intracellular (pipette) application of
100 4 M veratridine at pH 7.3 or 8.3 produced small I,,;s suggesting
transmembrane loss of alkaloid. If this was compensated for by
simultaneous extracellular application of 100 pM veratridine at a
pH identical to intracellular pH, I,; (measured relative to the
maximum amplitude obtainable in the same cell) at pH;=7.3 did not
significantly differ from that at pH;=8.3 (84+4 % vs. 70+6 %; n=3
each). Results from 6 control celis and 5 cells subjected to extra-
and/or intracellularly increased viscosity by addition of 0.5 or 1 m
sucrose showed that increasing intracellular viscosity 1.6- and 2.5fold
increased 7 1,3 1.5- and 2.3fold, respectively, while a selective 2.5fold
increase of extracellular viscosity did not significantly affect 7 ;.

We conclude on the basis of the extracellular and intracellular pH
and viscositiy effects that extracellularly applied veratridine diffuses
in its free base form through the sarcolemma and activates the Na
channel at an intracellular site in its protonated form. Chemical
complementarity of veratridine to its binding site suggests the intra-
cellular presence of a negative charge as an essential component of
the veratridine recognition site at tie Na channel macromolecule.
(Supported by D.F.G., Sandoz-Stiftung, and F.C.L)

*Present address: Max-Planck-Institut fiir Psychiatrie, Abt. Neuro-
physiologie, Am Klopferspitz 18A, W-8033 Planegg-Martinsried

Institut fiir Pharmakologie und Toxikologie der T.U. Miinchen,
Biedersteiner Str. 29, W-8000 Miinchen 40, Germany
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THE DIFFERENT INFLUENCE OF PROPAFENONE, DIPRAFENONE,
HYDROXYFENONE AND FLECAINIDE ON CARDIAC ELECTRICAL
ACTIVITY. U.Stark, B.Vogt, P.Philipp, K.Stoschitzky and W.Lindner

The aim of the present study was to evaluate whether antiarrhythmic agents
belonging to the same class, according to the classification of Vaughan
Williams, similarily affect cardiac electrical activity. The influence of
propafenone (P), diprafenone (D), hydroxyfenone (H) and flecainide (F) on
cardiac conduction and refractoriness of isolated Langendorff perfused
guinea pig hearts were studied, using an ECG recording technique of high
resolution. Effective refractory periods (ERPg) and rate dependent
refractory periods (ERP,) of the AV-nodal, His-bundle conduction and of
the atrial and ventricufar myocardium were evaluated by programmed
stimulation. Equimolar concentrations (3uM) of either drug induced a
similar reduction of the spontaneous sinus rate. P, D and H similarily
prolonged the AV-nodal conduction interval, whereas F did not alter this
parameter., D and P induced a prolongation of the His-bundle and
intraventricular conduction interval to the same degree. H was significantly
higher effective, whereas F had the weakest effects on these parameters. On
the AV-nodal refractoriness, all four compounds showed a similar rate
dependency of their effects (AV-ERP,>AV-ERP). D, H and P exerted a
comparable and strong rate dependent prolongation of the atrial myocardial
refractoriness, whereas A-ERPg was as prolonged as A-ERP. by F
(+60+7% and +62+7%, respectively, both n=6, p<0.01). D, H and P
induced a marked prolongation of V-ERP, and this was significantly higher
than V-ERP,. The strongest effect on V-ERP, was exerted by P
(+117+9%:; *1=8, p<0.01). F had the weakest effect on the ventricular
myocardial refractoriness and also showed the weakest rate dependency on
this parameter, compared to D, H and P (V-ERP_: +46+9% and V-ERP:
+28+6%, both n=6, p<0.01). On the His-bundle refractoriness a rate
dependent effect was only present under the influence of H and P.

The present results show, that D, H, P and F although they belong to the
same class of antiarrhythmic agents differently influence cardiac electrical
activity. H and P show a strong rate dependency of their effects on all parts
of the conduction system and the myocardium. D lacks this effect on the
His-bundle. F showed a strong rate dependency on the AV-node, but this
effect was not as expressed on the atrial and ventricular myocardium.

Dept. of Med. Physics and Biophysics, Harrachgasse 21, A-8010 GRAZ
Supported by the Austrian Research Foundation P8014
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THE INFLUENCE OF PROPAFENONE, LIDOCAINE AND (+)-
SOTALOL ON CARDIAC STIMULATION THRESHOLDS H.Markert,
P.Lang, G.Fachbach, H.A.Tritthart

Excitability must be rendered abnormal for premature ventricular
contractions or more complex ventricular rhythms. We studied whether
lidocaine, propafenone or (+)-sotalol alter the pattern of stimulation
thresholds in a fashion which might produce the conditions for the
appearance of reentrant and ectopic arrhythmias. Experiments were
performed on isolated Langendorff perfused guinea-pig hearts. At fourty
points, located on the epicardiac surface, eight in the horizontal direction, in
angles of 45 degrees around the heart, beginning at the intraventricular
septum and fife in the vertical direction in regular distances from the basis
to the apex, stimulation threshold was determined on untreated hearts at a
stimulation rate of 300 beats/min, During control conditions the values of
stimulation threshold around the heart were between 0.840.1mV and
1.6+0.2mV (n=18; X+SEM). There was no significant difference from
one point to the contiguous point. The influence of 100uM lidocaine
induced a homogeneous and highly significant elevation of the stimulation
threshold on most points of measurements. Values ranged between
1.6+0.2mV and 2.5+0.1mV (n=5). In 2.5% of all points there was a
significantly different stimulation threshold between two contiguous points.
(+)-sotalol at a concentration of 100xM induced only slight changes of the
stimulation threshold and in only 10% it was significantly elevated against
control values (values between 0.9+0.1mV and 1.74+0.2mV; n=5). As
lidocaine also (+)-sotalol induced at only 2.5% a significantly different
stimulation threshold between neighboured points. Propafenone (3uM)
however induced at 70% of the points of measurements a significant change
of the stimulation threshold, (values ranged between 1.1+0.lmV and
2.340.1mV; n=10) and at 12.5% there was a significantly different
stimulation threshold between contiguous points indicating an inhomogenity
of the cardiac excitability. In summary (+)-sotalo! had only minor effects,
propafenone was stronger acting and lidocaine more significantly influenced
cardiac excitability threshold. Lidocaine and (+)-sotalol maintained a rather
homogeneous distribution of the stimulation threshold whereas propafenone
induced a slight dispersion of the excitability. The inhomogenity of changes
of excitability in the epicardiac surface is likely important for the likelyhood
of proarrhythmogenic effects of class Ic antiarrhythmic compounds.

Dept. of Med. Physics and Biophysics, Harrachgasse 21, A-8010 Graz
Supported by the Austrian Research Foundation P8014
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EFFECT OF GE 68 (1-[3-(2-PHENYLETHYL)-2-BENZO-
FURYL]1-2-(PROPYLAMINO)-ETHANOL) ON THE SODIUM
CURRENT OF GUINEA-PIG VENTRICULAR MYOCYTES

R. Lemmens-Gruber and C. Studenik

The effect of the propafenone derivative GE 68 on macro-
scopic and single-channel sodium current (Iw,) of guinea-
pig ventricular myocytes was studied with the patch-clamp
technique using the cell-attached mode. GE 68 (1 and 10
wmol/1) added to the bathing solution-caused a reduction
of the open state probability by increasing the number of

sweeps without acivity. This increase in the number of
records without sodium channel openings was twofold at
a drug concentration of 1 pmol/l (n=5) and sixfold at 10

umol/l GE 68 (n=2), while the single-channel conductance
remained unchanged.

At a stimulation rate of 1, 2 and 3 Hz peak
integral

Iwa and time
of Iy were reduced in a frequency-dependent way
(1 pmol/l: n=3; 10 pmol/l: n=2). The mean current per
record was decreased by GE 68 to the same extent at all
measured holding potentials at a stimulation rate of 2 Hz

(1 pmol/l: E,=-120 mV, 25.0 * 9.35%, n=5; E,=-100 mV, 20.0

+ 5.31%, n=7; E,=-90 mV, 25.11 % 10.3%, n=9; E,=-80 mV,
25.75 = 6.14%, n=4; 10 pmolfl: E,=-120 mV, 66.0 + 8.17%,
n=3; E,=-100 mV, 67.8 + 6.55%, n=6; E,,=-90 mV, 69.0

+ 8.26%, n=4; E,,=-80 mV, 72.0 * 6.36%, n=3).

The shape of the steady-state current-voltage relationship
was not significantly changed by GE 68 (1 jmol/l: n=3, 10
wmol/1: n=1).

After a period of 15 minutes washout the effects of GE 68
on the l.. were completely reversible (n=2).

In conclusion GE 68 decreases In. by increasing sweeps
without activity while the amplitude of the unitary
current was not changed.

Institut fiir Pharmakodynamik und Toxikologie der Universi-
tédt Wien, Wihringer Strafie 17, A-1090 Wien, Austria
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ELECTROPHYSIOLOGICAL EFFECTS OF GE 68 (1-[3-(2-
PHENYLETHYL ) - 2~BENZOFURYL] ~2- ( PROPYLAMINO) ~-ETHANOL )
ON VARIOUS GUINEA-PIG HEART MUSCLE PREPARATIONS

H. Marei

The effects of the propafenone derivative GE 68 on
the action potential of isolated papillary muscles
and spontaneously beating sinoatrial nodes have
been studied using the intracellular microelectrode
technique. In papillary muscles continuously driven
at a rate of 1 Hz, GE 68 (10 umol/l, n=5) decreased
Vmase until a new steady state was reached within
120 min. However, when stimulation of the pre-
paration was interrupted at the time of the ad-
mission of the drug, and resumed after a period of
120 min, the Vna.x Of the first action potential
showed no significant changes as compared to the
control values; then it decreased until a new
steady state was reached after 7 + 1.1 action
potentials. The time constant of recovery of Viax
from the action of GE 68 (10 umol/l, n=8) during a
pause in stimulation was calculated to be 4.1%l.1s.
GE 68 (1 umol/l, n=5) did not cause significant
changes of the sinoatrial node action potential
parameters. At a concentration of 3 umocl/l, GE 68
(n=6) only produced a significant (P<0.05) decrease
in spontaneous rate. 10 umol/l1 GE 68 (n=5), how-

ever, produced a significant decrease in rate of
spontaneous activity, Vmax, Slope of slow dia-
stolic depolarization and maximum diastolic
potential, increased action potential duration
(P<0.001), decreased amplitude (P<0.01), and
abolished spontaneous sincatrial node activity

after a period of 65 min. The data obtained show
that GE 68 caused a use~dependent block of the
sodium channels and a negative chronotropic effect
on the sinoatrial node.

Institut fiir Pharmakodynamik und Toxikologie der
Universitdt Wien, WihringerstraBe 17, A-1090 Wien
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PROPRANOLOL REDUCES THE PROARRHYTHMIC ACTIVITY OF
FLECAINIDE S.Dhein, R.Gerwin and A.Miiller

The aim of this study was to find out whether the high
proarrhyhtmic risk of flecainide can be reduced by additive
treatment., For this purpose, in isolated perfused rabbit
hearts (prepared according to the Langendorff-technique,
perfused at constant pressure of 70 cm H20 with Tyrode
solution equilibrated with 95% CO: and 5% 02 paced at the
right atrium with 3 Hz) a computer assisted 256 channel
epicardial potential mapping (4kHz/channel, lmm interelectrode
distance, 0.04 mV resolution) was performed in order to
analyse geometry and timecourse of the epicardial activation
and repolarization process. Clinically relevant concentrations
of flecainide (0.1, 0.5, 1.5 pmol/l) were perfused alone or in
the presence of 0.01 umol/l propranolol. The activation
process was analysed by determination of the local activation
times (dU/dtmin), giving the activation sequence. The
repolarization timepoints were defined as dU/dtmax during the
T-wave of the potentials. From these data the local potential
duration (ARI) was calculated and the dispersion of ARI
(DISP) was determined as the standard deviation of ARI. We
found that the activation process was significantly disturbed
and deteriorated by flecainide in a concentration dependent
manner, an effect which was accompanied by a parallel
increase in DISP, finally resulting in arrhythmia. In the
presence of 10 nmol/l propranolol the deteriorating influence
of flecainide on the activation patterns was attenuated and no
increase in DISP could be observed anymore. No sustained
arrhythmias were registered. Propranolol (0.002, 0,01, 0.1
pmol/1) alone led to a stabilization of the activation patterns
and to a reduction of ARI-dispersion.

From these data it is concluded (a) that flecainide may lead
to arrhythmia by increasing ARI-dispersion and (b) that this
arrhythmogenic effect can be antagonized by propranolol.
{supported by the DFG)

Inst.f.Pharmakologie, Univ.zu K&ln, Gleuelerstr.24, 5000 Kdéln 41
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POTASSIUM CHANNEL OPENERS ABOLISH EARLY AFTERDE-
POLARIZATIONS AND EXTRASYSTOLES INDUCED BY SOTALOL
OR DISOPYRAMIDE IN PURKINJE FIBRES OF GUINEA-PIG
HEARTS

S. F. Brosch and P. Heistracher

The effect of nicorandil on sotalol-induced and
the action of pinacidil and 1lemakalim on
disopyramide-induced early afterdepolarizations
and extrasystoles were investigated in spontan-
eously beating Purkinje fibres by means of the
intracellular microelectrode technique.

The potassium channel opener nicorandil (50
umol/1l; 100 umol/1l; 500 umol/l) suppressed early
afterdepolarizations and extrasystoles, induced by
sotalol hydrochloride (80 or 160 wumol/l), at a
potassium concentration of the bathing solution of
2,7 mmol/l, in 4 out of 6, in 6 out of 6, and in 3
out of 3 experiments, respectively. At a potassium
concentration of the bathing solution of 1,35
mmol/l, disopyramide-induced (10, 20 or 30 umol/1)
early afterdepolarizations and extrasystoles were
abolished by pinacidil at a concentration of 3
umol/l in 4 out of 8, at 30 umol/l in 6 out of 6
and at 100 umol/l in 6 ocut of 6 experiments, by
lemakalim at a concentration of 3 umol/l in 2 out
of 5, at 10 umol/1 in 5 out of 5 and at 30 umol/1l
in 5 out of 5 experiments, respectively. On re-
admission of sotalol- or disopyramide-containing,
potassium channel openers-free bathing solution,
early extrasystoles and afterdepolarizations re-
appeared.

In conclusion, the three potassium channel openers
mentioned above concentration~dependently decrease
or abolish early afterdepolarizations and extra-
systoles and thereby exert antiarrhythmic effects.

Institut fiir Pharmakodynamik und Toxikologie der
Universitdt Wien, WdhringerstraBe 17, A-1090 Wien,
Austria
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CHARACTERIZATION OF TRANSIENT OUTWARD CURRENTS
MODIFIED BY «71~ADRENOCEPTOR STIMULATION 1IN RAT
CARDIAC MYOCYTES. G. Hauser, E. Wettwer and U.
Ravens

Alpha,-adrenoceptor stimulation by phenylephrine
reduces transient outward currents (I¢c,) in rat
heart myocytes (Wang et al. 1991, J Pharmacol Exp
Ther, 259). In order to characterize the membrane
currents influenced by «aj-stimulation, we have
studied the effects of phenylephrine under condit~
ions which modify Iy,. Single-electrode voltage
clamp studies (300 ms long clamp steps from hold-
ing potentials V}, of -80 mV or -40 mV to various
potentials) were performed at room temperature (20
- 22°C). Beta-adrenoceptors were blocked by pro-
pranolol (1 uM), Ca2t-currents were blocked with
cd2* (0.1 mM). Phenylephrine (PE, 30 uM) decreased
both the peak (I,) and the late (Ij) component of
Ito. These effecég depended on Vh: in a clamp step
to +60 mV, PE reduced I, from 4.8 + 0.5 nA to 4.4
* 0.5 nA (V, —-80 mV) and from 3.4 * 0.7 nA to 2.6
+ 0.5 nA (VR —40 mV; means * SEM, n>5). I, was
reduced by substitution of extracellular Nat with
N-methyl-D-glucamine, by tetrodotoxin (10 uM, Vu
=40 mV) and by 4-aminopyridine (3 mM, Vy, -80 mV).
Phenylephrine still decreased I; in the presence
of tetrodotoxin but not in the presence of 4~ami-
nopyridine. When the inactivation of Iy, was ac~
celerated by tedisamil (10 uM), PE reversibly re-~
duced Iy. It is concluded that the PE-induced re-
duction of It, is potential dependent and that Iy,
may be composed of different current components.

Universitdt - CGHS -
4300 Essen 1, Germany

Pharmakologisches Institut,
Essen, Hufelandstr. 55,
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MODULATION OF IONIC CURRENTS AND CONTRACTILITY BY
NEUROPEPTIDE Y IN RAT VENTRICULAR MYOCYTES

T. Weis, B.J. McDermott#*, B.C. Millar*, and

H.M. Piper

Neuropeptide Y (NPY) has been shown to inhibit
contractile response of isoprenaline-stimulated
rat ventricular myocytes. In order to clarify the
underlying mechanism the action of NPY on cell
contraction and ionic currents in voltage clamped
cells (whole cell configuration) was measured.
NPY (10~/ M) increased the fast component of
transient outward current (i.,) to 165 % = 9
(n=5) and slow inward Ca-current to 151 % * 8
(n=5) of control. Negative inotropic effects of
NPY in the presence of isoprenaline could be
abolished by the selective i blocker 4-aminopy-
ridine (4-AP, 0.5 * 107° M completely inhibiting
i o) Or by pretreatment of the cells with pertus-
sIis toxin. In 4-AP pretreated cells NPY caused an
increase in contractile response which was
abolished by the Ca-antagonist verapamil (10"8 M)
but not by pertussis toxin.

In conclusion, negative and positive contractile
responses of NPY may be explained by G-protein-
mediated activation of i, and activation of igis
respectively.

*Present address: Department of Therapeutics,
Queen's University, Belfast, UK

Departments of Pharmacology and Physiology,
University of Diisseldorf, Moorenstr. 5,
D-4000 Diisseldorf, Federal Republic of Germany
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R_ 59494 STEREOSPECIFICALLY DEPRESSED VERATRIDINE-INDUCED
45Ca2+ YPTAKE IN LEFT ATRIA OF THE RAT
D. Wermelskirchen, U. Nebel, and A. HWirth
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Na*-Ca?" EXCHANGE IN NORMOXIC AND ISCHAEMIC RAT LANGENDORFF
HEARTS R. van den Ende' and I. Guttmann?®

In normoxic hearts, reducing extracellular [Na*] inhibits and can also reverse
Na*-Ca®* exchange, thus resuiting in a rise in intracellular (i} [Ca**]. Similarly, the
increased [Na']; found after ischaemia may contribute to the rise in total [Ca®*],
which is usuailly observed after ischaemia in the heart.

In order to explore this possibility we determined the intraceliutar Na*, K* and
Ca®* concentrations in rat Langendorff heart preparations by means of atomic
absorbance spectrophotometry. The tissue samples were taken from
preparations which were subjected to normoxic conditions, 30 min of ischaemia
or ischaemia (30 min) plus reperfusion (30 min). in addition, we monitored the
left ventricular pressure (LVP) in the rat Langendorff heart in response to
decreasing Na* concentrations. The first Na* reduction was performed under
normoxic conditions and in a second set of experiments repeated after 30 min of
reperfusion following 30 min of ischaemia.

Under normoxic conditions the intraceliular ion contents amounted to
Na*=12.4+0.4, K'=99.0+3.1 and Ca®" =0.64+0.02 mmol/kg cell (mean =
s.e.m., n=7). [Na*], increased twofold after ischaemia as compared to the
normoxic situation, an effect which was even more pronounced (4 fold increase)
after ischaemia plus reperfusion. The opposite effects were observed for [K*],
with a 25 % decrease after ischaemia and a 40 % decrease after ischaemia plus
reperfusion. [Ca®*], was increased only after ischaemia plus reperfusion (6 foid)
as compared with the normoxic controls.

In the normoxic heart decreasing of [Na'] in the perfusion fluid from 125 mM to
25 mM increased LVP from 50.0 + 3.5 mm Hg to 1544 = 6.4 mm Hg (n=8;
p<0.05). After ischaemia and reperfusion, the increase in LVP by decreasing of
[Na*] was virtually abolished (n=6).

In conclusion, in the rat Langendorff heart the ischaemia-induced rise in [Na‘],
precedes the rise in [Ca®']. Decreasing [Na'] after ischaemia did no longer
increase LVP. These results suggest that the Na'-Ca®' exchange is already
inhibited or even reversed after ischaemia and during reperfusion; this
constellation cannot be substantially changed by reducing [Na’] during
reperfusion.

"Division of Pharmacotherapy,

Academic Medical Centre, University of Amsterdam,

Meibergdreef 15, 1105 AZ Amsterdam, The Netherlands.

2Janssen Research Foundation, Raiffeissenstr. 8, D 4040 Neuss, FRG
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CHANGES IN INOTROPIC RESPONSE OF HEARTS OF SHR TO
CA?*-INFLUX AND CA?*-SENSITISERS.
M.J.F. Mertens

Activation of Nat channels by veratridine was shown to
result in an increased Na*t and Ca+ uptake in heart tissue.
The Na*t Ca?* overload inhibitor R 59494 (N-methyl-N-[1-
(4-phenoxybutyl)-3-pyrrolidinyl]-2-benzothiazolamine) was
reported to potently inhibit veratridine-induced 45Ca2+
uptake. Since R 59494 contains an asymmetric carbon atom,
the effect of the (-)-enantiomer (R 83572) and the
(+)-enantiomer (R 83573) of R 59494 on 45Ca’*+ uptake eli-
cited by veratridine (104 M) in electrically driven (1 Hz)
left isolated rat atria was investigated.

Tetrodotoxin (10-7-10-6 M) but not nifedipine (10-7-10-6
M), amiloride (6 x 10~3 M) and phentolamine (10-5 M) signi-
ficantly reduced veratridine-induced 45CaZ+ uptake. R 59494
(10-9-10-> M) and R 83572 (10-9-10-5 M) potently inhibited
veratridine-induced 45caZ+ uptake, whereas R 83573 (10-9-
105 M) was only poorly effective. However, R 83573 (10-8-
10-5 M) was more potent than R 83572 (10-7- 10-5 M) in
depressing the K*-induced 5Ca2+ uptake in isolated rat
aorta, findicating that the Ca antagonistic properties of
the compounds are not related to their inhibitory effect on
veratridine-induced 45Ca2* uptake.

In summary, R 59494 and R 83572 but not R 83573 were found
to be potent inhibitors of veratridine-induced %5Cal+
uptake in isolated left atria of the rat. This protective
effect of R 59494 and R 83572 is not related to their CaZ+
antagonistic properties. However, the veratridine-induced
45Cal+ yptake was also antagonized by the Na* channel
blocker tetrodotoxin. Hence, the effect of R 59494 on
veratridine-induced #5Caé* uptake seems to be due to a
stereospecific inhibition of veratridine-activated Na*
channels, thereby depressing both veratridine-induced Na*
and Ca* Toad.

JANSSEN RESEARCH FOUNDATION, W-4040 Neuss 21, F.R.G.

In connection with a programme on the effects of inotropic drugs on
hypertrophied hearts of hypertensive rats, we studied the effects of
elevated extracellular Ca* *-concentrations ({Ca’*1,), the calcium-entry
promoter BayK 8644 and the Ca®* sensitiser AR-L115BS on isolated
hearts and papillary muscles of spontaneously hypertensive rats
(SHR) and normotensive Wistar-Kyoto control rats (WKY). The hearts
were isolated, perfused according to Langendorff with a Tyrode
solution of 37°C and paced at a frequency of 5 Hz. The force of
contration was measured by means of an intraventricular balloon and
expressed as left ventricular pressure (LVP). Preparations of papillary
muscle were isometrically mounted in organ baths and paced with 1
Hz. Results are expressed as % increase of basal values. The
papillary muscles of SHR showed an increased responsiveness to
elevated [Ca®*], compared to those of WKY (97.7 + 9.5% and 62.3

+ B.2%, respectively), and this effect was repeated with BayK 8644
(94.4 + 9.7% and 59.6 + 7.3%, respectively). Also in isolated hearts
the contractile response to BayK 8644 was stronger in SHR than in
WKY (93.1 = 9.6% and 57.9 + 6.8%, respectively), but a further
elevation of the LVP to [Ca”*], was prevented by a sharp decrease in
coronary flow in the SHR-hearts.

In contrast, the contractile reponse of SHR hearts to the Ca’*-
sensitiser AR-L.115BS was decreased compared to that of WKY hearts
(10.9 + 2.3% and 35.4 + 1.2%, respectively).

These results indicate that there is a discrepancy in the contractile
reponse of SHR hearts to Ca®?* influx and the Ca’* mediated
intracellular signal transduction.

Dept. Pharmacotherapy, University of Amsterdam, Academical
Medical Centre, Meibergdreef 15, 1105 AZ Amsterdam, The
Netherlands.
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ANALYSIS OF THE POSITIVE INOTROPIC EFFECT OF
MONENSIN IN GUINEA-PIG HEART MUSCLE PREPARATIONS

Rudolf Ertl, Ulrich Jahnel, Hermann Nawrath and Atef Saad”

In guinea-pig heart muscle preparations, the Na*t ionophore monensin
(10 umol/l) exerted a pronounced but transient increase in force of contraction
(Fc)' The action potential (AP) was shortened in the ventricle, but remained
virtually unchanged in the atrium. In the presence of BaCI2 (0.4 mmol/l}, the
addition of monensin caused a significant hyperpolarization of the membrane

SSFthr efflux was enhanced both in

bath in atrial and.ventricular preparations.
resting and in beating (1 Hz) atrial preparations. To further clarify the mechanisms
which underly the positive inotropic effect of monensin, ca?t current (Ica) and
intraceliular Ca?* concentration ([Ca2+]i) using the fluorescent dye fura-2 were
measured. In single atrial and ventricular myocytes, monensin did not affect Ica

but evoked a transient increase in [Ca2+]i. 2+]i

The effects of monensin on [Ca
were eliminated in Ca2 ™ Hree or Na* -free solutions, whereas TTX (30 umol/l) or
D600 (10 umol/l) did not change the response to monensin. it is concluded that a
monensin-induced increase in the intracellular Nat concentration ([Na+]i)
causes a rise in [Ca2+]i, presumably via activation of the Na* /Ca2 ™t exchange
mechanism; thereby, FC is increased. The changes in [Na’L]i and [Ca2+]i by
monensin may have additional effects on Na*t /K* pump, K* conductance and
AP configuration thus counteracting the positive inotropic effect and resulting in

the transient changes in Fc‘

Pharmakologisches Institut der Universitdt Mainz, Obere Zahibacher StraBe 67,
W-6500 Mainz, F.R.G.
*

Visiting scientist from the Facuity of Pharmacy, Zagazig University, Egypt
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FOSINOPRILATE AUGMENTS THE SLOW INWARD CURRENT IN
GUINEA PIG VENTRICULAR MYOCYTES

H.F. R&cke and P. Lemke
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CAPTOPRIL, FOSINOPRIL AND FOSINOPRILATE PROLONG THE
ACTION POTENTIAL DURATION IN RABBIT PURKINJE FIBRES
D. Koppers and O. Hauswirth

ACE-inhibitors exert antiarrhythmic (Dietz et al.,
1990, J.mol.cell.Cardiol.22, {(Suppl.III):PF 53} and
positive inotropic (del Monte et al.1991, Eur.Heart
J. 12 (Suppl.):1498) effects. Mechanisms underlying
these actions have been studied using the double
microelectrode voltage clamp technique(VC).Captopril
(CAP), Foginopril (FOS) and Fosinoprilate (FAT) pro-
longed APDsoe and APDso without significant changes
of the RP (resting potential). CAP (1uM) extended
the APDso¢ from 326+34 ms to 436+50 ms (n=3).FOS{(1nM)
lengthened the APDso from 513+41 ms to 633+41 ms and
the APDeo from 666+110 ms to 993+155 ms (n=3).In two
experiments, low voltage oscillations occurred. The
RP nonsignificantly increased from -81.0+4.6 mV to -
86+2.8 mV. FOS (5uM) lengthened the APDso to 685+49
ms whereas FOS again shortened the APDs¢ to 563+32
ms (10uM) and to 50 ms (30uM), respectively.With 50
UM and 100 uM, the impulse turned into a short spike
resembling a nervous action potential. FAT prolonged
the APDso from 685+49 ms to 700 ms (0.1uM; n=1) and
to 940 ms {1uM; n=1). Up to 3uM, CAP, FOS and FAT
leave Vmax practically unchanged (n=3), whereas CAP
and FOS beyond 5uM both cause tonic block. Phasic
block was absent. VC-experiments with the purpose to
study ix are being done. VC-studies in ventricular
myocyvtes (Racke and Lemke, this meeting) revealed
that Fosinoprilate augments the slow Calcium inward
current (isi). Computer simulations using the OXSOFT
HEART model show that these findings are sufficient
to explain the markedly prolonged plateau not only
in guinea pig myocytes, but also in rabbit Purkinje
fibres.

Department of Physiology II, University of Bonn,
Wilhelmstrasse 31, D-5300 Bonn 1, F R G
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THE EFFECT OF RYANODINE ON INTRACELLULAR Ca?+-
TRANSIENTS IN GUINEA-PIG VENTRICULAR MYOCYTES
GX. Wang, R. Schmied & M. Korth

Various ACE-inhibitors cause antiarrhythmic (Dietz
et al.1990, J.mol.cell.Cardiol,22(Suppl.III):PF 53)
and positive inotropic {(del Monte et al., 1991, Eur.
Heart J. 12 (suppl.):1498) effects. To explore the
electrical properties of these compounds, the new
ACE-inhibitor Fosinoprilate (FAT) was studied under
voltage clamp conditions using whole cell patch
c¢lamp (PC) in guinea pig ventricular myocytes. FAT
prolonged the action potential duration (APDso and
APDgyo) to a considerable extent and often exerted
irregular low voltage oscillations and slow respon-—
ses confirming the data of Koppers and Hauswirth
(this meeting) in rabbit Purkinje fibres. PC-experi-
ments in the plateau range showed that FAT increased
the slow inward current (is:) from a control value
of 0.94 +0.1 nA to 1.2 +0.05 nA (0.1uM), to 1.32+0.2
na (0.3uM),to 1.57+0.2 nA (1uM) and to 1.72+0.1 na
(3 uM; n=5). Although the voltage of the maximal
inward currents at 3.33+2.35 mV and the location of
the steady state activation (d.) were unchanged (Vi=
~17,5+1.4 mV), steady state ilnactivation (£f.) was
shifted up to 15 nV (3uM). Vn of f. was displaced
from a control of -23.8+0.9 mV to -16.2+1.1 mV
(0.1uM), to -13.1+2.1 mV (0.3uM), to ~10.5+1.2 mV
(1uM) and to -8.6+1.4 mV (3uM; n=5). The steep-
nesses of d. and f. showed constant k - values of
4.6+0.6 mV and 3.0+0.5 mV, respectively. Computer
reconstructions using the OXSOFT-HEART model with
the present experimental data injected show, that
the prolonged APD as well as the slow responses and
the oscillations at the plateau are well explained
by our findings.

Department of Physiology II, University of Bonn,
Wilhelmstrasse 31, D-5300 Bonn 1, F R G

Ryanodine has been shown to strongly reduce Ca?*-transients (Ca?*T)
in voltage-clamped (holding potential -40 mv) guinea-pig ventricular
myocytes (Barcenas-Rulz & Wier, Circ Res 61:148,1987;Beuckelmann &
Wier, J Physiol 405:233,1988). Since ryanodine interferes specifically
with the Ca?* release channel of the sarcoplasmic reticulum (SR), it
was concluded that Ca**T and hence contraction strongly depend on
SR Ca2t+-release.

In the present study, the effect of ryanodine on Ca**T elicited in
polarized guinea-pig ventricular cells loaded with the fluorescent Ca2*-
sensitive dye Fura-2/AM (2-3 uM) was investigated. At a stimulation
rate of 0.5 Hz, InM ryanodine prolonged the time to peak Ca2*T by
432+162% (n=7), produced a small decrease of the Ca**T amplitude
(by 18+11%mn=7) and increased diastolic Ca?* from 115348 (0212161

nM (n= 7). Ryanodine concentrations ranging from 0.1 to 10uM,
produced nearly identical steady-state effects on Ca2*T. Ca#T
augmented by 10nM isoprenaline, 1uM forskolin or 100uM IBMX

exhibited an early and a late component, the amplitude of the latter
being about 80% of the former. Ryanodine abolished the early
component without affecting the amplitude of the late peak. In
addition, after a rapid (within 100ms) decline of the Ca®*T to 30% of
its maximum, a slowly decreasing Ca**T which lasted for about 3 s
could be detected. Caffeine (10 mM), applied after the Ca2*T had
declined to the steady-state level, did not induce Ca2*-release from
the SR. Ca®*T elicited in the absence of ryanodine after a rest period
of 15 min, showed the same prolongation of time to peak Ca*T as
those with ryanodine under continuous stimulation.

It is concluded, that 1) ryanodine up to 10uM depletes SR Ca2*
stores probably by locking Ca2t-release channels in an open state and
2) the amount of Ca?* entering the cell during an action potential is
sufficient to maintain a high Ca%*T. From the difference between the
present results and those obtained in depolarized cells, it can be
speculated that Na-Ca exchange plays an important role in maintaining
Ca2*T in the presence of ryanodine.

Institut fiir Pharmakologie und Toxikologie der Techn. Univ. Miinchen,
Biedersteiner Str.29,W-8000 Miinchen 40, Germany
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INFLUENCE OF POTASSIUM ON THE INTERACTION OF BRETYLIUM WITH
GUINEA PIG MYOCARDIAL Na*-K*-ATPASE

N. Dzimiri' and A, A. Almotrefi®

Bretylium, a class Hl antiarrhythmic agent which aiso possesses positive inotropic
properties, is a potent inhibitor of myocardial Na'-K'-ATPase activity. in this
study, we investigated the influence of varying the incubation K concentration on
its inhibition of this enzyme system in guinea pig heart preparations. The hearts
were homogenized and centrifuged at 14000 g. The microsomal Na* K" -ATPase
fraction was separated on TSK Toyopearl HW-55F gel column and dialyzed using
100 mM imidazole buffer. The actions of bretylium on Na'-K"-ATPase were
studied in mediums containing 2.5, 5.0 and 10.0 mM K', respectively. At these
concentrations, bretylium inhibited the enzyme activity in a concentration-
dependent fashion, with IG,, values of 0.92+ 0.03, 1.4 0.2and 22+ 0.4 mM
(meant s.d.; n = 8) respectively. Thus, reducing the K' concentration from 5.0
to 2.5 mM enhanced the inhibitory action of bretylium, showing a right-to-left shift
in inhibitory effective concentration ranges. This effect was particularly significant
at low concentrations. Increasing the K* concentration to 10 mM on the other
hand reduced its inhibitory potency. Accordingly, the inhibition of myocardial
Na"-K'-ATPase activity by bretylium depends on [K']. These interactions may
be pertinent to the mechanism(s) responsible for some of its cardiac actions, such
as positive inotropism, inducing or enhancing cardiac arrhythmias.

1Biologic:al & Medical Research Department, King Faisal Specialist Hospital and
Research Centre & 2Department of Pharmacology, King Saud University,
Riyadh, Saudi Arabia.

314

AGGREGATES OF CARDIAC MYOCYTES AS A SUBSTRATE FOR THE
IN VITRO ASSESSMENT OF CARDIAC GLYCOSIDE POTENCY

H.D. Lehmann, J. Hupe and D. Seemann

The new method was developed in order to replace the method of
Knaffl-Lenz which requires guinea pigs for the assessment of the
pharmacological potency of plant cardiac glycosides according 1o
DABS. In this method hearts of 11-day-old chicken embryos are used.
Single heart cells are dissociated using trypsin and cultured for 4 days
in non adherent microbiological plastic dishes. During this time-period
the single cells form small aggregates (diameter 100 um) which spon-
taneously contract like beating hearts. In Tyrode solution containing
pure or mixed glycosides from plants the aggregates cease to con-
tract after a certain time (5-60 min) depending on the glycoside con-
centration. While high concentrations of glycosides provoke a perma-
nent arrest (e.g. 10° - 10° M Cymarin), lower concentrations cause
only a temporary arrest (e.g. 5-107 M Cymarin). Therefore, arrest for
a 10 s period was defined as the criterion to assess potency. The
concentration-response relationship can be described by a hyperbolic
function which was transformed to a straight line in a double reci-
procal manner (x-axis: 1/log concentration, y-axis: 1/time). The
transformation allows the calculation of EC,,,,, values: the glycoside
concentration which causes an arrest after 15-min exposure.

Glycoside Cymarin Oleandrin | Convallatoxin | Proscillaridin
EC 6mia [M] 4.4-107 6.5-107 3.1-107 1.5-107
X = SD (N=6) | «1.1-107 £2,7107 £1,1-107 +4,310°®

For the assessment of cardiac glycoside potency in plant preparations

every glycoside preparation of plant origin has to be tested in compa-
rison to a corresponding pure glycoside. The ratio of both ECgu,
values represents the potency of the plant preparation. The values
calculated display the good reproducibility and establish a basis for
the replacement of the in vivo Knaffl-Lenz method by an in vitro
method.

Cardiovascular Pharmacology/Molecular Pharmacology and Screening, Knoll AG,
D-6700 Ludwigshafen, FRG
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TOXIC CONCENTRATIONS OF DIGOXIN RELEASE ADENINE

NUCLEOTIDE CATABOLITES FROM GUINEA-PIG HEARTS.
W. Bernauer

In isolated perfused guinea-pig hearts digoxin con-
centrations of 0.1, 0.3 and 1.0 umol|1 provoked the
appearance of tachyarrhythmias, with ventricular
fibrillation occurring in 28.6, 92.0, and 100 %,
respectively, of the experiments. Simultaneously,

a considerable release of adenine nucleotide cata-
bolites (ANCs) into the perfusion fluid was observ-
ed. Whereas normal control hearts released 581 + 32
nmol|g dry weight during 30 min, a value of 4024 +
209 was obtained, for instance, with 1.0 umol}l
digoxin (P<0.001). The metabolite pattern was: Ade-
nosine 2.6 %, inosine 89.9 %, hypoxanthine and xan-
thine 6.9 %, and uric acid 0.6 %. Especially, the
appearance of fibrillation was associated with the
release of large amounts of ANCs. When ventricular
fibrillation was elicited electrically in hearts
without digoxin, also a high release of ANCs was
observed. Increasing the potassium concentration in
the perfusion fluid from 2.7 to 8.1 mmol|l almost
completely prevented arrhythmias and ANC-release in
experiments with 0.3 pmoll1 digoxin. A similar an-
tiarrhythmic effect was obtained with 60 umoi|1l 1i-
docaine. The ANC-release, however, was only parti-
ally antagonized (2334 + 289 nmollg dry weight; vs
3215 + 231 in experiments without lidocaine;P<0.05).
Surprisingly, digoxin-intoxicated hearts which fib-
rillated in spite of the application of lidocaine
(10, or 30 umol|1), released significantly greater
amounts of ANCs than they did without the antiar-
rhythmic.- {Supported by the Deutsche Forschungsge-
meinschaft).

Department of Pharmacology, University of Freiburg,
Hermann-Herder-Strasse 5, D-7800 Freiburg, Federal
Republic of Germany.
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EFFECTS OF ADENOSINE ON CONDUCTION  AND
REFRACTORINESS OF ISOLATED GUINEA PIG HEARTS
G.Stark, F.Sterz, M.Bachernegg

Earthe antiarrhythmic action of adenosine on supraventricular
tachyarrhythmias a negative chronotropic and dromotropic effect
seems to be responsible.

To gain further information about the antiarrhythmic activity of
adenosine on supraventricular arrhythmias, the effects on heart
rate, conduction and refractoriness, as well as the time course of
onset of AV-nodal conduction slowing and of sinus rate
reduction were evaluated in isolated guinea pig hearts perfused
by the method of Langendorff.

At a concentration of 3 and 10 yM adenosine sinus rate was
reduced and AV-nodal conduction significantly prolonged. Up to
10 uM intraventricular and His-bundle conduction were not
altered, whereas QT duration was slightly but insignificantly
shortened. The onset of the maximal action of adenosine on the
sinus node and AV-nodal conduction occurred after 111 +35 and
636+ 109 (mean + SEM) beats, respectively.

During programmed stimulation, adenosine led to a prolongation
of the effective refractory period of the AV-nodal conduction
which was not rate dependent. In the atrial myocardium,
however, adenosine caused a rate dependent prolongation of the
effective refractory period.

These observations explain the efficacy of adenosine against
supraventricular tachyarrhythmias proposed the AV-node forms a
part of a reentrant circuit or the reentrant circuit is located in the
atrium.

Dept. of Internal Medicine, Auenbruggerplatz 15, A-8036 Graz
Supported by the Austrian Research Foundation P8184
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CARDIAC ISCHEMIA AND REPERFUSION: EFFECT OF VERAPAMIL
AND LIDOCAINE

E. Scheufler and A. Mozes

The effect of the Ca antagonist verapamil on an ischemic parameter (onset of
the ischemic contracture) and on a parameter of reperfusion damage (incidence
of postischemic fibrillations) was compared to the respective effects of the
sodium channel inhibitor lidocaine. The antiischemic and antifibrillatory
properties of the drugs were determined in isolated guinea pig Langendorff
heart preparations perfused with constant flow. Left ventricular pressure (LVP)
was assessed by an intraventricular balloon. Drugs were given 45 min before
ischemia. Ischemia was elicited by reducing the perfusion flow to 0.1 ml/min
for 60 min. During ischemia the onset of the ischemic contracture was defined
as the time, at which the diastolic pressure was raised by 2 mmm Hg. After 60
min of reperfusion the incidence of irreversible fibrillations was monitored.
Verapamil reduced the LVP between 0.01 and 0.3 pmol/l in normoxic hearts.
At 0.3 ymol/l only 9 + 2 % of the initial contractility was maintained. The
onset of the ischemic contracture was delayed from 28 + 5 min to 42 * 5 min
at the same concentration (0.3 pmol/l), whereas the the incidence of fibrillations
during reperfusion was only reduced to 42 % from 83 % in nontreated controls.
Lidocaine did not influence the normoxic LVP up to 3 pmol/l. At 30 pmol/l the
LVP was only reduced to 58 £ 5 % of intial levels (untreated controls: 83 + 7
%). The onset of the ischemic contracture was not altered up to 30 pmol/l.
However in marked contrast to verapamil treatment, the incidence of
fibritlations during reperfusion was already dose-dependently reduced between
3 and 30 pmol/l. At 30 pmol/l fibrillations were entirely abolished.

In conclusion: interference with Ca channels by verapamil leads to marked
negative inotropic effects and only to a minor reduction of the incidence of
fibrillations at a concentration which nearly abolishes contractility. Interference
with the fast sodium channel by lidocaine has only minor cardiodepressant
effects at concentrations which reduce or abolish postischemic fibrillations.
Therefore, interference with sodium channels instead of calcium channels seems
to be by far the more promissing principle in ameliorating the damage caused
by ischemia and in particular reperfusion.

JANSSEN RESEARCH FOUNDATION, Raiffeisenstr., W4040 Neuss 21, FRG
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INFLUENCE OF DILTIAZEM ON HYPOPERFUSION~INDUCED
LOCALIZED ISCHEMIAS AND INCREASES IN TISSUE NADH-
FLUORESCENCE IN THE RAT HEART F. Vetterlein, M.
Prange, N. Tran, and G. Schmidt

The incomplete occlusion of a coronary artery in-
duces anoxia in part of the affected myocardium
while other parts remain completely oxygenated.
The gquestion studied was whether such inhomogenei-
ties may be reduced by pharmacological means. In
anaesthetized, thoracotomized rats the left coro-
nary artery was cannulated and connected with a
flowprobe-containing autoperfusion system. Reduc-
tion in coronary perfusion pressure to 50 mmHg led
to a decrease in coronary blood flow from 3.4 to
1.9 ml/min. Capillary blood flow was studied in
this state by the method of timed plasma labeling,
rapid freezing of a myocardial Dbiopsy and
histological study of capillary labeling. Tissue
anoxia could be detected from increases in
cellular NADH-fluorescence. During restricted flow
localized areas of ischemia and of increased
tissue NADH fluorescence were found. In these
samples anoxic cells were observed to occur prior
to the development of ischemia. When diltiazem was
infused during the phase of occlusion, left
coronary flow increased to 2.8 ml/min and the
localized areas of ischemia as well as those of
raised NADH-fluorescence nearly disappeared (17.8%
and 0.4% of the tissue was ischemic in exps.
without and with diltiazem treatment, respecti-
vely; the corresponding data for cellular anoxia
were 57.9% and 9.0%). The observations point to
the ability of diltiazem to ameliorate tissue sup-

ply even when autoregulatory adaption processes
have become exhausted.
Zentr. Pharmakol. u. Toxikol. der Universitédt

@Gsttingen, Robert-Koch-Str. 40, D-3400 GOttingen
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THE ANTIHSCHEMIC EFFECT OF NIFEDIPINE IN THREE DIFFERENT TYPES OF
ISCHEMIA IN THE RAT WORKING HEART PREPARATION.

