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Osamu Shibata MD, Sachiko Todoroki Pm B, 
Yoshiaki Tcrao MD, Sinichi Goto MD, 
Mayumi Hirano MD, Tom Fujigaki MD, 
Koji Sumikawa MD 

Although thiobarbitumtes potentiate, and fentanyl attenuates 
peripheral vasoconstriction, the intracellular mechanism in- 
volved in this phenomenon is not clear. Because smooth muscle 
contraction induced by r agonists is mediated 
by the phosphatidylinositol (PI) response, this study was carried 
out to clarify if  thiamylal and fentanyl affect the norepinephrine- 
induced PI response in rat aortic slices. Rat aortic slices were 
incubated in Krebs-Henseleit solution containing 5 m M  LiCl, 
~3 tOmyo.inositol " and varying concentrations of  thiamylal or 
fentanyL The Pi response was stimulated by 0.09 # M  (EDso) 
norepinephrine (NE). lhe [31-IJinositol monophosphate (IPI) 
was separated from [3 HJmyo-inositol by column chromato- 
graphy a n d  coun ted  with a l iquid scintillation counter. The 

basal IP 1 accumulation was not affected by thiamylal and fen- 
tanyl. Norepinephrine-induced IP 1 accumulation was poten- 
tiated by thiamylal at concentrations o f  10 # M  and 100 #M. 
Norepinephrine-induced IP 1 accumulation was attentuated by 
I # M  and 10 #Mfentanyl. The results suggest that thiamylai 
stimulates the NE-induced PI response, which potentiates the 
vasoconstriction, and fentanyl attentuates NE-induced PI re- 
sponse, which would attenuate the vasoconstriction. 

On connatt mal le m~canisme intracellulaire qui fair que le 
thiamylal potentialise la vasoconstriction p~riph~rique et que 
le fentanyl l'att~nue. Comme la constriction du muscle lisse 
induite par lea agonistes ~x l-adr$nergiques d~pend de la r~ponse 
du phosphatidylinositol (PI), cette ~tude vise ?l v~rifier sur des' 
tranches d'aone de rat si le thiamylal et le fentanyl affectent 
la r$ponse du PI induite par la nor~pin~phrine (NE). Celles- 
ci sont incub$es dans une solution de Krebs-Henseleit conte- 
nant 5 m M  de LiCI, du [3 I-IJ myo-inositol et diffe'rentes concen- 
trations de thiamylal ou de fentanyl. La r~ponse du PI est 
provoqu~e par 0,09 # M  (EDso) de NE. Le (3I-I] inositol mono- 
phosphate (IPz) est s$par$ du [3I'lJ myo-inositol par chroma- 
tographie sur colorme anionique et mesur$ avec un compteur 
i~ scintillation liquide. L'accumulation d'IPl initiale n'est pas 
affect~e par le thiamylal et le fentanyl. L'accumulation d'IP 1 
induite par la NE est potentialis~e par le thiamylal ~ des concen- 
trations de 10 # M e t  de I00 #M. L'accumulation d'IPi induite 
par la NE est attcMu~e par 1 # M  et 10 # M  de fentanyl. Ces 
r~sultats sugg~rent que le thiamylal stimule la r~ponse induite 
par la NFo laquelle potentialise la vasoconstriction, et que le 
fentanyl att$nue la r~ponse de i'IP 1 induite par la NE, laquelle 
pourrait att~nuer la vasoconstriction. 
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Barbiturates are used widely as agents to protect the brain 
from ischaemic damage by decreasing cerebral metab- 
olism and oxygen demand or as agents for the induction 
of anaesthesia. Altura et al. 1 demonstrated, using isolated 
rat aortic strips, that secobarbital, amobarbital or phe- 
nobarbitone inhibited spontaneous contraction at clini- 
cally relevant concentrations, and that these barbiturates 
attenuated epinephrine-induced contractions in a dose de- 
pendent manner. However, they I and Bum et al.2 ob- 
served that thiopentone could elicit contractions of aortic 
strips. Moriyama et al.a reported that in helical strips 
of dog cerebral and mesenteric arteries contracted with 
KC1 or prostaglandin Fz~ (PGF~), the addition of pen- 
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tobarbitone caused dose-related relaxation, whereas thi- 
amylal and thiopentone caused further contraction. 
Terasako et  al. 4 observed, in rat aorta, that both 
endothelium-dependent and -independent relaxations 
were considerably attenuated by thiopentone. 