A.J. Pil

Cardiac ischemia can be induced by different methods in animal models and in
isolated organs. Accordingly, three different procedures were followed to find the
maost sensitive model for the analysis of the anti-ischemic activity of calcium
antagonists. The experiments were performed in the isolated working heart
preparation of the rat, paced at a frequency of 5 Hz and perfused with tyrode
solution at 37°C.

Global ischemia was achieved by closing off the supply of the perfusion medium
and surrounding the heart with tyrode solution of 37°C gassed with N,; low flow
ischemia was achieved by reducing the cardiac afterload from 51.5 mmHg to 11.0
mmHg; ligation of the left descending coronary artery (L.A.D.) was applied in
order to achieve regional ischemia.

Nifedipine was applied in a concentration (EC,,) known to reduce contractile force
by half of its basal value.

The following five parameters were determined after 15 minutes of nifedipine
pretreatment and at the end of the experiment, respectively; LVP {Left Ventricular
Pressure, dP/dt, AQ (Aortic Output), CF (Coronary Flow) and CO (Cardiac
Output). From the data obtained the percentages of recovery were calculated. All
values in the table are given in % of the initial value. The values marked with an
asterix are significantly higher than the control data.

Lve dp/dt AO CF co

glabal ischemia

control 50+08 84x05 42+x19 72+33 59x29

nifedipine 95%25 16934 84220 25167 158x39
LAD ligature

control 64+06 78x11 71+1.0 19.3+£6.9 12.6+3.8

nifedipine 99+0.6 113x1.1" 62+0.8 104+23 81=x1.2
low flow ischemia

control 6008 83=x10 79:+3.6 10.4+28 85+3.1

nifedipine 347+7.3 322£83 27.7x75 49.8+16.3 36.0+9.8

Nifedipine caused a significant improvement in the functional recovery of most ot
the parameters studied. This improvement, however, was much more pronounced
in the model of low flow ischemia, which is obviously more sensitive to the anti-
ischemic activity of calcium antagonists than the other experimental procedures
studied.

Department of Pharmacotherapy, Academical Medical Center, University of
Amsterdam, Meibergdreef 15, 1105 AZ Amsterdam, The Netherland
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BENEFICIAL EFFECT OF AMRINONE ON THE SIZE OF AN ACUTE
REGIONAL ISCHEMIA IN ISOLATED RABBIT HEARTS. A.F.E. Rump,
R. Résen, B. Sigmund, J. Fuchs, W. Klaus.

The application of positive inotropic drugs in the initial
phase of acute myocardial infarction is problematic since

the concomitant increase of myocardial oxygen demand might
induce additional ischemic damage. However, inotropic drugs
differ in their effects on coronary vessels and thus on the
0z -supply of the myocardium. Therefore, we have studied the
effects of amrinone in comparison to ouabain and isoprena-
line 1in non arrhythmogenic concentrations 1in 1isclated
perfused rabbit hearts after coronary ligation using NADH-
fluorescence photography for quantitation of the ischemic
area and intensity. All substances increased contractility.
Coronary flow was decreased by ouabain and increased by
isoprenaline and particularly by amrinone. Neither cuabain
nor isoprenaline did change the intensity or the distribu-
tion pattern of NADH-fluorescence, vwhereas the size of the
ischemic zone was significantly reduced by anmrinone, an
effect probably related to the marked vasodilation induced
by this substance.

Institut fir Pharmakologie, Univ. K&ln, Gleuelerstr. 24,
5000 K8ln, FRG.
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CARDIOPROTECTIVE EFFECTS OF PROSTAGLANDGIN-  AND
B-CASOMORPHIN-RELATED SUBSTANCES P. Mentz,
K.E. Pawelski, Ch. Giessler, T. Kersten

A  cytoprotective property of some prostanocids
(PGIz, PGE1 ) and related compounds has been
described in the stomach, gut, kldney, liver and

heart subjected to damaging injuries. The efficacy
of these substances 1is characterized by little
specific action, but an improvement of
morphological integrity and function of the injured
organs. For further elucidation of this problem we
investigated the influence of some prostancide and
peptides on the damaged myocardium under in vivo-
and in vitro-conditions.

Ischemia, loading by aortic stenosis and pacing
with high freauency, anaphylaxia and cardiotoxic
agents (CCle, PAF) induced a reduction of the
cardiac function and a8 marked increase of the
myocardial biocsynthesis of 6-0x0~-PGFialpha and
TXBz. Application of iloprost or PGE1l diminished
the cardiac injury and the enhanced PG-formation.
In & similar manner the inhibitory effect of
indomethacin on the PG-biosynthesis is paralleled
by & reduction of several damages of the heart.
Comparable cardioprotective effects in the hypoxic
and intoxicated myocardium could be observed with
some peptides related to B-casomorphin,

The mechanism of the cardioprotective effects is
not fully understood. An improved membrane
stapilisation should be regarded as a main cause
including a reduced PG-formation by a diminished
degradation of phosphnolipids and alterations of the

cellular embrane with changes of ion fluxes and
receptor susceptibility.
Department of Pharmacology and Toxicology, Martin-

Luther-University, Leninallee 4,
Federal Republic of Germany

0-4020 Halle/S.,
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ISCHEMIA- AND REPERFUSION-INDUCED CARDIAC INJURY: EFFECTS OF TWO FLAVONOID
CONTAINING PLANT EXTRACTS POSSESSING RADICAL SCAVENGING PROPERTIES
A. Kurcok

The effects of standardized extracts of Ginkgo biloba (EGb 761) and Hawthom
(Crataegutt forte® against ischemia- and reperfusion-induced arrhythmias and
creatine kinase (CPK) release were compared using anaesthetized rats with
transient (7 min.) coronary artery occlusion (method according to Seley et.al.
Angiology; 1960; 11; 398-407). The test drugs or vehicle (controls) were
administered (i.v.) 5 min. prior to occlusion.

Reperfusion-induced ventricular fibrillations {VFib) were observed in 88 % of
control animals (n=25), whereas such episodes occured in less than 20 % of
the animals treated with 0,5 (n=16) or & mg/kg (n=17) crataequtt extract. The
mean duration of reperfusion-induced arrhythmias (VFib + tachycardias) were
also significantly reduced in the crataegutt treated groups. This extract did
not influence reperfusion-induced CPK release.

Effects of EGb 761 were quantitatively and qualitatively different from those
of the Hawthorn extract. Significant effects of EGb 761 on VFib were observ-
able only after higher doses (3-5 mg/kg) and the durations of arrhythmias
were not effected by this extract. It was, however, very effective in dose
dependently reducing the CPK release caused by reperfusion. The mean CPK
value in the plasma of the 5 mg/kg EGb 761 treated group (5,7 0,40 U/g
Prot. n=18) after reperfusion was not different fram the value of the sham
operated group. This value for the control group with ischemia and reper-
fusion was 13,1 + ,1,15 U/g Prot. (n=24).

Such observations clearly indicate that the beneficial effects of the two
extracts studied {and for that matter of plant extracts in general) do not
solely depend on their flavone contents or on their in vitro potencies to
scavenge free radicals. The observed effects of Hawthom extract against
reperfusion-induced arrhythmias is in agreement with the known antiarrhythmic
activities of the extracts of Crataegus oxyacanthae and flavones, whereas

the extract of Ginkgo biloba seems to possess additional constituents having
cytoprotective activities.

Department of Pharmacology, Silesian Academy of Medicine, K. Marks 38 Str.,
41-808 Zabrze, Poland
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HIGH-DENSITY LIPOPROTEIN PROTECTS SOLUBLE
GUANYLYL CYCLASE AGAINST DESENSITIZATION BY
MODIFIED LOW-DENSITY LIPOPROTEIN AND LYSO-
LECITHIN. P, Klatt and W.R.Kukovetz

We previously demonstrated that a reduced responsiveness of
soluble smooth muscle guanylyl cyclase may contribute to the
impaired relaxant response of atherosclerotic blood vessels to
vasodilators (Schmidt, K. et al., Biochem. Biophys. Res.
Commun., 172, 614-619, 1990).

The present study shows that the inhibitory effect of low-
density lipoprotein (LDL) modified either by copper-induced
oxidation (LDLox) or by treatment with phospholipase Ag
(PLAg - LDL) on sodium nitroprusside stimulated soluble
guanylyl cyclase can be antagonized by co-incubation of the
enzyme with high-density lipoprotein (HDL). At a
concentration of 200 ug/ml cholesterol, HDL almost completely
abolished the inhibitory effects of LDLox and PLAg - LDL (up to
250 pg/ml cholesterol each). Lysolecithin, which is discussed
to be responsible for the atherogenic properties of modified
LDL, also inhibited stimulation of soluble guanylyl cyclase
when applied in concentrations detectable in our LDLox
preparations. Similar to modified LDL, the inhibitory effect of
lysolecithin was also antagonized by HDL (200 pg/ml
pcholesterol) as characterized by a shift of the respective IC50-
value from 61 uM to 861 uM.

These data support the hypothesis that lysolecithin contributes
to the inhibitory effect of modified forms of LDL on smooth
muscle relaxation. Furthermore, the protective effect of HDL
against desensitization of soluble guanylyl cyclase by modified
LDL provides one possible explanation for the anti-atherogenic
properties of HDL.

Institut fiir Pharmakodynamik und Toxikologie, Universitit
Graz, Universititsplatz 2, A-8010 Graz, Austria.
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EVIDENCE FOR MULTIPLE ENDOTHELIN/SARAFOTOXIN RECEPTORS
MEDIATING CONTRACTION OF PIG CORONARY ARTERY
P.Schoeffter, A.Randriantsoa & V.J.Harrison

The four isopeptides, endothelin-i (ET-1}, endothelin-3
(ET-3), sarafotoxin 6b (Sé6b) and sarafotoxin éc (Séc),
were used to characterize the endothelin/sarafotoxin
receptors Tmediating contraction of pig isolated
coronary artery. Pig hearts were obtained from the
slaughterhouse. Rings from the left circumflex coronary
artery were dissected out, de-endothelialized by
rubbing and suspended in organ baths for measurements
of isometric changes in tension. They were
equilibrated, stimulated by prostaglandin F,_, then
washed before one of the peptides was added. Clnmulative
concentration-response curves were constructed. ET-1,
ET-3, S6b and Sé6c elicited concentration-dependent
contractions of pig coronary artery. S6c behaved as a
partial agonist compared to the other peptides (about
30 % the efficacy of ET-1). The curves to ET-1, S6b and
S6c were monophasic, with mean EC values of 6.7, 14.8
and 1.6 nmol/l, respectively. BT produced a biphasic
concentration-response curve, which could be resolved
into a high affinity (EC 9.6 nmel/l, 37 % of the
total effect) and a low a% inity component (EC 0.32
uymol/1l, 63 %). In the presence of a maximally effective
concentration of S6c (0.3 pmol/l), the curves to ET-1
and to S6b were not shifted to the right, whereas the
curve to ET-3 appeared now monophasic, the high
affinity component being abolished and the low affinity
component remaining. It is concluded that at least two
endothelin/sarafotoxin receptors mediate contraction of
pig coronary artery. One receptor shows the rank order
of agonist potencies described for the ET, receptor
(ET~1 > S86b > ET-3) with no effect of S6c. Another
receptor, at which ET-3 is more potent than at the
former, is stimulated potently by Séc but not by ET-1
and Séb. The latter receptor is different from the non-
isopeptide-selective ET, receptor.

Preclinical Research 386/527, Sandoz Pharma AG, CH-4002
Basel, Switzerland.
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INFLUENCE OF A HIGH GILUCOSE CONCENTRATION ON THE RESPONSES
TO DIFFERENT VASOCONSTRICTORS IN RAT AORTIC RINGS
K.L. Kam

In connection with a programme on the influence of experimental diabetes on
cardiovascular responses to drugs we investigated whether the high blood
glucose fevel and/or the accompanying hyperosmolarity as such may influence
the in vitro contractile behaviour of biood vessels isolated from non-diabetic rats.
Rat thoracic aortic rings were suspended in three media, containing 5.5 mM
glucose (control), 30.5 mM glucose (high glucose and hyperosmolar) or 5.5 mM
glucose and 25 mM saccharose (hyperosmolar), respectively. The concentrations
of all other ions were kept constant. The characteristics of the cumulative
concentration-response curves (pD, and E .}, are listed in the table.

5.5 mM glucose 30.5 mM glucose 5.5 mM glucose +
25 mM saccharose
PD; (Emed PD; (Ened PD; (B
noradrenaline 7.56 + 0.085 7.40 + 0.111 *** 7.10 + 0.086 ***
(1.15 + 0.067) (0.94 + 0.095 **%) (121 + 0.090 *4
serotonin 6.34 + 0.081 6.29 + 0.039 6.29 + 0.060
{1.12 = 0.024) (1.33 + 0.101) (1.21 = 0.092) |
angiotensin Il 874 + 0.085 8.16 + 0.081 * 8.31 + 0.091 *
(1.03 + 0.092) (0.76 + 0.075) {1.03 + 0.128)
K* 1.68 = 0.026 1.69 + 0.031 1.65 + 0.005
(1.40 + 0.065) (110 & 0.057 *,** (1.30 + 0.063 *¥)
ca®* 3.40 + 0.078 3.63 + 0.051 * 361 + 0.050 *
{1.56 + 0.081) {113 + 0.081% (1.39 + 0.093)
U 46619 691 + 0.025 8.97 + 0.045 7.02 + 0.017 *
{1.68 + 0.052) (1,65 + 0.078 **%) (1.45 + 0.085 **%)
mean pDvalues £ SEM (R=5-8), (B, Maximal force of contraction (@) = SEM)

* p<0.05 control, **: p<0.05 high glucose, *** p<0.05 hyperosmolar

Although statistically significant changes were observed in the relative positions
of the concentration-response curves and the attained maximal forces of
contraction, we were unable to demonstrate a distinct pattern in the alterations of
the various constrictor effects at different glucose levels. The differences obtained
in the various media are very small. These findings suggest that potential
changes in contractile behaviour in isolated vessels from diabetic animals cannot
be attributed to high glucose levels or hyperosmolarity, but rather reflect vascular
changes associated with the diabetic state.

Division of Pharmacotherapy, Academic Medical Centre, University of
Amsterdam, Meibergdreef 15, 1105 AZ Amsterdam, The Netherlands.
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CIRCADIAN PHASE-DEPENDENT EFFECTS OF DOXAZOSIN
ON BLOOD PRESSURE AND HEART RATE OF THE RAT
A.Mattes and S.Boese

Effects of the a,-selective adrenoceptor antagonist doxazo-
sin [DOXA] on circadian rhythms in blood pressure [BP]
and heart rate [HR] were determined in male Wistar-Kyoto
rats using a telemetric system (Dataquest III®). Rats were
synchronised to a 12:12h light:dark cycle (L:7.00-18.00h).
Sensors for BP, HR and motility [MA] were implanted i.p.
with catheder tips in abdominal aorta. Circadian control
values (saline) were recorded from 3 weeks after operation
and dose-dependent (0.1, 0.3, 1 mg/kg i.p.) effects of
DOXA were studied after drug injection at either 7.00h or
at 19.00h. Significant circadian rhythms in BP, HR and MA
were found with maxima in the dark span (D). Effects of
DOXA were calculated as net effects to circadian control
values (AUCion: = AUCpoxa). Mean values for systolic
and diastolic BP and HR are compiled in the table.

Difference to Control [AUC 0-9h]

DOXA Blood Pressure Heart Rate
(mg/kg) SBP [mm Hg+h] DBP [beats/min-h}
Light Phase

0.1 - 50 + 14 - 25 10 +112 + 17
0.3 - 47 t 14 -14 * 9 +134 = 49
1.0 - 66 + 20 - 20 * 1b +218 + 25
Dark Phase

0.1 - Bl + 34 - 46 + 30 + 83 = 67
0.3 - 96 = 30 - 61 £ 26 + 72 £ 50
1.0 -128 + 19 - 60 £ 11 +147 * 59

Results indicate that the degree in hemodynamic effects of
DOXA were dependent on time of drug injection. Decrease
in BP was more pronounced in D than in L, whereas the
increase in HR on DOXA was more pronounced in L.
Zentrum der Pharmakologie, J.W.Goethe-Universitit,
Theodor-Stern-Kai 7, D-6000 Frankfurt/M 70, Germany
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THE CARDIOVASCULAR EFFECTS OF TALIPEXOLE ARE ANTAGONIZED BY
METOCLOPRAMIDE BUT NOT BY YOHIMBINE

R. Palluk, J.C. Schilling, K. Stockhaus, and H. Peil*

The cardiovascular interactions of the adrenergic antagonists
yohimbine (a,) and prazosin (aqp), and the dopamine
antagonists metoclopramide (central and peripheral D,),
domperidone (peripheral D,) and SCH 23390 (R(+)-8-Chloro-2,3,
4,5-tetrahydro-3-methyl-5-phenyl-1H-3-benzazepin-7-0l HC1)
(D) with the selective aj-adrenergic and Dz-dopaminergic
agonist talipexole (B-HT 920) and the a,-adrenoceptor agonist
clonidine were investigated in anaesthetized rabbits after
i.v. administration.

Both talipexole (0.03 - 0.1 mg/kg) and clonidine (0.0l -

0.03 mg/kg) induced dose-dependently hypotension and brady-
cardia. Talipexole had a shorter duration of action than
clonidine.

Of the antagonists, yohimbine (3 mg/kg), prazosin (0.0l -

0.1 mg/kg), domperidone (3 mg/kg), and SCH 23390 (1 mg/kg)
had hypotensive effects. Yohimbine, prazosin and SCH 23390
also exerted slight bradycardic effects.

The hypotensive effect of talipexole (0.03 mg/kg) was ant-
agonized by pretreatment with metoclopramide (3 mg/kg) and
domperidone (0.3 - 3 mg/kg), but not with yohimbine (3 mg/
kg), prazosin (0.1 mg/kg) and SCH 23390 (1 mg/kg). The
bradycardic effect of talipexole could only be antagonized
by metoclopramide (3 mg/kg).

The hypotensive and bradycardic effects of clonidine

(0.03 mg/kg) could best be antagonized by yohimbine (0.3 -

3 mg/kg). Less pronounced antagonism was observed after
pretreatment with metoclopramide (1 - 10 mg/kg), and only
slight reductions after prazosin (0.03 - 0.1 mg/kg) and

SCH 23390 (1 mg/kg).

We conclude that, in anaesthetized rabbits after i.v. admi-
nistration, talipexole, unlike the centrally acting az—adre-
noceptor agonist clonidine, lowers blood pressure by periphe-
ral, and heart rate by central D,-dopaminergic mechanisms.

Department of Pharmacology and *Department of Biometry,
Boehringer Ingelheim KG, W-6507 Ingelheim, F.R.G.
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ANTIHYPERTENSIVE EFFECTS AND MECHANISMS OF DIHYDROERGO-
CRISTINE IN SPONTANEQUSLY HYPERTENSIVE RATS.
W. Héauser

The combination of the ergot alcaloid dihydroergocristine {DHEC) with the
diuretic clopamide and the rauwolfia alcaloid reserpine is wide spread used
in the treatment of hypertension. Although the antihypertensive
mechanisms of reserpine and clopamide are well documented, only a few
data exist about the action and the mechanism of DHEC. Therefore it was
of interest to study the cardiovascular effects of DHEC in rats and to
differentiate its mode of action. - Spontaneously hypertensive rats {SHR})
were orally treated for 21 days with increasing doses of DHEC (1 - 10
mg/kg/day) by gavage. Blood pressure was measured
plethysmographically before (chronic effects) and two hours after drug
administration {acute effects). Blood pressure (BP) and heart rate (HR)
were also determined in anaesthetised and pithed SHR during i.v. bolus
injections of DHEC {1 - 1000 ug/kg). In the latter, the dose response
effects were investigated subsequently to the blockade of aq- and a3-
adrenoceptors by using phentolamine {50 zg/min), prazosin (50 ug/kg) and
idazoxan (30 pg/kg/min} i.v, In another group of pithed SHR the
sympathetic outflow was induced by preganglionic electrical stimulation of
the spinal cord during DHEC infusion and BP, HR and stimulation
dependent catecholamines (noradrenaline [NA)], adrenaline [Al) were
measured by HPLC and ELCD in blood samples obtained from a carotid
artery. LVPmay, HR, dp/dtyax and coronary flow were determined in
Langendorff heart-preparations of SHR under constant pressure
conditions. - DHEC lowered dose dependently BP of conscious and
anaesthetised SHR. However, in pithed SHR BP was dose dependently
increased. HR did not change significantly. During phentolamine and
idazoxan but not prazosin BP response to DHEC was significantly
diminished in pithed SHR. BP of spinal cord stimulated SHR decreased also
dose dependently when DHEC was administered. NA outflow increased
only after the dose of 100 pg/kg/min DHEC. LVPrgax, dp/dtmax and
coronary flow increased in a dose dependent pattern. - It is concluded
that DHEC lowered BP in part by a clonidine like action. However, other
receptors like dopamine- and serotonine-receptors may aiso be involved.

Institut  fir Pharmakologie, Medizinische Universitit zu Libeck,
Ratzeburger Allee 160, D-2400 Libeck
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TIME COURSE OF B,- AND «,-ADRENOCEPTOR BLOCKING
ACTIVITIES AFTEk ORAL ADMINISTRATION  OF
CARVEDILOL TO HEALTHY VOLUNTEERS

T.Schioos!, K.Reiff2, J.Schulz?, and G.G.Belz?

To profile the extent and duration of 8,- and -antagonistic activity
of carvedilol in man different oral doses of carvedilol (12.5 (A), 25
(B), 50 (C) and 100 mg (D)) were compared with 40 mg (E) of
propranolol given to 12 healthy male volunteers (placebo-controlled,
randomized cross-over design).

Carvedilol inhibits dose-dependently the increase in heart rate during
bicycle ergometry (placebo:145, A:140, B:133, C:130, D:122, E:126
beats/min) 2 h after drug administration whereas there was no effect
on resting heart rate. The corresponding average B,-adrenoceptor
occupancies amounted to A:36, B:53, C:72, D:§2, E:61 %;
occupancies of «-adrenoceptors were smaller with A:4, B:23, C:37,
D:58 % (examined with radioreceptor-assays (RRA) using plasma
samples). The time course of reduction of exercise tachycardia at any
dose given was in close correlation to the B;-adrenoceptor occupancies
for both drugs.

The results from the enantiospecific determination of the plasma
concentrations of carvedilol as well as from the determination of effect
equivalents (n'K;) using the 8,- and «,-RRA indicated that plasma
concentrations at any time point and AU1C's were proportional to the
doses applied.

In conclusion, carvedilol acts as a combined 8-/« -antagonist after oral
administration in man with a 8,/«,-ratio of about 3.5 with respect to
the drug concentrations expressed as effect equivalents at the
respective adrenoceptor. Therefore, the duration of action mediated
via a;-adrenoceptors might be shorter than that mediated via 8-
adrenoceptors. The results from the B,-RRA measurements suggest
that one or several active metabolites contribute to the 8-antagonistic
effects of carvedilol in vivo.

1Zentrum  der Pharmakologie, Uniklinik Frankfurt, D-6000
Frankfurt/Main, 2Boehringer Mannheim GmbH, D-6800 Mannheim,
Zentrum fiir Kardiovaskuldre Pharmakologie, D-6500 Mainz,
Germany
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THE PAF-ANTAGONISTS WEB 2086 AND WEB 2170 IMPROVE ENDOTOXIN-
AND PAF-INDUCED DISTURBANCES IN LEUKOCYTE RHEOLOGY.

S. Hergenrdder” and Reichl R.*

Septic shock is a frequent complication of acute systemic infections and it i$ also
known that the platelet activating factor (PAF) plays an important role as a medi-
ator of the septic shock {LEFER AM (1989) Circulatory Shock 27:3-12). In this
study the endotoxin- and PAF-induced shock was used as an experimental model
to test the effect of the specific PAF-antagonists WEB 2086 (3-[4-(2 Chlorophe-
nyl)-8-methyl-6H-thienol3,2-fl[1,2,41triazolol4,3-al[1,4]diazepin-2-y!]-1-(4-mor-
pholinyl)-1-propanone) and WEB 2170 {8-(R,S)-6-(2 Chlorophenyl)-8,9-di-hydro-
1-methyl-8-[{4-morpholinyi)carbonyl]-4H,7H-cyclopental4,61thienol3, 2-f]
[1,2,3]triazolol4,3-a}(1,4]diazepine}. In anesthetized rats the influence on
systemic blood pressure, and especially microcirculatory parameters (calculated
microflow and velocity ratio of leukocytes) was evaluated in the rat cremaster
muscle. The leukocytes were divided into four classes: fast leukocytes, fast
rollers, slow roliers and sticker. The test procedure was divided into a preparatory
control period, followed by bolus injection of saline or the drugs, and endotoxin
(E. coli 0111:B4) with 30 mg/kg i.v. or PAF with 0.5 pg/kg i.v. and a final
follow-up phase of 180 minutes.

After the application of the PAF-antagonists no cardiovascular effects were
observed. Within the follow-up phase the rats pretreated with WEB 2086 and
WEB 2170 showed a restored blood pressure and microflow and also the rheo-
logic properties of the leukocytes were improved.

f;ast.leukat::ytes ffjas't folirs: |- ciowirellers sticker
76.0 [%] 18.2 4.8 3.0
46.0:1%) o e _’ 194 18.0

72.2 [%] 16.9 7.3 3.6

. Nacl-(fontr’ol‘ :

* Eddotéxin 30 g/kgHET)

T

+ET

WEB 2170 1 mblkg #ET

WEB 2086 1 mgika

66.0 [%] 18.9 10.4 7.7

PAFDSMKG L o libsotw ] ae ] do

ez

WEB 2088 1 midlkg # PAE |  66.9 1% 5.4 21.9 5.8

Lwéa 2170 1 malka '+ PAE 67.8 [%] 16.2 12.3 3.7
The anti-shock effect produced by WEB 2086 and WEB 2170 is based on their
action on the microcirculation.

" Present address: Dept. of Cardiovasc. Pharmacology, Knoll AG, D-6700 Ludwigshafen, FRG
# Dept. of Pharmacology, Boehringer Ingeiheim KG, D-6507 Ingetheim, FRG
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COMPARATIVE EFFECTS OF HEPARIN AND THE THROMBIN INHIBITOR
ARGATROBAN ON SARUPLASE (R-SCU-PA)-INDUCED FEMORAL ARTERY

THROMBOLYSIS IN RARBITS
J. Schaneijider

Anticoagulants can improve the efficacy of thrombolytic
agents. Direct inhibitors of thrombin may be superior to
heparin. Therefore, the effects of heparin (150 U/kg + 100
U/kghr; 5.3-fold PTT-prolongation) and the thrombin inhi-
bitor argatroban (1 mg/kg + 3 mg/kghz; 2.3-fold PTT-pro-
longation) have been compared in respect to enhancement of
thrombolysis with saruplase (r-scu-PA). In xabbits, totally
occlusive thrombi have been induced in femoral arteries by
local clotting of autologous blood mixed with thrombin.
Infusion of 3 to 12 mg/kg saruplase resulted in dose-depen-
dent recanalization in this model. For the combination
studies with heparin or argatroban, saruplase was admini-
stered as i.v.-infusion over 60 min of 3 mg/kg (threshold
dose) or given as i.v.-bolus injection of & mg/kg.

Treatment Time to Incidence of Patency rate
reperfusion at 120 min
Imin) reperfusion reogclusion
Saruplase 3 mg/kg,
60 min infusion 42 15 3/6 2/3 1/6
+ Heparin 39+ 7 6/6 3/6 3/6
+ Aragatroban 26 5 6/6 0/6 6/6%
Saruplase 6 mg/kg,
bolus 15 + 3 5/6 4/5 1/6
+ Heparin 8 13 a/6 0/4 4/6
+ Aragtroban 813 £/6 0/6 6/6%

* p < 0.05 vs saruplase alone

The height of the reperfusion blood flow (as % of baseli-
ne) for infused (3 mg/kg) or bolus-injected (6 mg/kg) saru-~
plase was 22 + 12 % resp. 24 1+ 16 %. The magnitude of the
restored blood flow was increased to 49 t 18 % resp. 71 %
13 & (p < 0.05) by heparin and to 84 + 10 % resp. 80 + 16 %
{(both p < 0.05) by argatroban. Thus, despite less PTT-pro-
longation argatroban enhanced saruplase-induced thromboly-
sis more effectively than heparin in rabbit femoral artery
thrombosis.

Griinenthal, Research Center, Zieglerstxr. 6, W-5100 Aachen
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TRANSGENIC RATS HABOURING THE HUMAN RENIN OR

ANGIOTENSINOGEN GENE

K. Zeh, J. Wagner, A. Wystrychowski, J.-B. Michel, K, Murakami and D.
Ganten

The renin-angiotensin system (RAS) is one of the most important regulators
of electrolyte homeostasis and blood pressure. In order to generate a new
model for the human RAS we have generated transgenic rats harbouring
either the entire human renin or human angiotensinogen gene under the
control of their own promoters. At present there are two lines with the
human renin and four lines with the human angiotensinogen gene available.
The highest expression of the transgenes could be detected for human
renin in the kidney and for human angiotensinogen in the liver but positive
signals were also found in various other tissues. The plasma values of
active human renin were 4.8 + 1.1 pg/ml and 266 + 0.7 pg/ml. The
corresponding human prorenin levels amounted to 125 + 0.7 pg/m! and
6600 + 290 pg/ml. Human angiotensinogen concentrations ranged from
125 pg/ml up to 5000 pg/ml depending on the line. Despite this high levels
of the human transgene products the blood pressure in ali transgenic rats
was normal as compared to controls. However, infusion of human renin in
transgenic rats harbouring the human angiotensinogen gene induced a
marked hypertensive response which could be completley blocked by the
primate specific renin inhibitor RO 425892 (Hypertension 1991;18:22-31).
The blood pressure elevation following rat renin infusion was not infiuenced
by RO 425892 but by the angiotensin Il receptor antagonist DUP 753
{Losartan).

These data demonstrate that the new transgenic rat lines can serve as a
model for studying the human renin-angiotensin system in vivo.
Furthermore, new pharmacological compounds like human specific renin
inhibitors can be tested in these animals.

Pharmakologisches Institut und Deutsches Institut fir Bluthochdruck
Forschung, Im Neuenheimer Feld 366, Universitat Heidelberg und Centrum
fur Molekulare Medizin, 1000 Berlin-Buch
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ATENOLOL AND DUP753 INHIBIT THE INCREASE IN PLASMA ANGIOTENSINOGEN
LEVEL AFTER NEPHRECTOMY,

U. Hilgenfeldt and S. Schwind

Objective: Plasma angiotensinogen (Agen) levels increase up to 10-fold in the
rat 24h after bilateral nephrectomy. This increase is mainly caused by an
increased hepatic synthesis and secretion of Agen. Although a number of factors

are known to influence Afgren synthesis, the signal for this increase is still
unknown. Glucocorticoids from the adrenals and angiotensin 1I (Angll) have

shown to stimulate the Agen synthesis in hepatocytes in vive and in vitro.
However it is still an unresolved question whether both hormones participate in

this increase. In addition there is a persisting controversy concerning the
existence and contribution of a "nephrectomy factor".

Design and Methods: The time course of plasma Agen- and Angl-levels and of
plasma renin concentration was investigated in conscious rat after nephrectomy

and nephrectomy plus adrenalectomy at 0, 1, 2, 4, 8, 12 and 24h after sur%ery.

Thirty min prior surgery the animals have been treated with atenolol, 12mg/kg
in order to inhibit renin secretion during surgery and DuP753, 10mg/kg 1.V. for
an inhibition of the AT1 receptor, respectively.

Results: In the absence of the adrenals nephrectomy triggers a sli%ht but signifi-
cant increase in plasma Agen levels indicating that a renal factor may be
involved. This effect could completely be inhibited after pretreatment with
atenolol and DuP753, respectively. The increase in plasma Agen levels after
m?t)hrectomy was significantly lower in presence that in the absence of atenolol.
After pretreatment with the Angll antagonist DuP753 the Agen values after
nephrectomy were close to those of the control rats. After nephrectomy Angl
levels decrease by 30% and persisted after 4 to 24k, They were somewhat higher
than after nephrectomy plus adrenalectomy (NS). In all animals atenolol caused
a significant decline of plasma Angl levels up to 80%. In presence of DuP753
there was a statistically significant difference in the Angl values between
nephrectomized and nephrectomized plus adrenalectomized rats.

Conclusion: These data suggest that after nephrectomy the increase in plasma
Agen is caused by renal renin, that is released during surgery. Subsequently
Angll is generated. Angll triggers the Agen synthesis in the liver directly.
Simultaneously Angll stimulate glucocorticoid release from the adrenals that
has shown to be the most potent stimulus of the Agen synthesis. In the absence
of the adrenals there is only a slight increase in Agen synthesis after
nephrectomy that is caused by the direct action of Angll.

Department of Pharmacology, University of Heidelberg, D6900 HEIDELBERG
This work was supported by the Deutsche Forschungsgemeinschaft, Bonn-Bad
Godesberg, Germany
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ISCHEMIA-INDUCED RENAL ANGIOTENSINOGEN, RENIN AND
CONVERTING ENZYME mRNA EXPRESSION IN SPONTANE-
QUSLY HYPERTENSIVE (SHR) AND NORMOTENSIVE WISTAR-
KYOTO RATS (WKY). R. Rettig, M. Blich, and M. Paul

When transplanted to normotensive recipients, kidneys from SHR
but not WKY donors induced posttransplantation hypertension. The
underiying mechanisms are currently unknown. The intrarenal renin
angiotensin system (RAS) is a major regulatory mechanism for
electrolyte and blood pressure control. To investigate the
differential responses of the intrarenal RAS to an ischemic insult in
SHR and WKY, we subjected kidneys from both species to 1 h of
cold ischemia which was similar to that during transplantation
(kidney flushed with ice-cold Euro-Coliins solution through the renal
artery followed by external cooling) while they remained in situ.
Kidneys were removed and processed for determination of
angiotensinogen (A), renin (R) and converting enzyme (CE) mRNA
by Northern biot analysis immediately at the end of cold ischemia
periods (SHR n=8, WKY n=98) and 24 h after cold ischemia (SHR
n=5, WKY n=5). B-Actin mRNA levels were used as reference
points. Basal concentrations of R-mRNA were significantly lower in
SHR vs. WKY kidneys. Basal A-mRNA and CE-mRNA were not
different between the two strains. Immediately after cold ischemia
A-mRNA and R-mRNA were significantly stimulated in SHR and
WKY kidneys while CE-mRNA was unchanged. 24 h after cold
ischemia A-mRNA and R-mRNA had returend to baseline levels,
whereas CE-mRNA was significantly stimulated in kidneys from
both strains. Our data indicate that the RASs in SHR and WKY
kidneys respond similarly to cold ischemia, although basal R-mRNA
levels were suppressed in SHR vs. WKY. In addition, our results
suggest that A and R may be involved in the acute regulatory
response to cold ischemia in the rat kidney, whereas CE appears to
be associated with long-term events such as restructering and
repair.

Department of Pharmacology, University of Heidelberg, Im
Neuenheimer Feld 366, 6900 Heidelberg, Germany
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ANGIOTENSINOGEN-mRNA STABILIZATION BY ANGIOTENSIN IT
C. Klett, E. Hackenthal

We have previously shown that the vasoactive peptide angio-
tensin II (ANGII) stimulates the synthesis and secretion of
angiotensinogen (Ac) in freshly isolated hepatocytes. In the
present study we have focused on the intracellular mechanisms
by which ANGII increases the concentrations of angiotensino-
gen mRNA.
First we have examined whether ANGII directly modulates the
transcription rate for Ao mRNA in isolated nuclei from ANGII
(80 nM) pretreated hepatocytes. In this system ANGII pre-
treatment failed to influence the transcription rate of P~
UTP-labelled Ao mRNA as determined by dot blot or ligquid hy-
bridization techniques. In contrast, in hepatocytes in which
the de novo transcription is blocked by actinomycin D (2 ug/
ml) or 5,6 dichlorobenzimidazole ribeside (DRB, 50 ug/ml) and
also in a “H~uridine pulse and chase system, ANGII increased
the half life of Ao mRNA about 2.5 fold. We were further able
to isolate two proteins from a cytosolic preparation of hepa-
tocytes, which showed binding to a non-translated 3'fragment
of Ao mRNA. The sequence for the 3'fragment was restricted
from the vector pRAG 16 which contains the complete sequence
for angiotensinogen and was cloned into the expression vector
pGEME Zf+. Binding analysis were done by gel mobility shift
and crosslinking assays. Binding of both proteins was speci-
fic, because they were competed by the cold 3'tail but not by
a renin mRNA fragment of similar size. Molecular weights (60
000, 18 000) and isoelectric points (4-5) of the binding pro-
teins correlate with two phosphorylated proteins which occur
in cells exposed to ANGII and other compounds transiently de-
creasing cAMP. Phosphorylation patterns were determined in
P-orthophosphate loaded hepatocytes. The cytosol of these
cells were subjected to 2D electrophoresis for autoradiogra-
phic evaluation.It remains to be clarified whether the 3'tail
binding proteins are indeed identical to those phosphorylated
in response to a transient decrease in cAMP.

Department of Pharmacology, University of Heidelberg,
Im Neuenheimer Feld 366, 69500 Heidelberg, Germany
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STRUCTURAL AND FUNCTIONAL VASCULAR ALTERATIONS
FOLLOWING HIGH- AND LOW-DOSE ACE INHIBITOR TREATMENT
IN SHR

Lamberty V., *Martorana P.A., "van Even P. -

We investigated structural alterations in mesenteric arteries (media and
wall thickness, media/lumen and wall/lumen ratios, number of smooth
muscle cell layers) and functional changes in aortic preparations of SHR
treated in utero and up to 20 weeks of age (prevention study) and of
adult 16 week old SHR treated for 16 weeks (regression study) with the
ACE inhibitor ramipril (0.01 and 1 mg/kg/day p.o.). Control animals
received vehicle (H,0). Low- and high-dose treatment with ramipril
inhibited vascular ACE acitivity in vivo, as demonstrated by the inhibition
of aortic vasoconstrictor responses to angiotensin | but not to
angiotensin [, and in vitro (fluorometric assay of ACE activity). Early
onset treatment with high-dose (1 mg/kg/day) ramipril prevented the
development of hypertension and vascular hypertrophy, increased aortic
vasodilatory responses to bradykinin (BK) (10'7-10'5M) and
acetylcholine (ACh) (10'8-10' M) and decreased vasoconstrictor
responses to noradrenaline (NA) (10‘8M). Treatment of adult SHR for 16
weeks with 1 mg/kg/day ramipril normalized blood pressure (BP) and
had similar effects on vascular function, but did not affect vascular
hypertrophy. Low-dose (0.01 mg/kg/day) ramipril, although having no
effect on BP and vascular structure, significantly decreased the
vasoconstrictor responses to NA in both the prevention and the
regression study, and increased the vasodilatory responses to BK and
ACh in the regression study.

In conclusion, mesenteric vascular hypertrophy could be prevented by
early onset high-dose treatment with the ACE inhibitor but not once
hypertrophy was established. However, the ACE inhibitor improved
vascular function under all treatment conditions independently of its
effect on vascular hypertrophy.

Department of Pharmacology, Experimental Hypertension Research,
University of Heidelberg and "Casselia AG, Frankfurt/Main, Germany
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PASSAGE OF VARIOUS CONVERTING-ENZYME INHIBITORS THROUGH THE
ENDOTHELIUM.
B. Ball and A. Dendorfer

The specific actions of converting enzyme inhibitors (CEl) are mainly due to
the inhibition of the enzymes on the endothelium or some other tissues. CEl
diminish the biosynthesis of Ang il and the degradation of bradykinin, both
peptides are heid to be involved in the antihypertensive and cardio-protective
actions. The various unspecific effects of Captopril (C), Enalapril (E) and
Ramipril (R} on inhibition of monoamine oxidase and blockade of
noradrenaline uptake (Bléchi 1990, Inauguraldissertation) were discussed to
be dependent on the lipophilicity of the 3 CEl used. For the latter effects it is
required that CE! pass the endothelial barrier and even penetrate the cell
membrane. Therefore the aim of our study was to reinvestigate the
lipophilicity of various CE! and to study their passage through the
endothelium. - Captopril, Enalapril, Ramipril and the respective diacides
(Enalapritat [EP], Ramiprilat [RP]) were dissolved in water and transferred to
an octanol/water mixture. The octanol/water distribution coefficient was
determined by HPLC {UV detection at 214 nm} and a C-18 reversed phase
column at different pH values (detection limit: 1 -10 pg) varying from pH 1 to
pH 12. Endothelial cells from bovine aorta were cultured for 3 to 10 passages
and transferred to polycarbonate fiiters (Costar). C, E, R and their respective
diacides {500 uM) were applied to the luminal side of the endothelium or to a
control filter. The concentrations of the CEl were measured time dependently
on both sides of the filter. The integrity of the endothelium was controlled by
using albumin marked with trypan biue. - At the physiological pH of 7.4 the
octanol/water distribution coefficient of the CEl was for C: 0.01, E: 0, EP: O,
R: 0.25 and RP: 0. All 5 substances could be detected 5 min after application
at the basal side of the endothelium. While the initial velocity of passage was
not significantly influenced by the endothelium, the cell layer diminished the
passage rate of the various CE! between 1 and 4 hours of incubation in the
following order: C = E < EP = R < RP.- The passage of the various
converting-enzyme inhibitors seems to be dependent on the molecular weight
and not on the lipophilicity.

Institut fir Pharmakologie, Medizinische Universitit zu Libeck, Ratzeburger
Allee 160, D-2400 Libeck
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CHRONIC BLOCKADE OF BRADYKININ B_-RECEPTORS ATTENUATES THE
ANTIHYPERTENSIVE EFFECT OF ACE INﬁlBITOR IN 2K1C HYPERTENSIVE
RATS

G. Bao, and P. Gohike

Angiotensin converting enzyme (ACE) is identical to kininase Il, which catabolizes
bradykinin (BK) to its inactive fragments. It has been postulated that the
antihypertensive effect of ACE inhibitors (ACEI) is partly due to a potentiation of
endogenous BK. We investigated the effect of chronic BK Bz-receptor blockade on
the antihypertensive action of the ACE! ramipril by using the new potent and long-
acting BK B_-receptor antagonist Hoe140 (D-Arg-{Hyp®, Thi®, D-Tic’, Oic®]-BK). In a
first approach, 2-kidney 1 clip (2K1C} hypertensive Wistar rats were pretreated with
ramipril (1 mg/kg/d, p.o.) for 4 weeks to reach normotensive levels (group 1 and 2;
n= 12 and 14). in a second approach the experiment was performed in untreated
2K1C hypertensive Wistar rats (group 3 and 4; n=10 and 11). All animals were
treated with ramipril (1 mg/kg/d, p.o.) for 6 weeks. Group 2 and 4 were additionaily
treated with Hoe140 (500 ug/kg/d), group 1 and 3 with physiological saline
subcutaneously via osmotic minipumps. Mean arterial biood pressure (MAP) was
measured before as well as 3 and 6 weeks after the beginning of the treatment. in
group 1 and 2, plasma catecholamines were determined at the end of the
experiment. Results (mean =+ SEM):

Group Treatment MAP (mmHg) Adrenaline Noradrenaiine
before 3weeks  Bweeks (pg/mf)
1 ACE! +Vehicle 112.04£6.5 110'3t4'9;k 103.7:£5.00 131.3t14.2;s 71.5:5.5;5
2 ACEl+Hoetd40 115346 123.8+3.35 121.3x29 151.4£8.0 1 102.6+20.8)
3 ACEl+Vehicle 180.1xB.1 115.7x4.5] 1054481 *p<0.05
4  ACEi+Hoet4d 180.3x4.1 131.8x261 124.4x4.21 ns: not significant

Our results demonstrate for the first time that the chronic antihyperterisive action of
an ACE! can be attenuated by BK receptor blockade. This effect was not due to a
BK-like agonistic action of Hoe140 on catecholamine release. Thus, our data
support the hypothesis, that potentiation of endogenous BK contributes to the
chronic antihypertensive action of ACEL

Department of Pharmacology, Experimental Hypertension Research, University of
Heideiberg, Im Neuenheimer Feld 366, W-6900 Heidelberg, Germany
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ACE-INHIBITORS MODULATE SYMPATHETIC
MYOCARDIUM M. Reinhardt and C.Hoffmann

ACTIVITY IN

Presynaptic Angiotensin II-receptors at sympathetic nerve fibres are
pharmakologically identified. Angl and AnglI stimulate sympathetic
nerves to release norepinephrine and additionally reduce coronary
flow in isolated perfused rat hearts. We have shown, that the SH-
containing ACE-inhibitor Captopril is able to suppress these effects.
There is evidence, that the SH-group is partially responsible for this
ability. To eliminate this SH-group dependent effect we studied_the
effects of the non SH-containing ACE-inhibitor Moexiprilat (2x10"7M)
on isolated at constant pressure perfused rat hearts. Histofluorescent
visualisation was induced by glyoxylic acid according De La Torre and
morphometric quantification of intraneuronal catecholamines was
performed by a digitalized picture analyzing system.