Fentanyl is used for balanced general anaesthesia or 
for cardiovascular anaesthesia. Toda et  al. s reported that 
the contractile response of helically-cut strips of rabbit 
ascending aorta to transmural electrical stimulation was 
attenuated by fentanyl in a dose-dependent manner, and 
that fentanyl shifted the dose-response curve of the con- 
traetile response of the aorta to norepinephrine (NE) to 
the right. White et  al. 6 reported that, in dogs with both 
hindlimbs isolated from the systemic circulation to allow 
extracorporeal perfusion at constant flow, increasing fen- 
tanyl administration caused a progressive diminution in 
peripheral resistance. 

When a,-adrenoceptors in the cell membrane are stim- 
ulated to activate the phospholipase C (PLC), phosphati- 
dylinositol-4,5-bisphosphate (PIPe) is hydrolyzed into IP 3 
and diacylglycerol. Inositol 1,4,5 trisphosphate (IP3) mo- 
bilizes Ca ++ from sacroplasmic reticulum, 7 whereas di- 
acylglycerol activates protein kinase C (PKC) which may 
also be a mechanism of modulating or controlling smooth 
muscle tension. Subsequently, the increase in cytoplasmic 
Ca ++ concentration and activation of PKC may cause 
smooth muscle contraction. 

Although thiopentone and thiamylal potentiate, and 
fentanyl attenuates the vasoconstriction, the intracellular 
mechanisms involved in these phenomena are not clear. 
Because smooth muscle contraction induced by oq- 
adrenoceptor agonists is mediated by phosphatidylinositol 
(PI) response, s,9 this study was carried out to clarify if 
thiamylal and fentanyl could affect the NE-induced PI 
response in rat aortic slices. 

Methods 
The studies were conducted under guidelines approved 
by the Animal Care Committee of Nagasaki University 
School of Medicine. The technique of Brown e t  al. ,o w a s  

used. Inositol 1,4,5 triphosphate is rapidly degraded into 
inositol monophosphate (IP,) which is recycled to phos- 
phatidylinositol (PI) via free inositol (Figure 1). Lithium 
inhibits the conversion of IPj into inositol. Thus, in the 
presence of lithium, the accumulation rate of IPt reflects 
the extent of PI response. II We measured [3H]IP~ in aor- 
tic slices incubated with [3H]myo-inositol (Amersham, 
Tokyo Japan). Eighty-nine male Wistar rats (Charles 
River, Yokohama Japan) weighing 250-350 g were used 
for experiments. The rats were stunned by cervical dis- 
location, decapitated and the thoracic aorta was rapidly 
isolated. For tissue preparation without endothelium, en- 
dothelium was removed by rubbing with cotton gauze. 

FIGURE 1 PI cascade. PI: phosphatidylinositol, PIP; phosphatidy- 
linositol 4-phosphate, PIP2; phosphatidylinositol 4,5-bisphosphate, IP3; 
inositol 1,4,5-trisphosphate, IP2; inositol bisphosphate, IPI; inositol 
monophosphate. R; a-receptor, G; G-protein, PLC; phospholipase C. 