An§.I | Moex_i
[%of control] 10%M ’ 210
Area of intraaxonal

Ang.I+Moex,
109M + 2x10°"M

catecholamines in 73% 99% 83%
myocardium

Effluate from 51% 100% 60%
25. to 45. min

This data shows that Moexiprilat was able to suppress the vascular and
neuronal reaction to Angl in myocardium. These effects do not
dependent on SH-groups.

Lit.: K. Addicks et al.:Captopril influences sympathetic activity in
myocardium, J-Mol-Cell-Cardiol 23, Suppl. V, S. 19/44 (1991).

Department of Anatomy, Universitity of Cologne, Joseph-Stelzmann-
Str. 9, D 5000 Cologne, Germany
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EFFECTS OF THE ANGIOTENSIN H-ANTAGONIST DUP 753 AND THE CONVERTING-
ENZYME INHIBITOR RAMIPRIL ON THE 3H-NORADRENALINE RELEASE OF LEFT
GUINEA PIG ATRIA.

L. Sieroslawski and P. Dominiak

In previous studies concerning the sympathetic outflow during converting-enzyme
inhibition (CEl} controversial results have been reported. Depending on the different
species and methods used in such experiments the catecholamine release during CEl
was found to be decreased, unchanged or even increased. Since the converting-
enzyme is rather unspecific, some other endogenous peptides such as kinins or Ang |
could contribute to the above mentioned controversial results. Therefore it was of
interest to investigate the actions of the high specific non-peptidic Ang ll-antagonist
DUP 753 on tritiated noradrenaline release in guinea pig atria and to compare the
results with those of CEl - Left guinea pig atria were used for the experiments and
kept in an organ bath containing 20 ml of Kreb's solution {95 % Oy, 5 % CO3). Two
hours prior to the experiments 3H-noradrenaline (10 ¢Ci) was added to the organ bath.
Platinium electrodes were placed on either side of the atrium for field stimulation. Each
square wave field pulse was of 2 ms duration, 30 V and 0.5 Hz delivered from a HSE-
T-stimulator (Hugo Sachs, Hugstetten). Three field stimulations were applied for 5 min.
After each stimulation period 1 m) was kept from the organ bath to determine the
release of 3H—noradrenaline using a liquid scintillation counter. Two subsequent
stimulation periods {$2/S1) served as control. The test substances, Ang | (‘IO‘6 -
105 m) Ang 11 (10°8 - 10°5 m), DUP 753 (10°8 - 105 m} and ramipril (1076 - 105 m)
were added to the organ bath 10 min prior to the 3rd field stimulation {S$3). The 34
noradrenaline release after administration of the different substances was calculated
by S3/51. The experiments were performed with and without uptake-1 inhibition by
cocaine and desipramine. - As could expected, Ang ! and Il significantly increased the

H-noradrenaline release. DUP 753 significantly reduced tritiated NA and antagonized
the actions of Ang Il The NA releasing effects of Ang | were influenced by DUP 753 in
a similar pattern. Ramipril slightly increased the “H-NA release when cocaine and
desipramine were added to the organ bath. However, without uptake-1 inhibition the
NA release remained unchange. - It is concluded that the specific Ang ll-antagonist
DUP 753 inhibits the SH-NA release by presynaptic Ang il receptor blockade whereas
the effects of CEl on NA outflow were blunted by some other unspecific actions of
ramiprit such as inhibition of the uptake-1 and metabolism of catecholamines
(Dominiak, Bigchl 1991, Basic Res. Cardiol.).

Institut fir Pharmakologie, Medizinische Universitdt zu Liibeck, Ratzeburger Allee 180,
D-2400 Lubeck
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ADRENERGIC AND MUSCARINIC RECEPTOR CHARACTERISTICS IN
MESENTERIC ARTERIES OF SHR AND WKY OF DIFFERENT AGE.
M.G.C. Hendriks.

We investigated possible hypertension-induced changes in the characteristics of vascular
adrenergic and muscarinic receptors in isolated perfused mesenteric vascular bed
preparations from spontaneously hypertensive rats (SHR) and normotensive Wistar Kyoto
(WKY) rats, respectively. We also assessed whether these changes were different in animals
of 18 versus 28 weeks of age. Methoxamine (o-agonist) and metacholine (muscarinic
agonist) induced concentration-dependent vasocoustriction and vasodilation, respectively. In
order to quantify the vasodilator effect of MCh the preparations were precontracted with
methoxamine. Results are shown in table 1 (means + S.EM).

table 1. Characteristics (ECs,, E_,, and slope) of the concentration response curves of
methoxamine and metacholine in the isolated mesenteric vascular beds from SHR and
WKY, respectively. Mean arterial blood pressure (MAP) of the donor rats is also shown

MAP (mmHg) EC,, E,..« (mmHg) (slope)
WKY 18 weeks 984125
methoxamine 5.1+0.8 uM 155.248.2 2.840.6
metacholine 44+0.6 nM 23.1+4.5 1.1x0.2
WKY 28 weeks 112.5£8.5
methoxamine 6.0+0.5 uM 138.3x1.7 2.140.2
metacholine 0.3£0.9 yM 26.7£4.9 0.940.1
SHR 18 weeks 184.1+2.7
methoxamine 3.8+03 pM 250.2+16.4 3.5+0.5
metacholine 41+0.9 nM 20.6+1.6 12403
SHR 28 weeks 192.412.6
methoxamine 4.3+0.5 pM 220.2+14.4 3.9+0.3
metacholine 0.3£0.8 ytM 30.0+4.3 0.9£0.1

As to be expected for methoxamine, the mesenteric preparations taken from both 18 and 28
week old SHR yielded significantly (p<0.05) sironger maximal responses and steeper slopes
of the curves than preparations taken from control animals. Age per se did not change these
values. Several authors have claimed an altered response to muscarinic agonists in conduit
arteries from SHR. We could not detect differences in the concentration response-curves of
metacholine between the age-matched groups. However, the sensitivity to muscarinic
receptor stimulation decreased age-dependently in both groups, which may contribute to the
elevation of the MAP observed in older animals.

Dept. of Pharmacotherapy, University of Amsterdam, Meibergdreef 15,
1105 AZ Amsierdam, The Netherlands.
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Hyperreactivity to vasoconstrictors in ischemic rat hindlimb and the effect
of angiotensin-I-converting enzyme (ACE) inhibitors and DuP753.
H.J.M.G. Nelissen, P.J.A. Leenders

To investigate the role of local renin-angiotensin systems in the compensatory
mechanisms following chronic ischemia of skeletal muscles, functional responses
to angiotensin I (AI), I (AIl) and phenylephrine (PHE) and the influences of
treatment with the ACE-inhibitors, captopril (CAP) or zabiciprilate (ZAB), or the
AT;-antagonist DuP753 were investigated in control and chronically ischemic
animals. Ischemia was induced in spontaneously hypertensive rats by partial
occlusion of the left common iliac artery and complete occlusion of the left
iliolumbar artery, whereafter treatment was started (CAP: 500 pg/kg/h; ZAB:
25 ug/kg/h; DuP753: 625 pg/kg/). In a perfusion model the hindlimbs of control
and treated and untreated ischemic animals (4 weeks) were perfused with an iso-
oncotic Krebs-Ringer solution and perfusion pressure and flows in both common
iliac arteries were measured. The effects of injections of Al, All and PHE on
resistances were determined. Chronic ischemia reduced left flow to 5-75% of
contralateral flow. In control animals EDy, and the maximal increase in resistance
(AR,,,; mmHg.min/ml) were comparable in both hindlimbs for all vasoconstric-
tors. In contrast, AR, for AL, AIl and PHE increased significantly (* p <0.05)
inthe severely ischemic hindlimb (flow < 40%), whereas ED, was not influenced.

AR, left AR, right
control ischemia control ischemia
Al 11.1£1.16 44.04+9.41" 13.242.31 7.440.82
Al 12.1+1.56 42.3+12.9 8.51+0.94 7.941.00
PHE 224.7166 761.7+416 181.4428.3 146.2+34

CAP and ZAB did not affect All responses and AR, of Al but increased EDs,
of Al of both hindlimbs slightly (2 fold). DuP753 increased EDy, of both Al and
AII more than 300 fold; furthermore, the increase in AR, to PHE in ischemic
hindlimbs was similar to control. In conclusion, severe ischemia causes a non-
specific vascular hyperreactivity in ischemic hindlimbs. This hyperreactivity is
abolished by DuP753. Therefore, the AT,-receptor seems to be involved in
hyperreactivity of the vascular bed following chronic ischemia.

Dept. of Pharmacology, University of Limburg, P.O. Box 616, 6200 MD
Maastricht, The Netherlands.
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THE ANGIOTENSIN Il EFFECT ON THE SPONTANEOUS PHASIC ACTIVITY OF
RAT PORTAL VEIN IS MEDIATED BY AT, RECEPTORS

J. Zhang' and J.C.A. van Meel®

In the present study, the functional angiotensin Il (All) receptors mediating the
potentlation of spontaneous phasic myogenic activity of rat portal vein to All
were classified using the AT, receptor antagonist DuP753 and the AT, receptor
antagonist PD123177 (Timmermans et al., TIPS 12, 55-62). The angiotensin Il an-
tagonism of BIBS39 (4'-[(2-n-butyl-6-cyclohexyl-aminocarbonylamino-
benzimidazole-1-yl)-methy] biphenyi-2-carboxylic acid and BIBS222 (2-n-butyl-1-
[4-(6-carboxy-2,5-dichlor-benzoylamino})-benzyl]-6-N-(methylaminocarbonyl)-N-
pentylamino-benzimidazole), two new nonpeptide angiotensin Il-receptor an-
tagonists with less subtype selectivity, was also examined.

At an extracellular Ca”* concentration of 0.9 mmol/l and a KCl concentration of
4.0 mmol/l, All, when administered in a cumulative manner (3x107° to 3x10°® M),
caused concentration-dependent increases in the spontaneous phasic
contraction and a decrease in contraction frequency of longitudinal smooth
muscle of rat portal vein. The maximal increase in phasic contraction induced by
All was 14.8+0.9 mN (at 3x10° M). The contraction frequency was maximally
reduced to 36.6% of control values (at 3x10® M) (n=8).

DuP 753 concentration-dependently shifted the concentration-phasic contraction
response curve of All to the right without reducing of the maximal response to
All. A pA, value of 8.60=0.05 and slope of 0.91 +0.06 were obtained, suggesting
a competitive functional AT, receptor antagonism. By contrast PD123177, at 10°
or even 10 M, caused no significant change of the phasic myogenic response
to All, indicating the absence of functional AT, receptor involvment.

BIBS39 and BIBS222, two new potent nonpeptide All-receptor antagonists also
caused parallel rightward shifts of the concentration-phasic contraction response
curve to All without altering the maximal response to All, yielding pA, values of
8.63+0.06, 8.59:+0.04 and slopes of 0.87 £0.002, 0.95+0.01, respectively.

In conclusion, the functional receptors mediating the enhancement of
spontaneous phasic activity by All in rat portal vein belong to the AT, receptor
subtype population.

'Department of Pharmacotherapy, Academic Medical Centre, University of
Amsterdam, Meibergdreef 15, NL-1105 AZ, Amsterdam, The Netherlands,

2 Dr. Karl Thomae GmbH, Birkendorferstr. 65, D-7950 Bieberach a.d. Riss,
Germany
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ANGIOTENSIN II-1 RECEPTOR BLOCKADE IN EXPERIMENTAL HEART
FAILURE IN RATS

Smits, J.F.M., Schoemaker, R.G., and Debets, J.J.M.

In rats with heart failure due to myocardial infarction (MI), early captopril (CAF)
treatment (1-21 days after MI) decreases cardiac function whereas late (21-35 days)
treatment restores cardiac function to normal values. In the present study we
administered losartan (LOS; DuP753), an angiotensin II-1 (AT-1) receptor
antagonist, during the same early and late periods to investigate involvement of
this receptor in the responses to CAP. MI was induced by left coronary artery
ligation. Animals were treated with saline or LOS (15 mg/kgeday; Alzet osmotic
minipump). In pilot-studies this dose caused a rightward shift of the angiotensin
1L (ANI) dose-pressor response curve by a factor of 35, as compared to a 17-fold
shift of the AI dose-response curve by an effective dose (12 mg/kgeday) of CAP.
A week before the end of the treatment, animals were instrumented for
measurement of blood pressure (MAP), central venous pressure (CVP) and cardiac
output (CO). At the end of the treatment we measured MAP, CVP and CO at rest
and upon rapid volume loading (COyy.,,) with 12 ml warm Ringer’s solution.
In sham animals, CO and COyp,.. are 94+4 and 154+4 mi/min, resp.
(mean+SEM; n=10). In saline-treated MI animals, the corresponding values were
74+3 and 107+5 ml/min (n=12; 35 days). Neither early nor late LOS treatment
had any effect on cardiac function (late treatment: CO: 78135, COyy max’ 11849
ml/min; n=6), although both treatments effectively reduced MAP (late treatment:
sham:100+3; saline: 92+6; LOS: 78+4 mmHg). We conclude that the AT-1
receptor is not involved in the effects of captopril on cardiac function following
MI in rats.

Dept. of Pharmacology, University of Limburg, P.O. Box 616, 6200 MD
Maastricht, The Netherlands
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CHARACTERIZATION OF BIBS 39 AND BIBS 222, TWO NEW
ANGIOTENSIN II ANTAGONISTS, IN RECEPTOR BINDING AND
AUTORADIOGRAPHIC STUDIES. M. Entzeroth, C. Karg,
D. Lefévre and U. Schmid

BIBS 39, 4‘-[(2-n—butyl-6—cyclohexylureido-benzimidazol-1-yl)methylg-bi-
phenyl-2-carbonic acid trifluoracetate, and BIBS 222, 2-n-butyl-1-[4(2,5-
dichlor-6-carboxybenzoylamido)-benzyl]-6-(N-methylaminocarbonyl)pent-
ylamino-benzimidazole) are two recently developed angiotensin II ant-
agonists, which only 17- and 37-fold, respectively, discriminate between
AT1 and ATy receptors as determined in radioligand binding studies. The
K| values for AT binding sites in rat lung were 29 + 7 nM and 20 + 7nM,
respectively. The K values for AT, binding sites in adrenal medulla were
480 + 110 nM and 739 + 170 nM, respectively. Both compounds did not
interfere with other receptor systems tested in sub-micromolar
concentrations. In addition, we investigated the interaction of BIBS 39 with
angiotensin II receptors in rat adrenal and kidney using autoradiographic
techniques. In rat adrenal 10 #M BIBS 39 displaced 251-Sar,Ile-
angiotensin II binding in both zona glomerulosa and medulla while the
AT selective antagonist DuP 753 (2-n-butyl-4-chloro-5-hydroxymethyl-1-
[(2'-(1H-tetrazol-5-yl)bi-phenyl-4-yl)-methyl]imidazole, 10 uM) only re-
duced radioligand binding in the zona glomerulosa. The AT5 selective ant-
agonist PD 123.177 (1-(4-amino-3-methyl-benzyl)-5-diphenylacetyl-
4,5,6,7-tetra-hydro-imidazole[4,5]pyridine-6-carboxylic acid, 10 uM)_in-
hibited radioligand binding only in the medulla. In rat kidney slices 251
Sar,lle-angiotensin II specifically interacted with binding sites in renal
medulla and at the glomeruli. No difference was observed in the inhibition
of radioligand binding between BIBS 39 and DuP 753. At a concentration
of 10 uM both compounds completely abolished the specific binding. In
contrast, at 10 uM PD 123,177 failéd to inhibit specific 12°I-Sar,Ile-
angiotensin II binding to rat kidney slices.

In conclusion, BIBS 39 and BIBS 222 are potent and selective
angiotensin II antagonists. BIBS 39 interacts with both ATq and AT,
receptor subtypes in rat adrenal as well as AT receptors in rat kidney. No
evidence for the presence of AT receptors in rat kidney was obtained from
autoradiographic studies.

Div. of Molecular Pharmacology, Preclinical Reseach,
Dr. Karl Thomae GmbH, P.O.Box 1755, D-7950 Biberach 1, FRG
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DIFFERENTIAL EFFECTS OF THE NONPEPTIDE ANGIOTENSIN IT (AII)-
ANTAGONIST EXP3174 AND CAPTOPRIL ON FUNCTIONAL PARAMETERS
IN ISOLATED RAT KIDNEY.

W. Wienen and D. Riihl

The effects of the AIl antagonist EXP3174 (2-n-butyl-4-chloro-1-[(2"-
(1H-tetrazol-5-yl)biphenyl-4-yl) methyl] imidazole-5-carboxylic acid) and
captopril (on renal perfusate flow (RPF), urinary flow (UF) and
glomerular filtration rate (GFR) were investigated in the isolated rat
kidney perfused at constant pressure (105 mm Hg), in the absence and
presence of furosemide. Administration of EXP3174 (0.01, 0.1 and 1 pM)
in the absence of furosemide resulted in a concentration-dependent
increase in RPF to 104, 109 and 116% of the control value, respectively
(p<0.05; n=6). UF increased likewise to 103, 114 and 127%, respectively
(p<0.05), whereas GFR remained unchanged. In contrast, no significant
increase in RPF and UF was observed during administration of captopril
(10 pM) in the absence of furosemide and GFR decreased to 91% of the
control value {p<0.05; n=8). Continuous infusion of furosemide (10 uM)
increased UF significantly (p<0.01; n=7) and consistently to about 135%
whereas RPF and GFR remained unchanged. Additional administration of
EXP3174 (0.1 and 1 uM) in the presence of furosemide resulted in an
increase in RPF to 106 and 112% (p<0.05; n=8) and a further increase in
UF to 148 and 163% (p<0.05), respectively, whereas GFR did not change
significantly. In contrast, captopril (0.1 and 1 uM), in the presence of
furosemide, had no effect on RPF and UF, whereas GFR decreased
significantly to 91% (p<0.05; n=8).

These results demonstrate that the AIl antagonist EXP3174, in contrast to
captopril, exerts direct effects on renal function in the isolated organ and
reveals potentiation of furosemide-induced diuresis, possibly by specific
interaction with receptors on afferent/efferent arterioles and/or on
proximal tubular cells.

Dept. Pharmacol. Thomae
Biberach/Riss, FRG

Research, Dr. Karl GmbH, D-7950
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THE TRULY ISOLATED MUCOSA OF GUINEA-PIG DISTAL COLON IS NOT
SENSITIVE TO TETRODOTOXIN (TTX) G. Sprakties and P. Kaufmann

Two in vitro preparations of guinea-pig distal colonic mucosa were
characterized in their responses to carbachol, an inductor of electrogenic
Cl secretion. Tissues were scraped using a razor blade to isolate the
epithelium or used as full-thickness preparations. As could be shown by
light microscopy, the scraped preparation (S) was practically devoid of
submucosal tissue. In voltage-clamp experiments, the two preparations
responded to carbachol (2*10°° mol/l, serosal side) in a comparable, but
not identical manner. After sharp increases in short-circuit current (I_)
to 16.7£1.1 (S) or 10.3£1.2 pmol/cm?h (native preparation, N), the L.
decreased exponentially, In S, it returned to pre-treatment values within
60 min. In N, spontaneous IEc significantly exceeded that found in S;
responses to carbachol were smaller, but still visible after a 60 min
period. In sum, the same amount of current (AUC, 4.1:0.4 pumol/cm?)
was produced in S and N. Atropin (10'5 mol/l, serosal bath) totally
blocked the effects of carbachol. After a 30 min preincubation of N
with TTX (107 mol/1, serosal side) the high spontaneous 1. values and
the total amount of carbachol-inducible I were significantly reduced;
in 8, no influence of TTX could be detected. TMB8 (2"‘10‘4 mol/l,
serosal side), an intracellular Ca-channel blocker, lowered spontaneous
L. in N and reduced the amount of inducible Isc in S and N, In N, this
effect was due to an accelerated decline of Isc after an unchanged peak
increase. In S, the decrease was caused by a drastic drop of peak
stimulation with no significant change after a 60 min exposure. Qur
data show that drug effects on in vitro preparations may be
considerable modified by submucosal structures. The scraped tissue
preparation allows direct assessment of the responses of epithelial cells
to experimental treatment.

Institut fir Pharmakologie und Toxikologie und Institut fir Anatomie,
RWTH Aachen, Wendlingweg 2, D-5100 Aachen, FRG

348

EFFECTS OF PGEZ, MISOPROSTOL, NOCLOPROST AND RIOPROSTIL
ON PROTEIN AND RNA PRODUCTION OF ISOLATED GASTRIC MUCOUS
CELLS

A. Osterwald, H.-K. Heim, A. Oestmann and K.-Fr. Sewing

Introduction: E~type prostaglandins are known to enhance
weight and thickness of the gastric mucosa "in vivo". To
examine possible underlying effects at the cellular level

we investigated the influence of the E~-type
prostaglandins PGE,, misoprostol, nocloprost and
rioprostil on protein and RNA production of isolated

gastric mucous cells., Methods: Gastric mucous cells were
isolated from pig gastric fundic mucosa
(pronase/collagenase) and enriched (>70%% by counterflow
centrifugation. Incorporation of [“H]L-leucine and
[{“H]uridine into cellular acid-precipitable material was
used as a probe for protein and RNA synthesis,
respectively, of cells incubated for wup to 20 h in
Dulbecco’s modified Eagle’s medium without (control) or
with the prostaglandins (100 pmol/l to 10 fmol/l).
Results: Significant effects of PGE, (1 pmol/l) on RNA
and protein synthesis of gastric mucous cells were
detectable from 4 and 8 h, respectively, up to 20 h of
incubation. Stimulation by PGE, after 20 h (incubation
time used in all further experiments) was
concentration-dependent with Ecso—values of 9 and 38
nmol/1, respectively. The other tested E-type
prostaglandins also resulted in concentration-dependent
stimulations, the rank order of potency being PGE, >
misoprostol > nocloprost > rioprostil for both measured
parameters. Conclusions: Our results indicate that direct
stimulatory effects of E~type prostaglandins on protein
and RNA synthesis of gastric mucous cells are involved in
their stimulation of weight and thickness of the gastric
mucosa "in vivo".

Institut fiir Allgemeine Pharmakologie, Medizinische
Hochschule Hannover, KXonstanty-Gutschow-Str. 8, D-3000
Hannover 61, FRG. Supported by BMFT grant no. 0319279B.
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STIMULATION OF ENTEROCYTE PROTEIN KINASE C BY LAXATIVES IN
VITRO  ASchirgi-Degen and E.Beubler

Phorbolesters, the active principle of Croton oil, a strong cathartic, are known to
stimulate protein kinase C (PKC) directly.

Activation of PKC induces intestinal jon and fluid secretion in vivo and in vitro,
possibly via stimulation of prostaglandin formation, effects, that are elicited by
laxatives in a similar way.

We tested the effect of the phorbolester 4-B8-phorbol 12—myrlstate 13-acetate
(PMA), the laxatives deoxycholic acid (DCA), deacetyl-bisacodyl (dBIS), ricinoleic
acid (RA), and the C,g-fatty-acids oleic acid (OA) and stearic acid (StA) on PKC-
activity in a preparation of lysed rat enterocytes.

Rat jejunal epithelial cells were lysed and mixed with the substances to be tested
in a L-a-phosphatidylserine and Triton-X-100 containing solution. Buffers and
PKC-specific peptide were taken from the "Protein kinase C enzyme assay system”
(Amersham, RPN77). The solutions were incubated with [**PJATP, phosphorylation
activity was determined and expressed as pmoles phosphate transferred per minute.
PMA dose-dependently (2, 20 and 200 pg/ml)stimulated PKC-activity from 1.6 to
5.1 pmol/min. DCA, dBIS and RA (2, 20 and 200 pg/ml)stimulated PKC-activity
from about 0.1 to 0.6 pmol/min in a dose-dependent manner. QA (200 pg/ml)
elicited a slight PKC-activation (0.2 pmol/min), StA (200 uwg/ml) inhibited
phosphorylation activity significantly.

The effects of RA, OA and StA obviously run in parallel concerning PKC-
activation, fluid secretion and prostaglandin E,-release, RA beeing most effective
in stimulating PKC-activity, inducing secretion and PGE,-formation. StA is an
inhibitor of PKC-activity and fluid secretion, and has no effect on PGE,-formation,
OA takes a mid position concerning these three parameters.

The laxatives tested are about ten times less active than PMA concerning PKC-
activation, but PMA on the other hand is also ten to fifty times more potent in
inducing secretion and PGE,-formation,

We conclude, that the laxatives tested are direct stimulators of PKC, thus inducing
PGE,-formation via activation of phospholipase A,, which finally results in fluid
secretion,

Department of Experimental and Clinical Pharmacology, University of Graz,
Universitétsplatz 4, A-8010 Graz, Austria
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ROLE OF NITRIC OXIDE IN GASTRIC MUCOSAL HYPERAEMIA
DUE TO ACID BACK-DIFFUSION P. Holzer and Irmgard Th. Lippe
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ARE POTASSIUM COMPETING PROTON PUMP INHIBITORS SUBSTRATES OF
CYTOCHROME P450 DEPENDENT ENZYMES ?
W.A.Simon

Acid back-diffusion through a disrupted gastric mucosal barrier leads to
gastric mucosal hyperaemia which in the rat stomach is mediated by a
neural reflex. The mediators of this vasodilator response have not yet
been explored except that a participation of acetylcholine and histamine
has been ruled out. Since there is evidence that endothelium-derived
nitric oxide (NO) is involved in the regulation of gastric mucosal blood
flow (MBF), the possible participation of NO in the gastric mucosal
hyperaemic response to acid back-diffusion was examined.

Acid back-diffusion was elicited by perfusion of the stomach of
anaesthetized rats with dilute ethanol in 0.15 N HCl, and MBF was
measured by the hydrogen gas clearance technique.

NG-nitro-L-arginine methyl ester (L-NAME; 13 and 43 pmol kg'1 iv.),
an inhibitor of NO formation, increased mean arterial blood pressure
(MAP) in a dose-dependent manner. Whilst basal MBF was hardly
changed, the hyperaemia caused by gastric perfusion with dilute ethanol
in acid was dose-dependently depressed by L-NAME. The loss of H*
ions from the gastric lumen, an indirect measure of acid back-diffusion,
was significantly enhanced by 43 pmol kg L-NAME. In contrast,
D-NAME (13 and 43 pmol kg™!) was without effect on MAP, basal and
stimulated MBF, and acid back-diffusion. Infusion of L-arginine

(120 pmol kg‘I min! i.v.) led to a partial, but significant, reversal of the
effects of L-NAME on MAP and hyperaemia due to acid back-diffusion.

These findings indicate that NO plays an important mediator role in the
gastric mucosal hyperaemia due to acid back-diffusion.

Department of Experimental and Clinical Pharmacology, University of
Graz, Universititsplatz 4, A-8010 Graz, Austria

The H,K-ATPase acting as proton pump in the apical membrane
of the parietal cell belongs to the EIE2 class of ATPases
which execute the vectorial counter-transport of hydrogen
and potassium ions. Potassium binds to the E2P form at the
extracytosolic face of the enzyme with high affinity. This
in turn induces the dephosphorylation of the H,K-ATPase. The
biockade of the K-binding leads to inhibition of the proton
pump. This is found with substituted imidazopyridines (SIPs)
like  SCH28080 (8-benzyloxy-3-cyanomethyl-2-methylimidazo-
[1.2-a]pyridine) which are shown to be competitive inhibi-
tors of the K-binding site. The SIPs are potent inhibitors
of acid secretion in vitro as well as in vivo. However, af-
ter oral administration in dog, the bioavailability of the
compounds is quite low. The suspicion was that the SIPs un-
dergo vrapid biotransformation in the liver which 1leads to
inactivation of the compounds. This was confirmed with

SCH28080 and its 3-methyl and 3-hydroxymethyl derivatives.

The debenzylation at position 8 was also identified as addi-

tional possible metabolic pathway of the SIPs. SIPs with

different substituents at position 3 were compared 1in re-
spect to their inhibitory potency in isolated gastric glands

and their affinity to cytochrome P450 measured as 7-

ethoxycoumarin dealkylase activity.

The following conclusions can be drawn:

1. Substituents at 3-position are crucial
with the H,K-ATPase.

2. The SIPs may be substrates and inhibitors of cytochrome
P450 as well. Substituentis at 3-position seem to be the
main target for cytochrome P450 attack.

3. Bulky substituents at 3-position reduce markedly H,K-
ATPase inhibition.

for interaction

Forschungslaboratorien ,Byk Gulden Pharmazeutika,
Postfach 10 03 10, D-7750 Konstanz, Germany.
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PGEZ LARGELY SUBSTITUTES FOR CAZ*
TIGHTENING GUINEA-PIG DUODENAL MUCOSA

AS A COFACTOR OF HCOs'
H.J. Macherey

20 mmol/1 HCO,™ decrease electrical tissue conductance (Ge) of guinea~
pig duodenal mucosa by a Ca“-requiring mechanism. Along with Gt,
permeabilities of Na',ClI", and mannitol are reduced (Macherey,
Naunyn-Schmiedeberg’s Arch. Pharmacol. 343:R76,1991). The nature of
the Ca®' requirement was further studied, using stripped preparations
mounted in Ussing-type chambers and short-circuited continuously. In
concentration-response experiments, 1.2 mmol/l Ca?* shifted the EC50
for HCO,” from %35 to %15 mmol/l, without major changes in the
maximum decrease in Gy (8-10 mS/cm?) at 60-80 mmol/1 HCO,".
Addition of 1.2 mmol/l Ca** to nominally Ca**-free HCO, Ringer’s
(20 mmol/l) produced a G drop from 24.8:1.8 to 16. i+1 1 mS/cm?
(n=12) within 40 min. This decrease was mimicked by serosal addition
of PGE2 (10' mol/l), G i falling from 24.8+2.5 to 17.6x1.6 mS/cm
(n=11). As detailed previously (Macherey and Petersen, Gastroenterology
97:1448-1460,1989), availability of prostaglandins, added to the bath in
the presence of the cyclooxygenase inhibitor indomethacin or
synthesized within the tissue, is a prerequisite for the G, reduction by
HCO,. Pretreatment with the cyclooxygenase inhibitors meclofenamate
or diclofenac (3x10™* mol/I) was able to reduce by ®45% the G, effect
of 1.2 mmol/l Ca*". Our data suggest that Ca®*
activity of phospholipase A, to supply arachidonic acid for
prostaglandin synthesis. In a semilog plot, a linear decrease in G, (20
mmol/l HCOs“ present) was found at bath concentrations of Ca** in a
range from 36 pmol/l - 1.2 mmol/l. Hence, in the presence of HCOa'

Ca?* regulation of permeability would fall into the physiological range
of extracellular Ca®* concentrations.

serves to maintain the

Institut fir Pharmakologie und Toxikologie, RWTH Aachen,
Wendlingweg 2, D-5100 Aachen, FRG
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BIPHASIC STIMULATION BY BRADYKININ OF ELECTROGENIC HCO,
SECRETION IN GALLBLADDER EPITHELIUM  K.-U. Petersen and F. Hofken
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INTERACTION OF COLLOIDAL BISMUTH SUBCITRATE WITH ENZYMATIC AND
NON-ENZYMATIC SULFHYDRYL-GROUPS. W. Beil, S§. Bierbaum

In guinea-pig gallbladder epithelium, cAMP converts electroneutral
secretion of HCO, into an electrogenic process. Bradykinin (BK) has
been reported to elicit electrogenic HCO, secretion (Baird and Mar-
golius, J. Pharmacol. Exp. Ther. 248:268, 1989), an effect we have
substantiated and further analyzed. Voltage clamp and pH-stat
techniques were used for in vitro determination of short-circuit current
(I,) and unidirectional HCO; fluxes (J e absorptive, J_ . secretory
direction), respectively. Serosal addition of BK produced concentration-
dependent increases in L. (lumen negative). At 30 umol/l, I_ rose, at
steady state, by =2.8 wmol/cm?h (n=4), preceded by a transient increase
to =3.4 ;J.mol/cmzh. In pH-stat experiments, Jsm and Isc rose from
2.9+0.4 to 3.6£0.5 and from 0.3+0.04 to 1.9+0.1 umol/cmzh, respectively
(n=4). There was a small though significant decrease in T e from 0.80.1
to 0.7+0.1 /.l.mol/cm2h (n=7). Thus net HCO3 secretion still exceeded Isc,
indicating an incomplete conversion of electroneutral secretion, similar
to effects of low concentrations of PGE, (Petersen, unpublished). Pre-
treatment with the cyclooxygenase inhibitor indomethacin (10 pmol/1)
prevented the Isc response to BK. With the phospholipase A, inhibitor,
mepacrine (100 pmol/l}, peak response was more than halved and
steady-state increase was missing. Complete peak suppression was
achieved by combined pretreatment with 5 mmol/] BaCl2 (both sides)
and mepacrine. The intracellular Ca antagonist, TMB8 (200 umol/1),
alone or in combination with mepacrine, forestalled the entire peak
response. When added alone, TMB8 permitted, after a considerable
delay, a slowly rising IEc response. In conclusion, BK causes a partial
conversion of electroneutral into electrogenic HCO, secretion. This
effect seems to be mediated by a moderate increase in prostaglandin
synthesis. Mostly during the early phase, conductive anion exit at the
apical membrane may be boosted by opening of K channels, secondary
to intracellular release of Ca.

Institut fitr Pharmakologie und Toxikologie, RWTH Aachen,
Wendlingweg 2, D-5100 Aachen, FRG
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The use of isolated perfused duodenal segments to quantitate
the transfer of 79Fe from the duodenal tisue into the serosal
absorbate
K. Schimann, N. Forth

In Fe-deficiency intestinal Fe absorption is increased. The
mechanisms of the underlying absorption process is not well

understood. Isolated duodenal segments from normal and iron-
deficient rats were perfused with 9%°2Fe-NTA{1:2)containing
Tyrode solution in vitro (1-500 umol/l; Fisher-Parsons-

method) in order to load the segments with 59Fe. When the
39Fe~uptake and 39Fe-absorption process had reached a steady
state (loading period) 39Fe absorption rates and 3%Fe content
in the mucosa were determined. The segments were then flushed
and transfered into a second perfusion apparatus, in which
they were perfused under identical conditions (mobilizing
period). The perfusion medium either contained no additives,
or unlabeled Fe-NTA and NTA were offered in concentrations
corresponding to those used during the loading period. Under
these conditions transient ?%9Fe was mobilized to different
degrees from the segments. Its cumulative appearance in the
serosal absorbate corresponded to the serosal transfer step.
It fitted first order rate kinetics and could be mathemati-
cally described (M = A{l-ekt). Thus, extent (asymptote A) and
velocity (rate constante k) of the B3°9Fe transfer from the
tissue into the serosal absorbate could be calculated.

When unlabelled Fe-NTA was offered the 3°Fe fraction avai-
label for serosal transfer was increased because the interme-
diary iron pool was mobilized to a greater extent. In iron-
deficiency the availabel B9%9Fe fraction in the tissue was en-
larged because the mucosal 39Fe uptake increased while the
39Fe content of the segments after the mobilization period
was unaltered. The rate constants for the 39Fe transfer to
the serosal side were not influenced by c¢hanges in the iron
state or in the perfusion medium during the mobilizing
period.

Walther Straub-Institut fiir Pharmakologie u. Toxikologie,
Ludwig-Maximilians-Universitdt, NuBbaumstr. 26, & Minchen 2

Colloidal bismuth subcitrate (CBS) precipitates in the stomach
at low pH as bismuth oxychloride and bismuth citrate. Animal
studies have shown that the bioavailability of bismuth is in-
creased in the presence of SH containing compounds (cysteine,
penicillamine), indicating that SH containing compounds form
water soluble complexes with bismuth. To investigate how CBS
reacts with SH groups we studied the reaction pathway of CBS
with the dithiol dithiothreitol (DTT), the monothiol reduced
glutathione (GSH), and the thiol enzymes H /K ~ATPase (which
possesses 4 free reactive SH groups/mol enzyme) and papain
(which possesses one SH group/mol enzyme).

Methods: The number of f{ee+thiol groups was determined with
Ellman reagent (DTNB). H /K -ATPase activity in purified
intact, inside-out gastric membrine vesicles was meisured by
the release of P. from ATP, H /K -ATPase-mediated H transport
was monitored with the pH-sensitive dye acridine orange.
Papain activity was determined with the substrate N-benzoyl-
arginine-p-nitroaniline.

Results: CBS reduced the number of free SH groups of DIT in a
concentration dependent manner, but not of GSH. BS inhibited
H /K ~ATPase activity (IC5 : 23 pmol/1) and H /K -ATPase-
mediated proton transport gut did not affect papain activity.
The mercaptan dithiocerythritol (DTE) (100 um0141)+tota11y pre-
vented CBS (50 pmol/1)-induced inhibition of H /K -ATPase-
mediated proton transport. In contrast, the protective action
of GSH (100 umol/1) on H /K ~ATPase activity was transient,
i.e. it faded with increasing incubation time. DTE (1 mmol/1)
fully restored inhibited (50 umol/l CBS) enzyme activity,
whereas GSH (1 mmol/1) did it incompletely.

Conclusions: CBS is a thiol reagent. CBS forms stable com—
plexes with dithiols and reacts transiently with monothiols.

Institut fiir Allgemeine Pharmakologie, Medizinische Hochschule
Hannover, Konstanty-Gutschow-Str. 8, 3000 Hannover 61
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THE SOMATOSTATIN ANALOGUE SMS 201-995
(OCTREOTIDE, SANDOSTATIN®) IS A POTENT INHIBITOR
OF BETHANECHOL-STIMULATED PEPSINOGEN
SECRETION IN GASTRIC FISTULA DOGS

Th. Buhi, A.-W. Dunbar

Besides acid, pepsin is an important aggressive factor in gastric juice
which rapidly induces peptic lesions of the gastric or duodenal mucosa if
aggressive factors outweigh mucosal protection. Therefore, inhibition of
pepsinogen secretion might be an alternative approach to suppressing acid
secretion for the treatment of peptic ulcer disease. Animal (/) and human
(2) studies have shown that somatostatin-14 when administered by
continuous infusion potently inhibits acid and pepsinogen secretion. But,
as pepsinogen and pepsin are chemically stable only in an acidic
environment, it was always a problem to quantify pepsinogen secretion
under conditions where acid secretion is largely or completely inhibited.
Therefore, we set up and validated a model that allowed us to quantify
pepsinogen secretion almost independently from simultaneous effects on
acid secretion in gastric fistula dogs in vivo. Stomachs were continuously
perfused with hydrochloric acid (0.02 N, 2 ml/min). Acid perfusion kept
gastric pH < 4 during the whole experiment and did not affect basal or
bethanechol-stimulated pepsinogen secretion. In this model we
characterized the effect of the long-acting somatostatin analogue SMS 201-
995 and of the H, antagonist cimetidine on pepsinogen: secretion. SMS
201-995 (s.c.) completely and dose-dependently inhibited bethanechol-
stimulated (60 pg/kg s.c.) pepsinogen secretion with an IDg, (dose leading
to a 50 % inhibition) of 50 ng/kg. Under these same conditions, cimetidine
did not significantly inhibit pepsinogen secretion in doses up to 30 mg/kg
(p.0.). In conclusion, our data show that SMS 201-995 is an extremely
potent inhibitor of pepsinogen secretion in gastric fistula dogs in vivo,
whereas the H, antagonist cimetidine has no effect on this parameter which
is independent of its inhibitory effect on gastric acid secretion.

(1) Hirschowitz BI (1987) J Pharmacol Exp Ther 243:501-506
(2) Waldum HL, Burhol PG (1980) Scand J Gastroenterol 15:425-431

SANDOZ Phamma AG, Preclinical Research (386/545), CH-4002 Basel,
Switzerland
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THE EFFECTS OF 5-AMINOSALICYLIC ACID, SULFASALAZINE AND
ZILEUTON IN A NEW MODEL OF INFLAMMATORY BOWEL DISEASES

K. Auler and N. Selve

Inflammatory bowel diseases (IBD), Crohn’s disease and
ulcerative colitis represent chronic inflammations of the
gastrointestinal tract of wunknown etiology involving
immunologic events. Research on the etiopathogenesis of
IBD have been hampered by the paucity of reproducible and
relevant animal models of chronic intestinal inflammation.
A new model of IBD was developed by realising the following
3 step concept, using a defined hapten:

1. specific hypersensitivity by active immunisation

2. local inflammation by local challenge

3. chronification by chronic application of the immunogen.

The hapten chosen was TNBS (2,4,4-trinitrobenzenesulfonic
acid). Rats were sensitised by intradermal injection of
0.8 % TNBS in 0.05 ml Freund’s complete adjuvant with 1 mg/
ml ovalbumine once for 3 consecutive days, and boostered on
day 18. This treatment induced a long lasting (6 month)
delayed type of immunologic reaction to TNBS. Pre-immunised
animals received intrajejunal challenge with 0.08 % TNBS in
0.2 ml saline/rat via an implanted catheter for 21 consecu-
tive days. This treatment induced chronic inflammation of
the distal small intestine characterised by intense hyper-
aemia, oedema and gut wall thickening as assessed by macro-
scopic scoring and weighing a defined part of the dissected
intestine. To prove the relevance of this model animals
were orally treated with clinically relevant drugs, 5-
aminosalicylic acid (5-ASA) and sulfasalazine (8S). 5-ASa,
SS and the newly developed 5-lipoxygenase inhibitor
zileuton dose dependently improved enteritis score and
reduced gut wall thickening. These results indicate simila-
rities to human inflammatory bowel diseases. So this model
may be a suitable new animal model and a useful tool for
testing new drugs of IBD.

Griinenthal, Research Center, Zieglerstr. 6, W-5100 Aachen
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NUTRITIONAL REGULATION OF GLUCOKINASE AND
GLUT-2 GLUCOSE TRANSPORTER GENE EXPRESSION IN
PANCREATIC ISLETS AND LIVER FROM RATS

M. Tiedge and S. Lenzen

Glucokinase, a high K glucose phosphorylating enzyme, is the signal
recognition enzyme for glucose-induced insulin secretion. Glucose enters
the B-cell of the pancreas through the high K, glucose transporter
GLUT-2 via facilitated diffusion. The aim of this study was to investigate
the effect of fasting and refeeding on the expression of the glucokinase
and GLUT-2 gene in pancreatic islets compared with liver. Wistar rats
were fed a copper-deficient and D-penicillamine-substituted diet to reduce
the portion of the exocrine pancreas. This model permitted the
measurement of glucokinase and GLUT-2 gene expression in mRNA
fractions of total pancreas tissue. Glucokinase mRNA is expressed in
pancreatic islet tissue in a high molecular 44 kb and a previously
described 2.8 kb form. A fasting period of two days reduced the 2.8 kb
form to less than 50 % of the fed control. Refeeding for 4 hours
reconstituted the low molecular form to the level of the fed control animal
with a 2.8 kb and a 2.4 kb transcript which could be a product of mRNA
splicing. The 4.4 kb transcript of glucokinase was drastically reduced du-
ring refeeding,. The GLUT-2 glucose transporter gene expression was
identically regulated under different nutritional states in pancreatic islets
and liver with a 50 % decrease after fasting and a slow reconstitution after
refeeding. These results demonstrate the complex regulation of
glucokinase gene expression in pancreatic islets compared with liver and
may reflect the function of a signal recognition enzyme for glucose-
induced insulin secretion.