The aorta with or without endothelium was cut longi- 
tudinally and chopped into 1-mm-wide pieces with a 
Mcnwain tissue chopper (The Mickle Laboratory En- 
gineering, Gomshall England). Three pieces of the aortic 
slice were placed in small flat-bottomed tubes and prein- 
cubated for 15 rain in Krebs-Henseleit (K-H) solution 
(composition in raM: NaCI 118, KCI 4.7, CaC12 1.3, 
KH2PO4 1.2, MgSO4 1.2, NaI-ICO3 25, glucose 10, Na2- 
EDTA 0.05) containing 5 mM LiCI. The solution was 
continuously aerated with 95%O2/5%CO2. An aliquot of 
0.5 ~tCi [3H]myo-inositol was then added to each tube 
(final concentration 0.1 ~M in 300 ~tl incubation volume) 
and the tubes were flushed with 95%O2/5%CO2, capped, 
set in a shaking bath at 37~ and incubated for 30 min 
(time 0). 

Firstly, we determined the ED50 of NE on IPj ac- 
cumulation. After 30-min incubation with [3H]myo- 
inositol, varying doses of NE were added to the suspen- 
sion of aortic slices and the tubes were flushed with 
95%O2/5%CO2. After an additional 60 min, the enzy- 
matic reactions were stopped with 940 ~1 chloroform : 
methanol (1 : 2 v/v). Chloroform and water were then 
added (310 ~1 each) and the phases were separated by 
centrifugation with 90 g for five minutes. The [3H] in- 
ositol monophosphate was separated from [3I-1]myo- 
inositol in the water phase by column chromatography 
using Dowex AG l-X8 resin (Bio Rad, Richmond CA) 
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in the formate form. The [3H]IP l formed in the aortic 
slices was counted with a liquid scintillation counter and 
presented by disintegration per min (DPM). The counts 
in DPM of two samples were averaged and the average 
DPMs of the blank values (no slices present) were sub- 
tracted to obtain the experimental data. 

Secondly, we determined the time course of the effects 
of NE 0.09 ~tM (EDs0) on IPI accumulation. The reaction 
was started at time 0 when NE was added. The tubes 
were reaerated with 9 5 % O 2 / 5 % C O 2 ,  recapped and rein- 
eubated for 0, 15, 30, 45, 60 or 75 min. The reaction 
was stopped with 940 ~1 chloroform : methanol as de- 
scribed above. 

Thirdly, we determined the effects of prazosin on NE- 
induced IPj accumulation. At time 0, varying doses of 
prazosin were added and 15 min later 30 ~1, 0.9 ~M 
NE were added (final NE concentration was 0.09 IzM 
which corresponded EDs0). The tubes were reaerated, re- 
capped and reineubated, for a further 60 rain and the 
reaction was stopped. 

Fourthly, we examined the effects of pentobarbitone, 
thiamylal and fentanyl on basal IPl accumulation, and 
on NE-induced IPi accumulation. After 30-min incuba- 
tion of the aortic slices with [3H]myo-inositol, varying 
doses of pentobarbitone, thiamylal or fentanyl were added 
to the medium and the tubes were flushed with 95%02/ 
5%CO2. After 15 rain, 30 I~1, 0.9 I~M NE were added 
to the medium and the tubes were flushed with 95%02/ 
5%CO2, and reineubated for a further 60 min and then 
the reaction was stopped. To examine the effects on basal 
IP~ accumulation, the same procedure was conducted ex- 
cept for the addition of NE. The reaction was stopped 
after a further 60 rain incubation. 

Lastly, we examined the effects of thiamylal and fen- 
tanyl on. NE-induced IPi accumulation without endoth- 
elium. After 30-rain incubation with [3H]myo-inositol, 
30 ~1 thiamylal (1000/~M) or fentanyl (100 ~M) were 
added to the medium and the tubes were flushed with 
95%O2/5%CO2. After 15 rain, 30 ~1, 0.9 I~M NE were 
added to the medium and the tubes were flushed with 
95%O2/5%CO2 and reincubated for further 60 min and 
then the reaction was stopped. 

Data are expressed as mean + SE. A comparison be- 
tween two groups was assessed by Student's t test. A 
P value <0.05 was considered significant. 

Results 
In rat aortic slices with endothelium, IP~ accumulation 
was stimulated by NE in a dose-dependent manner (Fig- 
ure 2). The EDs0 of NE on IP l accumulation was de- 
termined as about 0.09 IzM from Figure 2. Inositol mo- 
nophosphate accumulation, after adding NE (EDso), 
continued to increase until 75 rain (Figure 3). In the pre- 

FIGURE 2 Effects of norepinephrine on IPI accumulation in rat 
aortic slices with endothelium (mean + SE; n = 7 for each value). 

FIGURE 3 Time course o f l P  1 accumulation by 0.09 IsM (EDs0) 
norepinephrine (hiE) in rat aortic slices with endothelium (mean -t- SE; 
n = 6-8 for each value). 

sence of NE, IPm formed was 547 -t- 30 DPM after 60- 
min incubation. Norepinephrine-induced IP I accumula- 
tion was inhibited by prazosin in a dose-dependent 
manner (Figure 4). Basal IPl accumulation was not af- 
fected by pentobarbitone, thiamylal or fentanyl (Figures 
5-7). Norepinephrine-indueed IPi accumulation was not 
affected by pentobarbitone, but was augmented by thi- 
amylal at concentrations of 10 ~tM and 100 I~M (P < 
0.01). In contrast, NE-induced IP~ accumulation was at- 
tentuated by fentanyl at concentrations of 1 gM and I0 
~M (P < 0.01). 

Without endothelium, thiamylal (100 ~tM) stimulated 
and fentanyl (10 IsM) attenuated NE-mdueed IP~ accu- 
mulation (Figure 8). 
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FIGURE 4 Effects ofprazosin on norepinephrine (NE)-induced IP l 
accumulation in rat aorta slices with endothelium (mean • SE; n = 
5-6 for each value). 

FIGURE 6 Effects of thiamylal on norepinephrine (NE)-induced IP! 
accumulation in rat aortic slices with endothelium (mean + SE; n = 
6-8 for each value). **P < 0.01 vs thiamylal 0. 

FIGURE 5 Effects of pentobarbitone on norepinephrine (NE)- 
induced IP I accumulation in rat aortic slices with endothelium (mean 
+ SE; n = 5-7 for each value). 

FIGURE 7 Effects of fentanyl on norepinephrine (NE)-induced IP I 
accumulation in rat aortic slioes with endothelium (mean 4- SE; n = 
6--8 for each value). **P < 0.01 vs fentanyi 0. 

Discussion 
Although the mechanisms involved in vasocomtriction 
are not simple, one of the important factors is Ca++ 
Potassium chloride (KCI) depolarizes smooth muscle 
cells, resulting in provocation of Ca ++ influx from ex- 
tracellular fluid. On the other hand, cq-adrenoceptor- or 
PGF~-receptor-agonist activates the PI response and 
subsequently increases Ca ++ release from sarcoplasmic 
reticulum and Ca++ influx from extracellular fluid. 

It is known that the isolated vessel's response to NE 
reaches a plateau after ten minutes and then, there is 
a slow decrease in tension. Morgan et al. 12 reported that 
the addition of phenylephrine (cq-adrenoceptor agonist), 

to isolated vessels leads to an immediate increase in in- 
tracellular Ca ++ concentration, which peaks one to three 
minutes and then decreases to a value close to the basal 
level. In our present study NE-induced PI response con- 
finues up to 75 rain. Thus, there seems to be a discrepancy 
between the contractive response or intracellular Ca ++ 
level and the PI response. However, since Ca ++ is cy- 
totoxic, it is considered that Ca++ influx during main- 
tenance of the PI response may be surpassed by Ca ++ 
efflux to the extracellular space or uptake into sarco- 
plasmic reticulum, resulting in decrease in intracellular 
Ca ++ level and in tension. 