Institut fisr Pharmakologie und Toxikologie, Universitit Gottingen,
D-3400 Gottingen
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INHIBITION OF PROTEIN PHOSPHATASES OF RINmSF CELLS BY
OKADAIC ACID  R.O. Heurich and H P.T. Ammon

Protein phosphatases are important antagonists of protein kinases in a
variety of cell functions and are suggested to be related to the regulation of
calcium channel activity. To evaluate a possible role of protein phosphatases
in insulin release, we examined the effect of okadaic acid on phosphorylase
a phosphatase activity and insulin secretion using RINmSF cells. Okadaic
acid is a specific inhibitor of type 1 and type 2A protein phosphatases.
Phosphorylase a phosphatase activity was determined by measuring the
release of radioactive inorganic phosphate from [®P] - labeled
phosphorylase a in homogenates of RINmSF cells. The specific activity of
phosphorylase a phosphatase was dependent on the dilution of the
homgenate before the assay and ranged from 0.33 + 0.08 mU/mg to0 3.79
+ 1.31 mU/mg (n = 3, SD).

Okadaic acid inhibited phosphorylase a phosphatase activity in non-
stimultated RINmSF cells in a concentration dependent manner. Complete
inhibition was achieved with 10°M okadaic acid, the ICs,being 10* M.
Addition of okadaic acid to intact RINmSF cells in the same concentration
range did not affect basal or KCl (25 mM) - stimulated release of insulin
in 60 minute batch incubations.

Our data indicate that RINmSF cells contain phosphorylase a phosphatase
activity, which can be inhibited by okadaic acid. However, okadaic acid did
not affect insulin release. Wether the ineffectiveness of okadaic acid on
insulin secretion is due to the fact that protein phosphatases 1 and 2A are
not related to the mechanism of insulin release or to other reasons,
including poor permeability of okadaic acid through the cell membrane,
remains to be established.

Department of Pharmacology, Pharmaceutical Institute, University of
Tiibingen, Auf der Morgenstelle 8, D-7400 Tiibingen, Federal Republic of
Germany
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EFFECT OF PHORBOL ESTER TPA ON KINETICS OF cAMP
RELEASE FROM RINmSF CELLS. E.M. Mosbacher

Release of cAMP from the intracellular to the extracellular
space has been suggested to correlate with the intracellular
levels of cAMP. Phorbol esters — activators of protein kinase
C - have been shown to interfere with the adenylate cyclase
/ cAMP system.

In RINm5SF cells forskolin (100 uM) increased cAMP-levels, the
maximum was achieved at 20 minutes and thereafter remained
nearly constant., Release of cAMP into the medium was
approximately linear over a period of 60 minutes, being 0.6
pmol / mg protein per min. Addition of the phorbol ester TPA
(100 nM) to the incubation medium diminished release of cAMP
(40 %) in response to forskolin without affecting intracellular
cAMP levels. TPA was without effect on basal release of
CAMP.

In RINm5F cells preincubated with TPA (100 nM) for 24 hours
- a precedure, known to cause depletion of PKC - addition of
TPA to the incubation medium over a period of 60 minutes
again did not affect basal and forskolin—mediated increase of
intracellular cAMP. However, the 24 hours preincubation of
RINm5SF cells with TPA abolished the inhibitory effect of
short—term incubation with TPA on cAMP release.

The data suggest that activation of PKC by TPA is involved
in the diminished cAMP release during forskolin—induced cAMP
production,

Department of Pharmacology, Institute of Pharmaceutical
Sciences, Eberhard-Karls University Tilbingen, Auf der
Morgenstelle 8, 7400 Tiibingen
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ACTIVIN A: ITS EFFECTS ON RAT PANCREATIC ISLETS AND THE
POSSIBLE MECHANISMS OF ACTION INVOLVED

E.J. Verspohl*, MLA. Wahl

Activin A is a 26 kD polypeptide which stimulates FSH (follicle-
stimulating hormone). In rat pancreatic islets 10 aM activin A increased
insulin secretion at either 3.0, 8.3 or 16.7 mM glucose from [11 to 144,
318 to 584, and 536 to 932 pU/5 islets x 90 min, respectively (p<0.05).
The effect on insulin release was concentration dependent; significant
increases were obvious at both 1 and 10 nM activin A. 8Rb* efflux as an
indicator of potassium channel activity was inhibited at 3.0 mM glucose
by 10 nM activin A. The effect on insulin release was paralleled by an
effect on 45Ca®* net uptake except at 3.0 mM glucose. 10 nM activin A
were effective in elevating Ins-1,4,5-P; content (0.398 vs. 0.227
pmoles/100 islets at 16.7 mM glucose). It decreased glucagon secretion at
3.0, had no effect at 8.3 and increased glucagon secretion at 16.7 mM
glucose. The data indicate (1) that activin A elevates insulin release at 3.0
mM glucose by affecting potassium channel activity without significantly
influencing Ca?* channels, at 8.3 and 16.7 mM glucose without further
inhibiting ®Rb* efflux but increasing *3Ca®* uptake. (2) Accumulation of
Ins-1,4,5-P, is involved at least at high glucose concentrations. (3)
Glucagon release is modulated in a specific manner thus contributing to
the enormous insulinotropic effect of the peptide at a high glucose
concentration but marginal effect at a low glucose concentration.

*Dept. Pharmacology, Inst. of Pharmaceutical Sciences, Univ. of Muenster,
Hittorfstr. 58-62, W-4400 Muenster

Dept. Pharmacology, Inst. of Pharmaceutical Sciences, Univ. of Tuebingen,
Auf der Morgenstelle 8, W-7400 Tuebingen
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THE EFFECT OF THE PROTONOPHORE NIGERICIN ON THE
INOSITOL 1,4,5 - TRISPHOSPHATE - SENSITIVE
CALCIUM STORE IN RAT INSULINOMA CELLS

H.-P. Bode and M. Trautmann*

In several types of cells, for example exocrine
pancreas (Thevenod et al. 1989, J.Membr.Biol.109,
173-186) or parotid gland, calcium uptake into the
inositol 1,4,5-trisphosphate (IP3)-sensitive cal-
cium store depends on an inside to outside-proton
gradient maintained by a vacuolar~type proton pump.
To investigate whether this might apply to endo-
crine cells, too, we have examined the effect of
protonophores and bafilomycin, an inhibitor of
vacuolar proton pumps, on calcium uptake by non-
mitochondrial calcium stores in saponin-permeabi-
lized RINmSF cells. The potassium proton exchanging
protonophore nigericin (1-10 uM) inhibited calcium
uptake by and released calcium from nonmitochon~
drial and IP3=-sensitive calcium stores in these
cells, suggesting the involvement of a proton
gradient in calcium sequestration. However, neither
bafilomycin nor NH4Cl, which dissipates proton
gradients, had any effect on nonmitochondrial cal-
cium uptake. This rules out an involvement of a
vacuolar proton pump in calcium uptake under the
experimental conditions as well as a strict depen-~
dence of nonmitochondrial calcium uptake in RINmSF
cells on a proton gradient. Nonmitochondrial cal-
cium uptake was completely inhibited by vanadate.
It is concluded that the intracellular, IP3~sen-
sitive calcium store in RINmSF cells is filled by
a calcium pump, which might operate as a calcium
proton exchanger (similar to plasma membrane cal-
cium pumps), nigericin producing an alkalinization
of this store, thereby depleting the proton supply
for the action of such a calcium pump.

Inst.f.Pharmakologie, K.v.Frisch Str., Lahnberge;
tZtr.f.Innere Med.,Univ.-Klinikum, D~3550 Marburg
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ROLE OF THE ADRENAL GLAND IN THE HYPERTENSIVE
TRANSGENIC RATS TGR(MREN2)27
M. Sander, B. Djavidani, M. Bader and J. Peters

Transgenic rats with the murine ren2d gene are a monogenetic model for
hypertension characterized by high plasma prorenin, low plasma renin,
angiotensin | and [l. The transgene is highly expressed in extrarenal tissue,
especially in the adrenal gland. Measurement of the steroid excretion
pattern revealed significantly higher levels for deoxycorticosterone {(DOC),
corticosterone, 18-OH corticosterone {18-OH B) in young (6-15 weeks)
heterozygous animals than in SD-rats. The elevated steroid excretion is
paralleled by the development of hypertension. Four week treatment with
spironolactone (50 mg/kg bw) did not lower blood pressure neither in
young nor in adult animals. Plasma 18-OH B and aldosterone is only slightly
elevated in heterozygous rats, in contrast homozygous animals have 5
respectively 9 fold higher 18-OH B and aldosterone levels than SD-rats.
These results provide evidence for the dependence of plasma 18-OH B and
aldosterone on the number of copies of the transgene. ACTH stimulation
led to a significant increase in DOC and corticosterone excretion compared
to SD-rats. Plasma prorenin and angiotensin | markedly increased in
transgenic animals due to the ACTH injection. In contrast angiotensin |
decreased in SD-rats. Dexamethasone was capable of suppressing
hypertension development in the TGR (control: 223 mmHg, 25 pg: 203
mmHg, 100 pg 165 mmHg) being paralled by a decrease in plasma prorenin
{control: 392 ng ANGI/min*h, 25 pg: 245 ng, 100 yg: 184 ng).

These data indicate that not only mineralocorticoids but possibly a
combination of different perhaps undefined ACTH dependent steroids are
involved in hypertension development of TGR(mRen2)27. The transgene in
the adrenal gland ssems to be regulated by ACTH. TGR(mRen2)27 are a
suitable model to study the interaction between an intraadrenal RAS and
adrenal steroid production.

Pharmakologisches Institut und Deutsches Institut zur
Bluthochdruckforschung, Universitit Heidelberg, Im Neuenheimer Feld 366,
6900 Heidelberg, Centrum fir Molekulare Medizin, 1000 Berlin-Buch
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ADRENERGIC RECEPTOR AGONISTS AND ANTAGONISTS AFFECT
ANDROGEN PRODUCTION IN CULTURED MOUSE LEYDIG CELLS.
F.W. Jekat and M.L. Meisel

Adrenergic receptor agonists and antagonists are
clinically well established and widely used as
drugs. Thus a possible impact on androgen produc-—

tion is of distinct interest. The effects of
oxymetazoline, norfenefrine, dopamine, etile~-
frine, isoprenaline, terbutaline, propranolol,

nadolol and atenolol were studied in an in-vitro
model using a primary culture of mouse testicular
interstitial cells.

A procedure described by van Damme was modified
and crude cells were mechanically dispersed by
shaking and the suspension was filtered through a
nylon gauze. After centrifugation at 80g for 10
minutes the cells were preincubated for one hour,
washed and resuspended, and then the test sub-
stances as well as LH (luteinizing hormone) were
added for a total incubation time of 3 hours. Af-
ter that period the samples were diluted, shock
frozen and stored deep frozen for subsequent de-
termination of testosterone by radioimmunoassay.
In these in-vitro experiments none of the sub-
stances enhanced the stimulating effect of LH.
Norfenefrine, etilefrine, terbutaline, atenolol
and nadolocl showed no or only minor effects on
the LH-stimulus on testosterone-production. Oxy-
metazoline, dopamine, isoprenaline and propra-
nolol revealed a clear and dose-dependent reduc-
tion of the LH induced testosterone synthesis.
The obtained data suggest that under experimental
conditions some of the substances act on testicu-
lar tissue, perhaps by inhibition of early steps
of androgen synthesis.

Institut fiic Pharmakologie und Toxikologie der Westfilischen Wilhelms-
Universitit Miinster, Domagkstrafie 12, D-4400 Miinster, Deutschland
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STIMULATION WITH THYROID STIMULATING HORMONE OR
THYROID STIMULATING ANTIBODIES IS REDUCED BY
EXTRACTS FROM LYCOPUS EUROPAEUS M. Liicke, H.
Winterhoff

Extracts from Lycopus species are used for the
treatment of moderate forms of hyperthyroidism.
Antithyrotropic activity of these extracts has been
demonstrated, but intrathyroidal effects are not
yet confirmed. Thyroid stimulating antibodies
(TSAb) are responsible for development of hyper-
thyroidism and can be isolated from sera of
patients with Graves'-disease.

Our studies should clarify now, whether the TSH- or
TSAb-caused increase in cAMP-accumulation and
iodine uptake of a continuous thyroid cell line
(FRTL 5) could be diminished by Lycopus europaeus-
extract.

For these investigations FRTL 5-cells were cultured
according to the methods of Ambesi-Impiombato.
After incubation with TSH, TSAb, Lyc. eur.-extract
or mixtures of these, cAMP-accumulation in medium
and iodine uptake of the cells were measured.
TSH~effects on cAMP-accumulation and iodine uptake
were inhibited in a similiar dose-dependent matter.
On the contrary cAMP-accumulation was reduced and
iodine uptake was increased by the simultaneous
administration of TSAb and Lycopus extracts.

These results indicate, that Lycopus inhibits not
only the receptor binding (as previously described)
but has also an intracellular point of attack.

Institut flir Pharmakologie u. Toxikologie,
Universitdt Minster, Germany
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MECHANSIM OF ERYTHROPOIETIN-INDUCED
HYPERTENSION: IMPORTANCE OF TRANSMEMBRANE
CALCIUM INFLUX. ‘

M. Tepel, M. Neusser, K.H. Rahn, W. Zidek

Hypertension is one of the most important side effects during the
therapy of renal anemia with recombinant human erythropoietin
(EPO). To evaluate the mechansims by which EPO causes
hypertension the effect of EPO on microdissected renal resistance
vessels from rats was determined. EPO had direct vasopressor
effects on resistance vessels in a calcium containing suspension.
Using 20 U/ml EPO the active renal vessel wall tension was 0.43
+ 0.02 mN (mean + SEM, n=8). The effect of EPO was
abolished in a calcium-free suspension.

Cytosolic free calcium concentration was measured in cultured
vascular smooth muscle cells from normotensive rats using the
fluorescent dye fura2. The resting cytosolic free calcium
concentration was 85.0 + 7.8 nM (mean + SEM, n=28). Addition
of 100 U/ml EPO increased cytosolic free calcium concentration
by 22.1 + 25.8 nM within 100 sec. EPO did not increase cytosolic
free calcium concentration in a calcium free suspension. EPO
dose-dependently increased angiotensin II induced rise of
cytosolic free calcium in vascular smooth muscle cells, At
saturation dosés of 250 U/ml EPO cytosolic free calcium
concentration was increased by 67.4%.

In addition the cytosolic free calcium concentration was measured
in intact human blood platelets. The resting cytosolic free calcium
concentration was 59.8 + 7.0 nM (mean + SEM, n=25). EPO
dose-dependently elevated thrombin-induced changes of cytosolic
free calcium in platelets. At saturation doses of 250 U/ml EPO
cytosolic free calcium concentration was elevated by 51.8%. The
apparent Ky of EPO out of these experiments was 1.1 nM.

It is concluded that EPO causes its vasopressor effects by
transmembrane calcium influx and thereby elevating cytosolic free
calcium concentration. In addition EPO amplifies the effects of
synergistic vasopressor hormones.

Med. Univ.-Poliklinik, University of Muenster, Albert-Schweitzer-
Str. 33, W-4400 Muenster, Germany.

367

MAST CFLL DEGRANULATION ENHANCES EVOKED NEUROTRANSMITTER
OVERFLOW ON THE RAT ISOLATED HEART P. Ries
Mast cell degranulation can be activated by immunological or
non-immunological stimuli and leads to the release of various
mediators such as histamine (HIS). We examined the inter-
action between stimuli-induced exocytosis of HIS-containing
cells and the nerve stimulation evoked noradrenaline (NA) or
4C—acety1choline (ACH) release in the rat isolated perfused
heart with intact extrinsic sympathetic or vagal innerva-
tion. In the perfusates, HIS was determined fluorometrically
after precolumn derivatization and HPLC-separation, NA by
HPLC-coupled electrochemical detection and ACH by liquid
scintillation spectroscopy after prelocading the heart with
4c-choline. Upon perfusion with the mast cell degranulating
agent compound 48/80 (48/80), HIS overflow increased about
tenfold compared to basal overflow, the basal NA or ACH
overflow remained unaffected; the stimulation (270 pulses at
3 Hz)-evoked NA overflow was enhanced by 34.2 + 4.7 %, (n=4).
This increase was abolished in the simultaneocus presence of
the HIS-antagonists mepyramine (MEP, 10‘6M, H1)7 cimetidine
(CIM, 10'5H, Hy) and thioperamide (THIO, 107'M, H3); it
remained unaffected when MEP, CIM or THIO were administered
separately. Exogenous HIS (10'6H or the Hj-selective
agonist R-(-)-c-methylhistamine (107°M) inhibited the evoked
NA overflow marginally (-11.6 % 3.2 %, n=4; -19.6 & 8.1 %,
n=4); the inhibition by HIS was abolished by THIO. Vagus
nerve stimulation (720 pulses at 10 Hz)~induced ' “*C-overflow
was enhanced by 76.5 % 6.5 % (n=3) upon perfusion with
48/80. Thig facilitation was unaffected by MEP, but further
increased to 169.8 2 18.3 % (n=4) when CIM was present. Exo-
genous HIS had no effect on ACH release. Neither sympathe-
tic nor vagal nerve stimulation nor the H4-, Hy- or
Hy-antagonists affected basal or 48/80-induced HIS release.
Degranulation of HIS-containing cells in rat heart by 48/80
is accompanied by an increase of evoked NA and ACH overflow.
Whether other mediators besides HIS are involved in a
prejunctional influence on autonomic nerves remains subject
of further investigations.
Pharmakol. Institut der Univ. Mainz, Obere Zahlbacher Str. 67
D-6500 Mainz Supp. by VW-Stiftung
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EXPRESSION OF ATRIAL NATRIURETIC PEPTIDE IN CULTURED
MOUSE MACROPHAGES. A. M. Vollmar and E. Partaanen

Exposure of rats to glucocorticoids or to X-rays causes a striking
increase of ANP-expression in the acutely involuted thymus.
Thymic macrophages, which are in a highly activaied state of
phagocytosis, have been identified to be responsible for this
stimulated ANP-production. Thus, a link between ANP-expression
and the activation of phagocytotic cells has been suggested. To
generalize this proposal, the aim of the present study was, firstly, to
investigate whether other phagocytes, such as bone marrow
derived macrophages and peritoneal macrophages also synthesize
ANP. Secondly, whether in vitro activation of the macrophages, e.g.
by incubation with bacterial lipopolysaccharides, induces an
alteration of ANP expression. By means of Northern Blot analysis,
HPLC analysis of cell extracts as well as by immunocytochemical
technigues the following resuits were obtained:

1. Mouse peritoneal macrophages and mouse bone marrow
macrophages express the 950 base ANP-specific mRNA. In
addition, the transcription product, ANP 1-126, was detected aﬂeé
HPLC separation of acidic extracts { about 500 fmol {R-ANP/ 10
cells) as well as by immunocytochemistry.

2. Peptone-elicited peritoneal macrophages display an
approximately 2-fold higher amount of ANP-transcript as compared
to resident macrophages of the peritoneum. Furthermore,
activation of bone marrow macrophages by incubation with
bacterial lipopolysaccharides (104g/ml, E.choli 055:B5) resulted in
a time-dependent increase of ANP-gene expression (maximum
after 24 h, about 3-fold).

In conclusion, ANP represents a constituent of macrophages
derived both from peritoneum as well as from bone marrow, and
the degree of its expression seems indeed 1o be linked to the status
of activation of the cells.

Institute of Pharmacology, Toxicology and Pharmacy, University of
Munich, Kéniginstr. 16, 8000 Mldnchen 22.
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GLUCOCORTICOIDS INHIBIT THE TNFa-INDUCED ACTIVITY OF
THE INTRACELLULAR PHOSPHOLIPASE Az M. Goppelt-Struebe

Glucocorticolds have long been known to be effective inhibitors
of prostanoid synthesis, especially in inflamed tissues. The
melecular mechanism of the inhibition seemed to be evident,
when lipocortins where thought to be the mediators of
glucocorticold effects on prostanoid synthesis. Now, as this
hypothesis is rejected by most investigators, the molecular
mechanism is undefined again.

We could show earller in macrophages and monocytic cells that
the two key enzymes of prostanold synthesis, phospholipase Az
and cyclooxygenase, both are inhibited by glucocorticoids.

We were now interested, which type of phospholipase Az was
inhibited by glucocorticoids. As a modell system, we used the
human carcinoma cell line HEp-2. In these cells we
characterized a high molecular weight phospholipase Az, which
was activated by micromolar concentrations of calcium. The
enzyme was found primarily in the cytosolic fraction, but
associated with the cellular membranes in a calcium-dependent
way. In contrast to the secreted phospholipases Az, this type
of enzyme showed a preference for the cleavage of
polyunsaturated- fatty acids. '

When the cells were stimulated for 14 h with TNFa, one of the
potent inflammatory cytokines, the activity of phospholipase
Az was induced in a concentration-dependent manner. So far,
TNFa had only been shown to activate the secreted
phospholipase Az.

When the cells _were incubated with dexamethasone, the
activity was decreased. There was a moderate effect on the
activity in control cells. The induction of phospholipase Az
activity by TNFa, however, was completely suppressed. This
suggests that glucocorticolds most effectively inhibit the
liberation of arachidonic acid and subsequent synthesis of
prostancids in activated cells.

Institute of  Molecular Pharmacology, Department of
Pharmacology and Toxicology, Medical School Hannover, 3000
‘Hannover 61
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MACROPHAGES ARE ACTIVATED FOR SYNTHESIS OF TUMOR
NECROSIS FACTOR ( TNF-a ) BY ANTIPROTOZOAL AGENT
PENTAMIDINE S. Heidenreich, J. Crout, C. Mohr*,and D. Gemsa*

In immunocompromised patients, Pneumocystis carinii ( Pc )
pneumonia is a frequent, life-threatening opportunistic infection.
Inhalation or systemic application of the antimicrobjal agent
( PE ) has been shown to be a very efficient
therapy or prophylactic treatment against Pc infection. The mode
of action of PE against Pc protozoa, however, is still unclear.

In the present study, we investigated whether PE affected
cellular peritoneal and alveolar
macrophages {( M@ ) in-vitro. For that, antimicrcbial effector
molecules TNF-a as reactive oxygen and nitrogen
intermediates were measured in M@ culture supernatents. PE (1
ug/ml) activated M@ for enhanced TNF-« synthesis ( 17.2 + 4.1
ng/ml vs. 4.9 + 1.8 ng/ml without PE ) and potentiated TNF-o
release in M@ that were prestimulated with suboptimal doses of
IFN-y plus LPS. H9O9 release was not affected by PE, whereas
NO,~ synthesis was enhanced in IFN-y/LPS prestimulated M@ by
PE. On a molecular level we could demonstrate by northern blot
analysis, that PE increased TNF-« production by post-
transcriptional processes. By immunofluorescence staining of
vital Pc protozoa we found, that PE and TNF-a
inhibited adhesion of Pc protozoa on alveclar M,

pentamidine

defence mechanisms of

well as

similarly
indicating
that M@ derived soluable factors might limit Pc survival.

These data suggest, that PE activates M@ for enhanced TNF-u«
synthesis that might contribute to defend Pc¢ infection.

Dept. of Medicine, Univ. of Miinster, Albert-Schweitzer-Str. 33,
D-4400 Miinster and * Inst. of Immunology, Univ. of Marburg,
Robert-Koch Str. 17, D-3550 Marburg, F.R.G.
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GM-CSFISINVOLVED INLPS HEPATOTOXICITY

Gisa Tiegs and Bernd Matiba

LPS-induced TNF production of monocytes is known to be
potentiated by GM-CSF (granulocyte monocyte colony
stimulating factor) in vitro (Cannistra et al. 1988, Blood
71, 672). The present study describes GM-CSF effects on
LPS-induced TNF release in vivo and ex vivo and
correlates these effects with LPS-induced hepatotoxicity.
For ex vivo experiments, male Wistar rats were pretreated
s.c. with 20ug GM-CSF per animal 24h before isolation of
alveolar macrophages, bone marrow macrophages and peri-
toneal macrophages. Within these cells, TNF release into
the supernatants was significantly enhanced 4h and 14h af-
ter ex vivo incubation with 10ug/ml Salmonella abortus
equi LPS as compared to cells o% control animals.

For induction of hepatitis, male NMRI mice were sensitized
by 700mg/kg galactosamine i.p. and challenged by simulta-
neous i.p. injection of Sug/kg LPS. Liver injury was assessed
by determination of transaminases 8h after challenge, in
vive TNF-release was determined 90 min after LPS admini-
stration. Pretreatment of mice with 50ug/kg GM-CSF iv.
between 1h up to 24h prior to challenge led to a dramatic
increase of LPS-induced serum TNF levels. Lethality was
increased from 17% to 80% within 8h. Furthermore, GM-
CSF pretreatment induced hepatitis after subtoxic LPS
challenge (0.2ug/kg) in galactosamine-sensitized mice. The
final conclusion that GM-CSF is involved in LPS-induced
hepatotoxicity was demonstrated by the lack of induction of
hepatitis and reduction of TNF release in LPS-challenged
mice which had been pretreated with polyclonal rabbit anti
mouse GM-CSF antibodies.

Biochemical Pharmacology, Faculty of Biology,
University of Konstanz, D-7750 Konstanz
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INHIBITION OF THE CONCANAVALIN A AND LIPOPOLY-
SACCHARIDE INDUCED LYMPHOCYTE PROLIFERATION BY
MURINE BONE MARROW DERIVED MACROPHAGES

G. Zwadlo-Klarwasser and W. Schmutzler

The concanavalin A (Con A) or lipopolysaccharide (Lps) induced as well
as the spontaneous proliferation of spleen lymphocytes was inhibited by
coculturing the cells with murine bone marrow derived macrophages
(BMDM). The inhibitory effect was found to be dependent on the
maturation stage of BMDM reflected by macrophages of the phenotype
BM 8 appearing during cultivation and the number of BMDM added to
the lymphocytes. The spontaneous proliferation was inhibited by adding
20% of BMDM cultured for 7 days. The LPS induced response was
strongly suppressed with increasing proportions of BMDM either cultured
for 2, 3 or 7 days. By contrast the Con A induced lymphocyte proli-
feration was inhibited depending on the maturation stage of BMDM e.g.
by 2-20% BMDM of day 7, by 10-20% BMDM of day 3 but only by at
least 20% BMDM of day 2. Addition of culture supernatant of BMDM of
day 7 to the lymphocytes only slightly decreased the Con A induced but
strongly enhanced the spontaneous proliferation. The Lps induced
proliferation was differently affected. 10-20% supernatant increased, 40-
80% decreased the proliferative activity. When lymphocyte-BMDM cell-
cell contact was prevented using Teflon membranes of 0,4 um pore size
BMDM only slightly inhibited the proliferation. These results show that
BMDM differently influence the spontaneous and mitogen induced
lymphoproliferation. They also demonstrate that the inhibitory effect of
BMDM on the lymphocyte proliferation is only partially mediated by
secretory products of macrophages but apparently requires cell-cell contact
between both cell types.

Institute of Pharmacology and Toxicology, Medical Faculty, RWTH
Aachen, FRG
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PARTICIPATION OF LEUKOTRIENE D, IN ENDOTOXIN-
INDUCED CYTOTOXICITY IN LIVER CELL CULTURES
T. Hartung

In a cellular coculture system with hepatocytes and
Kupffer cells from rats (Biochem. Pharmacol. 42 (1991),
1129-1135) the possible involvement of leukotrienes in
mediating lipopolysaccharide (endotoxin)-inducible cell
injury to hepatocytes was investigated. Seventeen
different inhibitors of peptido-leukotriene synthesis
significantly reduced endotoxin-inducible cytotoxicity.
Protection was found using either antibodies directed
against peptido-leukotrienes or two leukotriene D,
receptor antagonists. Upon endotoxin stimulus, isolated
Kupffer cells secreted a compound coeluting with
leukotriene D, on high pressure liquid chromatography.
Addition of 0.1ug/mi LTD, but not of LTC, to the cell
cultures enhanced cell death induced by suboptimal
amounts of endotoxin by 80%. The glutamyl
transpeptidase inhibitor acivicine (AT 125) but no inhibitor
of LTD, degradation was protective in-vitro.

Kupffer cells secreted tumor necrosis factor upon
stimulation by endotoxin. Inhibition of LTD, synthesis or
action also attenuated formation of TNF-a. Addition of
LTD, enhanced LPS-induced release of TNF-a. It is
concluded that LTD, represents an autocrine stimulus of
LPS-induced secretion of TNF-a by Kupffer celis.

Biochemical Pharmacology, University of Konstanz
POB 5560, D-7750 Konstanz, Germany
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RECONSTITUTION OF PROLIFERATION CAPA-
CITY OF GSH-DEPLETED MOUSE SPLEEN
LYMPHOCYTES BY DIFFERENT THIOLS

F. Gantner and A. Wendel

Glutathione-depleted lymphocytes (GSH level <40%
compared to controls) are unable to respond to
Concanavalin A-induced (Con A) proliferation (Hamilos
and Wedner 1985, J. Immunol. 135, 2740). In order to
explore the glutathione selectivity of this phenomenon, we
examined the effect of several thiol compounds on
reconstitution of lymphocyte proliferation after GSH-
depletion.

Intracellular glutathione was depleted by the GSH-S-
transferase-substrate 1-chlor-2,4-dinitrobenzene (CDNB)
[5uM] or the synthesis inhibitor buthionine sulfoximine
(BSO) [200uM], or by a combination of both agents. Freshly
prepared mouse spleen lymphocytes were polycipnally
stimulated with Con A [Sug/ml] and incubated at 37 C for
48h in culture medium containing different concentrations
of the tested thiol compound.

The results demonstrate that various compounds containing
afree SH-group restored Con A-induced proliferation after
GSH-depletion, even when de novo synthesis of GSH was
blocked. No correlation between intracellular GSH or thiol
concentration and the effects of reconstitution was
observed. NaBHy-reduced bovine serum albumine (BSA)
also resulted in reconstitution of proliferation of the cells.
We conclude from these results extracellular cell surface
thiols are the signal that allows lymphocyte proliferation.

Biochemical Pharmacology, Faculty of Biology,
University of Konstanz, D-7750 Konstanz
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THALIDOMIDE DERIVATIVES ALTER THE EXPRESSION OF LYM-
PHOCYTE FUNCTION-ASSOCIATED ANTIGENS IN MARMOSET
BLOOD. Reinhard Neubert, Ana Cristina Nogueira, and Diether Neubert

We have found that thalidomide (Thd) and its highly teratogenic derivative
EMI12 alter the epitope pattern on lymphocytes of marmosets after oral doses
of 5-50 mg/kg body wt daily. Here, additional data are presented of studies in
which these substances and the non-teratogenic derivative supidimide were
given orally to marmosets. Lymphocyte function-associated antigens were
analysed on the surface of lymphocytes and monocytes with commercially
available anti-human monoclonal antibodies and flow cytometry (FACScan) at
the end of the 10-day treatment and 23 days thereafter (data: M + SD):

Control EMI12 Supidimide Thalidomide
10mg/kg 50mg/kg 100mg/kg 100mg/kg
n= 4 4 2 4 4

% lymphocytes
CD2 71.78 + 5.3 28.34 + 6.5* 20.39 + 0.5% 46.10 + 21§ 52.58 + 14*
78.10 + 3.5 44.51 + 4.2* 30.81 + 8.0* 77.55 + 2.7 75.34 + 2.3
CD11a (LFA-1) 77.40 + 3.6 33.09 + 9.4* 20.75 + 0.8* 36.78 + 20* 35.63 + 16*
83.96 + 1.6 61.40 & 14* 33.30 £ 2.5% 71.87 + 16 73.59 £ 3.1
CDI8 (LFA-1%) 74.18 + 4.8 32.07 + 8.7* 17.00 + 1.4* 21.70 + 15* 14.00 + 9.0*
76.63 + 2.3 66.25 + 8.9% 54.59 + 4.1% 80.63 + 4.4 76.97 + 5.5

*p < 0.05, § no response in one marmoset, for 3 remaining: p < 0.05
bold: after 10 days of treatment italic: 23 days afier the end of treatment

All the Thd derivatives tested reduced the expression of lymphocyte function-
associated antigens, but with different potencies (EM12 being the most potent
derivative), and the effect was rather persistent. As a result CD4+CD2-
CDl11a and CD8+CD2-CD11a" cells appear, which are virtually absent under
normal conditions. Expression of CD11a and CD11c was also found to be
reduced on monocytes. CD2 as well as the integrins CD11a and CDllc are
known to be essential as adhesion factors for many cell-cell interactions.
Although tempting to assume, it has still to be elucidated whether the
alterations described are causal for any of the various pharmacologic or toxic
effects of Thd (e.g. suppression of graft-vs-host disease or teratogenicity).

Institut fiir Toxikologie und Embryopharmakologie, Freie Universitit Berlin,
Univ.-Klinikum Rudolf Virchow, Garystr. 5, 1000 Berlin 33.
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EFFECTS OF 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN
(TCDD) ON THE DEVELOPMENT OF FETAL RAT THYMUSES
IN AN ORGAN CULTURE SYSTEM. M. Foerster and H.-J. Merker

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is the most potent
substance in the group of ploychlorinated dibenzo-p-dioxins. Studies in
various animal systems indicated that TCDD produces profound and
diverse effects on the immune system, including thymic atrophy at
rather high doses.

In order to obtain information on direct thymus toxicity of TCDD in
fetal rats, we have tested this compound in an organ culture system.
Lobes of 17-day-old rat fetuses were cultivated at the medium/air
interphase for six days. TCDD was added to the medium in
concentrations ranging from 0.1 ng/mi to 10 ng/ml.

The investigations showed an influence of TCDD on the proliferation
of the lymphatic cells. The reduction of the number of thymocytes was
significant at concentrations of 0.3 ng/ml. Results of flow cytometry
showed the relative decrease in the number of CD4+CD8t and
CD47CD8" cells, whereas percentages of CD4°CD8- cells were
increased. Alterations in the flourescence intensity of the CDS5-marker
indicated the inhibition of the maturation of the thymocytes. Light and
electron microscopical investigations showed that lymphatic cells were
affected as well as the epithelial network.

These studies were supported by a grant from the Deutsche For-
schungsgemeinschaft to the Sfb 174.

Institut fiir Toxikologie und Embryopharmakologie, Freie Universitit
Berlin, Garystr. 5, W-1000 Berlin 33
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MOLSIDOMIN -
R.Nissen

AN ANTI-INFLAMMATORY SUBSTANCE

NO/EDRF has been associated with a proinflammatory activity, increased
capillary permeability and edema formation (Chander et al., J Pharm
Pharmacol 40:745, 1988). On the other hand protective effects of NO
and NO-donating substances have been reported under hypoxic and ische~
mic conditions (Saito, Jap J Clin Exp Med 51:243, 1974; Bassenge &
Mulsch, J Cardiovasc Pharmacol 14:523, 1989). The obvious discrepancy
of these statements stimulated us to test the effect of molsidomin, a
NO-donating substance, on the development of edema and hyperalgesia as
induced by carrageenin injection in the rat paw. The extent of edema
and hyperalgesia were measured by the methods of Winter et al. (Proc
Soc Expt Biol Med 111:544,1962) and Randall & Selitto (Arch Int
Pharmacodyn 61:409,1957), respectively.

Molsidomin reduced edema and raised pain-threshold in a dose dependent
manner, when applied intraperitoneally (i.p.) 1 hour later than Carra-
geenin. Dosages between 0.3 and 30mg/kg were necessary, the highest
dose reduced edema formation bei 80% and elevated pain-threshold §
fold. The combination of molsidomin (3mg/kg and 20 mg/kg ip.) with
indometacin (0,5 mg/kg and 2 mg/kg ip.) caused retardation of the
onset and reduction of the anti-inflammatory response to molsidomin.
Molsidomin ist without doubt a hemodynamic active drug, but neverthe-
less the reported finding concerning the rat paw edema and hyperalge-
sia can mnot be solely explained by changes in the microcirculation.
Since NO has been shown to be tissue protective, it is speculated that-
molsidomin preserves the tissue under conditions of inflammatory
stimuli.

Dept.Traumatology and Dept.Pharmacology, Kiel University D-2300 Kiel.
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EFFECT OF S-ADENOSYLMETHIONINE AND DICLOFENAC-NA ON
FIBRONECTIN (FN) AND KERATAN SULFATE (KS) SYNTHESIS
BY CULTURED CANINE ARTICULAR CARTILAGE CHONDROCYTES
J. Steinmeyerl, N. Burton-Wurster? and G. Lust?
Several studies disclosed that osteoarthritic car-
tilage of several species contain increased amounts
of FN. Since articular chondrocytes are potential
target for drugs which can influence the integrity
of cartilage, we investigated the effects of diclo-
fenac-Na and S-adenosylmethionine sulfate p-tol-
uenesulphonate (SAMe) on FN, total protein and DNA
synthesis as well as on extra domain A containing
FN (ED-A FN) and KS content in chondrocyte culture.
- Chondrocytes were isolated from adult canine
articular cartilage and cultured in Ham F 12 media
supplemented with 10% FN depleted fetal bovine
serum. At the initial seeding diclofenac~-Na (10~7
107® or 107° mol/L) and SAMe (10-6, 10°5 or 10-%
mol/L) was added to the chondrocyte cultures. After
days culture media were harvested, the cells fed,
the same amount of drugs added and cultured for
another 3 days. On day 6 chondrocytes were labeled
with 35g-methionine or 3H—thymidine. The contents
of FN, ED-A FN and KS were determined with ELISA.
~ SAMe decreased dose dependently the synthesis of
FN as well as the content of FN and KS of chondro-
cyte cultures. At the highest concentration of this
drug tested, data suggest that cell viability was
impaired as assessed by loss of DNA and protein
synthesis and the release of lactate dehydrogenase
into the incubation media. Our study confirm that
diclofenac-Na does not affect the anabolic activity
of chondrocytes as do some other nonsteroidal anti-
inflammatory drugs.

lInst. fir Pharmakologie und Toxikologie der Univ.
Bonn, Reuterstr. 2b, D-5300 Bonn, F.R.G.

2James A. Baker Institute for Animal Health,
Cornell University, Ithaca, N.Y. 14853, U.S.A.
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IMMUNOHISTOCHEMICAL LOCALIZATION OF ARTICULAR
CARTILAGE PROTEOGLYCAN AND LINK PROTEIN IN SITU
USING MONOCLONAL ANTIBODIES AND LECTIN-BINDING
METHODS

S. Hoedt-Schmidt and J. McClure*

Lectin-binding techniques have been established to charac-
terize cellular as well as extracellular glycoconjugates of the
cartilage matrix in situ and may thus be used to visualize
the localization and distribution of proteoglycan aggregates.
In the present study monoclonal antibodies raised against
chondroitin sulfate and keratan sulfate containing proteo-
glycans and link proteins were applied on bovine articular
cartilage derived from the metacarpophalangeal joints in or-
der to wvalidate lectin-binding patterns. An experimental
degradation of the cartilage was performed by incubation
with chondroitinase ABC and keratanase, enzymes known to
remove chondroitin sulfate and keratan sulfate side chains
from the proteoglycan aggregate respectively. Lectin-
binding patterns of normal and degraded tissue were deter-
mined wusing several lectins with different carbohydrate
specificity (e.g. wheat germ agglutinin, Ulex europeus
agglutinin I, soybean agglutinin, peanut agglutinin). In our
experiments the resulting lectin-binding patterns of articu-
lar cartilage glycoconjugates cannot be directly related to
the specific binding of monoclonal antibodies to certain epi-
topes on proteoglycans but reveal a more complex associ-
ation to matrix macromolecules. In degraded cartilage lectins
show binding patterns distinct for certain degradative pro-
cesses in cartilage matrix. These immunohistochemical pro-
cedures provide a considerable potential in diagnosis both
for identifying particular disease states and for monitoring
the effects of drug therapy on a particular pathologic
condition.

Institute of Pharmacology and Toxicology, University of
Bonn, Reuterstr. 2, D-5300 Bonn 1, Germany and *Depart-
ment of Pathological Sciences, University of Manchester,
Oxford Road, Manchester M13 9PT, England
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IMMUNOTOXTICOLOGICAL EFFECTS OF CONSTITUENTS OF LEAVES FROM
GINKGO BILOBA L. ON THE POPLITEAL LYMPH NODE REACTION IN
MICE.

E. Roch, §.S. Chatterjee and H. Jaggy®

Allergic reactions due to skin contact with different parts
of the ancient tree Ginkgo biloba L. have repeatedly been
reported. Alkylphenols like bilcbol and ginkgolic acids have
been suggested as causative agents. Different types of ginkgo
leaf extracts are widely employed for the therapy of circula-
tory disorders. Since the above mentioned constituents are
also present in the leaves, potential contact-sensitizing and
other immunological hazards of such preparations have to be
carefully controlled. Thus, we have attempted to standardize
simple immunotoxicological models suitable for the detection
and eventually the elimination of such compounds. In the
present commnication some experimental observations made
with an alccholic extract and its fractions using the pop-
liteal lymph node reaction (PLR) in the mouse will be de~
scribed. This assay has been shown to detect compourds with
contact sensitizing as well as autoimmune-inducing proper-
ties. Subplantar injection (2 mg) of an alccholic extract
from ginkgo leaves caused a significant lymph node reaction.
PIR-active compounds in this extract could be enriched by
serial extraction with heptane and ethylacetate. Analysis of
the heptane fraction revealed the presence of high concentra-
tions of ginkgolic acids. In further studies it could be
shown that ginkgolic acids evcke a dose—dependent (62,5 to
500 ug/paw) enlargement of the popliteal lymph node. In the
ethylacetate fraction other substances which until now had
not been suspected to possess immune-disregulating effects
were detected. These experiments establish that leaf extracts
from Ginkgo biloba L. contain constituents with potential
immmotoxicological properties underlining the need for ade-
quate production procedures to eliminate compounds with ad-
verse effects.

Dept. of Pharmacology and *Dept. of Natural Product Chemistry
Dr. Schwabe GmlH & Co., Postfach 410925, 7500 Karlsruhe 41.
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EXPERIMENTAL ASTHMA IN NON ANAESTHETIZED GUINEA PIGS:
EFFECTS OF CETERIZINE AND REPROTEROL ON THE HISTAMINE
INDUCED BRONCHOCONSTRICTION

S. Bent, U. Eltester, J. Forsting, C. Schmitz

Conventionally the measurement of broncho-constriction (BC) is carried
out invasively in anaesthetized animals. There are certain disadvantages as
the time for experiment is limited and the results may be influenced by
the effects of the anaesthetic drugs and by the diminished physiological
reflexes. Recently Hutson et al. (Am Rev Respir Dis 137, 548, 1988)
described a non-invasive method which permitted the repeated
measurment of BC in conscious animals. The BC is calculated from
records of pressure and maximal inspiratory air flow using a body
plethysmograph: the specific airway conductance (SGaw) is the reciprocal
of the product of thoracic gas volume and airway resistance.

To improve the reproducibility of the results we modified the apparatus to
ensure airtightness without causing uncontrolled nasal obstruction (n=94).
For final validation of the system 10 animals were measured 15 times over
a period of 10 days. No significant variations could be found. Maximal
deviation was 6.4 +1.8 %. Neither an increase of respiratory frequency by
23.5% (£4.7%) nor exposure to nebulised 0.9% NaCl affected the SGaw.
Challenge (30 sec) with nebulised 0.05% and 0.3% histamine solutions
exerted a significant, dose dependent decrease of SGaw at 1, 3 and 5
mins.

Animals given Ceterizine (2mg/kg i.p.) 60 mins before histamine challenge
(0.05%; 45 sec.) showed only a very small SGaw decrease of -10.5+4.8%
and 9.3%3.1% for 3 mins after challenge. This amounted to an almost total
inhibition of the histamine induced BC.