Different barbiturates may induce different PI re- 
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FIGURE 8 Effects of thiamylal (100 ttM) and featanyl (10 I~M) on 
norepinephrine (NE)-indueed IP t accumulation in rat aortic slices 
without endothelium (mean + SE; n = 6-7 for each value). *P < 0.05. 
***P < 0.001 vs none. 

spomes. Curry e t  al. 13 observed that thiamylal and thio- 
pentone each produced dose-related comtriction but pen- 
tobarbitone did not produce constriction in the guinea 
pig trachea, and concluded that thiobarbiturates, but not 
oxybarbiturates, produce smooth muscle contraction. In 
our present study, thiamylal potentiated, but pentobar- 
bitone did not affect NEinduced PI respomes. These 
results are consistent with those of Curry e t  al. 13 

Thiopentone and thiamylal potentiate the contractile 
responses in arteries, m-3 Fukuda e t  al. ~4 demonstrated that 
(1) potentiation by thiopentone of the responses to trans- 
mural stimulation was not affected by cocaine or hy- 
droeortisone, which have inhibitory actions on neuronal 
or extraneuronal uptake of NE (2). The release of 
[3H]NE induced by tmmmural stimulation was not al- 
tered by thiopentone at 100 ~M (3); contraction induced 
by phenylephrine was potentiated by thiopentone, and (4) 
contractile responses to KCI were not potentiated by thi- 
opentone. They concluded that thiopentone might spe- 
eitieally increase the responsiveness of the postsynaptie 
r adrenoceptor to NE. On the other hand, Moriyama 
e t  al. 3 observed that, in dog cerebral and mesenteric ar- 
teries contracted with KC1 or a receptor agonist, PGFh, 
thiamylal at a concentration of 100 ~tM did not affect 
KCl-evoked contraction but potentiated PGF~-evoked 
contraction. They also observed that, in Ca++ free media, 
the addition of PGF~ produced only a small contractile 
response of arteries and this contraction was not poten- 
tiated by thiamylal, but, in the presence of Ca++, PGFh- 
induced contraction was potentiated by thiamylal. They 
concluded that thiamylal possessed a constrictor effect 
on vascular smooth muscle, and the mechanism involved 

seemed to be enhancement of Ca ++ inf lux .  3 Thus ,  it is 
considered that thiobarbiturates act non-specifically on 
receptors and enhance Ca ++ influx. 

Intracellular Ca ++ homeostasis is regulated by the PI 
response. Thus, in the present study, we measured NE- 
induced IPt accumulation, a degradation product of PI 
response, and found that thiamylal potentiated the NE- 
induced PI response in the presence of endothelium. En- 
dothelium which releases endothelium derived constrict- 
ing factor such as endothelin could also modify the re- 
sponse of NE in the presence of thiamylal. However, 
thiamylal also potentiated NE-induced PI response in the 
absence of endothelium. Thus, potentiation by thiamylal 
of the NEinduced PI response would not be mediated 
with endothelium. 

Since barbiturates have high lipid solubility and pene- 
trate cell membranes rapidly, I~ Altura et  al. 1 suggested 
that barbiturates might act at the vascular muscle cell 
membrane level. Robinson-White e t  al. 16 suggested that 
barbiturates altered the activity of G-proteins. Therefore, 
thiamylal may activate G-protein, resulting in potentiation 
of the receptor-mediated PI response, enhancement of 
Ca ++ influx and augmentation of vasoconstriction. ~ 

Barbiturates are known to be bound to plasma pro- 
teins, mainly albumin. The proportion of bound thio- 
pentone in the plasma has been reported to be between 
65 and 86%. 17 Becker Is reported that the plasma con- 
centration of free thiopentone necessary for anaesthesia 
was 6.3 ~g- m1-1 (24 ~M) in man. In the present study, 
thiamylal at concentrations of 10 I~M and 100 ~M po- 
tentiated NE-induced PI response. Thus, it seems prob- 
able that thiobarbiturates, at clinically relevant concen- 
tratiom, would provoke vasoconstriction through 
potentiation of the PI response. 