Reproterol (6ug/kg ip.) given 30 mins before histamine challenge
increased the SGaw by 11.528.1% to 27.4%7.3% indicating a slight
bronchodilation. The histamine induced BC however was initially
unaffected and was inhibited significantly only from 5 mins after
challenge.

Institut fiir Pharmakologie und Toxikologie der RWTH Aachen,
Wendlingweg 2, 5100 Aachen, Germany
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THROMBOXANE MEDIATES LPS-INDUCED
DETERIORATION OF THE ISOLATED PERFUSED
RAT LUNG. Stefan Uhlig.

Administration of lipopolysaccharide (LPS) to experimental
animals causes symptoms similar to those observed in the hu-
man adult respiratory distress syndrome (ARDS). We showed
previously that LPS provokes a pathophysiological reaction of
the isolated and blood-free perfused rat lung (IPL) [1]. Here
we present evidence that these effects of LPS are mediated by
thromboxane.

Isolated rat lungs were prepared from female Wistar rats (200-
250g) and perfused with Krebs-Ringer bicarbonate buffer (pH
7.35) containing 2% albumin, 3% HEPES and 0.1% glucose.
The role of thromboxane in the LPS-induced deterioration of
the IPL was studied by the following experiments: i) The effects
of LPS (0.5 mg) on the IPL, e.g. fall in lung compliance, in-
crease in lung resistance and formation of lung edema, were
dose-dependently prevented by the cyclooxygenase inhibitor
acetyl salicylic acid and the thromboxane receptor antagonist
BM13177 ([4-[2-(phenylsulfonyl)amino]ethyl]phenoxy acetic
acid). ii) After the addition of LPS the concentration of the
stable metabolites of thromboxane and prostacyclin increased
in the perfusate. iii) Direct administration of the stable throm-
boxane agonist U46619 produced effects similar to LPS.

The data show that endogenously produced thromboxane plays
an important role in mediating the effects of LPS on the IPL.

Biochemical pharmacology, Faculty of Biology, University of
Konstanz, D-7750 Konstanz, FRG.

[1] S. Uhlig. Naunyn-Schmiedebergs’s Arch. Pharmacol. 343
(1991) R87 (Suppl.), A345.
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NEW PHOSPHOLIPID-ANALOGOUS PAF ANTAGONISTS WITH MAST CELL
{MC) DEGRANULATION-INHIBITING PROPERTIES R Grupe), T. Ziskal)
and H-P. Kertscher 2)

We showed earlier that PAF antagonists (3-(4-(2-chlorophenyt)-3-methyl-
BH-thieno(3.2-)-{1,2.9iazolo(4, 3-a){1.4)diazepine-2-y)-1-(4-morpholiny)-1-
propanone, WEB 2086, the terpene-ginkgolide B, BN 52021, and triazolam)
inhibit the degranulation of activated peritoneal rat mast cells (pRMC) in
vitro, but the inhibition does not occur via PAF receptors, and the
concentration for that action is considerably higher than the concertration
for PAF-antagonistic activity and therefore not therapeutically relevant.

Substances with both properties must be wvery effective as
antiallergic/antiasthmatic drugs. if both properties were identically intensive.
By us synthetized, new phospholipid-analogous derivatives with a 2-n-
propylpropane-1,3-diol basic structure and with differently heterocyclic
head groups are such substances. Their PAF-antagonistic activity was
investigated using the method of the PAF-induced aggregation of human
platelets in vitro, their MC degranulation-inhibiting activity using pRMC
activated by protamine {calcium mobilization from the cell's internal pool of
calcium) or A 23187 (influence on calcium-infux). The most active
substances of that group (picolinium derivatives) inhibit the platelet

aggregation with an ICgp ~ 3 . 1678 molp {ICsp of the WED 2086 under
identical conditions ~ 3 . 108 molfl), the protamine-induced release of

histanine from pRMC with an ICgg ~ 2 . 108 moljl. but considerably weaker
- or not-the A 23187-induced degranulation of pRMC.

This implies that these phospholipid-analogous PAF antagonists are MC
degranulation inhibitors, which act on the calcium mobilization from the
cell's internal pool.

1) Bigpharm Co. Ltd., Alfred-Kowalke-StraBe 4, 0-1136 Berlin, FRG
2) University Leipzig, Section of Biosciences, BriiderstraBe 34,
0-7010 Leipzig, FRG
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THE REDUCED PLATELET AGGREGABILITY BY ANP I8 MOST
PROBABLY MEDIATED BY REDUCTION OF SODIUM-INFLUXES
VIA THE Na‘/H'-EXCHANGER R. Pella

Since the demonstration of receptors for Atrial Na-
triuretic Peptide (ANP) on platelets the function
is not yet clear. In a previous report we showed
that platelet aggregation can be inhibited by ANP
ex vivo. We speculated that ANP modulates platelet
aggregability in vivo, especially in the heart. Now
we tried to elucidate the mechanism of this ANP~ac~
tion. ANP acts at least on two different types of
receptors. One is coupled to the particulate guany-
late cyclase (pGC) and cGMP is the second messenger
of ANP in most tissues. Elevated cGMP-levels by ANP
would block platelet aggregability. Therefore we
measured cGMP and found up to 1 uM ANP no elevated
cGMP-contents. This result is corresponding to the
denied existence of particulate guanylate cyclase
(J. Pharm. Exp. Ther. 1987;226: 180-186). The func~-
tion of the other type of receptor is up to this
day not clear. Ion-channels, probably via G-prote-
ins could be the target. Therefore we performed
inflow experlmen’cs with ca +, Na* and Rb*. The ca?*
mobilization is 1nt1mately involved in platelet
aggregability. The Rb'-inflow was not changed, but
the basal and by GDPBS or monensine stimulated Na -
inflow was significantly inhibited. The basal ca?*
inflow was not lowered, but the inflow by callmyc:m
was reduced. From this data we conclude, that like
in rabbit-aorta the Na'/H'-antiporter is the target
of the second type of the ANP-receptor. A G-protein
seems to be involved in the signal transduction.
The Ca?*-mobilization could then be reduced by a
feedback mechanism via the Ca? */Nat-exchanger. This
would lead to the reduced platelet aggregability.

Department of Biology, University of Konstanz,
Postfach 5560, W-7750 Konstanz, FRG
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COAGULATION-INDUCED LEUKOTRIENE-FORMATION BY HUMAN MONOCYTES.
EFFECTS OF PLATELETS. I. Weide and Th. Simmet

We have previously shown that contact activation of the in-
trinsic coagulation cascade in whole human blood in vitro
not only triggers generation of cyclooxygenase-derived throm-
boxane (TX) Bz but also activates the 5-lipoxygenase pathway
leading to cysteinyl-leukotriene (cysteinyl-LT) formation.
By supplementation of whole human blood with autologous mono-
nuclear cells or purified peripheral monocytes we were able
to demonstrate that the process of clotting activates the
5-lipoxygenase in monocytes but apparently not in polymorpho-
nuclear neutrophils. When peripheral monocytes purified over
Percoll gradients were incubated in recalcified autologous
platelet-rich plasma, a time-dependent formation of immunore-
active cysteinyl-LT and LTBs could be observed. By contrast,
upon incubation in recalcified autologous platelet-poor
plasma no cysteinyl-LT, but still a time-dependent formation
of LTB4 was found. However, in the absence of platelets (3 «x
108/m1), i.e. in recalcified platelet-poor plasma, signifi-
cantly less LTB4 was produced by the purified monocytes
suggesting a stimulating effect of platelets in this setting.
Indeed, the stimulatory effect observed was dependent on the
platelet number. In order to elucidate whether the thrombin-
activated platelets may feed substrate arachidonic acid (AA)
to the monocytes, JH-AA-labeled platelets were coincubated
with monocytes in recalcified platelet-poor plasma. Upon
reverse phase HPLC large amounts of label coeluted with the
retention time of 12-hydroxyeicosatetraenoic acid and putati-
vely with that of 12,20-dihydroxyeicosatetraenoic acid, but
only unlabeled cysteinyl-LT could be detected. In contrast
to experiments performed in recalcified plasma, monocytes
did not produce any detectable amounts of LT when incubated
in parallel in Hank's balanced salt solution. Thus, coagula-
tion-mediated leukotriene formation by human monocytes is
further stimulated by the presence of platelets, an effect
not due to a potential substrate transfer.

Department of Pharmacology, Ruhr-University, Universitétsstr.
150, W-4630 Bochum 1, F.R.G.
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CONTRACTILE EFFECT OF THROMBIN ON PORCINE PULMONARY
ARTERIES
E. Brlggener, E. Glusa and M. Paintz

The proteolytic enzyme thrombin catalyzes the con-
version of fibrinogen to fibrin, but it is also a
potent activator of a variety of cellular mediated
events. In isolated vessels thrombin may induce a
biphasic response, i.e. relaxation and/or contrac-
tion depending on the endothelium, the type of ves-
sels and the species studied. This paper deals with
the contractile response of pulmonary arteries to
thrombin and the changes in phosphatidyl inositol
metabolism.

Thrombin (0.1 - 10.0 IU/ml) caused a slowly increas-
ing concentration-dependent contraction which was
sustained after repeated washouts. In the presence
of intact endothelium the contractile response was
significantly lower than those in deendothelialized
arteries. The thrombin (3 IU/ml)-induced contrac-
tions were comparable to those induced by PGF,,
(3umol/l). Exposure of the vessels to calcium-free
medium or verapamil reduced markedly the thrombin-
mediated contractions. The vasoconstrictor effect of
thrombin was due to its proteolytic activity and was
inhibited by the tight-binding inhibitor hirudin and
by synthetic competitive inhibitors of the benz-
amidine type in a concentration-dependent manner.
In order to measure changes in the level of inositol
ghosphates the vessels were preincubated with
H myoinositol for 6 hrs; after addition of thrombin
(10 IU/ml) the reaction was stopped by freezing. The
concentration of inositol phosphates increased; the
level of IP, reached a plateau after 2 min.

Thus, thrombin generated during thrombotic and
haemorrhagic processes may modify the vascular tcne.

Medical
0-5010 Erfurt, FRG

Institute of Pharmacelogy and Toxicology,
Academy, Nordhauser Str. 74,
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IN VITRO AND IN VIVO EVALUATION OF NEUTRAL BORON
CONTAINING THROMBIN INHIBITORS. R. Metternich, C. Ehrhardt
and C. Tapparelli.

Peptidic boronic acid derivatives have proven to be very potent inhibitors
of serine proteases with boroarginine being particularly potent thrombin
inhibitors (Kettner et al., J.Biol. Chem. 265,18289,1990; Tapparelli et al.,
Thromb. Haemostas. 65,774,1991). We synthesized boronic acid detivatives
in which the guanidino group in P-1 which significantly contributes to the
inhibitor affinity to the thrombin active site (Asp-189) was replaced by a
methoxy group. These compounds, e.g. SDZ 216-744 (Z-D-Phe-Pro-
boroMpg, Mpg=methoxypropylglycine) inhibited thrombin by a fast and
reversible binding mechanism with K;= 8.9 nM. In comparison to the
boroarginine derivatives, SDZ 216-744 displayed higher selectivity for
thrombin over trypsin (K;= 1.1 uM) and plasmin (K= 15.7 uM), wherein
the nature of the N-terminal protecting group profoundly affected the
selectivity degree.

Prolongation of TT and APTT were observed in a dose-dependent manner
in human plasma with elevation of TT and APTT in the micromolar (5 uM)
concentration range. In a thrombin-dependent in vitro aggregation assay of
human platelets, SDZ 216-744 inhibited aggregation with a IC,;= 85 nM.
When tested in a thrombin-dependent platelet accumulation model in the
rat by the Automated Isotope Monitoring System (AIMS), SDZ 216-744
dose-dependently (0.3 to 3 mg/kg) inhibited the thrombin effect upon i.v.
administration of the inhibitor.

The substitution of the charged guanidino group in the P-1 side chain by
the neutral methoxy group resulted in potent and highly selective thrombin
inhibitors with an interesting pharmacological profile in vitro as well as in
vivo models.

Preclinical Research, SANDOZ PHARMA Ltd.,
CH-4002 Basel (Switzerland)
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COMPARATIVE STUDIES OF r-HIRUDIN AND HEPARIN ON AR~
TERIAL REOCCLUSION AFTER EXPERIMENTAL THROMBOLYSIS
WITH STREPTOKINASE AND r-tPA B. Kaiser

The effect of r-hirudin (rH) and unfractionated he-
parin (UH) on reocclusion rate after lysis of an
arterial thrombus was studied in rabbits and rats.
In the rabbit femoral artery or the rat abdominal
acrta arterial thrombi were formed as result of en-
dothelial damage either by an internal balloon
catheter or by three external vessel clamps and
following stasis for 1h. In the abdominal aorta of
rats an additional copper coil was placed within
the vessel lumen. The occlusive arterial thrombi
formed were removed by fibrinolytic therapy with
either streptokinase in rabbits or r-tPA in rats.
Both thrombus formation and thrombolysis were fol-
lowed by measuring either the surface temperature
of the vessel with a thermistor or the arterial
blood flow with a flow meter. Whereas in control
animals reocclusion of the arteries after thrombo-
lysis was observed within a relatively short period
of time, s.c. injection of rH and UH reduced the
incidence of reocclusion in dependence on the dose
administered or prolonged the time until reocclu-
sion occurred. Comparing rH and UH, on a weight ba-
sis rH was more effective in preventing reocclusion
processes than UH. Whereas rH at a dose of 4 mg/kg
s.c. in rabbits and 10 mg/kg s.c. in rats prevented
reocclusion of the arterial vessels by newly formed
thrombi within an observation period of 4 h after
finishing the infusion of the thrombolytics, for UH
about 2-3 times higher doses were required to
achieve the same effectiveness.

Institute of Pharmacology and Toxicology, Medical
Academy Erfurt, Nordhduser Str. 74, 0-5082 Erfurt,
Federal Republic of Germany
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HIRUDIN CONSUMPTION RESULTING FROM SNAKE VENOM-
INDUCED ACTIVATION OF PROTHROMBIN IN RATS

G. Nowak, E. Bucha, and *J. Meier

Bieeding after overdosages of hirudin or its impaired
renal elimination in case of nephropathies represents the most
undesirable side effect of this tight-binding selective
thrombin inhibitor from medicinal leeches or its recombinant
variants. So far, no efficient hirudin antidote has been found.
In this context, meizothrombin, a stable intermediate product
of the Echis carinatus-induced prothrombin-thrombin
conversion was studied for its suitability as hirudin antidote.
The meizothrombin formation was recorded in highly diluted
human plasma by a chromogenic substrate method. Hirudin is
able to completely inhibit the formation of meizothrombin in a
dose~dependent manner,

In vivo, bilateral nephrectomy in Wistar rats of either sex
was followed by administration of hirudin ( 1 mg/kg). One
hour later, the hirudin blood level remained constant at 3.5 -
4.2 ug/ml. An E. carinatus venom dose of 50 ug/kg x h was
infused 180 min after hirudin administration. After starting
the infusion the hirudin blood fevel dropped sharply reaching
significantly reduced values of 2.2 ug/ml. Platelet count and
fibrinogen Jlevel in plasma remained unchanged in all
experiments.

Hence follows that ecarin, the purified protease from E.
carinatus represents a remarkably efficient hirudin
antidote.

Institute of Pharmacology and Toxicology, Medical
Erfurt, FRG, *Pentapharm AG Ltd, Basel, Switzeriand

Academy
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EFFECT OF SUPERSULPHATED LOW MOLECULAR WEIGHT
HEPARIN ON FIBRINOLYSIS H.-P. Kl18cking

A supersulphated low molecular weight heparin (SSH;
was tested
for fibrinelytic activity in vitre and in vivo. SSH
developed profibrinolytic activity on the basis of
release
during perfusion of disolated organ preparations (pig
animals
increase of t-PA by 200 % was
in the
A statistically signifi-

MW 3500 D) produced by Iketon, Milano,

tissue-type plasminogen activator {(t~-PA)

ear) and after application in experimental
(rats). An acute
caused by 10 pmol SSH/1
isolated perfused pig ear.

perfusion solution

cant increase in maximum t-PA release was achieved
by the i.v. administration of 5 and 10 mg SSH/kyg in
rats. The application of 5 mg SSH/kg and 10 mg

SSH/kg enhanced the acute t-PA release by 7.9 = 2.0
The plasminogen
(PAI-1) activity was abolished
i0 mg SSH/kg,
effect of SSH was found to be
caused by activation of the intrinsic pathway of the
SSH enhanced the Tytic activity
of resuspended euglobin fractions after preincuba-
At concentrations
pmol/1 and 1 pmol SSH/T caused an increase in
resp.
amiloride, an
is concluded that SSH
intrinsic pathway

and 6.6 %= 2.4 IU/m]
activator inhibitor
after the administration of 5 and
resp. An additional

plasma, resp.

fibrinolytic system.

tion of plasma with SSH
of 0.1
fibrinolytic activity by about 33 % and 77 %,
This activity is inhibited by
inhibitor of urokinase. It
activates both the extrinsic and
of the fibrinolytic system.

in wvitro.

Institute of Pharmacology and Toxicology, Medical
Academy Erfurt, Nordhduser StrafBe 74, 0-5010 Erfurt
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CONTRIBUTION OF THE KIDNEYS TO THE CATABOLISM OF
THE NOVEL RECOMBINANT PLASMINOGEN ACTIVATOR
BM 06.022 IN RATS U. Martin, D. Gartner, and

K. Strein

The novel recombinant plasminogen activator
BM 06.022 is an unglycosylated deletion variant of
human t-PA consisting of the kringle 2 and protea-
se domains. Recent experiments indicated that the
uptake of BM 06.022 in rat liver was significantly
lower than that of wild type t-PA. The purpose of
the present study was to evaluate whether the kid-
neys contributed to the catabolism of BM 06.022,
Recombinant t-PA (alteplase) or BM 06.022 was ad-
ministered as a single i.v. bolus injection of
200 KkU/kg to anesthetized rats of either sex with
bilateral nephrectomy or sham surgery (n = 6/
group). At serial intervals blood samples were
taken on citrate to measure plasma concentration
of t-PA like activity in an indirect spectrophoto-
metric assay. In rats with sham surgery BM 06.022
demonstrated a 5-fold higher (p<0.05) area under
the curve (AUC)-value than alteplase (549 + 49

vs. 106 + 18 IU-h'm1~l; mean + SEM). In rats with
bilateral nephrectomy, the AUC of BM 06.022 was
2.1-fold higher (p< 0.05) than in rats with sham
surgery (1130 + 107 vs. 549 + 42 IU-h-ml‘l). Bila-
teral nephrectomy did not significantly change the
AUC after alteplase compared with sham surgery
(115 + 20 vs. 106 + 18 IU-h-ml~1l). These data sug-
gest that the kidneys contribute significantly to
the catabolism of BM 06.022-activity in rat plasma
in contrast to alteplase.

Dept. of Pharmacology, Boehringer Mannheim GmbH,
Sandhoferstr. 116, D-6800 Mannheim 31
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IS THE ANTINCCICEPTIVE EFFECT OF PROTEIN C MEDIATED BY
B-ADRENOCEPTOR STIMULATICON? L. Pichler and H.P. Schwarz

The analgetic effect of protein C (PC)-concentrate observed
in patients with warfarin-induced skin necrosis was con-
firmed by Schwarz et al. (Blood 76 (Suppl.l), 520 a, 1990)
in animal experiments by demonstraticn of a dose-dependent
antinociception in a carrageenan rat paw edema model. Using
the same model (Arch. Int. Pharmacodyn. 111, 408, 1957) we
investigated the interaction between the adrenergic system
and PC. Parameter measured was the pain threshold as the
amount of pressure in mmHg required to induce a struggle
reaction when applied to the paw 3 h after intraplantar
(i.pl.) injection of carrageenan. The &-adrenoceptor
blocking agent phentolamin (5 mg/kg i.v.) did not affect
the antinociceptive effect of 800 IE/kg PC i.v., whereas
the B-adrenoceptor blocking drugs propranclol and pindolol
antagonized this effect in a dose-dependent marner.
B-adrenoceptor agonists mimicked the antinociceptive effect
of PC both when given locally (0.5 mg orciprenaline i.pl.)
or systemically (3 or 5 mg/kg fernoterol s.c.). In chemically
"sympathectomized" rats (reserpine + &-methyl-p-tyrosine)
the antinociceptive effect of PC as well as its antagonism
by B-adrenoceptor blockers could also be shown. Based on
these in vivo experiments we assumed direct stimulation of
postsynaptic B-adrenoceptors as the mode of action of PC
but this was not confirmed by in vitro experiments: in the
guinea pig tracheal strip PC only slightly decreased the
histamine-induced contracture and this was not antagonized
by pindolol. In the isolated rat uterus PC completely
abolished the rhythmic contractions as elicited by oxytocin.
However, the same effect was seen with the sodium citrate
containing PC-buffer solution. Dialysis of both substances
abolished this effect in the uterus. Therefore the anta-
gonism of R—adrenoceptor blocking drugs towards the
antinociceptive effect of PC in vivo is most likely
functional in nature.

Immuno AG, IndustriestraBe 67, A-1221 Viemna, Austria
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NEURQO-EPITHELIAL INTERACTIONS IN THE ISOLATED RAT TRACHEA: EF-
FECTS OF POTASSIUM CHANNEL OPENERS AND AGONISTS AT 8-RECEPTORS
l. Wessler and D. Pohan

Potassium channel openers and agonists at B-receptors can effectively reduce the
muscular tone within the airways by a postsynaptic site of action. in addition, an
inhibitory action on the release of spasmogenic transmitters (e.g3 acetylcholine)
has beern postulated. Recently, the release of newly-synthesized [“Hlacetylcholine
(ACh) elicited from the isolated rat trachea by stimulation of the innervating para-
sympathetic nerves (recurrent laryngeal nerves) has been measured [Wessler et
al. (1991) this journal 344:403-411]; the present experiments were addressed o
investigate the effects of cromakalim (CRO}, lemakalim (LEM) and isoprenaline on
evoked ACh release.
Isolated rat racheae were opened longitudinally by cutting the cartilage or remai-
ned as intact tubes; in some experiments the epithelium was removed mecha-
jcally from intact or opened tracheae. After labeling (incubation with 5 uCi
[“Hlcholine) release of ACh was ¢licited by two periods (S1, SZ) of electrical nerve
stimulation (four or six 20 s stimulations at 15 Hz with 10 s intervals between the
trains). The potassium channel openers or isoprenaline were added 15 min before
32 and their effects are estimated by a comparison of the release of ACh evoked
by 8, and Sy, respectively (S,/S, ratio).
Neither CRO nor LEM (1 - 10 uM) reduced evoked ACh release in opened trachea.
However, in intact tracheae (epithelium present) 0.1 uM LEM and 1 uM CRO
reduced evoked ACh release by 40 and 50%, respectively. CRO mediated a con-
centration-dependent inhibition, whereas LEM, at concentrations higher than 0.1
uM, lost its inhibitory action. The presynaptic inhibitory effect of CRO and LEM
was prevented by 0.1 uM glibenclamide and was also abolished, when the
epithelium of intact tracheae was removed. Likewise, isoprenafine (0.1 uM)
significantly inhibited (40%) evoked ACh release only in the presence of the
epithelium.
In conclusion the present experiments suggest that potassium channel openers
and agonists at B-receptors inhibit ACh release in the airways by an indirect, epi-
thelium-dependent mechanism. Opening of the trachea may change the micro-
environment within the epithelium and inframural neurones allowing a rapid
exchange of epithelium-dependent mechanisms with the incubation medium.

Supported by the Deutsche Forschungsgemeinschaft (We 1165/2-1).

Pharmakologisches Institut der Universitit Mainz, Obere Zahibacher Str. 67, 6500
Mainz.
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PARADOXICAL FACILITATORY EFFECT OF HEXAMETHONIUM ON NEURALLY-
EVOKED CONTRACTIONS IN THE ISOLATED RAT TRACHEA
T. Reinheimer.

Preganglionic stimulation of the recurrent laryngeal nerves (PNS) or transmural sti-
mulation (TS} of isolated rat tracheae suspended in a zig-zag fashion were perfor-
med, to investigaie neurally-evoked confractions in epithelium-denuded or epithe-
lium-intact racheae.

Tracheae together with the innervating recurrent faryngeal nerves were removed
from rats and opened longitudinally by cutting the cartilage. The nerves were
placed in a platinum electrode and the tracheae were fixed horizontally to record
the contraction of the fracheal muscie. In additional experiments, the opened tra-
cheae were cut in a zig-zag fashion and placed in an organ bath paraliel to two pla-
tinium electrodes that allowed transmural stimulation. The epithelium was removed
mechanically by means of a pipe cleaner.

Tetrodotoxin (1 uM) and scopolamine (0.1 uM) abolished the contractions elicited
by PNS irrespective of the presence of the epithelium; tubocurarine (TC) and hexa-
methonium (C6) in a concentration-dependent manner (10 - 1000 uM) reduced
contractions by about 80%. However, in epithelium-denuded tracheae C6 tepded
to increase smooth muscle contractions evoked by PNS, although evoked [H]-
acetylcholine release was reduced by 70%. Scopolamine (0.1 1M) abolished TS-
induced contractions, whereas C6 enhanced TS-induced contractions by about
200% and 300% in epithelium-containing or epithelium-denuded tracheae, respecti-
vely. The C6-induced increase in contractions was abolished by scopolamine. This
observation excludes a facilitatory effect of CB on the release of other spasmo-
genic transmitters.

In epithelium-denuded tracheae C6 (300 1M) did not shift the concentration-re-
sponse curves for applied oxotremorine or acetylcholine to the left or increased the
maximal contraction amplitude, i.e. C6 did not increase smooth muscle contracti-
lity. In addition, C6 did not inhibit the activity of the enzyme acetyicholinesterase,
i.e. may not have increased the biophase concentration of released acetylcholine.
A sensitizing effect at the postsynaptic muscarine receptors can be excluded as
well as a channel blocking effect at the smooth muscle fibres, because both facili-
tatory effects should have become evident also with applied acetylcholine or oxo-
tremorine. So far, the paradoxical effect of C6 is not understood but the co-release
of an unknown modulator has to be considered.

Supported by the Deutsche Forschungsgemeinschaft (We 1165/2-1).

Pharmakologisches Institut der Universitat Mainz, Obere Zahlbacher Str. 67, 6500
Mainz.
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ON THE MUSCARINIC RECEPTOR SUBTYPE SELECTIVITY OF CLOZAPINE
AND THE QUESTION OF THE RECEPTOR TYPE IN THE RABBIT IRIS
SPHINCTER I.T. Bognar, C. Beinhauer, H.Fuder

In binding studies on cloned muscarinic receptors clozapine
(CLz) shows a 15-fold selectivity for my over m,, and an
about 5-fold preference for my; over m3, m, and mg receptors
(Bolden et al. 1991, Eur J Pharmacol 192:205). An M; select-
ivity of CLZ might be the reason for the low tendency of this
atypical neuroleptic to cause extrapyramidal disturbances.
Here we determined functional affinity constants for CLZ as
an antagonist of the inhibition by McN-A-343 of the twitch
contraction in the rabbit vas deferens (RVD), of the
inhibition by methacholine (MCH) of the stimulation-evoked
H-noradrenaline release from the rat iris (RI) and of the
MCH-induced contraction on the guinea-pig ileum (GPI). 1In
addition, we determined the potency of CLZ and of the (R)-
and (S)-enantiomers of the M;-selective, antiparkinsonian
agent, trihexyphenidyl (THP) as antagonists of the MCH-
induced contraction of the rabbit iris sphincter (RIS).

ANTAGONIST TISSUE pA,_(95% conf. limits) SLOPE ¢ SD
clozapine RVD (Mq) 7.34 (7.07 - 7.63) 1.13 ¢+ 0.08
RI (M) 7.26 : 0.20% - - -
GPI (M3) 7.58 (7.45 - 7.65) 0.99 £ 0.03,
RIS (M) 5.60 (5.52 - 5.72) 1.52 ¢ 0.09
(R) -THP RIS 7.23 (7.03 - 7.49) 1.22 ¢ 0.12
(8)-THP RIS 5.34 (4.93 - 6.64) 0.82 & 0.20

8 _log Kz (¢ SE) = -log [antagonist] + log (DR-1)

CLZ failed to differentiate between functional My, M; and Mj
receptors, ard was about 100-fold less potent at the recept-
ors in the RIS. Likewise, pA, values of (R)- and (S)-THP in
the RIS were 1-3 log units lower than the affinity constants
at cloned mq-mg; receptors (Dorje et al. 1991, JPET 256:727).
Thus, muscarinic receptors in the RIS differ from the phar-
macological Mq-M3 classes, and from m; and mg receptors. Our
results do not confirm an M;-selectivity of CLZ. Whether this
points towards differences between central and peripheral My
receptors or merely reflects a lack of correlation between
binding and functional data remains open.

Pharmakologisches Institut der Universitit Mainz

Obere Zahlbacher Str. 67, D-6500 Mainz Supp. by DFG.
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INHIBITORY  AND EXCITATORY  MUSCARINIC AUTORECEPTORS
MODULATING THE RELEASE OF ACETYLCHOLINE (ACh) IN CHICKEN
HEART

G. Brehm and R. Lindmar

The release of 3H-ACh from the perfused chicken heart was
evoked by field stimulation at 5 Hz. In the absence of
cholinesterase (ChE) inhibition, various muscarinic receptor
antagonists enhanced ACh release showing the following order
of potency: atropine > 4-DAMP > sila-hexocyclium >
pirenzepine (Pz)} = hexahydro-sila-difenidol > AF-DX 116.
Comparison with known pAz-values for M1 receptors is
compatible with the inhibitory muscarinic autoreceptor being
M1. These observations support a previous result (Jeck et
al., Brit. J. Pharmacol. 93: 357-366, 1988). -~ ChE
inhibition by DFP or tactrine enhanced the basal overflow of
unlabelled ACh that was further elevated by & nM (#)~
telenzepine (Tz) or by 50 nM Pz up to levels that were
equivalent to the release avoked by high frequency
electrical stimulation. This ACh release observed in the
presence of ChE inhibition plus Tz or Pz had the following
characteristics: it was maintained for at least one hour and
was highly dependent upon the presence of choline in the
mediom; it was calcium-dependent, TTX-sensitive, resistant
to {+)-tubocurarine and was blocked by high concentrations

of atropine (1 uM) or Tz (1 uM). -~ It is concluded that the
release of ACh from the cardiac parasympathetic neuron of
the chicken heart is modulated by a presynaptic inhibitory

Mi-receptor and by an unknown excitatory M-receptor. The
excitatory receptor is unlike M1, as it shows relatively low
affinities to Tz and Pz, is activated by ChE inhibition and
appears to trigger postganglionic firing in the parasympa-
thetic nerve.

Department of Pharmacology, University of
Zahlbacher S$tr. 67, W-6500 Mainz

Mainz, Obere
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MUSCARINIC AND PURINERGIC INHIBITION OF NOR-
ADRENALINE RELEASE EVOKED BY FIELD STIMULATION OF
RABBIT ISOLATED VAS DEFERENS U. Grimm

Field stimulationi of the rabbit vas deferens results in a biphasic
contraction. ATP triggers the initial twitch response, while noradrenaline
(NA) is responsible for the slow second phase (G. J. Trachte, EJP 164:
425, 1989). This study describes the muscarinic and purinergic
modulation of NA overflow evoked by field stimulation (HPLC ana]yili).
Vasa deferentia were incubated in Krebs solution (1.8 mM Ca*™)
containing (M) cocaine (10), corticosterone (10) and rauwolscine (1).
At 4 Hz (1 ms, for 30 s), the NA overflow was unaffected by the
muscarinic agonists 4-Cl-McN-A-343 [4-(4-chlorophenylcarbamoyloxy)-
2-butynyltrimethylammonium iodide] and (£ )-methacholine (MCH).

At 1 Hz (1 ms, for 30 s), the Al antagonist 8-cyclopentyl-1,3-
dipropylxanthine (DPCPX, 0.03uM) increased the evoked NA overflow
by 1505 = 52.6 %, while the A2 antagonist 4-amino-8-chloro-1-
phenyl(1,2,4)triazolo (4,3-a)quinoxaline mesylate (CP-66.713-27, 0.3 uM)
did not change the evoked overflow. Thus, the release of NA was under
a tonic inhibition by endogenous adenosine activating a prejunctional Al
receptor. At 1 Hz (DPCPX, 0.03 uM present throughout) 4-C1-McN-A-
343 or MCH (0.1 - 10 uM) suppresseé) the evoked release (ECgy = 0.3
and 0.8 uM, respectively). Atropine (0.03 uM) and pirenzepine (0.1 £M),
when present alone, failed to affect the evoked overflow, but shifted the
MCH and 4-Cl-McN-A-343 concentration-inhibition curve to the right
without suppressing the maximum. The calculated apparent -log K
values were 9.8 + 0.1 for atropine (n=4; MCH as agonist) and 7.4 + 0.
for pirenzepine (n=4; 4-ClI-McN-A-343 as agonist). These results clearly
indicate the muscarinic nature of the prejunctional inhibitory effects of
4-Cl-McN-A-343 and MCH. Furthermore, it was found that the ATP-
blocking agent pyridoxalphosphate-6-azophenyl-2’,4’-disulfonic acid
(PPADS, 10 uM; Lambrecht et al, this meeting) enhanced the NA
overflow, indicating that endogenous ATP inhibited NA release. Thus,
experiments to further characterize the muscarinic receptor subtype
involved in inhibition of NA release will be carried out in the presence of
10 uM PPADS.

Department of Pharmacology, University of Mainz, Obere Zahlbacher
Strafe 67, D-6500 Mainz, FRG.
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PPADS SELECTIVELY BLOCKS P,-PURINOCEPTOR-MEDIATED

RESPONSES IN RABBIT VAS DEFERENS G. Lambrecht,
T.P. Friebe, U. Windscheif, C. Hildebrandt, G. Spatz-Kiimbel*, and
H.G. Baumert*

Electrical stimulation of the rabbit vas deferens (RVD) results in a bi-
phasic contraction. ATP triggers the initial twitch response, while
noradrenaline (NA) is responsible for the slow second phase (G.J.
Trachte, EJP 164:425, 1989). This study describes the effect of PPADS
(pyridoxalphosphate-6-azophenyl-2’,4’-disulfonic acid) on ATP-, a,B-
methylene ATP-(a,8-mATP) and NA-induced responses in RVD. Vasa
deferentia of New Zealand white rabbits were incubated at 31°C in a
modified Krebs solution (1.0 mM Ca**) containing 1 uM yohimbine. The
preparations were stimulated electrically for 30 s with trains of
rectangular pulses (0.05 ms, 4 Hz, 40 V) at mtervals of 15 min.

PPADS (10 uM) selectively abolished the first component of the
neurogenic response. Prazosin (1 4M) was able to antagonize completely
the slow second phase of the contraction, but scarcely affected the first
phase. PPADS dose-dependently (1-5 #M) blocked the prazosin (1 uM)-
resistant component of the response (pICgy = 5.83 £ 0.15; n = 4).
PPADS was a slowly-equilibrating antagonist, and the tissue took 30-90
min to regain its control twitch height by washing. Responses to
exogenous «,3-mATP (0.3-10 uM) were monophasic contractions.
PPADS (1-10 uM) itself did not change the mechanical tension, but
antagonized contractions to «,3-mATP in a pseudoirreversible manner.
The calculated pKy of PPADS, derived from a double-reciprocal
regression, was 638 £ 007 (n = 3-5). PPADS (100 uM) had no
significant effect on responses of RVD to exogenous NA (a,-receptors),
ogguinea-pig ileum to arecaidine propargyl ester (APE; M. -receptors)
and histamine (H,-receptors) as weil as of guinea-pig atria to APE (M,-
receptors) and adenosine (A -receptors). In addition, PPADS (3-10 Mvi)
significantly enhanced the NA overflow in RVD evoked by field
stimulation at 1 Hz (U. Grimm, this symposium).

In conclusion, PPADS selectively blocks ATP- and «,8-mATP-induced
effects at pre- and postjunctional sites in RVD. It may provide a starting
point for the development of selective P, -antagonists and a novel probe
to study cotransmission in autonomically innervated tissues.

Departments of Pharmacology and *Biochemistry, University of Frank-
furt, Theodor-Stern-Kai 7, Gebiude 75A, D-6000 Frankfurt/M. FRG
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DISTINCTIVE RESPONSE OF THE RAT ISOLATED PORTAL VEIN TO
MUSCARINIC STIMULATION
M. Piaffendorf

The rat isolated portal vein displays spontaneous myogenic activity.
When stimulated by carbachol the amplitude of the rhythmic
contractions increases and, at higher doses a concentration dependent
contracture develops. We compared the ability of several muscarinic
agonists to induce this biphasic response.

Portal veins of male Wistar rats (350-400 g) were mounted longitudinally
with a load of 10 mN in thermostatically controlled organ baths (37° C).
The preparations were suspended in a Tyrode’s solution (in mmol/!:
NaCl 124, KCI 4.0, MgCl, 1.1, NaHCO, 24.9, Na,HPO, 0.42, CaCl, 0.9,
glucose 5.5) and gassed with 85% O, and 5% CO,. Isometric contractile
activity was measured via force displacement transducers. After a one
hour period of equilibration cumulative concentration-response curves
for the muscarinic agonists were constructed. The following agonisis
were used (E,.,-values {in mN) of the increase of the amplitude and the
basal tone are given in brackets; Mean+S.E.M., n=6; -- indicates no
response): arecoline (16.1+1.03, --), aceclidine (15.5+1.75, 11.7 +1.33),
bethanechol (15.4+1.75, 11.5+1.43), acetylcholine (15.3+2.75,
11.6+1.36), oxotremorine (15.2+1.22, --), muscarine (13.6+1.56,
16.4+1.67), carbachol (12.5+0.54, 14.3£0.53), metacholine
(12.3+0.57, 11.0£1.75), McN 343 (7.1+0.93, --), and pilocarpine
(7.1+1.00, --), respectively. Acetylcholine was used in the presence of
0.5 wmol/l physostigmine. Furthermore, we used propylbenzylcholine
mustard which is known to block muscarinic receptors irreversibly. After
reducing the number of receptors with several concentrations of this
compound, we could demonstrate a large receptor reserve for the effect
of carbachol (CCh) on the increase of the amplitude whereas aimost no
receptor reserve was established for the CCh-induced contracture.

From these data we conclude that the biphasic response of the rat
isolated portal vein to muscarinic stimulation can be used to
discriminate between 'full’ and ’partial’ muscarinic agonists.

Department of Pharmacotherapy, Academic Medical Centre, University
of Amsterdam, Meibergdreef 15, 1105 AZ, Amsterdam, The Netherlands.

400

PHARMACOLOGICAL CHARACTERIZATION OF MUSCARINE
RECEPTORS INVOLVED IN THE ENDOTHELIUM-MEDIATED
RELAXATION OF GUINEA-PIG CORONARY ARTERIES
G.Stroman
Muscarine receptors are involved in endothelium-mediated vascular
relaxation. The phenomenon shows remarkable species differences and
depends upon the region of the vascular tree, from which the test
vessel is obtained. In order to investigate the conditions in resis-
tance vessels and to obtain information on the type of muscarine
receptors involved, small coronary arteries of the guinea pig were
used and the potencies of a series of muscarine receptor antagonists
in reducing the acetylcholine-induced relaxation were tested. The
vessels were mounted in a set up according to Mulvany & Halpern

(Circ Res 41:19, 1976), and stimulated by high potassium solutions.
Carbachol (CCh) and arecaidine-propargyl-ester (APE) were used as
agonists. Both drugs caused a dose-dependent and almost complete
relaxation (EDg, CCh: 1.4 x 107 and APE: 4.6 x 1073MD).

PA,-values were estimated from Arunlakshana-Schild plots using four
concentrations of atropine, 4-DAMP (4-diphenyl-acetoxy-N-methyl-pipe-
ridine), AFDX-116 (11-[(2-[(diethylamino)methyl}- 1 -piperidinyl)-
acetyl]-5,11-dihydro-6H-pyrido  (2,3-bX1.4) benzodiazepine-6-one),
pirenzepine, HHSID (hexahydro-sila-diphenidol) and are presented in
Table 1.

agonist CCh agonist APE

pA slope pA slope
atropine 9,32 0,96 9,61 0,85
pirenzepine 7,19 1,00 7,70 0,75
HHSD 8,33 1,06 8,58 0,9
4-DAMP 9,67 0,88 9,64 0,85
AFDX-116 6,15 0,79 6,26 0,91

The relative potencies of the antagonists were found independent of
the agonist investigated. A comparison of the presented pA ,-values
with results from literature for other vascular preparations and for
other muscarine receptor mediated responses suggests the predominance
of a M,-receptor subtype at the endothelium of the guinea-pig corona-
ry artery. This suggestion is in accordance with the interpretation of
findings in the rabbit ear artery (Duckles et al., J Pharmacol exp
Therap 253:608, 1990) and in feline cerebral arteries (Dauphin et al.,
Eur J Pharmacol 178:203, 1990) concerning the M-receptor subtype
involved in endothelium mediated relaxation.

The generous gift of HHSIiD by Dr. G. Lambrecht is gratefully
acknowledged.

Dept.of Pharmacology, University of Kiel, Hospitalstr.4-6, 2300 Kiel
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CHARACTERIZATION OF m3 MUSCARINIC
ACETYLCHOLINE RECEPTOR-INDUCED STIMULATION
OF PHOSPHOLIPASE D

J._Sandmann, S. Hiiwe, B. Fasselt, and D. Leismann

We have recently reported that the human muscarinic acetylcholine
receptor (mAChR) subtypes m1 and m3 are coupled to phosphoinositide-
specific phospholipase C (PI-PLC) as well as to phospholipase D (PLD).
A human embryonic kidney (HEK) cell line transfected with, and stably
expressing the m3 mAChR subtype was used to further characterize the
mechanism(s) which couple the receptor to PLD. PLD activity was
assayed in [*H]oleic acid prelabelled cells by measuring the formation of
*H-labelied phosphatidylethanol (PEt) which is, in the presence of ethanol,
the product of the transphosphatidylation reaction catalyzed by PLD. PI-
PLC activity was assayed in [*H]inositol prelabelled cells by measuring
the formation of *H-labelled inositol phosphates. The muscarinic agonist
carbachol (CCh, 1mM) and the protein kinase C activator phorbol 12-
myristate 13-acetate (PMA, 0.1uM) maximally stimulated PLD activity
and PEt formation. Removal of extracellular calcium caused a slight
inhibition (20%) of CCh-induced PEt-formation whereas the PMA-induced
PEt formation was not affected. After stimulation with CCh in the
presence of ethanol PEt was formed within 30 seconds and reached a
plateau after 1-2 minutes suggesting that PLD was no longer activated
after two minutes of stimulation by CCh. In contrast, PMA induced a
linear increase in PEt for at least 30 minutes. The protein kinase inhibitor
staurosporine effectively inhibited the PMA-induced PEt formation,
maximal inhibition (about 80%) was obtained at 0.1 uM staurosporine.
The CCh-mediated formation of PEt was not affected by this concentration
of staurosporine suggesting that activation of PKC is not required for
mAChR-induced stimulation of PLD. PLD activity and PEt formation in
HEK cells could also be stimulated by AlF,” which may indicate that G-
protein(s) are involved in the regulation of PLD.

Institut fiir Pharmakologie, Universitit Essen, Hufelandstr. 55, D-4300 Essen 1
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COMPARISON BETWEEN THE STABILIZING EFFECTS OF W84 ON
[SH]NMS-BINDING IN CARDIAC MEMBRANES AND IN BEATING
ATRIA FROM GUINEA PIG HEARTS
H. LiB* and K. Mohr
W84 is hexamethylene-bxs—[dunethyl—(3 phﬂlahnudopro;,)yl)—ammomum
bromide]. In guinea pig atria, W84 combined with 107'M N- methyl-
scopola:mne (NMS) acts overaddmvely antimuscarinic in concentrations
>10-°M. In guinea pig cardiac membranes, W84 retards the dissociation
of [*H]NMS (t, ,, = 4min) from the M, -receptors (3mM MgHPO,, 50mM Tris,
CI/ The rate of [ 3H S—dlssocxatlon is reduced to 50% of
the control value already at EC, = 1x10°M. The aim of the present
study was to evaluate the potency of W84 to stabilize [H]NMS~
receptor-complexes in intact cardiac preparations. A method was
applied which allowed to measure a complete time-course of [“‘H]NMS—
release in one preparatlon
Beating gumea pig left atria (Tyrodes solution w1th 1.8mM Ca®*,
2.7mM K*, 32°C; 3Hz) were loaded with [PHINMS (102M) for 60 mm The
tlssue/medmm ratio amounted to 4.5. To deﬁne nonspecific [PHINMS-
uptake, atria were loaded in the presence of 107*M unlabelled NMS; the
tissue/medium ratio was 1.2. The release of [SH]NMS was studied by
incubating the contracting preparations successively in batteries of
oxygenated miniature (2ml) organ baths containing 10™*M unlabelled
NMS. W84 was either applied to both the uptake- and the washout vials
or to the washout vials only. When applied to the uptake vials, W84
inhibited specific [PHJNMS uptake wuh an IC,, of about 5x10-°M. The
dissociation of specifically bound [SHINMS was calculated by subtrac-
ting the release of nonspecifically bound [3H]NMS from the release of
the totally bound [ HINMS. The dissociation of [SHINMS was monophasw
with a half-life time of t,, = Smin. W84 reduced the rate of [*HINMS-
dissociation concentranon-dependemly, a reduction by 350% was ob-
tained at EC,, = 1x10°°M, independent of the mode of W84-apphcauon
Thus, the potency of W84 to retard [*HINMS-dissociation is about
tenfold weaker in intact atria than in cardiac membranes. The concen-
tration range for the retarding effect in intact atria corresponds
well with the W84-concentrations inducing overadditive antimuscarinic
actions.
The stabilizing effect of allosteric modulators on antagonist-cholino-
ceptor-complexes is commonly measured in membrane-suspensions;
however, to assess the biological significance of this effect,
measurements in intact preparations seem indispensable.

*On leave from the Department of Pharmacology and Toxicology,
University of Rostock, Lenin-Allee 70, O-2500 Rostock 1, FRG.
Department of Pharmacology, Umversxty of Kiel, Hospltalstr 4, W-2300
Kiet 1, FRG.
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THE STABILIZING EFFECT OF W84 ON THE BINDING OF THE M,-
SELECTIVE ANTAGONIST [*HJAF-DX 384 IS WEAK COMPARED
WITH THE W84 EFFECT ON [*HJNMS BINDING

C.-M. Staschen and C. Trinkle

W84 is hexamethylene-bis-[dimethyl-(3-phthalimidopropyl)-ammoniumbro-
mide]. In isolated guinea pig atria combinations of the hexamethonium-
derivative W84 and a number of nonselective muscarinic antagonists (e.g.
N-methylscopolamine (NMS)) act considerably stronger anticholinergic than
expected from the effects of the individual compounds. The M, -subtype
selective antagonist AF-DX 384 failed to produce an overadditive action
in combination with W84 (Andresen I & Mohr K (1991) Naunyn-Schmiedeberg's
Arch Pharmacol 344:R79). W84 strongly stabilizes [3H]NMS binding to M-
receptors. Aim of the present study was to evaluate the effect of W84 on
[3H]AF-DX 384 binding to M ,~Teceptors in comparison with the effect on
[®HJNMS binding. Radioligand-| bmdmg was measured using suspensions of
guinea pig cardiac membranes (3 mM MgHPO,, 50 mM Tris, pH 7.3, 23°C). The
K, values were 11 nM for [PHJAF-DX 384 and 0.9 nM for [*H]NMS. W84
mh1b1ted the binding of [SHJAF-DX 384 (2nM) and [*HJNMS (0.5nM) binding
concentration-dependently with ICy, values of 029 pM and 9 pM,
respectively. Dissociation of both radioligands was visualized by addi-
tion of 107*M atropine and proceeded monophasically. W84 concentration-
dependently retarded [*HJAF-DX 384 dissociation (control t, = 4 min). A
plot of k_; versus W84-concentration yielded the dose-response curve for
the retarding action on the dissociation. A 50% reduction was obtained at
ECy, = 30 pM. [PHINMS dissociation (control t, = 20 min) was almost
completely inhibited at high W84 concentrations, half maximal suppression
was achieved at ECgy = 0.4 pM.

In conclusion, W84 has a considerably weaker stiabilizing effect on
[PHIAF-DX 384 than on [*H]NMS M, -receptor complexes. It is tempting to
speculate that the special charactensncs of the interaction of [3H]AF—
DX 384 with M,-receptors on which the M,-selectivity is based, hinder W84
from exerting its stabilizing effect on the dissociation of this
antagonist.

Dept.of Pharmacology, University of Kiel, Hospitalstr. 4, D-2300 Kiel
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THE GLUCOCORTICOID-INDUCED INHIBITION OF CHOLINE
ESTERASE ACTIVITY AND THE IMPORTANCE FOR DRUG IN-
TERACTIONS

B. Tiefenbach, L. Jordanov, and G. Hennighausen

Glucocorticoids [GC) are able to inhibit plasma
cholinesterase {PChE) in different species. Becau-
se of the frequency of GC-treatment and the impor-
tance of PChE for the hydrolysis of drugs, dose-
and time relationships of this effect and the im-
portance for drug interactions were investigated in
a joint experimental and clinical study.
Dexamethasone {D) or prednisolone {P) were applied
in rats for 7 days once / day (p.o., i.p. resp.).
The activity of PChE [ pH-state-technique) and the
time of respiratory-arrest caused by 0.8 mg/kg suc-
cinylbischoline {Suc) were measured. D (0.5 - 5.0
mg/kg and P {2.5 - 5.0 mg/kg) caused in rats {male
and female) a dose~dependent inhibition of PChE

[ between 13 ~ 75 %) which returned to normal within
8 days. This effect was stronger after oral admi-
nistration as compared to the i.p. one. D was more
potent than P; sex differences were observed. The
time of respiratory-arrest caused by Suc was pro-
longed significantly up to 124 % [2.5 mg/kg P) and
169 & [{0.5 mg/kg D) after GC-treatment.

In GC~treated patients {1 - 3 mg/kg/day P; time of
treatment 9 - 18 days) a strong reduction of PChE
to 50 - 30 % of normal values was measured. Sex
differences were not observed.

It must be concluded from these results that the
inhibition of PChE induced by therapeutic doses of
GC influences the effects of drugs which are hydro-
lysed by PChE.

Department of Pharmacology and Toxicology, Univer-
sity of Rostock, Schillingallee 70, 0-2500 Rostock,
FRG
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EFFECTS OF ATROPINE AND TWO OXIMES ON ACETYLCHOLINESTERASE IN
SEVERAL TYPES OF MUSCLE IN SOMAN POISONED MICE
H. Thiermann and I.Steidl

Conventional therapy of organophosphate poisconing with
atropine (A) and presently used oximes is insufficient after
soman (S), mainly because of lacking oxime efficacy.
Searching for an alternative the efficacy of the new oxime
l-((((4-aminocarbonyl)pyridino)methyl)-2,4-
bis) (hydroxyimino)methyl) pyridinium dimethanesulfonate (HL®
7) was checked in soman poisoned mice and compared to the
efficacy of 1-(((4~(aminocarbonyl-pyridinio)methoxy)methyl)-
2~ (hydroxyimino)methyl)dichloride (HI 6). 7 groups of 6 white
male NMRI mice each, were built: group 1 (contreol) received
saline 0.9% (0.01 ml/g), group 2: S 0.1 mg/kg s.c., group 3:
S+ A 10 mg/kg i.p. , group 4: S + A + HI 6 10 pmol/kg i.p.,
group 5: 8 + A + HI 6 150 umol/kg i.p., group 6: S + A + HLS
7 10pmol/kqg i.p. and group 7: S + A + HL® 7 150 pmol/kg i.p.
After a period of 90 min samples of M soleus (SOL), M
extensor digitorum longus (EDL) and diaphragma (DIA) were
homogenized and acetylcholinesterase activity was measured
photometrically (Ellman et al., 1961).

Group Nacl | s S+A S+A+ | S+A+H | S+A+ S+A+H
HI6 16 HLS L6 7
10 150 7 10 150

SOL (U/1) | 1547 | 42 350 226 378 796 1527

SD+ 250 111 298 38 172 245 354

EDL (U/1) | 2876 | 273 546 626 1160 1502 2430
SD+ 668 267 462 228 435 150 483

DIA (U/1) | 3059 | 870 910 804 1946 2277 3284
SD+ 314 311 315 422 365 217 756

There was a significantly Thigher reactivation of
acetylcholinesterase by HL& 7 (150 pmol/kg) compared to HLS
7 (10) and HI 6 (10 and 150 umol/kg) in all muscles after
inhibition by soman. HL® 7 seems to be at least equally
effective as HI 6 concerning reactivation of AChE in several
types of muscle.

Institut flir Pharmakologie und Toxikologie,Akademie des
Sanitdts- und Gesundheitswesens der Bundeswehr, BSW,
Ingolstddter Landstr. 100, D(W)-8046 Garching (FRG)
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CHROMAFFIN CELLS ACCUMULATE TETANUS TOXIN AND
ACTIVATE IT BY REDUCTIVE CLEAVAGE

E. Erdal, F. Bartels, G. Erdmann, A. Kistner”, E. Habermann®,
and H. Bigalke

Tetanus toxin is produced by clostridial bacteria as a single-chain
protein. It is cleaved by limited proteolysis into a heavy (HC) and a
light chain (LC) which remain connected by one disulfide bond. The
LC contains the intrinsic activity whereas the HC binds to gangliosides,
which is a prerequisite for the cellular uptake of the toxin. Though
chromaffin cells lack specific gangliosides it is possible to render the
cells sensitive for the toxin by preincubating them with exogenous
gangliosides or by permeabilizing their plasma membrane by subjecting
the cells to an electric field. In both cases the toxin enters the
cytoplasm as can be shown by tetanus toxin bound to 10 nm gold
particles. Cells pretreated with gangliosides display labelling of the
plasma membrane as well. After 48 hours the label is associated with
the Golgi complex indicating that the elimination of the toxin or its
fragments begins at a relatively early stage. Radioiodinated toxin
introduced into chromaffin cells by electroporation is progressively
split into its LC and HC and further degraded into smaller fragments.
The LC survives the HC. The reductive cleavage of the sulphur bonds
of the toxin indicates an enzymatic activity present in chromaffin cells
that is responsible for the activation of the di-chain form. Since
chromaffin cells, like neurons, contain thioredoxin-reductase which is
able to reduce the toxin, this enzyme is assumed to play a major part in
the pathogenesis of tetanus. Reductive cleavage, however, may not
really separate both chains from each other, because the protoxin is 10
times more potent than the isolated LC when applied to electroporated
chromaffin cells. Thus, the HC somehow contributes to the action of
the L.C. Not only chromaffin cells are sensitive to tetanus toxin, but
they also possess the enzymatic equipment to activate it. They
represent a suitable model in the study of the pathogenesis of tetanus.

Department of Pharmacology and Toxicology, Medical School of
Hannover, 3000 Hannover 61, Germany;
*Rudolf-Buchheim-Institute of Pharmacology, Justus-Liebig-
University, 6300 Giessen, Germany
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AMEZINIUM AND 1-METHYL-4-PHENYLPYRIDINIUM (MPP*): TOOLS FOR
THE STUDY OF CARRIER-MEDIATED AMINE UPTAKE INTO CHROMAFFIN
GRANULES H. Striffler, V. Schmitt and A. Burger

Amezinium is accumulated in sympathetically innervated tissue
and released from it by nerve stimulation (Steppeler and
Starke 1982: Biochem Pharmacol 31: 1075-1080). Therefore, we
examined whether amezinium is transported by the carrier into
ghosts, i.e. into catecholamine (CA) depleted membrane vesic-
les prepared from bovine adrenomedullary chromaffin granules.
In the presence of ATP-Mg2*, incubated ghosts (30°C; pH 7.4)
showed a reserpine-sensitive net uptake of CA (Km 8 wmol/1;
Vmax 20 nmol/[mg protein - min]) during the first 3 min of
incubation. In the presence of amezinium (30-300 pmol/l) and
ATP-Mg*, incubated ghosts showed a reserpine-sensitve uptake
of amezinium (Ke 181 mmol/l; Vmsx 4 nmol/[mg prot. - minl),
which was competitively inhibited by CA. Furthermore, uptake
studies with the neurotoxic agent MPP* (5.5 - 132 umol/1)
revealed a reserpine-sensitive uptake into ghosts (Km 24
umol/1; Vmex 8 nmol/(mg protein.min]). The Km of uptake of
amezinium and of MPP* agreed with Ki, found after inhibition
of uptake of CA into ghosts by the agents. The reserpine-
insensitive uptake of CA, amezinium and MPP* showed the same
linear dependence on the external concentration; it correspon-
ded to an increment of uptake of 2 nmol/[mg protein . min] per
100 pmol/1l external concentration. This is a high rate of
membrane diffusion with regard to the positive charge of the
agents. Moreover, the uptake of amezinium and MPP* contradicts
the hypothesis of transport of the uncharged form of CA by the
granular carrier, which was deduced from the pH dependence of
Km of CA uptake, and the abolition of pH dependence, when the
uncharged form of CA was considered. Determinations of Ke and
Vmax of MPP* at various pH gradients and at various external
pH should help to find out, whether pH dependence of Km is
caused by competition between protons and positively charged
substrates for binding to ionizable groups of the carrier.

Institut fir Pharmakologie und Toxikologie der Universitédt,
Versbacherstr. 9, D-8700 Wiirzburg. Supported by the DFG.

408

The influence of the intracellular ion concentration on the
desipramine-sensitive 3H-noradrenaline uptake (uptake,)

M. Gliese and J. Babin-Ebell

Uptake; is well known to depend on the extracellular con-
centrations of sodium and chloride. Little is known about the
influence of intracellular ion concentrations on uptake;. Hence, it
was of -interest to investigate the dependence of kinetic constants
of uptake, on the intracellular concentration of protons, sodium,
and chloride. Clonal PC12 cells and isolated membrane vesicles
from PC12 cells were choosen as experimental model. Initial rates
of 3H-noradrenaline (3H-NA) uptake were determined. Non-specific
uptake was determined in the presence of 1 pmol/l Desipramine.

Extracellular acidosis (pH 6.9) present during 1 min of incu-
bation with 3H-NA did not affect kinetic constants. However,
prolonged extracellular acidosis (pH 6.9; present during 25 min of
preincubation and i min of incubation; controls at pH 7.4) increa-
sed K, from 910 (95% confidence limits; 580; 1500) to 2200 (1500;
3200) nmol/l (p<0.01, n=6) and V, .. from 100 * 13 to 150 * 20
pmol mg ~! min~! (p<0.03, n=6). In isolated membrane vesicles the
increase of the intracellular proton concentration from pH 8.3 to
pH 6.5 increased V.. 3-fold (p<0.001, n=6-9) and decreased K,
2.3-fold (p<0.05, n=6-9).

Although uptake, is absolutely dependent on the concentration
of extracellular chloride, the increase of intravesicular chloride
from 2 mmol/l to 50 mmol/l failed to affect the kinetics of
uptake,. However, an increase of intravesicular sodium from O
mmol/l to 50 mmol/l increased the K, from 140 (70, 250)
nmol/]l to 450 (290, 650) nmol/l (p<0.001, n=6), but let the V__.
unchanged.

It is concluded that uptake; markedly depends on the intra-
cellular concentration of protons and sodium.

Supported by the Deutsche Forschungsgemeinschaft (SFB 176) Dept.
Pharmacol., Univ. Wiirzburg, Versbacher Str. 9, 8700 Wiirzburg,
Germany.
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Cyanine-derived dyes as a novel class of potent inhibitors
of extraneuronal noradrenaline transport (uptakes)

H. Russ, W. Engel’ and J. Sonna
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THE ROLE OF CATECHOL-O-METHYLTRANSFERASE (COMT) IN THE
CLEARANCE OF NORADRENALINE (NA) FROM AND THE APPEAR-
ANCE OF DIHYDROXYPHENYLGLYCOL (DOPEG) IN PLASMA

T. Halbriigge, J. Ludwig and K.-H. Graefe

While highly potent inhibitors for the desipramine-sensitive
neuronal transport mechanism of noradrenaline (uptakeq) are
widely used, there is a lack of potent inhibitors for the extraneuronal
mechanism (uptakez). The recent development of an experimental
model for uptakes which is based on the clonal cell line Caki-1
(Schémig and Schénfeld, Naunyn Schmiedeberg’s Arch Pharma-
col 1990, 341:404-410) facilitates the search for more potent inhi-
bitors of uptakez markedly.

(1) Confluent monolayers of Caki-1 ceils were incubated for
15 min at 37°C with 100 nmol/l 3H-noradrenaline in the absence
and presence of various substances. Cationic quinoline compounds
derived from the dye cyanine inhibited uptakes. Especially, certain
derivatives of the isocyanine and pseudoisocyanine group as 1,1°-
diethyl-2,2"-cyanine and the newly synthesized 1-methyl-1 -isopro-
pyl-2,4’-cyanine and 1,1 -diisopropyl-2,4"-cyanine were found to be
highly potent inhibitors of uptakez, exhibiting 1C50’s of 16 (95%
confidence interval: 8, 28), 62 (41, 89), and 14 (5, 26) nmol/i, respec-
tively (n=5). Under these conditions, the most potent inhibitor of up-
takez known so far, corticosterone, was about ten times less potent.

(2) In the perfused rat heart (Langendorff technique) and in
the isolated incubated rabbit aorta, 1-methyl-1"-isopropyl-2,4°-cyan-
ine inhibited the initial rate of 3H-noradrenaline (10 nmol/l) transport
via uptakes with high potency, the ICsq’s being 100 (70, 140) and
740 (318, 1280) nmol/l, respectively (n=4). Corticosterone inhibits
uptakey in the perfused rat heart about ten times less potently.

(3) Uptake+ is hardly influenced by the cyanine-derived dyes.
In PC12 cells 3 pmol/l 1,1 -diethyl-2,2"-cyanine inhibited uptake by
only 14.7 +2.3% (n=6).

Supported by the Deutsche Forschungsgemeinschaft (SFB 176) and

the Dr. Robert Pfleger Stiftung. Dept. of Pharmacology and "Dept. of
Pharmacy, University of Wiirzburg, 8700 Wirzburg, Germany.
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SIMILARITIES BETWEEN THE EXTRANEURONAL TRANS-
PORT SYSTEM FOR NORADRENALINE AND THE RENAL
TRANSPORT SYSTEM FOR ORGANIC CATIONS

Kathrin Keppler and E. Schomig

Recent findings indicate a close relationship between the corticosteronc-
sensitive extraneuronal transport system for noradrenaline (uptake,) and the
renal transport system for organic cations (RTOC) (Schomig and Schonfeld
1990, Naunyn Schmiedeberg's Arch Pharmacol 341:404-410). Hence, it
was of interest to investigate RTOC in more detail. Clonal LLC-PK1 cells
(pig kidney, proximal tubule) were grown either on plastic dishes 1o measure
inwardly directed transport of '*C-tetraethylammonium ('*C-TEA) through
the apical cell membrane or on filters to measure transepithelial transport of
'“C-TEA. The rate of outward transport through the apical membrane was
calculated from the transepithelial (basolateral to apical directed) transport
rate and from the intracellular concentration of '*C-TEA. Inhibitors of transport
were present on the apical side only. Non-specific transport was determined
in the presence of 10 umol/l cyanine863 which is a known inhibitor of
RTOC.

The results suggest two transporters being involved in "*C-TEA
transport through the apical membrane of LLC-PK1 cells. Both inward and
outward transport were sensitive to cyanine863, the IC. s being 99 (95%
confidence interval: 64, 153) and 140 (50, 230) nmol/l, respectively (n=7).
However, ooly inward transport of '*C-TEA through the apical membrane
was sensitive to the uptake, inhibitor corticosterone (300 nmol/t), which re
duced inward transport markedly (46 + 5 % of control, p<0.001; n=6), but
failed to inhibit outward transport (96 = 12 %; n=6).

Inhibition by various compounds of inward transport through the
apical membrane of '*C-TEA was invesugatcd, There was a positive correlation
between the 1C,'s for the inhibition of "*C-TEA transport and the IC,'s for
the inhibition of uptake, (1=0.626; n=14; p<0.05). The potent uptake,, inhibitor
1,1'-diethyl-2,2'-cyanine turned out also to inhibit RTOC very potently, the
IC,, being as low as 6.1 (3.8, 9.6) nmol/l (n=6). Inward transport of '*C-TEA
at the apical membrane of LLC-PK1 cells is mediated by a mechanism which
is very similar to uptake.,.

Supported by the Deutsche Forschungsgemeinschaft (SFB176) and by the
Dr. Robert Pfleger Stiftung. Dept. Pharmacology, Versbacher Str.9, Univ.
Wiirzburg, 8700 Wiirzburg, Germany

Rabbits pretreated with reserpine (I mg/kg 20 h and 0.5 mg/kg 2 h
prior to the experiment) and anaesthetized with alfadolone plus alfax-
alone were infused with NA (0.4 - 1.5 nmol kg 'min™"), and steady-state
increases in the plasma levels of NA and DOPEG (ADOPEG) were de-
termined both before and after blockade of uptake; by desipramine
{2 mg/kg). At the end of each experiment, animals also received a
DOPEG infusion (1.2 nmol kg™* min™") to measure the plasma clearance
of DOPEG. Experiments were carried out under control conditions or
90 min after commencement of treatment with the COMT inhibitor
3,4-dihydroxy-4'~methyl-5-nitrobenzophenone (Ro 40-7592; 3 mg/kg
followed by 1.5 mg/kg every 30 min). Besides the assessment of the
plasma clearances of NA (CLwna) and DOPEG (CLpopec), the results
served to determine the clearance index of neuronally formed DOPEG
(CLIpopEG) from the ratio of "neuronal DOPEG formation rate to
ADOPEG". The neuronal DOPEG formation rate was assumed to be
identical with the steady-state rate of neuronal NA uptake (ie., the
fraction of CLna due to uptake, times the NA infusion rate). The re-
sults given below are geometric means (95% confidence limits) of 7
experiments each.

Under control conditions, CLnya was 83.6 (71.2;98.1) ml kg ' min™" and
the fraction of CLna brought about by uptake, 0.437 (0.369;0.517).
Neither the former nor the latter was affected by COMT inhibition
[87.7 (82.0;93.8) ml kg™ min~"'; 0.443 (0.375;0.525)). However, COMT
inhibition reduced CLpopeg from 47.6 {38.2;59.2) to 30.2 (26.0;35.1)
mlkg™ ' min™' (P < 0.01) and the CLIpopgg from 95.3 (76.0;119.5) to
29.9 (24.0;37.3) ml kg 'min~' (P < 0.001).

Hence, COMT did not contribute to the removal of NA from plasma
by neuronal and non-neuronal processes. By contrast, O-methylation
is responsible for 37 % of the DOPEG removal from plasma and fully
accounts for the DOPEG removal (50%) taking place on the way from
its site of neuronal formation to plasma.

Pharmakologisches Institut der Universitit Wiirzburg, Versbacher Str.9,
W-8700 Wiirzburg, Federal Republic of Germany
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EFFECT OF CATECHOL-O-METHYLTRANSFERASE (COMT) INHIBI-
TION ON THE IN-VIVO KINETICS OF DIHYDROXYPHENYLGLYCOL
(DOPEG), 3-METHOXY-4-HYDROXY-PHENYLGLYCOL (MOPEG) AND
DIHYDROXYPHENYLALANINE (DOPA)

B. Friedgen

In anaesthetized rabbits (alfadolone + alfaxalone)} COMT inhibition was
achieved by administration of Ro 40-7592 (3,4-dihydroxy-4'-methyl-5-
nitrobenzophenone) at a dose of 3 mg/kg followed by 1.5 mg/kg every
30 min. This dose was found to be maximally effective in that it re-
duced the plasma level of endogenous MOPEG by 70% and increased
that of endogenous DOPEG by 340%; it did not change significantly
the levels of endogenous noradrenaline and DOPA (n=4).

Constant rate infusions of DOPEG and DOPA (2.5 nmol kg™! min~! each)
or MOPEG (5 nmol kg! min™!) were given to rabbits with COMT
being either intact or inhibited by treatment with Ro 40-7592. The
plasma levels of infused DOPEG, DOPA and MOPEG were followed
during and after the end of infusion. Plasma clearances (Cl) of DOPEG,
DOPA and MOPEG were determined from the ratio of "infusion rate/
steady-state increase in plasma level”. Elimination half-lifes (ty,,)
were derived from the terminal decline of arterial plasma levels after
cessation of infusion and steady-state volumes of distribution (V)
estimated from "Agg/steady-state increase in plasma level” (with A g
being the amount of compound in body at steady state). The results
were as follows:

Cl{ml kg *min=!) Vgs {ml/kg) ty o (min)
DOPEG Control 44.1+2.5 ¥ 89.0 ¢ 11.8** 4.8+ 0.9**
Ro 40-7592 23.8+2.0 476.3 +57.1° 31.0+3.3
DOPA Control 37.6+2.3 135.5 + 20'0* 4.9 £0.7
Ro 40-7592 37.5+3.0 253.5 £46.7 13.0£ 3.5
MOPEG Control 299+ 3.2 768.8+66.0 53.7+4.5

Given are means + SEM of 6 experiments each. COMT inhibition did
not affect the kinetics of infused MOPEG. * P < 0.05, ** P < 0.001
for effects of COMT inhibition when compared with controls.
Pharmakologisches Institut der Universitit Wiirzburg, Versbacher Str.9
D-8700 Wiirzburg, FRG
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BIOPHASE CONCENTRATIONS OF NORADRENALINE AT PRE-
SYNAPTIC «a,-ADRENOCEPTORS DURING ELECTRICAL FIELD
STIMULATIOI% OF BRAIN SLICES C. Allgaier and G. Hertting

The present experiments were designed to obtain an estimation of the local
concentrations of noradrenaline (NA) existing at presynaptic a,-adreno-
ceptors during electrical field stimulation of brain slices. They were based
on the assumption that the concentration of released NA at the a,-adre-
noceptors exerting a certain autoinhibition should be equal to the concen-
tration of exogenous NA causing the same inhibition under conditions in
which any influence of the released transmitter is excluded.

Slices of rabbit and rat hippocampus and cortex, labelled with [3H]NA,
were superfused in the presence of an inhibitor of re-uptake and subjected
to electrical field stimulation. Autoinhibition was avoided by stimulating
tgxe tissue with 4 pulses/100 Hz. Exogenous NA diminished the evoked
[PHINA release in a concentration-dependent manner. When electrical sti-
mulation was performed with trains of 36 pulses at 0.1, 0.3, or 3 Hz, in the
absence or the presence of an uptake inhibitor, the az—adrenoceptor ant-
agonist yohimbine (1 or 10 pmol/l) enhanced the evoked NA release in a
manner which was dependent on the frequency of stimulation and on
blockade of the re-uptake mechanism. The facilitatory effects of yohimbine
reflected an autoinhibition which was between 53% (36 pulses/0.1 Hz, no
uptake inhibitor) and 85% (36 pulses/3 Hz, uptake inhibitor present) in
rabbit and between 16% (36 pulses/0.3 Hz, no uptake inhibitor) and 71%
(36 pulses/3 Hz, uptake inhibitor present) in rat brain slices. The corre-
sponding estimated biophase concentrations of NA were between 15 and
23.1 nmol/! or 6.1 and 18.6 nmol/1 in the rabbit and between 32.5 and 74.5
nmol/1 or 5.1 and 51.6 nmol/l in the rat (in the presence or the absence of
an uptake inhibitor, respectively). The observed frequency dependence of
the effect of re-uptake blockade on the calculated biophase concentrations
of NA would be compatible with the idea of a dependence of the effecti~
veness of the re-uptake mechanism on the firing rate of the neurone in
being more effective at lower frequencies. Moreover, the strikingly low
biophase concentrations of NA suggest a lateral inhibition of release.

Institute of Pharmacology and Toxicology, University of Freiburg, Her-
mann-Herder-Str. 5, W-7800, Federal Republic of Germany
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PERTUSSIS TOXIN PRETREATMENT REVERSES a5-ADRENO-
CEPTOR-MEDIATED INHIBITION OF Ca2+ CURRENTS AND OF
NORADRENALINE RELEASE IN CHICK SYMPATHETIC NEURONS

E.A.Singer, S.Boehm, S.Huck and H.Drobny

Sympathetic neurons were derived from twelve day old chick
embryos and kept in culture for one (electrophysiology) or five
{(superfusion experiments) days. One half of each tissue culture
preparation was exposed to 100 ng/ml pertussin toxin (PTX) for
24 hours.

Electrophysiology: Experiments were carried out at room
temperature using the whole-cell configuration of the patch-
clamp technique. Ca2*+ currents were induced from a holding
potential of -80 mV by a 150 ms depolarizing voltage step to
OmV at intervals of 20 s. The amplitudes of the Ca2+ currents in
the absence and presence of the «-adrenoceptor agonists
noradrenaline (NA, 1 gmol/l), clonidine (CL, 10 umol/l) or (5-
bromo-6-{2-imidazolin-2-ylamino)quinoxaline (UK 14304, 10

umolfly were compared.

Superfusion experiments: Cells were labelled with 3H-NA (40
Ci/mmol, 0.05 umol/l, 37°C, 60 min), superfused with
physiological salt solution at 25°C, and the superfusate was
collected in 4-min fractions. Electrical field stimulation was
applied after 72 (S;) and 96 (Sy) min of superfusion using 36
monophasic rectangular pulses (0.5 ms, 40 V/iem, 60 mA)
delivered at 3 Hz. The a-adrenoceptor agonists NA ({in the
presence of 10 umol/l cocaine), CL and UK 14304 were added
16 min before S, at the concentrations indicated above. Drug
effects were calculated as S;/S ratios.

All_three agonists significantly reduced the amplitude of the
Ca2+ current, measured 10 ms after the start of the
depolarization, as well as the stimulation-evoked overflow of
tritium. By contrast, the c-adrenoceptor agonists did not exert
any effect in PTX-treated cells. Furthermore, a small increase in
the electrically evoked overflow of radioactivity was observed in
PTX treated cells.

Pharmakologisches Institut und Institut fir Neuropharmakologie,
Univ. Wien, Wéhringer StraBe 13a, A-1090 Wien.
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RECEPTOR RESERVE AT az-ADRENORECEPTORS
BRAIN CORTEX.
E. Agneter

IN RAT

Male Sprague-Dawley rats were pretreated either with the irreversible
a,-adrenoceptor antagonist EEDQ (N-ethoxycarbonyl-2-ethoxy-1,2-di-
hydroquinoline, 1.6 mg/kg i.p) or with saline (1 ml/kg i.p.} and killed
24, 48, 96, 192, 336, or 744 hr later. Slices of of parieto-occipital
cortex were prepared, labelled with (-)-[3H]Inoradrenaline (0.125 ymol/l,
30 min, 37°C) and superfused with physiological salt solution in the
presence of 1 ymol/l desipramine (0.7 ml/min). After a washout period
of 30 min the collection of 4 min fractions was comme‘?ceg; Eleg‘trical
fielq-stimmation was applied at the beginning of the 2™ 9" 16" and
23" fraction {S1-S4; monophasic rectangular pulses, 2ms, 12V/cm,
18mA, 4 pulses delivered at 100 Hz). o,-Adrenoceptor agonists were
added at increasing concentrations 20 min before S2, S3 and S4.
Cumulative concentration-response curves were generated for 5-
bromo-6-(2-imidazolin-2-ylamino)quinoxaline (UK 14304), clonidine and
noradrenaline in slices of control and EEDQ treated animals.

The fraction of receptors remaining active (q) and the agonist disso-
ciation constant {K,) were determined for each agonist at each time
point according to the method of Furchgott and Bursztyn (1967, Ann
NY Acad Sci 144:882-899).

The amount of tritium overflow at S1 was not different in slices of
control and EEDQ treated animals. The table shows g-values and maxi-
mal inhibition of tritium overflow at the different post treatment
intervals.

24hr  48hr  96hr 192hr 336hr 744hr
q (%) 4.1 7.8 16.5  28.1 42.9 67.5
UK 14304 50.8 67.1 81.6 95.2 100.0
clonidine 26.3 39.7 66.1 854 90.4 100.0
noradrenaline  n.d. 73.56  100.0

The calculated time needed to resynthesize 50 % of the receptors was
352 hr. The K, values calculated for a given agonist were comparable
at all timepoints used for calculation. The mean values were 155.3
nM, 71.6 nM and 1202.7 nM for UK14304, clonidine and
noradrenaline, respectively.

Pharmakologisches Institut der Universitdt Wien,
Whéhringer Str. 13a, A-1090 Wien
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PRESYNAPTIC a)-AUTORECEPTORS IN RAT ATRIA AND SUBMAXILLARY
GLANDS: A NON-0 4, NON-aop SUBTYPE

A. U. Trendelenburg and N. Limberger

The presynaptic o-autoreceptors in rat atria have been postulated to represent the o4 or
g, and those in rat submaxillary glands (sg) the cpp or 6yp subtype. In order to examine
these suggestions, pieces of atria and sg were preincubated with “H-noradrenatine and then
superfused in presence of desipramine 1 UM and corticosterone 10 M. Four periods of
electrical stimulation were applied, each period consisting of 10 trains of 6 pulses/100 Hz
that were delivered at intervals of 30 s. Cumulative concentration-response curves for the o-
adrenoceptor agonists 5-bromo-6-(2-imidazolin-2-ylamino)-quinoxaline (UK14304) and
methoxamine were determined. - UK14304 inhibited the overflow of tritium with an EC5g
of about 6 nM in either tissue. o-Adrenoceptor antagonists, given at one or two
concentrations, shifted the concentration-response curve to the right. From these shifts the
following affinity constants (pA) were calculated. Atria; rauwolscine (concentration used
0.1 uM) 8.2; 2-(2,6-dimethoxyphenoxyethyl-)Jaminoethyl-1,4-benzodioxane (WB4101; 0.3
UM) 7.5; 2-[2H-(1-methyl-1,3-dihydroisoindole)methyl]-4,5-dihydroimidazole (BRLA4408;
1 UM) 7.4; prazosin (0.1 and 1 pM) 6.8; 6-chloro-9-(3-methyl-2-butenyl)oxyl-3-methyl-1H-
2,3 ,4,5-tetrahydro-3-benzazepine (SKF104078; 1 uM) 6.6; 1,2-dimethyl-2,3,9,13b-
tetrahydro-1H-dibenzolc,flimidazo[1,5-alazepine (BRL41992; 1 uM) 6.5; corynanthine (3
1M) 6.1. sg: rauwolscine 7.8; BRL44408 7.7; BRLA1992 7.2; WB4101 7.0; SKF104078
6.5; prazosin 6.1; corynanthine 5.7. - Methoxamine reduced the evoked overflow of tritium
with an ECs) of about 9 pM in either tissue. Rauwolscine antagonized the effect of
methoxamine with a potency similar to that observed against UK14304, and the same was
true for prazosin. - The results show that the o-autoreceptors in rat atria and sg are not o
but 0. In terms of the proposed cy-subclassification into 0y A_p, the aipp subtype is
excluded by the finding that BRLA4408 was 3-8 times more potent than BRLA41992,
whereas at the prototype app binding site, i.e. in rat lung, BRLA1992 has 130 times higher
affinity than BRL44408 (Young et al., Eur J Pharmacol 168:381-386, 1989). In addition,
WB4101 was 5-8 times more potent than prazosin, whereas in rat lung prazosin has slightly
higher affinity than WB4101 (Simonneaux et al., Molecular Pharmacol 40:235-241, 1991).
They probably also do not belong to the ap o subtype since at the prototype ap o binding
site, i.e. in human platelets, BRL44408 has 60 times higher affinity than BRL41992 (Young
et al. 1989) and WB4101 has 330 times higher affinity than prazosin (Simonneaux et al.
1991) - much greater differences than observed in the present experiments. The antagonist
affinities of the autoreceptors agree best with either the oipc or the o subtype. The
different antagonist rank orders of potencies in the two tissues do not exclude the possibility
that the oy subtypes differ in the two tissues.

Pharmakologisches Institut, Hermann-Herder-Strasse 5, D-7800 Freiburg i. Br.
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INTERACTION BETWEEN 0)-ADRENOCEPTORS, OPIiOID u-
RECEPTORS AND GALANIN-RECEPTORS OF RAT LOCUS
COERULEUS NEURONES

J. Sevcik and E. Schoffel

The measurement of [3H]noradrenaline release from brain slices proved an
interaction between presynaptic receptors for various cotransmitters (Illes
etal., Ann. N.Y. Acad. Sci., 604:197, 1990). We investigated, whether a
similar interaction occurs also between receptors situated at the somata of
noradrenergic locus coeruleus (LC) neurones, in which histological find-
ings indicate the presence of the possible peptide cotransmitters
[MetSjenkephalin and galanin. The spontaneous firing of LC cells was
measured in a midpontine slice preparation of the rat brain. Noradren-
aline, [Met3]enkephalin and galanin depressed the discharge of action po-
tentials. Since the ay-adrenoceptor antagonist rauwolscine, but not the o;-
adrenoceptor antagonist prazosin counteracted the effect of noradrenaline,
it may be assumed that noradrenaline activates only a,-receptors. Simi-
larly, the strong antagonism between the preferential opioid p-antagonist
naloxone and [MetS]enkephalin, in conjunction with the weak antagonism
between the preferential opioid é-antagonist ICI 174864 (N,N-bisallyl-Tyr-
Aib-Aib-Phe-Leu-OH) and [Met5]enkephalin (Williams and North, Mol.
Pharmacol., 26:489, 1984) suggest the sole existence of p-receptors.
Neither rauwolscine nor naloxone altered the firing on their own.
Rauwolscine potentiated the effect of [Met5]enkepha1in, but not the action
of galanin. The effect of [Met5]enkephalin was unchanged by preincuba-
tion with noradrenaline. Furthermore, [Met5]enkephalin or noradrenaline
produced the same inhibition, both in the presence and absence of galanin.
In conclusion, among aj-adrenoceptors, opioid u-receptors and galanin-
receptors, only the first two types appear to interact with each other.

Department of Pharmacology, University of Freiburg, Hermann-Herder-
Strasse 5, W-7800 Freiburg, FRG

418

INHIBITORY PRESYNAPTIC IMIDAZOLE RECEPTORS ON NORADRENER-~
GIC NERVES IN CENTRAL AND PERIPHERAL TISSUES OF RAT AND
RABBIT
G.J.Molderings
Imidazole (I) recognition sites, recently identified in
central and peripheral tissues of various species, may
play a role in regulation of blood pressure. In slices and
synaptosames from the rat brain, in the rat vena cava and
aorta and in the rakbit aorta preincubated with [3H]norad-
renaline (NA) und subsequently superfused with uptake;-,
uptake,~ and B-adrenoceptor blockers, respectively, the
involvement of I-receptors in modulation of NA release was
investigated. To investigate of,-adrenoceptor-independent
inhibition of [3HINA release, the presynaptic of5-adrenc—-
ceptors were blocked either by phenoxybenzamine (PBA) or
rauwolscine. In slices and synaptosomes from the frontal
cortex of the rat brain, NA, clonidine and moxonidine in-
hibited the release of [SHINA by stimulating presynaptic
»{ p-adrenoceptors only. In the rat medulla cblongata, 0(o-
adrenoceptors as well as ano(z—adrenoceptor-i:xiependent
mechanism were involved in the inhibitory effect of clo-
nidine and moxonidine on [3HI]NA release, since it was
partly resistant to PBA pretreatment. The sympathetic
nerve terminals in the rat vena cava and aorta are endowed
with presynaptic inhibitoryol,-adrenoceptors. In addition,
any-adrenoceptor-independent  (PBA-resistant) mechanism,
which can be activated by cirazoline, clonidine, moxoni-
dine and BDF 6143 (4-chloro-2-(2-imidazolin-2-ylamino)-
isoindoline), seems to be operative at pmolar concentra-
tions. After blockade of oly-autoreceptors, the evcked SH
overflow from rabbit aorta was inhibited by various imid-
azolines and guanidines. The rank order of potencies fits
well to the pharmacological properties of the I-receptors
described for the rabbit pulmonary artery, but not for
those of I recognition sites in cother tissues.

Institute of Pharmacology and Toxicology, University of
Born, Reuterstr. 2b, D-5300 Bonn 1, FRG
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MODIFICATION OF CATECHOLAMINE RELEASE IN THE LOCUS COERU-
LEUS BY EXPERIMENTALLY INDUCED BLOOD PRESSURE CHANGES
N. Singewald

To investigate the role of catecholaminergic neurons of the locus coeruleus in
central cardiovascular control, the locus coeruleus of the anaesthetized cat was
bilaterally superfused with artificial cerebrospinal fluid through push-pull cannu-
lae. The superfusion rate was 150ul/min. The release rates of endogenous
noradrenaline and dopamine were determined radioenzymatically in the su-
perfusates, collected in time periods of 3 min. Arterial blood pressure and heart
rate were recorded in the femorai artery. Experimentally induced blood pressure
changes were elicited by intravenous administrations of drugs, controlled
haemorrhage, or blood injection.

Rises in blood pressure elicited by infusion of noradrenaline (Spg/kg/min, i.v.)
for 3 min or by hypervolaemia (30% of total blood volume) were associated with
a decrease in the release of noradrenaline in the locus coeruleus. The release of
dopamine was not influenced.

A fall of blood pressure caused by i.v. administration of nitroprusside (injection:
Bug/kg, infusion: 8ug/kg/min) or chiorisondamine (3mg/kg) did not modify the
release rates of noradrenaline or dopamine. Hypotension elicited by a controlled
haemorrhage (15% of total blood volume) enhanced the release of noradrenaline
drastically, while the release of dopamine was not modified.

The results indicate that pressor responses due either to vasoconstriction or to
hypervolaemia inhibit the release of noradrenaline in the locus coeruleus. De-
creases in blood pressure enhance the release of noradrenaline if they are elici-
ted by hypovolaemia only; a vasodilatation caused by nitroprusside or
chiorisondamine is ineffective, even if the drugs lead to a very profound de-
pressor response. Hence, the activity of noradrenergic neurons of the locus
coeruleus is influenced by impulses from aortic and cardiopulmonary barore-
ceptors. Noradrenergic neurons of the locus coeruleus seem to be involved in
central cardiovascular control, pointing to a possible hypertensive function in
counteracting blood pressure changes.

Institut flir Pharmakodynamik und Toxikologie der Universitét innsbruck, Peter-
Mayr-StraBe 1, A-6020 Innsbruck, Austria
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ANGIOTENSIN IILINDUCED VASOPRESSIN RELEASE: MEDIATION BY «l-
ADRENOCEPTORS IN THE SUPRAOPTIC NUCLEUS

Qadri, F., Maas, K., Culman, J.

The vasopressin (AVP) producing supraoptic nucleus (SON) receives afferents from
angiotensin II (ANG II) receptor containing circumventricular organs (e.g. the
subfornical organ) as well as catecholaminergic inputs arising from the brain stem. In
the present study we investigated in conscious rats whether the ANG Il-induced AVP
release involves a catecholaminergic pathway in the SON. In the first experimental
protocol we used the microdialysis technique to study the effect of stimulation of
periventricular ANG II receptors on the release of catecholamines in the SON. ANG II
applied intracerebroventricularly (icv) at doses between 100 pg - 100 ng induced a
selective, dose-dependent noradrenaline (NA) release, which was sensitive to iev
pretreatment with the ANG II-AT; receptor antagonist Losartan (DuP 753/MK 954).
In the second experimental protocol, we measured the ANG II (icv)-induced AVP
release after adrenergic receptor blockade or stimulation in the SON. The ai-
adrenoceptor antagonist prazosin (0.7 nmol) injected bilaterally into the SON reduced
the ANG'II (100 ng, icv)-induced AVP relecase by 50%, while the a2-, Bl1-, B2-
antagonists, idazoxan, atenolol and ICI 118551, respectively, had no effect.
Microinjections of low doses of NA (1 - 10 nmol) into the SON produced a dose-
dependent increase in AVP release, whereas higher doses (30 - 100 nmol) of the same
drug were inhibitory. The stimulatory effect of NA in the SON was mimicked by the
application of the &1-agonist methoxamine (1 - 5 nmol) into the SON, which also had
inhibitory effects at higher doses (10 - 30 nmol). Neither the a2-agonist, clonidine, nor
the B1- or B2-adrenoceptor agonists, dobutamine or salbutamol, injected into the SON,
affected the AVP release.