The effects of fentanyl on peripheral vascular resistance 
are controversial. In humans, there is one report that fen- 
tanyl reduced the peripheral vascular resistance t9-21 and 
another that fentanyl had no effect." White e t  al. 6 found, 
in dogs, that high-dose fentanyl (50 ~g-kg -~) caused a 
decrease in peripheral vascular resistance of 48% in the 
isolated hindlimb, and that pretreatment with denervation 
did not change the response to fentanyl. They concluded 
that fentanyl produced vasodilatation by direct action on 
the peripheral vascular smooth muscle. 6 Toda e t  al. re-  

ported that fentanyl did not alter the contractile response 
to histamine and serotonin but attentuated the contractile 
response to NE. ~ They concluded that fentanyl blocked 
oL-adrenoceptors in vascular smooth muscle in a com- 
petitive manner. 5 Since fentanyl attenuated the NE- 
induced PI response in the present study, the PI response 
would be involved in the attenuation by fentanyl of vas- 
cular contractile response. 

Fentanyl could modify the response of NE via opioid 
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receptors. However, Karasawa et al. 23 reported that pre- 
treatment with naloxone had no effect on fentanyl- 
induced relaxation of rat aortic rings. White et al. 6 found, 
in dogs, that pretreatment with naloxone did not alter 
the vascular response to fentanyl. Makita et al. 24 reported 
that naloxone did not affect the inhibitory effect of fen- 
tanyl on the NE-induced PI response in rat cerebral cor- 
tical prisms. Thus, attenuation of the PI response by fen- 
tanyl would not be mediated by opioid receptors. 

Endothelium releases autacoids such as nitric oxide 
or prostaeyclin. These autacoids could also modify the 
response of NE in the presence of fentanyl. However, 
Karasawa et al. 23 reported that, in the absence of en- 
dothelium, fentanyl in concentrations >0.1 I~M decreased 

�9 the sensitivity of the rat aortic rings to the phenylephrine. 
In the present study, fentanyl attenuated the NE-induced 
PI response in the absence of endothelium. Therefore, 
fentanyl would act directly on a#drenoceptors in smooth 
muscle cell membranes resulting in attentuation of the 
PI response and smooth muscle relaxation. 

The mechanisms involved in the physiological action 
of fentanyl are inhibition of al-adrenergic agonist- 
receptor binding or G-protein including phospholipase C 
(PLC). In our previous study, fentanyl attentuated the 
carbachol- and histamine-induced PI response as well as 
the NE-induced PI response in rat tracheal slices, zs Fen- 
tanyl is highly lipophilie and r muscarinic 
and histamine receptors are connected with PLC through 
G-protein. Thus, fentanyl may non-specifically inhibit the 
activation of G-protein or PLC in PI cascade in vascular 
smooth muscle cell membrane. 

Protein binding of fentanyl limits drug availability in 
the vascular smooth mnsele cell membrane. Fentanyl is 
84% bound to protein in human plasma. ~ In high-dose 
fentanyl anaesthesia (75-100 ~tg. kg-l), plasma fentanyl 
concentration is only about 100 ng" ml -t (0.3 IzM) zr 
which corresponds to free drug concentrations of 0.05 
IsM. The concentrations used in the present study seem 
to be outside the clinical range. Thus, a decrease in blood 
pressure using fentanyl during operative hypertension is 
unlikely to be due to inhibition of NE-induced PI re- 
sponse in peripheral arteries, but mainly to the opioid 
effect. 

In conclusion, thiamylal stimulates NE-indueed PI re- 
sponse, which potentiates vasoconstriction. Fentanyl at- 
tenuates NE-mdueed PI response, which attenuates the 
vasoconstriction. 
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