Our data are the first in vivo characterization of the pathway engaged by central ANG
Il to release AVP via the SON. ANG II acting on periventricular ANG H-AT;
receptors induces the release of NA in the SON to selectively stimulate «l-
adrenoceptors on vasopressinergic neurons, thereby causing these cells to secrete AVP
into the circulation.

*Present address: Department of Pharmacology, Experimental Hypertension Research,
University of Heidelberg, W-6900 Heidelberg, Germany.
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SARALASIN  INHIBITS PERIPHERAL
ACTIVITY D.Happich, A Hess

SYMPAPTHETIC

The effect of the Angiotensin II antagonist Saralasin on peripheral
sympathetic nerve-activity, vascular smooth muscle tone and the
discussed local renin-angiotensin-system was studied on isolated
perfused rat hearts. Intraaxonal catecholamines were measured in
shock-frozen right ventricle tissue by fluorescence-microscopy with
picture-analysing-system. Also the coronary flow, frequency and
pressure were measured.

control Al Sar AlIl+Sar
(108M)  (1065M) (10-8M/10°6,5M)
intraaxonal
Catecholamines
area in % 1,77 141 1,85 1,67
Flow in 35min. 249 102 270 196 ml

The peptide All, added to the perfusate induces a release of
catecholamines and a decrease of coronary flow, both are reducted
by simultanously added Saralasin. Saralasin only causes an increase
of these parameters, thus effects of endogenous AIl cannot be
excluded.Resuming these facts, it is to conclude that Saralasin is a
potent All-antagonist, influencing the AIl receptors, which are
located on vessels and on the sympathetic nerve membrane.

Department of Anatomy,
Stelzmannstr.9, 5000 Cologne41

University of Cologne, Joseph-
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EFFECT OF THE DA2—RECEPT0R AGONIST QUINPIROLE ON RENAL
SYMPATHETIC NERVE ACTIVITY AND RENAL NORADRENALINE SPILLOVER
IN ANAESTHETIZED RABBITS

Bela Szabo and Dietmar Crass

The effect of intravenous quinpirole on blood pressure, heart
rate, renal sympathetic nerve activity, the renal noradre-
naline spillover rate (calculated from renal blood flow,
arterial and renal venous concentrations of endogenous norad-
renaline and the fracticnal renal extraction of “H-norad-
renaline) and the renal vascular resistance was studied in
anaesthetized rabbitse (alfadolone + alfaxalone).

Quinpirole 100 ug kg~ + 5 pg kg - min " lowered blood
pressure and increased renal nerve activity, the latter
through the baroreflex. In spite of the enhanced activity of
the renal nerves, renal noradrenaline spillover was reduced,
indicating an inhibition of transmitter release in the
kidney. Renal vascular resistance was also decreased; the
decrease persisted in animals with surgically denervated
kidneys. Quinpirole did not influence resting heart rate but
completely abolished the reflex tachycardia during infusion
of sodium nitroprusside. Effects of quinpirole on blood
pressure, renal nerve activity, renal spillover of norad-
renaline and renal vascular resistance were antagonized I_JY
the DA2—recS tofiselective antagonist domperidone (1 mg kg
+ 0.2 mg kg h M.

This is the first direct measurement of the effect of a
DAZ—receptor agonist, in vivo, on the release of noradre-
naline from a peripheral organ with uninterrupted sympathetic
impulse traffic. The results demonstrate that activation of
DA,-receptors, probably at terminal axons of postganglionic
sympathetic neurones, reduces transmitter release per unit
nerve activity. However, the fall in renal vascular resis-
tance was not, or only partly, due to the decrease of the
release of noradrenaline. Presynaptic inhibition in the heart
prevented the reflex cardioacceleration during hypotension.

Pharmakologisches Institut der Universitit
Hermann-Herder-Strasse 5, D-7800 Freiburg i. Br., FRG
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ACTIVATION OF a-ADRENOCEPTORS OF THE aps-SUBTYPE
INHIBITS NORADRENALINE RELEASE IN RAT KIDNEY: NO
EVIDENCE FOR INHIBITORY a;5-ADRENOCEPTORS.

C. Bohmann, P. Schollmeyer

The aim of the present study was to test whether the a5~ or the asg-
adrenoceptor subtype mediates inhibition of noradrenaline release in rat
isolated kidney. Kidneys were incubated with H-noradrenaline. The sti-
mulation-induced (S-I) outflow of radioactivity was taken as an index of
noradrenaline release. There were 6 short trains of stimulation (S;-Sg),
each at 100 Hz for only 60 ms, to avoid autoinhibition. None of the -
adrenoceptor antagonist used (see below) enhanced S-1 outflow of radio-
activity. The aj-adrenoceptor agonist clonidine (non-selective for apa
and asg) induced a maximal inhibition of the S-I outflow of 90 %
(EC50=7.8§ nM). The following a-adrenoceptor antagonists shifted the
concentration response curve to the right: Idazoxan (0.1 M, non-selective
for ass and azg) - pAr=8.3; 2-[2H-(1-methyl-1,3-dihydroiso-in-
dole)methyl]-4,5-di-hydroimidazole (BRL 44408, 0.3 uM, a)a-selective)
- pAy=7.7;, 1,2,-dimethyl-2,3,9, 13b-tetrahydro-1H-dibenzo[c,f]-imi~
dazo[1,5-ajazepine (BRL 41992, 0.3 uM, a,pg-selective) - pA9=7.0; prazo-
sin (0.3 gM; ayp-selective) - pA,=6.8; imiloxan (0.3 uM, ajp-selective)
- pA=6.7. In kidneys, which were pretreated with the irreversible a-
adrenoceptor antagonist phenoxybenzamine (PBZ, 1 uM) for 40 min, clo-
nidine failed to inhibit S-I outflow of radioactivity. However, when ap-
or app-adrenoceptors were protected during the PBZ pretreatment by
either BRL 44408 (0.3 uM) or by prazosin (1 uM), clonidine again indu-
ced a maximal inhibition of 70% and 56%, respectively. In the ex-
periments, in which a-adrenoceptors had been protected by prazosin
during the PBZ treatment, the concentration response curve for clonidine
was again shifted more potently to the right by BRL 44408 (0.3 uM) with
a pAg of 7.3 than by imiloxan (3 uM) with a pAj of 6.5. The rank order
of affinities for the a-adrenoceptor antagonists (BRL 44408 > BRL 41992
> prazosin and imiloxan) suggests that prejunctional inhibitory a-adreno-
ceptors in rat kidney are of the apa-subtype. Even after elimination of
ay p -adrenoceptors by PBZ, functional ajp-adrenoceptors (BRL 44408 >
imiloxan) could not be detected.

Dept. of Nephrology and Hypertension, University of Freiburg, Hugstetter
Str. 55, D-7800 Freiburg, FRG.
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EFFECTS OF CARMOXIROLE (EMD 45609) ON NEUROTRANSMIS-
SION IN HUMAN KIDNEY SLICES AND RAT ISOLATED KIDNEY.
L.C. Rump

The effect of the classical dopamine Dy-receptor agonist quinpirole and
EMD 45609, a drug with high affinity to (Dj)-receptors (Haase et al.
1991, Naunyn-Schmiedeberg’s Arch Pharmacol, 343: 588-594), on the
stimulation induced (S-I) outflow of radioactivity from human kidney
slices and rat isolated kidneys preincubated with 3H-noradrenaline was
investigated. There were two stimulation periods (S; and S3) at a fre-
quency of 5 Hz in human kidney slices and of 1 Hz in rat isolated kid-
neys. In human kidney slices quinpirole (1 #M) and in rat kidney quin-
pirole (0.3 M) inhibited S-1 outflow of radioactivity. In both tissues the
inhibitory effect of quinpirole was blocked by the Dj-receptor antagonist
(-)-sulpiride (10 uM) but not by the non-selective a-adrenoceptor ant-
agonist phentolamine (I uM). Phentolamine but not sulpiride blocked the
inhibitory effect of the ay-adrenoceptor agonist UK 14304 (0.1 uM) in
human kidney. Phentolamine (1 pM) by itself facilitated S-I outflow of
radioactivity in human kidney to a lesser extent than in rat Kidney. In
human and rat kidney EMD 45609 (0.003 uM) had no effect on the S-I
outflow of radioactivity, EMD 45609 (0.03 uM) had no effect on the S-I
outflow of radioactivity in rat kidney but in human kidney inhibited S-I
outflow, an effect blocked by sulpiride (10 uM) but unaltered by either
the Dj-receptor antagonist R(+)-7-chloro-8-hydroxy-3-methyl-1-phenyl-
2,3,4,5-tetrahydro- 1H-3-benzazepine (SCH 23390, 1 uM) or by phento-
lamine. EMD 45609 (0.3 uM) had no effect on the S-I outflow of radio-
activity in human kidney but facilitated S-I outflow in rat kidney. In the
presence of phentolamine EMD 45609 (0.03 and 0.3 pM) inhibited S-I
outflow in both tissues. The inhibitory effect of EMD 45609 (0.3 uM) in
the presence of phentolamine in rat kidney was blocked by sulpiride (10
UM). At a lower stimulation frequency of 0.3 Hz EMD 45609 (0.03 uM)
inhibited S-I outflow even in the absence of a-adrenoceptor blockade by
phentolamine, an effect again blocked by sulpiride (10 pM). The data
suggest that EMD 45609 activates inhibitory prejunctional Djy-receptors
in human kidney slices and rat isolated kidney. However, this effect is
masked by a simultaneous blockade of inhibitory a@-autoreceptors in rat
and to a lesser extent also in human kidney.

Dept. of Nephrology and Hypertension,
Hugstetter Str. 55, D-7800 Freiburg, FRG.

University of Freiburg,
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EP3 RECEPTOR-MEDIATED INHIBITION OF NORADRENALINE RELEASE
FROM THE POSTGANGLIONIC SYMPATHETIC MNERVE FIBRES OF THE
RAT VENA CAVA

B. Malinowska and E. Schlicker
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IN VIVO MODULATION OF THE HISTAMINE RELEASE IN THE HYPOTHA-
LAMUS BY DOPAMINERGIC NEURONS

M.Heistracher, A.Philippu

Rat vena cava segments were preincubated with SH-noradre-
naline and superfused with physiological salt solution
containing desipramine and corticosterone. The electri-
cally (0.66 Hz) evoked tritium overflow was inhibited by
prostaglandin E, (PGE;) in the absence and presence of
rauwolscine 1 jmol/l; the maximum extent of inhibition
amomnted to about 80 % under either condition and the
pICsp value was 7.49 and 7.61, respectively. All subse-
quent experiments were carried out in the presence of
rauwolscine 1 amol/l, which, by itself, increased the
evoked overflow by 277 %. The effect of FGE; on the evoked
overflow was mimicked by prostaglandin E, (pICso 7.65),
the EPy / EP3 agonist sulprostone (7.85), the EP, / EP3
agonist miscprostol (7.97) and, although less so, the IP /
EP, agonist iloprost (5.87). The EP; antagonist 2H 6809 10
Jmol/1  (6~isopropoxy-9-oxoxanthene-2—carboxylic acid) had
no effect by itself on the evoked overflow nor did it
affect the concentration-response curve of PGE,. Indome-
tacin 3 1/l also failed to affect both the evoked
overflow and its inhibition by PGE;. Previous exposure of
the vena cava segments to N-ethylmaleimide 30 )xmol/l for
45 min, which, by itself, increased the basal tritium
efflux (by 84 %) and decreased the evoked tritium overflow
(by 56 %), tended to atteruate the inhibitory effect of
FGE,. The present results suggest that the sympathetic
nerve fibres supplying the rat vena cava are endowed with
inhibitory presynaptic EP3 receptors, which do not appear
to interact with the presynaptic &;-autoreceptors and to
be activated by endogencusly formed prostaglandins of the
E series. The possibility has to be considered that the
EP3 receptors under study may be coupled to a G protein.
Institut fir Pharmakologie und Toxikologie der Uni-
versitit Bonn, Reuterstr. 2 b, D~5300 Bonn 1
B.M. (permanent address: Zakfad Farmakodynamiki, Akademia
Medyczna, Biatystok, Polard) is recipient of a research
fellowship from the Alexander von Humboldt-Stiftung.
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CHARACTERIZATION OF MUSCARINE RECEPTORS INVOLVED IN
THE MODULATION OF ENDOGENOUS NORADRENALINE (NA) RE-
LEASE FROM GUINEA-PIG ISOLATED TRACHEA.

C. Hey and K. Racké

The impulse-induced release of endogenous NA from the isolated rat tra-
chea is inhibited via muscarine receptors [Racké et al. (1991) Br J Pharma-

col 103:1213]. There is evidence that these presynaptic muscarine receptors
belong to the M, subtype [Brunn et al. (1991) this journal 344:R74]. On the

other hand, based on functional observations Pendry and Maclagan [Br J
Pharmacol (1991) 103:1165] suggested that the muscarine receptors on sym-
pathetic nerve endings in the guinea-pig trachea may belong to the M3

subtype. These discrepancies could reflect species differences between rats

and guinea-pigs. However, conclusions about muscarinic modulation of NA
release based on the airways smooth muscle response are complicated by
the fact that M, receptors mediate contraction of the airways smooth mus-
cle. Therefore, in the present study the muscarinic modulation of NA re-
lease in the guinea-pig trachea was studied in experiments in which the re-
lease of endogenous NA was measured directely.

Guinea-pig isolated tracheae were incubated in 1.7 m! Krebs-HEPES solu-
tion (containing yohimbine, desipramine and tyrosine) and the release of
endogenous NA was determined. Two periods of electrical field stimulation

(S1, 82; 540 pulses at 3 Hz) were carried out. Oxotremorine was added 10

min before S2, antagonists were present from the onset of incubation.

In the absence of test drugs, Sl evoked the release of 37 pmol/g NA, cor-
responding to about 3.5 % of the respective tissue NA content. The musca-
rine receptor agonist oxotremorine concentration-dependently inhibited the
evoked NA release, by 92 % at 1 umol/l, and an IC5q of 40 nmol/l was
calculated. The M, selective muscarine receptor antagonist methoctramine
(1 umol/l) caused a marked shift to the right of the concentration response
curve of oxotremorine and an apparent pA., value of 7.6 was calculated.
On the other hand, in the presence of the l\f selective muscarine receptor
antagonist p-fluoro-hexahydrosiladifenidol (1 umol/l) the concentration re-
sponse curve of oxotremorine was only marginally shifted to the right and
an apparent pA, value of 5.9 was calculated.

In conclusion, noradrenergic nerve endings in the guinea-pig trachea are
endowed with inhibitory muscarine receptors of the M, subtype.

Supported by the Deutsche Forschungsgemeinschaft (Ra 400/3-1)

Pharmakologisches Institut der Universitat
Obere Zahlbacher Str. 67, D-6500 Mainz, F.R.G.

The hypothalamus possesses a relatively high density of ca-
techolaminergic and histaminergic neurons. Recently, we re-
ported that the release of histamine from its neurons is
modulated by noradrenergic neurons (Naunyn-Schmiedebergs's
Arch.Pharmacol.344:183-186,1991). The influence of dopamine
receptor agonists and antagonists on the release of endoge-
nous histamine in the hypothalamus was now imvestigated.

In anaesthetized rats, a guide cannula with its mandrin was
stereotaxically inserted into the posterior hypothalamus.
Some days after operation, the mandrin was replaced by a
push-pull cannula and the hypothalamus of the conscious rat
was superfused with artificial CSF at a rate of 30 ul/min.
The superfusate was continuously collected in time periods
of 10 min. Drugs were dissolved in CSF. Superfusions with
drugs also lasted for 10 min. Histamine was determined ra-
dioenzymatically in the superfusate.

The spontaneous release rate of histamine was 6.9:0.4
(fmol/min; mean value * SEM, N=27). Hypothalamic su-
perfusion with dopamine (10 umol/l) enhanced slightly but
significantly the release rate of histamine. Superfusion
with the same concentration of apomorphine (dopamine recep-
tor agonist) also tended to enhance the release of
histamine. Hypothalamic superfusion with the D2 receptor
antagonist (-)-sulpiride {20 umol/l) inhibited the release
rate of histamine. On the other hand, superfusion with the
D1 antagonist SKF 83566 (20 pmol/l) enhanced the histamine
release .

The results suggest that in the hypothalamus dopaminergic
neurons modulate the release of histamine from histaminer-
gic neurons.

Institut flr Pharmakodynamik und Toxikologie der Universi-
tdt Innsbruck, Peter-Mayr-StraBe 1, A-6020 Innsbruck,
Austria
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PULSE-TO-PULSE CHANGES IN THE CALCIUM SOURCES FOR
NEUROGENIC ADRENERGIC CONTRACTIONS OF RAT VAS DEFERENS
R. Biiltmann and K. Starke

Twitches of the rat vas deferens (RVD) evoked by single or low frequency electric
pulses are mediated by noradrenaline and ATP. Blockade of Ca channels by
nifedipine (NIF) has widely been used to suppress the purinergic component of
such twitches. To examine whether the adrenergic component also is partly NIF-
sensitive, the ATP component was blocked by suramin 300 pM.

Stimulation by twin pulses 3 s apart elicited separate twitches of which the second
was smaller than the first one. Both twitches were reduced by NIF 0.01-10 uM, the
second much more markedly (by 73% maximally) than the first one (by 14%
maximally). In the presence of rauwolscine 0.1 pM, or when the second pulse was
replaced by two high-frequency pulses (100 Hz), the second twitch was similar in
amplitude to the first. Nevertheless, twitch 2 was still reduced more markedly by
NIF than twitch 1. NIF also suppressed the second twitch to a greater extent than
the first one when the pulse interval was 5-60 instead of 3 s, but the inhibition by
NIF decreased with increasing pulse interval. The effect of a functional removal of
intracellular Ca stores by ryanodine 20 uM was also studied in RVD stimulated by
twin pulses 5-60 s apart. Both twitches were reduced by ryanodine, but in this case
the inhibition of twitch 1 was far greater (by 98%) than the inhibition of twitch 2
(by 76%) so that twitch 2 exceeded twitch 1. In contrast to the effect of NIF, the
effect of ryanodine increased with the interval between the twin pulses. Stimulation
of the RVD with single pulses of increasing current strength (30-100 mA) elicited
increasing twitch contractions. NIF 1 UM attenuated the smatler responses to a
greater extent than the larger responses. Ryanodine 20 uM almost abolished the
single pulse-evoked twitches. All responses were abolished by prazosin 0.3 pM.

The results demonstrate a NIF-sensitive component in the adrenergic response of
the RVD to single and widely spaced pulses. Ca influx is particularly important for
small twitches and seems to cooperate with intracellular Ca release in triggering
contraction. Ca sources change from pulse 1 to pulse 2, in that Ca influx plays a
greater role for twitch 2. This change has two reasons: the smaller amplitude of
twitch 2 (due to oyy-autoinhibition), and an as yet undefined process through which
smooth muscle Ca channels seem to become more sensitive to activation for several
seconds after a wave of o.-adrenoceptor activation.

Pharmakologisches Institut, Hermann-Herder-Strasse 5, D-7800 Freiburg, F.R.G.
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NORADRENALINE INCREASES Ca®" IN CULTURED PORCINE
AORTIC SMOOTH MUSCLE CELLS: INVOLVEMENT OF a,-, &~
AND B~ADRENOCEPTORS. W. Erdbriigger, H.-J. Bauch

$inqe smooth muscle contraction involves increases
in intracellular Ca*’, we have investigated the ef-
fects of noradrenaline on the free intracellular Ca*"
concentration in cultured porcine aortic smooth mus-
cle cells (assessed as fluorescence of Fura-2 loaded
cells) and determined the adrenoceptor subtype in-
volved using selectice agonists and antagonists.
yoradrenaline concentration-dependently increased
1ntracellglar Ca** (ECso ® 40 nM); 1 uM noradrenaline
was used in all further experiments. The noradrena-
line-stimulated Ca*' increase was inhibited almost
completely by 10 uM phentolamine or 1 uM yohimbine
and by 32% and 17% by 100 nM prazosin and 10 uM
p;opranolol, respectively. Conversely, the a,~-selec-
tlve'agonist a-methyl-noradrenaline, the a,~selective
qgonlst ppenylephrine and the B-selective agonist
isoprenaline were 105%, 21% and 10% as effective as
noradrenaline, respectively. Whereas chelation of
extrqcellular Ca®** did not significantly inhibit the
Ca®* increase in response to noradrenaline or to a-
methyl~noradrenaline, it attenuated the response to
ppenylephrine by 47%. Similarly, 100 nM nifedipine
did not attenuate the Ca®*" response to noradrenaline.
Pre—?reatment of cultured cells with 100 ng/ml per-
tussis toxin for 24 h inhibited the Ca** response to
noraqrenaline,phenylephrine,a—methyl—noradrenaline
and isoprenaline completely. We conclude that o,-,
@~ and B-adrenoceptors are involved in the noradren-
aline-stimulated Ca* increases in cultured porcine
aortic smooth muscle cells with a dominating contri-
bution from the a.-subtype.

Inst. Arteriosclerosis Res.,

il Domagkstr. 3,
Minster, Germany

D-4400
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PHARMACOMECHANICAL COUPLING OF ml-ADHENOCEPTORS IN THE
ISOLATED RAT PORTAL VEIN.
'M.R. Schwietert and °B. Wilffert

The isolated rat portal vein (RPV) is a good example of a vascular smooth
muscle preparation which spontaneously generates phasic myogenic contrac-
tions. Receptor stimulation with excitatory neurotransmitters is known to
increase mechanical activity of the RPV, but the underlying Ca®*-mobilizing
mechanisms are largely unknown.

To gain more insight in the pharmacomechanical coupling ot a -adrenoceptors
in the RPV, we studied the mechanical response to the addition of
phenylephrine (PE, 100 pM), after treatment with different concentrations of
nifedipine (0.3 nM - 0.1 pM) and cromakalim (10 nM -10 pM), and after different
periods (0 - 6 min) of incubation in a nominally Ca*-free Tyrode’s solution. Since
stimulation of « -adrenoceptors in the RPV with high concentrations of full
agonists is known to cause a sustained depolarization of the smooth muscle
cells, we also studied the mechanical response to depolarization with high K-
solution (50 mM) under the same circumstances as those for PE. This allowed
us to compare mechanical effects mediated by pure voltage-regulated Ca*'-
mobilization and those induced by receptor-regulated Ca®*-mobilization which
also partly involves the stimulation of voltage-regulated Ca?*-mobilization in the
RPV. The results show that the early phasic and sustained components of the
K* and PE induced contraction are differentially sensitive towards nifedipine and
cromakalim. As compared to the sustained components, the early phasic
components of both contractions, which are associated with an initial burst of
action potential discharge, are relatively sensitive to cromakalim and rather
insensitive to nifedipine and utilize a more slowly exchangeable Ca®* -pool for
contraction. This slowly exchangeable Ca®"-pool, however, is already depleted
after 6 min in a nominally Ca®*-free Tyrode’s solution.

In conclusion, the results suggest that in the RPV coupling of the «,-adreno-
ceptor to its mechanical effector mechanism involves different modes of Ca®'-
mobilization, which can be pharmacologically separated by nifedipine and
cromakalim.

'Dept. of Pharmacotherapy, University of Amsterdam, Academic Medical Centre,
Meibergdreef 15, 1105 AZ Amsterdam, The Netherlands and 2Janssen Research
Foundation, Dept. of Experimental Medicine, Neuss, F.R.G.
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SpDZ NVI 085 DISCRIMINATES BETWEEN RAT VAS DEFERENS

ALPHAlA- AND RAT AORTA ALPHAlB-ADRENOCEPTORS

M. Eltze,

The anticataplectic effect of SDZ NVI 085* has been
associated with its ability to selectively stimula-

and R. Boer

te a.,,-adrenoceptors. Evidence from functional stu-
dies “suggests that o, ,~adrenoceptors mediate con-
traction of prostatiG portions of rat vas deferens

(RVD) to noradrenaline (NA) , whereas rat aorta (RA)

contains primarily o, -adrenoceptors which show
different affinities £07 various antagonists (pA,):
RVD RA Ratio pA2 (RVD:%A)
5~Methyl-urapidil 9.10 7.03 117
Ipsapirone 7.94 5.90 110
Wy-49.051%* 7.56 5.59 100
Flesinoxan 6.99 5.48 30
Urapidil 7.52 6.16 23
5-Formyl-urapidil 7.92 6.55 23
Benoxathian 9.35 §.14 18
WB 4101%** 9.56 8.53 11
Spiperone 7.63 7.82 0.6

Contractions of RVD to SDZ NVI 085 (pD, = 5.5,
i.a.= 0.42) were sensitive to 5-methyl-urapidil and
isradipine but resistant to chlorethylclonidine,

whereas SDZ NVI 085 was inactive in RA. The clear
differences in sensitivity to these agents and the
antagonist affinities in both tissues <further

support the suggestion that primarily o,,- and
o, .. —adrenoceptors are functionally invoi%ed in
cdhtraction to NA in RVD and RA, respectively.

* (-) - {4aR, 10aR) -3, 4, 42,10, 10a~hexahydro~6-methoxy~4-methyl-
9~methylthio~2H-naphth [2,3,-b]-1,4-oxazine (Sandoz) ; **7-[3~
[4- (diphenylmethoxy) ~1~piperidinyl]propyl]~3, 7~dihydro~1,3-
dimethyl-1H-pyrine-2, 6—dione (Wyeth-Ayerst); ***rac-2-(2,6-
dimethoxphenoxyethyl) -aminomethyl-1, 4-benzodioxane.

Byk Gulden Pharmaceuticals, D-7750 Konstanz, F.R.G.
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COMPUTER-ASSISTED VIDEOMICROSCOPY:

o, -ADRENOCEPTORS MEDIATE TONIC CONTRACTION TO
N&RADHENALINE IN GUINEA-PIG ILEUM SUBMUCOSAL
ARTERIOLES E. Bungardt, U. Moser, and E. Mutschler

Noradrenaline (NA) causes a biphasic contraction in isolated guinea-
pig ileum submucosal arterioles (GPSA), the tonic phase of which can
be abolished by a ,-antagonists. This study was designed to further
characterize the «4-adrenoceptor subtype involved using a set of
selective «,, -antagonists 5HT, ,-agonists. The preparation con-
sisted of artiiBlar trees embeddéd in a thin connective tissue sheath.
This was pinned out on the base of a small organ bath (0.3ml) and
continuously flowed with gassed Tyrode solution at 32°C. Arteriolar
diameter was monitored with the Diamtrack®-system; outside
diameter of arterioles examined in this study ranged from 40-70 um.
Vessels were preconstricted with 10uM NA. Antagonists were then
applied in a cumulative fashion. -log ICg,, values for vasodilation
derived from semi-logarithmic dose-response curves were:

Antagonist -log IC;, + S.E.M. (GPSA)
Urapidil 6.56 = 0.04 n=8
5-Methyl-urapidil 8.00 = 0.05 n=11
ipsapirone 6.95 = 0.05 n=8
WB 4101* 8.55 = 0.06 n=10

-og IC;, values (GPSA) were compared with antagonist potencies
(PK;, pﬁz) obtained in radioligand binding studies and in functional
experiménts. Urapidil was used as reference antagonist (D. Mackay,
TIPS 12:181, 1991). No correlation was found between -log ICcy's
(GPSA) and pK; values at 5-HT,, (pig cortex; r=0.474) and a185([r)at
cortex; r=0.739) binding sites. 1I’:ﬁ contrast, -log ICg’s (GPSA) were
significantly correlated with pK; values ata, (rat cortex) binding sites
(r=1.000), pA, values at rat vas deferen$’ {r=0.999) and -log ICq,
values found iff rat kidney (r=0.889)(M. Eltze et al,, EJP 202:33, 19915).
In conclusion, tonic contraction to NA in guinea-pig lleum submucosal
arterioles appears to be mediated by adrenoceptors of the
@, 5-Subtype.

* (t)-2-[2.6—dimethoxyphenoxyethy|]aminomethyl-1 4-benzodioxane

Departrent of Pharmacology, University of Frankfurt, Theodor-Stern-
Kai 7, Gebaude 75A, D-6000 Frankfurt/M, FRG.
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INTRINSIC SYMPATHOMIMETIC ACTIVITY (ISA) OF THE ADRENO-
CEPTOR ANTAGONISTS CELIPROLOL, DILEVALOL, AND PINDOLOL

W. Bartsch , P. Kéhler, B, Miller-Beckmann, L. Kling, K.H.Bichner, and G. Sp
INTRODUCTION: ISA is one of the extraordinary properties of some
B-blockers. It may prevent ne%)ative chronotropic and inotropic effects
during therapeutic use of B-blockers, but it is a matter of debate
whether lack of cardioprotection evidenced for some B-blockers in
epidemiological studies is due to their ISA. The aim of this study was
to quantify the ISA on the By- and B,-receptor sites since it has been
claimed for dilevalol (D) and celiprolol (C) that they have specific B,-
ISA. METHOD: Isolated organs ?rom rats were used. For the B8;-IS
increase in the rate of spontaneous beating right atria and for B,-ISA
the relaxation of K+ (3.6*10-4 M)-precontracted uteri were used.
Concentration-response curves (CRC) were established for the test
compounds. Additionally, it was investigated in the uterus preparation
whether the CRC of test compounds could be shifted in a parallel
manner by preincubation with the 87-selective Adrenoceptor-
antagonist ICI 118551 (10-M). RESULTS: The data in the table give
the maximum response. At maximum, isoprenaline (ISO) increased
heart rate by 188 b.p.m., and it relaxed the rat uteri by 92%. These
values were set for 100%.

Modei{ Rat atrium (84-ISA) Rat uterus ( B2-ISA )
Drug Conc. (M) | % increase | Conc. (M) | Relaxation (%)
Isoprenaline 10-7 =100 10-7 =100
Celiprolol 10-5 20 10-6 93
Dilevalol 10-5 0 10-6 94
Pindoiol 10-6 6 10-6 71
Propranolol 10-4 <0 10-6 0

As expected, propranolol had neither 8;-ISA nor B,-ISA. ICT 188551
was able to shift the CRC of ISO, C, D, and pindolol in a parallel
manner, but to a different degree to the right, suggesting that relaxing
mechanisms other than B)-stimulation may contribute to the effect on
this preparation. All test compounds (including ISO) reacted more
sensitively on the B8,-receptor site. Remarkably, - in contrast to C - D
exerted ISA exclusively on the B,-site.

Medical Research Boehringer Mannheim GmbH,

P.O.Box 31 01 20, D-6800 Mannheim 31
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(-)-(125 1)-IODOCYANOQPINDOLOL BINDING ON EPIDER-
MAL MEMBRANES OBTAINED FROM HUMAN SPLIT-
THICKNESS SKIN GRAFTS M. Steinfath*, V. Steinkraus**, L.
Stove** and H. Mensing**

Permanent epidermal keratinocyte cell cultures express high
densities of B-adrenoceptors as shown by radioligand binding studies
(Steinkraus et al, Arch. Dermatol. Res. 283: 328-332, 1991). We
demonstrate a method to directly measure B-adrenergic binding
characteristics in membrane preparations obtained from left overs of
split-thickness skin grafts (0.3 mm). ) ]
Membranes were sequentially homogenized and centrifuged in order
to obtain pure epidermal fragments which were analysed ultra-
structurally. Saturation experiments with the non-selective B-adreno-
ceptor antagonist (-)-(125 I)-iodocyanopindolol (ICYP, 6-8 different
concentrations ranging from 5 to 150 pmol/l) used as radioligand
showed saturable specific binding isotherms. Scatchard transforma-
tion of the data revealed a high affinity binding of ICYP to a single
class of B-adrenoceptors. The total 8-adrenoceptor density was found
to be 80.0+10.0 fmol/mg protein (mean+SEM, n=8). The
equilibrium dissociation constant (KD) was 80209 pmol/lL
Displacement curves for different 8-adrenoceptor agonists as well as
8-adrenoceptor antagonists were best fitted to a monophasic sigmoid.
The rank order of potency for the B-agonists was isoprenaline>
adrenaline > noradrenaline. The IC-50 values (nmol/l) for the 8-
antagonists were: ICI 118551 (erythro-(+)-1-(7-methylindan-4-
yloxy)-3-isopropylaminobutan-2-ol, B2-selective) 14.7; propranolol
(non-selective) 24.8; CGP-12177 (4—(3-tertiarybuty1am1p0—2-hydroxy—
propoxy)-benzimidazole-2-on, non-selective) 28.9; bisoprolol (B1-
selective) 1500; CGP-20712A (1-(2-(3-carbamoyl-4-hydroxy)phen-
oxyethylamino)-3-(4-(1-methyl-4-tri-fluoromethyl-2-imidazolyl)-
phenoxyl)-2-propanol methanesulfonate, B1-selective) 8990.

It is concluded that human epidermis contains a high density of 82-
adrenoceptors. B-adrenoceptor binding characteristics in the inves-
tigated epidermal membranes are very similar to those obgerved in
human epidermal keratinocyte cell cultures or other human tissues.

*Abteilung Allgemeine Pharmakologie and **Universitéits-Haut-
klinik, Universitits-Krankenhaus Eppendorf, MartinistraBe 52, 2000
Hamburg 20, Germany
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KETOTIFEN ATTENUATES TERBUTALINE-INDUCED DESEN-
SITIZATION OF P-ADRENOCEPTOR-MEDIATED PHYSIOLO-
GICAL IN VIVO EFFECTS IN HUMANS.

R. Schd@fers, A. Daul, M.Kriiger, A.Wenzel

The use of p-adrenoceptor (AR) agonists in long-
term treatment of asthma or chronic heart failure
is of limited value as B-AR desensitization deve-
lops. The antiallergic drug ketotifen (KET) pre-
vents desensitization of rat and human pulmonary
B-AR as well as down-regulation of human lympho-
cyte B,-AR caused by chronic B-AR treatment. We
studieé whether KET may also prevent B-AR agonist
-induced desensitization of 3-AR mediated physio-
logical in vivo effects in humans. 9 Healthy vol-
unteers were treated for 14d with 3x5mg/d terbu-
taline (TER) with or without KET {2mg, then 2x1
mg/d); before and after TER-treatment bicycle
exercise-induced tachycardia (B,-AR mediated) and
isoprenaline-infusion (3.5;7;17.5;35 and 70ng/kg/
min for 5 min each)-evoked increase in systolic
blood pressure (B,-AR mediated), decrease in dia-
stolic blood preslure and increase in plasma nor-
adrenaline (B,-AR mediated), and tachycardia (8,-
and B,-AR med%ated) were assessed. TER-treatment
desengitized all B,-AR mediated effects but not
3,-AR mediated effécts; concomitant KET-admini-
s%ration markedly attenuated this TER-induced
B,-AR desensitization. We conclude that KET does
ngt only prevent B-AR agonist-induced down-regu-
lation of PB-AR number but also B-AR agonist-indu-
ced blunting of $-AR mediated physiological in
vivo effects. Thus, concomitant KET-administrati-
on to B-AR agonist treatment might prevent, or at
least delay, development of tolerance and hence
may improve efficacy of treatment.

Dept. Medicine, University of Essen,
Hufelandstr. 55, D-4300 Essen 1, Germany
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THE Bl—ADRENOCEPTOR AFFINITY IS IMPAIRED IN PATIENTS WITH
ACUTE ALLERGIC RHINITIS. U. Bleise, *B. Przybilla, H. Kurz

An altered g-~adrenergic regulation is discussed as a pathoge-
netic factor in atopic diseases. In this study the £,~adrenocep—
tors on peripheral leukocytes of 7 patients with hayfever were
evaluated during polien season and compared to 7 healthy
controls. Leukocytes were harvested by M%crodex sedimentation
and adjusted to a concentration of 5.0%10 cells/ml. 8,—~adreno—
ceptor density (Bmax) and affinity (Kd} were ?ﬁtermmed in a
radio—receptor assay with 12 concentrations of “lodocyanopin—
dolol (1.0-150 pmol/i). The intracelluiar formation of cyclic
adenosine monophosphate (cAMP) was tested in clgsse—r_gisponse
curves with & concentrations of isoproterenol (10 "-10 ° mol/1)
yielding basal (BW) and maximal cAMP content (Emax) as well
as the isoproterencl concentration necessary to achieve half
maximal stimulation (EC. ).

Bmax was only slightly {(1607+94 vs. 18631248 sites/cell),
receptor affinity however significantly decreased in hayfever
patients (6.4+1.0 vs, 3.4+0.6 pmol/l; p<0.05). Both BW (4.9+0.8
vs. 8.4%1.3 pmol/10° cells; p<0.05) and plasma cAMP concen—
trations (25.7+1.2 vs. 31.3%1.6 nmol/]; p<0.05)} were lower in
the atopic patients. The formation of cAMP could be stimulated
in ali ceils. However, Emax expressed as a percentage of BW,
was reduced (117%3% vs. 145+8%; p<0.01), EC,, was increased
(10891669 vs. 71+51 nmol/l; p<0.005) in allergic rhinitis.

It is concluded that in allergic rhinitis Bz—adrenoceptor affinity
as well as stimulation of cAMP are impaired. In comparison with
a previous study done outside the polien season [Naunyn-—
Schmiedeberg's Arch. Pharmacol. 1991, 343, R 99] these altera-—
tions were now more pronounced.

Walther—~Straub-Institut flir Pharmakologie und Toxikologie,
Ludwig—Maximilians—Universitdt, Nussbaumstr. 286, D-8000
Miinchen 2, FRG and *Dermatologische Klinik und Poliklinik,
Ludwig-Maximiiians—-Universitdt, Fraueniobstr. 9-12, D-8000
Miinchen 2, FRG
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AGONIST-INDUCED B-ADRENOCEPTOR DOWN-REGULATION IN SK-N-MC
CELLS AND LYMPHOCYTES: NO CHANGE IN G:~PROTEIN a-SUBUNITS
0.-E.Brodde, A.Broede, D.Oefler, Th.PRilipp, E.Schafer

Evidence has accumulated that chronic activation of car-
diac B-adrenoceptors (AR) is not only accompanied by a de-
crease in B-AR number but also by an increase in cardiac
G.-protein ®-subunits. To study whether this is a general
phenomen we investigated a) in vitro the effects of 24 h
incubation of SK-N-MC cells Thomogeneous class of B,-AR)
with 10uM isoprenaline (IS0) and b) in vivo in 8 healthy
volunteers in circulating lymphocytes (homogeneous class
of B,~AR} the effects of 2 weeks treatment with terbutal-
ine {TER, 3x5 mg/day) on B-AR number and on the amoupt0f
G.-protein o-subunits. P-AR number was assessed by [ “°1]-
iddocyanopindolol (ICYP) binding, the amount of SK-N-MC
cell and lymphocyte G.ggrotein o-subunits by pertussis
toxin{PTX)-catalyzed E P]-ADP-ribosylation. In vitro SK-
N-MC cell B-AR number(91.0:8.2 fmol ICYP bound/mg protein,
n=7) was decreased after 24 h I1SO-incubation by 53%2%; the
amount of SK-N-MC cell PTX-substrates, however, was not
affected by the ISO-incubation (control: 1739:130 fmol/

mg protein, after 1S0: 1703:140 fmol/mg protein). In vivo
TER-treatment caused a significant decrease in lymphocyte
B,-AR density (control: 1079%136 ICYP binding sites/cell;
a?ter 2 weeks TER: 649t75 ICYP binding sites/cell, n=8,
P<0.05); lymphocyte PTX-substrates, however,were not chan-
ged by the TER-treatment (control: 5282+731 fmol/mg pro-
tein, after TER: 4676%508 fmol/mg protein). The fact the
neither an agonist-induced decrease in the number of

B,-AR (SK-N-MC cells) nor in B,-AR (lymphocytes) is accom-
pgnied by changes in G;-proteifi a-subunits does not sup-
port the view that the increase in cardiac Gi—protein
a-subunits following long-term activation of”cardiac p-AR
is a general phenomenon but rather indicates that this

may be a tissue-specific effect.

Dept. Medicine, University of Essen, HufelandstraBe 55,
D-4300 Essen 1, Germany
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CHARACTERIZATION OF THE 8-ADRENOCEPTOR ON HUMAN LYMPHO-
CYTES BY DOSE-RESPONSE CURVES FOR THE STIMULATION OF cAMP
E. Haen, #H.P.Emslander, and *D. Reinhardt

Peripheral mononuclear leukocytes (pMNL) express 8-adrenoceptors
that have been classified by radioligand binding studies as B, —adreno-
ceptors (Brodde et al 1981: Life Sci 29, 2189). This study complements
this classification by a functional criterion. The stimulation of the
intracellular formation of cyclic adenosine monophosphate (cAMP) was
tested by incubating intact pMNL for 10 min in the presence of 10-4
mol/] isobutylmethylxanthine (IBMX) with 24 concentrations (2.5 x
1019 - 1 x 102 mol/l) of a—adrenergic agonists (xylometazoline,
oxymetazolin), dopamine, unselective 8—adrenergic agonists (noradre-
naline, adrenaline, isoprenaline), Bz —selective agonists (salbutamol,
terbutaline, fenoterol), and the new long-acting Bz —selective agonist
formoterol (2.5 x 10-12 — 1 x 104 mol/1). A dose—response curve was
fitted by non~linear regression analysis to the data obtained with
PMNL from at least three healthy male volunteers / each substance
yielding the basal cAMP content (Eo), its maximal increase (En), and
the concentration needed to achieve half-maximal stimulation (ECso ).
The o.~adrenergic agonists were not effective, noradrenaline was only
effective in very high concentrations (g ECso: ~2.67). The stimulation
by 8-adrenergic agents proceeded in two steps. In the first step the
following sequence was observed (lg ECso ): Adrenaline (-5.64) < ter-
butaline (-5.68) < isoprenaline (-8.73) < salbutamol (-7.52) < fenote—
rol (~7.68) < formoterol (~12.17). En was largest for terbutaline (275
% of Eo) and fenoterol (237 % of Eo) and lowest for salbutamol (130 %
of Eo) and formoterol (116 % of Eo). In the concentration range of 2.5
X 1019 ~ 2.5 X 10-° mol/]l isoprenaline and adrenaline an increase in
the cAMP content may be observed that decreases again to basal
values. The results functionally classify the 8-adrenoceptor on pMNL
as Bz ~adrenoceptor. There is no evidence for a functionally active 81 -
adrenoceptor. The decreasing stimulation in the (physiologically
important) low concentration range suggests the inhibiting action of
oz —adrenoceptors. Adrenaline is suggested to be the physiological
ligand for adrenoceptors on pMNL. The varying degree of stimulation
(Em) after incubation for 10 minutes probably reflects the different
onset of action of the various 8-sympathomimetic agents.

Walther—~Straub-Institute of Pharmacology and Toxicology, University
of Munich, Nussbaumstr, 26, D-8000 Miinchen 2
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COUPLING OF B4- AND [>-ADRENOCEPTORS TO ADENYLATE
CYCLASE OF BOVINE ENDOTHELIAL CELLS H. Lemoine!,
B. Sackmann‘, S. Zink2, and P. Résen?

135-adrenoceptors (87AR) are involved in the regulation of endotheli-
al cell permeability. It is unciear until now if B1AR also coexist in en-
dothelial cells, and if 84AR are coupled to the adenylate cyclase
{AC). Endothelial cells from bovine aorta (BAEC) were disaggregated
with collagenase and cultured on polycarbonate filters to study the
permeability of cell monolayers and in flagks (75 cm2) for the prepa-
ration of membranes. The permeability of monocellular endothelial
layers was determined by the exchange of fluorescence labelled
dextrans {4 - 150 kDa). In cell membranes using 125J‘(—)-pindolo| as
radioligand and CGP 20,712 A {1-[2(3-carbamoyl-4-hydroxyphenoxy)-
ethylaminol-3-[4-{1-methyl-4-trifluoromethyl-2-imidazolyl) phenoxyl-2-pro-
panol} as B1AR- and ICI 118,651 ({erythro-{+)-1-(7-methylindan-4-yl-
oxy)-3-isopropylaminobutan-2-ol} as BpAR-selective antagonists we
found that both B;AR and B2AR coexist in a proportion of 13 :
87%. AC-activity was assayed using a—32P-ATP as substrate and
3H-cAMP as recovery marker. AC-activity was stimulated with for-
moterol (FOR), (-)-isoprenaline and (-)-noradrenaline in the absence
and presence of CGP 20,712 A or ICl 118,551 maximally up to 6-
fold of basal activity. The resuits show that both B1AR {up to 40 %
of Vimax) and BoAR (< 80% of vy, are involved in the stimulation
of AC with the catecholamines, whereas FOR exclusively stimulated
AC-activity through B>AR. FOR also reduced the permeability of
BAEC monolayers up to 60% with concentrations = 100-fold lower
than those necessary to stimulate B2AR coupled AC indicating the
existence of spare receptors.

Vinstitute for Laser Medicine, Mol. Drug Research Group, University
of Dusseldorf, Universitatsstr. 1, 2piabetes Research Institute,
Auf'm Hennekamp, 4000 Disseldorf 1, FRG
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INVOLVEMENT OF TRAPIDIL-SENSITIVE PHOSPHODIESTERASE
INHIBITION IN THE REGULATION OF CARDIAC PROTEIN
PHOSPHORYLATION AND CONTRACTILITY

Bartel S. and P. Karczewski

The involvement of a cAMP-sensitive protein phosphorylation (P) of phos-
pholamban (PLB), 15kD-protein (15kDP) and troponin I (TNJ) in the regula-
tion of cardiac contractility was investigated in the isolated perfused rat heart
exposed to trapidil (T; Rocornal®). T produced a dose-dependent positive
inotropic effect (max. stimulation at 0. lmM T) of 67% of the control level.
This was accompanied by an increase of cAMP (pmol/mg prot.) from
2.540.3 (n=7) to 10.4+1.0 (n=5) as well as by a change in the cCAMP-
dependent protein kinase activity ratio (-cAMP/+cAMP) from 0.12+0.06
(n=6) in the control myocardium to 0.29+0.02 (n=5) in the T-treated
hearts, resp.. In consequence of this T-initiated changes there was a dose-
dependent in vivo increase of the P-state of PLB, 15kDP and TNI. 0.1 mM
T increased the P-state (pmol/mg fraction prot.) of PLB by 41+3 (n=7),
1SkDP by 3.31+0.3 (n=5) and TNI by 2242 (n=7), resp.. The increased
sensitivity in P of PLB and 15kDP relative to TNI indicates that T inhibits
PDE activity preferentially in the compartment of the sarcoplasmic reti-
culum. As an expression of nonspecific PDE-inhibition an enhanced cGMP-
level was only observed at T >0.1mM. In conclusion, influence of T on
the contractile activity of the heart via cAMP-regulated P might be the
rational basis of its efficacy in the treatment of heart diseases connected with
changes in B-adrenergic response.

Inst. fiir Herz- und Kreislaufforschung, Berlin-Buch
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VASCULAR PRE-PREFUSION MARKEDLY AFFECTS THE MODU-
LATION BY NICOTINE AND MUSCARINE RECEPTORS OF INTE-
STINAL SEROTONIN RELEASE STUDIED IN USSING CHAMBERS.
A. Reimann and B. Hering,

In the intestine serotonin (5-HT) is present in enterochromaffin cells
(ECs) of the mucosa. ECs are bipolar cells and can secrete 5-HT at the
luminar as well as interstitial side. In the present experiments a possible
differential release of 5-HT from the mucosal and serosal side of the
small intestine was studied by the use of Ussing techniques.

Segments of the rabbit small intestine were incubated in Krebs-HEPES
solution in Ussing chambers allowing the separate determination of mu-
cosal and serosal outflow of 5-HT and 5-hydroxyindoleacetic acid
(5-HIAA). Test drugs were added to both sides. In some experiments, ar-
terial perfusion of the small intestine via the superior mesenteric artery
was performed in situ for 20 min prior to the dissection of the tissue.
After 50 min of incubatign in vitro, the spontaneous outflow of 5-HT
and 5-HIAA (as pmol/cm®/10 min) from pre-perfused segments amoun-
ted to 1.5 ¢ 0.14 and 30 + 2.5 at the serosal side (n=36) and to 8 £ 0.8
and 67 * 6.9 at the mucosal side (n=17). The outflow of 5-HT and 5-
HIAA from non-perfused tissue was not significantly different. In con-
trast, pre-perfusion markedly affected the response to muscarine and ni-
cotine receptor agonists. In pre-perfused tissue, oxotremorine concentra-
tion dependently increased the serosal outflow of 5-HT, maximally 30-
fold at 10 umol/l, whereas in non-perfused tissue the stimulatory effects
of oxotremorine were less consistent and less pronounced (maximal in-
creases 3-8-fold). Similar differences were also observed when nicotine
(100 pmol/1) was applied. In pre-perfused tissue, micotine caused a clear
cut and transient increase (by 150 %) of the serosal outflow of 5-HT,
whereas in non-perfused tissue the effect of nicotine was inconsistent
and markedly less pronouned (maximal increase 40 %). Neither nicotine
nor oxotremorine significantly affected the outflow of 5-HT at the mu-
cosal side.

In conclusion, activation of muscarine or nicotine receptors selectively
stimulates the release of 5-HT at the interstitial side of the ECs. The
present experiments also indicate that arterial pre-perfusion of intestinal
segments (possibly by washing out inhibitory mediators) markedly affects
the magnitude of the response of 5-HT release to different stimuli.
Supported by the Deutsche Forschungsgemeinschaft (Ra 400/3-1)
Pharmakologisches Institut der Universitit Mainz,

Obere Zahlbacher Str. 67, W-6500 Mainz, FRG.
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5-HT EFFECTS ON ISOLATED STRIPS FROM GUINEA PIG
STOMACH
K.H. Buchheit and A. Bertholet

Both, stimulation and inhibition of gastric motility has been observed
after administration of 5-HT to various species. Direct effects on
stomach tissue and/or modulation of the activity of endocrine glands or
the autonomic nervous system could be involved in such complex
effects. We used a nerve/muscle preparation from the guinea pig
stomach to analyze the local effects of 5-HT on stomach motility and the
5-HT receptor subtypes possibly involved therein. After removal of the
mucosa, strips from the circular muscle of guinea pig corpus and fundus
were set up in an organ bath in Krebs solution under an initial tension
of 1 g and were stimulated intermitiently (electrical field stimulation
(EFS), 40 V, 0.1 ms, 1 Hz, for 30 s at 5 min intervals). Non-cumulative
concentration response curves were recorded. 5-HT augmented EFS-
induced contractions in strips from the fundus (pD, 9.1) and in the
corpus (pD, 9.6). Contractions were increased by 300-400 %. In strips
from the corpus, the 5-HT effect was insensitive to 107 M ICS 205-930
(ICS; tropisetron) but was antagonized by the 5-HT, receptor antagonist
SDZ 205-557 (107 M) [SDZ; 2-methoxy-4-amino- 5 chloro-benzoic acid
2-(diethylamino) ethyl ester]. ICS and SDZ had no effect on EFS-
induced contractions. The effect of 5-HT was mimicked by the 5-HT,
receptor agonist 2-methyl-5-HT (pD, 5.6) and by metoclopramide (pD,
7.2) and renzapride (pD, 7.9). The effect of 2-methyi-5-HT was sensitive
to blockade by ICS, whereas the effects of renzapride and
metoclopramide (partly) were inhibited by SDZ. Agonists at 5-HT,,,
receptors (5-carboxamidotryptamine) or 5-HT,,, receptors (a-methyl-5-
HT) inhibited contractions. it s concluded that, despite the presence of
5-HT, receptors, the stimulatory effects of 5-HT on guinea pig stomach
strips are predominatly mediated by 5-HT, receptors.

Preclinical
Switzerland

Research, SANDOZ Pharma Lid., CH-4002 Basel,
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EFFECTS OF THE 5—HT4 RECEPTOR AGONIST BIMU8 ON RELEASE OF
ACETYLCHOLINE (ACh) AND 5-HYDROXYTRYPTAMINE (5-HT) FROM
GUINEA PIG ILEUM "

H. Kilbinger, A. Gebauer, H. Ladinsky

BIMU8 is a novel S—HT4 agonist (Dumuis et al., this journal
343: 245, 1991) which enhances electrically evoked twitch
contractions and peristalsis in the guinea pig ileum (Tonini
et al., Pharmacol Res 24: 5, 1991). We have studied the ef-
fects of BIMU8 on release of [“H]ACh from m% enteric plexus
longitudinal muscle strips preincubated with [“H]lcholine, and
on release of 5-HT from enterochromaffin cells of the
vascularly perfused ileum (Schwdrer et al., Neuroscience 21:
297, 1987).

Basal release of | H]ACh BIMU8 caused a concentration-de-
pendent increase in basal release (ECgq: 26 nmol/1l) which was
abolished by tetrodotoxin umol/? by removal of
extracellular calcium. Ondansetron (1 umol/l) did not affect
the stimulatory response to BIMU8. Tropisetron (1 umol/l) and
the S—HT4 receptor antagonist DAU 6285 (1 umol/l) (endo-6-
methoxy-8-methyl-8-azabicyclo [3.2.1] oct 3-yl-2,3-dihydro-2-
oxo-1H-benzimidazole-1 carboxylate) shifted the
concentration-response curve for BIMU8 to the right yielding
pPKp values of 6.9 (tropisetron) and 7.5 (DAU 6285).

Evoked release of [ H]Agh Strips were stimulated at 0.1 Hz.

BIMU8 increased the [“H]ACh release evoked by submaximal

electrical stimulation (voltage gradient between the
electrodes: 5-6 V/cm) (ECgq: 5 nmol/1). DAU 6285 (1 umol/l)
alone did not affect the evoked [“H]JACh release but

competitively antagonized the effects of BIMUS on release
(pKB: 6.8).

Basal release of 5-HT: The release was inhibited by BIMU8
(EC : 7 nmol/l) but was not changed by 1 umol/l DAU 6285.
Conc2u51on: BIMU8 is a potent agonist at S—HT4 receptors in
guinea pig ileum, and causes an increase in both basal and
evoked ACh release, and a reduction in 5-HT release.

Pharmakologisches Institut der Universitét,
§tr. 67, D-6500 Mainz-
Boehringer Ingelheim Italia, I-20139 Milano.

Obere Zahlbacher
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ACTIONS OF THE NOVEL 5—HT3 ANTAGONISTS MDL 73147EF
AND MDL 74156 ON NG108-15 NEUROBLASTOMA CELLS

P.H. Boeijinga, M. Galvan, B.M. Baron and M.W.
Dudley

In radioligand binding experiments, MDL 73147EF
(1H-indole-3-carboxylic acid, trans-octahydro-3-
oxo-2, 6-methano-2H-quinolizin-8-yl1 ester, methane-
sulfonate) and MDL 74156 (1H-indole-3-carboxylic
acid, trans-octahydro-3-hydroxy-2,6-methano-2H-
gquinolizin-8-yl ester) displaced [3H]GR65630 (3~
(5-methyl-1H-imidazol-4-y1l)-1~(1-methyl- 3H3—1H4
indol-3-yl)-1-propanone) from 5- hydroxytryptamlne3
(5- HT3 ) binding sites on membranes prepared from
NG108 15 neuroblastoma-glioma cells. The
competition curves were monophasic indicating a
single binding site. The estimated dissociation
constants (K ) were 20.03 + 6.58 and 0.44 + 0.18
nM, respectlvely (means * SEM, n=6 and 9). 5-HT
(10 50 uM) pressure-ejected from a micropipette
onto single NG108-15 cells voltage-clamped at -50
mV, elicited a transient inward membrane current
characteristic for the activation of 5-HT
receptors. The 5-HT current was blocked in a
reversible, concentration-dependent manner
following a 5 min bath application of MDL 73147EF
or MDL 74156EF (the methanesulfonate salt of MDL
74156). The concentrations required tc half block
the 5-HT response ) were approximately 3.8
and 0.1 nM respectlveiy It is concluded that both
compounds are potent and reversible antagonists at
5-HT3 receptors in this neuroblastoma cell line.

Marion Merrell Dow Research Institute
16 rue d'Ankara, F-67084 Strasbourg
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INHIBITION BY ANAESTHETICS AND STEROIDS OF 5-HT3 RECEPTOR-
MEDIATED INFLUX OF l4C-GUANIDINIUM IONS IN NEUROBLASTOMA
CELIS M. Barann, H. Bénisch

The l4c-guanidinium ion is a useful tool for measuring cation
fluxes sodium chammels (Reith, Eur J Pharmacol
188:33, 1990) or the <cation chamnel of the 5-
hydroxytryptamine; (5-HT3) receptor (Reiser and Hamprecht,
Eur J Pharmacol 145:273, 1988; Barann et al., Naunyn-
Schmiedeberg’s Arch Pharmacol 344 (Suppl): R36, 1991). Here
the influence of same anaesthetics and steroids on the S-HT-
mediated 14C-guanidinium ion influx was studied on the 5-HT3-
receptor of N1E-115 mouse neurcblastoma cells.

N1E-115 cells were cultured essentially as described by Hoyer
and Neijt (Mol Pharmacol 33:303, 1987). After removal of the
culture medium cells were preincubated (at 37°C for 15 min)
in a ca**- and Na*-free buffer (Nat replaced by cholinet)
and, where indicated, in the presence of an anaesthetic or a
steroid. The cells were then incubated for 2 min in the same
buffer which now additionally contained C-guanidinium
hydrochloride (5 pmol/1) and 100 pamol/1l 5-HT. Cells were then
washed with cold buffer, dissolved in triton X-100 (0.1%) and
the 14c-content of the cells was determined.

The l4c-guanidinium influx elicited by 5-HT was irhibited by
the anaesthetics with the following rank order of potencies:
propofol = etomidate > alfaxalone = methchexital > ketamine >
thiopental. The ICgg-values were about 8 and 115 pjmol/1 for
propofol and thiopental, respectively.

Five additionally tested steroids caused also inhibition of
5-HT-mediated 14C-guanidinium influx with the following rank
order of potencies: 17B-estradiol > progesteron = allotetra-
hydrodeoxycorticosterone > testerosterone > dexamethasone.
The ICsy for 178-estradiol was 3-4 amol/l.

In agresment with earlier data (Gdthert et al., Arch Int
Pharmacodyn Ther 242:196, 1979) this study shows that the
cation chammel of the 5-HT3 receptor is a target for
anaesthetics. In addition, steroids also have a fast
inhibitory effect on the ligand-gated 5-HI‘3-receptor.
Institut fiir Pharmakologie und Toxikologie der Universitat
Bormn, Reuterstr. 2 b, D-5300 Born 1, Germany
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REPLACING THE 2-METHYL IMIDAZOLE NUCLEUS OF THE 5-HTg
ANTAGONIST ONDANSETRON BY A 2-AMINO IMIDAZOLE MOIETY
DOES NOT AFFECT THE AFFINITY AT ILEAL 5-HT; RECEPTORS
WL Hell, S. Elz", H. Pertz and W. Schunack

Structure-activity studies have been carried out in the field of the selective 5-
HTg antagonist ondansetron (GR 38032). Thus, a series of new analogues
was synthesized and the affinities for 5-HT3, Mg and H, receptors were esti-
mated in isolated quiescent guinea-pig ileal tissues. One compound (racemic
HW 138), characterized by a 2-amino imidazole instead of a 2-methy/ imida-
zole ring, equals ondansetron at ileal 5-HT5 receptors with a pKpg value in the
range of 0.1 pM, and in addition has a similar affinity profile at other neuro-
transmitter receptors (Tab. 1). However, the activity of HW 13 in those assays
where ondansetron is more potent, e. g. at the vagus nerve or in 5-HT5 bin-
ding experiments, remains to be determined. In the series of analogues the
affinity is clearly dependent on the imidazole substitution pattern and the
distance between the carbonyl group and the basic heterocycle.

Tab. 1. Selected affinity data (mean pKg* s.e.m.)

HW 138 Ondansetron {racemic)
receptor assay (racemic) this study literature data
5-HT3 guinea-pig ileum 6.93+0.062 7.01+0.062 69530

(slope 0.98) (slope 0.87) (slope 0.88)
M3 guinea-pig ileum 491+0.05 4,72+ 0.06 -

H,q guinea-pig ileum 5.15+0.11 4.35+0.07 <5.0¢
5-HT, rat tail artery 539+0.04  4.66+0.05 4699
Ho guinea-pig atrium 454+ 0.11 not determ. 5.5¢
B8 guinea-pig atrium 457+0.13 4.53 +0.05 <4.5¢.e

2 pAg from Schild regression. b Eglen et al., Br. J. Pharmacol. (1990) 101: 513-520.
¢ Butler et al., Br. J. Pharmacol. {1988) 94: 397-412. d Rabbit aorta. © Rat atrium.

§ (£)-1.2.3.9-Tetrahydro-3-[{2-amino-1H-imidazol-1-yl)methyl]-9-methyi-4H-
carbazol-4-one

Fachbereich Pharmazie, Freie Universitat Berlin, D-1000 Berlin 33, Kénigin-
Luise-Strasse 2+4, Germany.
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ANTAGONIST EFFECTS OF RITANSERIN IN THREE IN VIVO MODELS OF
5-HT, RECEPTOR FUNCTION
H.O. Kalkman, V. Neumann, U, Zimmermann

We investigated ritanserin in three putative models for central 5-HT,¢ function.
MK-212 (1-(2-chlor-6-pyrazinyl)-piperazine), a mixed 5-HT,/5-HT, receptor
agonist and mCPP (m-chlorophenylpiperazine), a mixed 5-HT,/5-HT, agonist,
induced dose-dependent hypophagia, hypolocomotion and ACTH release in rats.
From dose-effect curves high but not supramaximal doses of MK-212 were
selected to test the inhibitory effect of ritanserin.

MK-212 (1 mg/kg ip, 30 min before decapitation) significantly increased plasma
ACTH levels (200 + 25 ng/ml, n=16; controls: 30 1 4, n=16). Ritanserin (1 mg/kg,
60 min prior to MK-212) produced a 50%-, ritanserin (3 mg/kg) a nearly 100%
inhibition of the MK-212-stimulated effect.

In rats that were starved for 48 h, MK-212 (0.5 mg/kg sc, -5 min) strongly
inhibited consumption during a 45 min feeding period. Control food-intake: 4-6
g: after MK-212 approximately 1 g, Ritanserin (1 mg/kg, -100 min, sc) almost
restored food-intake to control level, however it also produced some hyperphagia
when given alone.

mCPP-induced hypolocomotion has been described as a 5-HT, model (Kennett
and Curzon, 1988, Br J Pharmacol 94, 137-147). Locomotion was guantified
during 15 min in an Optovarimex cage. Saline-injected rats interrupted light beams
800-1000 times; after mCPP (3 mg/kg, -5 min, sc) this was reduced to about 100,
Similar results were obtained with MK-212 (1 mg/kg, -5 min, sc). Ritanserin (1
mg/kg, -60 and -100 min, sc) did not inhibit hypolocomotion induced by either
MK-212 or mCPP. When tested alone, ritanserin did not alter spontaneous
locomotion (at -100 min) or slightly suppressed it (in one experiment at -60 min).
Higher doses of ritanserin (3-16 mg/kg) also did not produce significant inhibition
of hypolocotion, whereas clearcut inhibition was observed after mianserin,
Experiments with other 5-HT antagonists are required to validate the model.

Preclinical Research, Sandoz Pharma AG, Bdg 360-604, CH-4002 Basel,
Switzerland.
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FUNCTIONAL RESPONSES OF 5-HT,, RECEPTORS EXPRESSED IN A9
CELLS: H.W.G.M. Boddeke, B. Hoffman®, J.M. Palacios™

The effects of a series of 5-HT receptor ligands upon A9 fibroblast cells transfected
with 5-HT,, receptors were investigated. Application of 5-HT (10 - 10"M) to cells
voltage clamped at -50 mV induced a transient outward current response of mainly
potassium ions. This effect was blocked by addition of BAPTA (5SmM) to the patch
pipette solution. At similar concentrations 5-HT induced transient calcium
responses which were observed using fura-2. Agonist-stimulated calcium transients
were quantified and compared with radio-ligand binding data (pK = pEC,, values
(agonists) or pKj values (antagonists), Efficacy = % of the maximal effect
produced by 5-HT, binding affinity = pKp)

Compound Calcium Affinity
pK Eff. pKp

5-HT 7.32 + 0.08 100 6.17 + 0.05
MCPP! 6.89 + 0.11 8 +4 6.16 + 0.07
TFMPP? 6.67 £ 009 53 +4 631 % 0.08
MK212* 632+013 92+6 524 +0.03
DOr* 743 +0.09 87 +5 6.78 +0.12
Ketanserin 6.6l +0.12 0 7.20 £ 0.11
Mianserin 793 +0/10 © 8.11 + 0.09

! m-chlorophenylpiperazine * trifluoromethylphenylpiperazine
® 1-(2-chloro-6-piperazinyl)-piperazin-acetate * (+)-1-(2,5-dimethoxy-4-
iodophenyl)-2-aminopropane

From the data we conclude that 5-HT,, receptor activation in A9 cells induces a
transient calcium increase. Stimulation of 5-HT, receptors activates calcium
dependent potassium and to a lesser extent chloride conductances. The
pharmacology of the calcium transients and radioligand binding is similar to that
of 5-HT,, receptors in other systems.

Preclinical Research, SANDOZ Pharma AG, CH 4002 Basle, Switzerland
* Present adress: NIMH, Bethesda MD 20892, Maryland, USA
** Present adress: Laboratorios Almirall, Cardoner 68, Barcelona 08024, Spain
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Effect of naftopldil an o1-adrenoceptor antagonistic and 5-HT1A-agonistic
compound on the adrenaline and noradrenaline levels in rat plasma
M. Schwahn and H. O. Borbe

Increasing evidence appears that 5-HT1A-receptors are involved in the
regulation of vascular resistance by inhibition of preganglionic sympa-
thetic neurons and by activation of postgangiionic vagal neurons. Anti-
hypertensive drugs like naftopidil and urapidil possess comparable affi-
nity for a1-adrenoceptors and 5-HT1A-receptors. Prazosin (ai-antagonist)
and 8-OH-DPAT (5-HT1A-agonist) are compounds with high selectivity for
either receptors.The aim of the present study was fo investigate the
influence of these compounds on adrenaline (A) and noradrenaline (NA)
levels in rat plasma.

Male Sprague-Dawley rats were sacrificed 5 min after iv.-administration
of the test compounds or vehicle and A- and NA-ievels in plasma were de-
termined by an internally standardized HPLC-assay with electrochemical
detection. Significance was calculated by a ttest on the basis of the
daily experiments.

8-OH-DPAT (1 mg/kg) increased A-levels, whereas NA-levels remained un-
changed; prazosin (1 mg/kg) leads to a decrease in A and NA was increa-
sed. Urapidil (10 mg/kq) slightly decreases A and showed a trend to
increase NA. Naftopidil (2.5 and 10 mg/kg) leads dose-dependently to a
pronounced decrease in A and NA.

A-level (ng/ml) NA-level (ng/mi)
Control 876+ 0.34 656+ 0.38
8-OH-DPAT (1) 973+ 045 p<0.01 571+ 042 ns.
Prazosin (1) 632+ 047 p<0.01 888+ 057 p<0.01
Urapidil (10) 605+ 048 p<0.001 819+ 1.07 ns.
Naftopidil 25) 7.01+ 072 p<0.07 395+ 039 p<0.01
Naftopidil (10) 443+ 040 p<0.0001 3.03+ 025 p<0.0001

n.s. = not significant

In conclusion, despite similarities in the receptor binding properties of
naftopidil and urapidil (IC50 «1/5-HT1A: 235/108 and 800/42 nmol/i) both
compounds differently influence A- and NA-levels: urapidil reveals simi-
lar effects lke prazosin, whereas naftopidil seems 1o possess additionai
propetties that lead to a decrease in both A- and NA-levels.

ASTA Medica AG, Dept. Biochemistry, Weismullerstr. 45, D-6000 Frankfurt/M
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5-HT1A-AGONISTIC PROPERTIES OF DIFFERENT ANTI-
HYPERTENSIVE DRUGS AS FOR INSTANCE NAFTOPIDIL

P. Metzenauer and R Dedecke

Stimulation of different serotonin subreceptors seems to induce
various hemodynarnic effects like bradycardia or hypotension. In
anesthetized cats of either sex, the 5-HT1A-agonistic compound
8-OH-DPAT produced a decrease in blood pressure and heart rate.
Dose dependently from 1 to 10 pg/kg the intravenous bolus caused
a fall in diastolic blood pressure in the range of 10 + 5 to 51
+ 6 mm Hg. The 5-HT1A-antagonistic compound spiroxatrine
completely abolished the hypotensive property of 8-OH-DPAT. In
addition, different antihypertensive drugs with multifactorial
mode of action were tested in the same model before and after
treatment with spiroxatrine. Urapidil (1 mg/kg) decreased blood
pressure by 31 + 4 mm Hg, while after spiroxatrine no hypo-
tension could be observed. Naftopidil (0.3 mg/kg) reduced blood
pressure by 41 = 13 mm Hg. This hypotensive effect was
diminished after spiroxatrine. Carvedilol (0.3 mg/kg) didn't
show differences in hypotension before and after spiroxatrine.
Antihypertensive drugs like prazosin (0.03 mg/kg) and verapamil
(0.1 mg/kg) or vasodilators like nitroglycerin (0.03 mg/kg) also
caused a fall in arterial blood pressure, but their hypotensive
reaction was not influenced by pretreatment with spiroxatrine.
The hemodynamic results correspond very well with binding
studies; these antihypertensive drugs also interact with other
receptors like alpha- and/or beta-receptors, with the calcium
channel or with the NO-system, but with a different pattern and
different affinities.

ASTAMedica AG, Dept. of Pharmacology, Weismiillerstr. 45, D-6000
Frankfurt/Main, FRG
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AGONIST/ANTAGONIST INTERACTIONS WITH S-HT,, RECEPTORS IN
TRANSFECTED HELA CELLS: D. Hoyer

We studied the interaction of 5-HT receptor ligands with human 5-HT,, receptors
transfected into HeLa cells. Agonist-stimulated calcium transients were measured
using fura 2 in HA 7 and HA 6 cells expressing = 500 and 3000 fmol
receptors/mg protein and compared with 5-HT,, receptor-mediated inhibition of
adenylate cyclase in calf hippocampus (see Table: pK = pEC,, values {agonists)
or pKj values (antagonists), Efficacy= % of maximal effect produced by 5-HT).

Drug Hippocampus HA 6 cells HA 7 celis
pK  Eff. pK Eff. pK Eff,
5-HT 7.83 100 711 100 6.01 100
5-CT 8.59 108 8.05 92 671 93
8-OH-DPAT 822 96 773 97 6.52 106
Flesinoxan 7.68 106 7.14 105 622 96
Ipsapirone 748 77 622 40 784 0
Buspirone 732 77 622 40 784 0
Spiroxatrine 775 91 6.62 54 816 0
MDL 73005 732 92 6.11 82 752 0
NAN 190 860 0 823 0 842 O
Pindolol 787 0 757 0 774 0
Methiothepin  7.73 0 N.T. 823 0

Compounds such as flesinoxan or 5-CT (full agonists), pindolol or NAN 190
(antagonists) displayed no change in intrinsic activity whichever the model,
although the apparent potency varied significantly. By contrast, ipsapirone,
buspirone, spiroxatrine or MDL 73005 displayed from nearly full agonism to silent
antagonism depending on the second messenger and/or conditions. Since G-
protein-coupled receptor can activate a variety of different effectors, the intrinsic
activity and apparent potency of a drug at the same receptor may vary quite
dramatically depending on the functional model. (5-CT, 5-carboxamidotryptamine;
8-OH-DPAT, 8-hydroxy-N,N-dipropyl-amino-tetraline; MDL 73005, 8-[2-(2,3-
dihydro-1,4-benzodioxin-2-yl-methylamino)ethyl]-8-azaspiro{4,5]decane-7,9-dione;
NAN-190, 1-(2-methoxyphenyl)-4-[4~(2-phthal-imido)butyl}piperazine).

Preclinical Research, SANDOZ Pharma AG, CH 4002 Basle, Switzerland.
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INTRINSIC ACTIVITIES OF IPSAPIRONE AND BUSPIRONE AT THE RAT
DOPAMINE Dz-RECEPTOR

H. Sommermeyer and T. Glaser

The nonbenzodiazepine anxiolytics ipsapirone (IPS) and bus~
pirone (BUS) have, besides their affinity for the 5-HTia
receptor, also affinity for the dopamine Dz-receptor. While
IPS binds with high affinity at the 5~HTia receptor site
(K1=2.640.6 nM), it has only moderate affinity for the Dz-
receptor (Ki=175+20 nM). In contrast, BUS has comparable
affinities for the 5-HTia (Ki=9+2 nM) and the Dz-receptor
(K1=22+3 nM). So far, there are little informations about
the intrinsic activities of these two compounds at the Dz2-
receptor. Using [3H]-DA prelabelled rat striatal slices for
measuring intrinsic activity at the nerve terminal dopamine
autoreceptors, BUS increased the electrically evoked dopa-
mine release, indicating that BUS has antagonistic proper-
ties at these receptor sites. In contrast, IPS was without
an effect in this test. For further characterization, the
mouse fibroblast cell line LZR-1 was used to measure signal-
ling via the rat Dz-receptor. This cell line is transfected
with an eucaryotic expression vecter containing the gene of
the rat Dz-receptor. Incubation of the cells with forskolin
increased the cyclic-AMP level in LZR-1 cells by direct sti-
mulation of the adenylyl cyclase. Quinpirole (a Dz-receptor
agonist) decreased the cyclic-BAMP concentration in forskolin
pretreated LZR-1 cells. The Dz-receptor mediated inhibition
of adenylyl cyclase by 10 uM quinpirole could be partially
antagonized by BUS and IPS. The antagonistic properties of
BUS were weak compared to sulpiride (a well characterized
Dz-receptor antagonist). The effect of IPS was even weaker
than that of BUS. Neither addition of BUS nor IPS to fors-
kolin prestimulated LZR-1 cells had an effect on the level
of cAMP, excluding the possibility of an agonistic activity
of these both compounds. Therefore, one has to conclude that
BUS and IPS are weak antagonists at the Dz-receptor, with
IPS being less active than BUS.

Institute for Neurobiology, Troponwerke GmbH & Co.KG.,
Berliner StraPe 156, D-5000 Koln 80, F.R.G.
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PROPHYLAXIS AND TREATMENT OF HALOTHANE-INDUCED
MALIGNANT HYPERTHERMIA: COMPARISON OF DANTROLENE
AND SEROTONIN ANTAGONISTS

C. Gerdes and A. Richter

Malignant hyperthermia (MH) is a hypermetabolic syndrome
in skeletal muscle of genetically susceptible humans and
pigs. The immediate cause is a loss of intracellular calcium
regulation. MH-triggering substances are volatile anaesthe-
tics, depolarizing muscle relaxants and agonists at sero-

tonin (5~HT)2~receptors, e.g. 1-{2,5~dimethoxy-4-iodo-
phenyl)-2-aminopropane (DOI; Ldscher et al., Naunyn-
Schmiedeberg’s Arch. Pharmacol. 341: 483-493, 1990). In

pigs, MH can also be induced by physical and psychologi-
cal stress. MH can effectively be prevented and reversed
by dantrolene, a peripheral muscle relaxant known to re-
establish intracellular calcium control. There are contra-
dictory reports about the effectiveness of 5-{T.-anta-
gonists in the prevention of halothane-induced MH in pigs
(Ooms et al., in Ruckebusch et al.: Veterinary Pharma-
cology and Toxicology, MTP, Boston, 1983, pp. 263-281;
grding et al.,, Acta Anaesthesiol. Scand. 30: 7-9, 1986).

This study compared the effects of dantrolene and the
5-HT:-antagonist ritanserin on halothane-induced MH. MH-
susceptible pigs were anaesthetized by azaperone/metomi-
date and artificially ventilated. MH was induced by adding
3 % halothane for 15 minutes to the inhaled volume.
Dantrolene (3,5 mg/kg) or ritanserin (1-2 mg/kg) were ad-
ministered intravenously either 10 minutes prior to the
halothane-application or at the end of the halothane
period.

Untreated controls developed a fulminant MH with rigidity,
a sudden rise in body temperature and acidosis and died
within 30 to 60 minutes after starting halothane inhalation.
Dantrolene both prevented and interrupted MH leading to
the survival of all dantrolene-treated animals, whereas
ritanserin could not prevent death of the animals.

In further experiments, it was studied if the effect of
ritanserin on halothane-induced MH could be altered by
changes in preanaesthetic medication or the concentration
of halothane used to trigger MH.

Department of Pharmacol.,, Toxicol. and Pharmacy, School of
Veterinary Medicine, Biinteweg 17, D-3000 Hannover 71
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PARTIAL CLONING OF A RECEPTOR GENE FROM NEUROBLASTOMA X

GLIOMA (NG108CC15) CELLS WHICH IS DOWNREGULATED UPON
TREATMENT WITH D-ALA-D-LEU-ENKEPHALIN M. Kouba, M. Vanetti,
and V, Hoilt

Guanine nucleotide-binding protein (G-protein)-coupled receptors share
sequence homology among each other. Based on this observation, degenerate
primers corresponding to consensus sequences of the third and sixth
transmembrane segments have successfully been used for amplification of
DNA sequences of novel receptors by the polymerase-chain-reaction (PCR)
technique (Libert et al. Science 244, 569-572 {1989)). Using this strategy,
we amplified DNA derived from mRNA of NG 108CC15 cells. Following PCR,
DNA fragments of about 400 bases were cloned and sequenced. Four
sequences with homology to G-protein-coupled receptors were found (561-8,
561-39; 561-45; 561-51). One of them (561-45} was structurally identical
with rat endothelin 1A receptor; the other sequences contained fragments of
putative novel receptors. These clones were used as probes for hybridization
to RNA blots obtained from NG108CC15 hybrid cells, as well as from the
parent cells (N18TG2; C6-BU-1). The probes hybridized to mRNA species of a
molecular size between 2 and 8 kb. Clone 561-51 hybridized to a 2.1 kb
mRNA species in Northern blots obtained from NG108CC15 cells The
hybridization signal to the 2.1 kb mRNA species was much less intense when
the RNA was isolated from NT18TG2 cells and undetectable with RNA from
C6-BU-1 celis. Northern blot analysis carried out on RNA from NG108CC15
cells treated with 10 uM D-ala-D-leu-enkephalin {DADLE) for 24 hours
revealed a decrease of the hybridization signal of probe 561-51 to the 2.1
mRNA species as compared to that of untreated control cells. In contrast, the
signals with clones 561-8 and 561-39 which hybridized to various mRNA
species in Northern blots derived from NG108CC15 cells (2.4, 4.2 and 8.0
kb) did not show any specific decrease when the cells were treated with
DADLE for 24 hours.

The specific distribution and the downregulation of the 2.1 kb mRNA by
opioids are in line with the hypothesis that the 2.1 kb mRNA (which
hybridizes with clone 561-51} encodes the delta-opiate receptor in the
NG108CC15 cells. Presently, ¢cDNA and genomic libraries are being screened
to islolate full length clones and to demonstrate opioid receptor binding by
expression in COS-celis.

Department of Physiology, Universitit Minchen, Pettenkoferstrate 12, D-
8000 Minchen, Federal Republic of Germany
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FUNCTIONAL ALTERATIONS IN THE RAT BRAIN AFTER
SELECTIVE ACTIVATION OF i OPIOID RECEPTORS

A. Ableitner

Intracerebroventricular (i.c.v.) administration of the selective p-opioid
agonist (D-ala?-N-methyl-Phe?-Gly-ol) enkephalin (DAMGO)
produces various behavioral responses in the rat which include
antinociception, a modulation of motor activity, profound effects on
motivational processes and electroencephalographic epileptiform
actions.

In order to obtain information on the neuroanatomical areas affected
by p-opioid receptor activation, and which might be functionally
involved in these actions, changes in local cerebral glucose utilization,
which served as a measure of neuronal activity, were determined after
i.c.v. administration of DAMGO. 0.5 pg of the agonist produced
profound increases in glucose utilization in the visual cortex (30%), in
limbic regions, such as the hippocampus (up to 170%), the lateral
septum (30%) and the lateral habenula (30%) and in motor regions,
such as the globus pallidus (50%) and the substantia nigra (40%). In
addition, glucose utilization was increased in the dorsal raphe (30%)
as well as the lateral and dorsal part of the central gray (40%).

This regional pattern of changes is assumed to underlie the various
behaviors observed after i.c.v. administration of DAMGO. The strong
alterations in the hippocampus, furthermore, may indicate a
prominent role of p-opioid receptors in the modulation of
hippocampal excitability.

Supported by the Deutsche Forschungsgemeinschaft

Institut fiir Pharmakologie, Toxikologie und Pharmazie, Universitét
Miinchen, Kéniginsstr.16, 8000 Miinchen 22
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PHARMACOLOGICAL CHARACTERISTICS OF THE PERIPHERAL-
LY-SELECTIVE k-OPIOID AGONISTS EMD 60400 AND ICI 204448
A. Barber, R. Gottschlich, J. Harting, I. Lues, F. Mauler and

M. Stohrer

There is good evidence that opiates can suppress inflammatory hy-
peralgesia via -peripheral mechanisms. EMD 60400 (N-methyl-N-
[(18)-1-phenyl-2-((3-S)-3-hydroxypyrrolidine-1-y1)-ethyl]-2-amino-
phenylacetamide) is a k agonist designed to have limited access to
the CNS. We have compared the pharmacological properties of
EMD 60400 with those of the peripherally-selective k agonist ICI
204448 ((R,S)-N-[2-(N-methyl-3,4-dichlorophenylacetamido)-2-(3-
carboxyphenyl)-ethyl}-pyrrolidine HCl) and the centrally-active k
agonist ICI 197067 ((2S)-N-[2-(N-methyl-3,4-dichlorphenylacet-
amido)-3-methylbutyll-pyrrolidine). EMD 60400 binds to k receptors
in the guinea pig cerebellum with a K; of 1 nmol/l and inhibits
electrically-evoked contractions of the rabbit vas deferens with an
IC5q of 10 nmol/l. Results were similar for ICI 204448 and 197067,
as were the binding affinities for g and & receptors, which were at
least 100 x weaker than for k receptors. CNS concentrations in the
mouse after 1 mg/kg s.c. were near or below the limits of detec-
tion (2 pg/mg) for EMD 60400 and ICI 204448, respectively, while
ICI 197067 was found at over 80 x this level. EMD 60400 had anti-
nociceptive effects, with IDgq values of 0.23, 0.22 and 0.47 mg/kg
s.c. in the rat and mouse writhing tests and mouse formalin test,
respectively. ICI 204448 was 10-50 x less, and ICI 197067 3-6 x
more active than EMD 60400 in these models. Hyperalgesic pres-
sure pain {carrageenan) and neurogenic plasma extravasation in the
skin were inhibited by EMD 60400 in rats with IDgp values of
0.0001 mg/kg s.c. and 0.17 mg/kg i.v., respectively. ICI 204448 and
197067 were = 7300 x and 90 x less active than EMD 60400 in the
pressure pain test, respectively, and both were ~ 8 x less effective
than EMD 60400 against neurogenic extravasation (despite the much
better ability of ICI 197067 to cross the blood-brain barrier). EMD
60400 is a potent and selective k agonist which is a promising
candidate for development against inflammatory hyperalgesia since
the known side-effects of centrally-active k agonists (sedation,
dysphoria, etc) can be avoided.

Preclinical Pharmaceutical Research, E. Merck, Frankfurter Strasse
250, D-6100 Darmstadt, Germany
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PAIN-RELATED RESPONSES OBTAINED FROM THE HUMAN
NASAL MUCOSA

H.G. Kraetsch, and T. Hummel

It has already been shown that after painful stimulation
of the nasal mucosa with carbon dioxide pain-related
responses can be obtained which are thought to be
summated receptor potentials from chemosensitive
nociceptors. The aim of this study was to test the
reliability of this technique of assessment of peripheral
nociceptive function in a large panel of volunteers (n=29).
Artifact-free responses to all of the three concentrations
of carbon dioxide could be analysed in 65% of the subjects
with a maximum negative amplitude approximately 1.1 s
after stimulus onset. This negativity was related to both
the stimulus concentration and the intensity estimates of
the painful sensations. In addition, psychophysical
measures and recordings of chemosomatosensory evoked
potentials (CSSEP) revealed a close relation to the
stimulus concentration.

Thus, it was demonstrated that this technique allows the
simultaneous, non-invasive; measurement of the human
processing of nociceptive information at several different
levels (mucosal potential, chemosomatosensory evoked
potentials, psychophysical responses).

Department of Pharmacology and Toxicology, University of
Erlangen-Niirnberg, Universitatsstr. 22, 8520 Erlangen,
Germany
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NOVEL TOOLS TO STUDY NEUROPEPTIDE Y (NPY)
RECEPTOR SUBTYPES. I. ENDOGENOUS AND SYNTHETIC
PEPTIDE YY (PYY) ANALOGS F. Feth, D. Grandt, M.
Schimiczek, and W. Rascher

PYY has 66% homology with NPY and potently
activates most NPY receptors. NPY receptor
subtypes are freguently distinguished by C-
terminal fragments such as NPYy3_ 34 or NPY;g_s¢
or by [Pro3%]-substituted NPY analogs. We have
recently detected an endogenous long C-terminal
fragment of PYY, PYY3 34 in extracts of human
colon and have also synthesized a [Pro34]-
substituted PYY analog, [Pro341PYY. The potency
of these to PYY analogs was compared in known
model systems of Yy- and Y2-like NPY receptors.
In radioligand competition binding experiments
[Prg JPYY had high affinity for Y;-like
[ IINPY binding sites in intact SK-N-MC and
HEL cells with pKj-values of 7.8240.23 and
8.2410.12, respectively. In contrast, PYY4_3¢
in concentrations up to 1 pM did not compete
for NPY binding sites in either cell line. In
binding studies at the Y,-like [129TINPY
receptors in porcine splenic membranes PYYy_ ;¢
competed for [12°T]NPY binding with  high
affinity (pK{=10.13%0.31), whereas [Pro34jpvy
had a 1000-fold lower affinity t{pK-1=7.30i0.14).
In functional studies, [Pro34]p¥y mobilized
intracellular Ca'' in SK-N-MC (pECgg=8.49%0.05)
and in HEL cells (pEC50=8.24iO.06), whereas
PYY;3 3¢ was ineffective in concentrations up to
1 pM. Our data indicate that the endogenous
PYY3_ 3¢ despite its length is highly selective
for Ya—like NPY receptors whereas the synthetic
[Pro3%1PYY has a similar selectivity for Y;-
like NPY receptors as [Pro34 INPY.

Dept. Pediatrics, University of Essen, Hufe-
landstr. 55, D-4300 Essen, FRG

R115

459

NOVEL TOOLS TO STUDY NEUROPEPTIDE Y (NPY) RECEPTOR
SUBTYPES. II. CENTRALLY TRUNCATED NPY ANALOGS

M.C. Michel, W. Gaida', A.G. Beck-Sickinger?, H.
Dirr?, G. Jung®, G. Schnorrenberg"

Present attempts to define NPY receptor subtypes re-
ly on a single class of chemicals, i.e. C-terminal
analogs of NPY. We have tested the subtype-selectiv-
ity of a novel class of compounds, centrally trun-
cated NPY analogs where the PP-fold had been substi-
tuted by g£-aminocaproic acid (Aca), in Y,~like (Ca*
mobilization in HEL-cells, blood pressure increase
in pithed rats) and Y,~like model systems ([***I]NPY
binding to rabbit kidney, presynaptic inhibition of
contractile responses in rat vas deferens). All cen-—
trally truncated NPY analogs were poor agonists in
the blood pressure assay and lacked agonistic ef~
fects in HEL-cells. Some of these analogs (e.g. NPY-
§1—4)—Aca—25—36)) also lacked antagonistic effects
in HEL-cells suggesting very low affinity for the ¥Y,~
receptor subtype. Other analogs (e.g. [Ala®**]-NPY (1~
4)~Aca~-(25~36)) shifted the NPY concentration-res-
ponse curve in HEL-cells to the right in a parallel
manner (pK, of 6.3) suggesting lack of intrinsic
efficacy despite of moderate affinity at the Y,~like
subtype. On the other hand, some centrally truncated
NPY analogs (e.g. NPY(1l-4)-Aca-25-36)) had high af-
finity for ["**I]NPY binding sites in rabbit kidney
and were high potency agonists in rat vas deferens
suggesting high intrinsic efficacy and Y,-selectivi-
ty. We conclude that centrally truncated NPY analogs
confirm the concept of V,-~ and Y.,-subtypes of NPY
receptors and discriminate subtypes by affinity and

effit::ac