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Non-Standard Abbreviations

Glucose-6-phosphate, G 6 P; UDP-glucose, UDPG;
non-esterified, free fatty acids, FFA; cyclic adenosine-
3',5'-monophosphate, 3°,5-AMP; 3’,5-AMP phospho-
diesterase, PDE.

Enzymes

Glucose oxidase, 8-D-glucose: 0, oxidoreductase (H.C.
1.1.3.4); 5’ -nucleotidase, 5’-ribonucleotide phosphohydro-
lase (I.C. 3.1.3.5); alkaline phosphatase, orthophosphoric
monoester phosphohydrolase (E.C. 3.1.3.1); adenosine
deaminase, adenosine aminohydrolase (E.C. 3.5.4.4);
glycogen phosphorylase, o-1,4-glucan: orthophosphate
glucosyltransferase (E.C. 2.4.1.1); glycogen synthetase,
UDP-glucose: «-1,4-glucan w«-4-glucosyltransferase (B.C.
2.4.1.11).

Summary. Influence of insulin on liver glycogen meta.-
bolism and on lipolysis appears to be mediated by a
decreased intracellular 3’,5-AMP concentration. Reduced
formation of 3’,5'-AMP had been shown in adipose tissue
incubated with insulin. The influence of insulin on 3/,5’-
AMP degradation has been investigated. — 3',5'-AMP
phosphodiesterase (PDE) activity was reduced in liver,
adipose tissue and, insignificantly, in skeletal muscle of
insulin deficient, i.e. alloxan diabetic or starved rats. I.V.
injection of a low dose of insulin (0.5 U/kg) or stimulation
of endogenous insulin secretion by injection of glucose led
to a rapid increase of PDE activity in these tissues. 15 min
after insulin injection liver PDE activity was increased.
The maximal effect occurred after 30 —45 min. Renal PDE
activity was not decreased in alloxan diabetes, insulin
injection has been found ineffective. — In witro, there was
an activating effect of erystalline insulin on PDE purified
from beef heart. Insulin concentration required for dupli-
cation of enzyme activity was of the order of 2 - 10-5 M,
Treatment with actinomyecin D nearly prevented stimu-
lation of liver PDE by insulin. This may indicate that
the action of insulin on PDE activity is essentially based
on an increased enzyme synthesis. — Owing to the in-
fluence of insulin secretion on liver and adipose tissue
3,5-AMP concentration, glycogen metabolism and lip-
olysis can be quickly adapted to food intake.

Influence de Dinsuline sur Pactivité de la 3,’5'-A MP-
phosphodiestérase dans le foie, le muscle strié, le tissu adipeuax
et le rein

Résumé. L’influence de I'insuline sur le métabolisme du
glycogéne hépatique et sur la lipolyse semble s’exercer par
Pintermédiaire d’une diminution de la concentration de
3,’5’-AMP intracellulaire. On amontré une diminution dela
formation de 3’5’-AMP dans le tissu adipeux incubé avec
de I'insuline. L’influence de 'insuline sur la dégradation du
3,'5’-AMP est étudide. — L’activité de la 3,’5-AMP-phos-
phodiestérase (PDE) est diminuée dans le foie, le tissu
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adipeux et, de fagon non-significative, dans le muscle strié
des rats qui manquent d’insuline, ¢-&-d les rats rendus dia-
bétiques par l’alloxane ou les rats privés de nourriture.
L’injection intraveineuse d’une faible dose d’insuline (0.5
U/kg) ou la stimulation de la séerétion d’insuline endogéne
par une injection de glucose provoquent une augmentation
rapide de I’activité de la phosphodiestérase dans ces tissus.
15 min aprés I'injection d’insuline, Pactivité de la phospho-
diestérase du foie est augmentée. L’effet maximum est
atteint aprés 30 —45 min. L’activité de la phosphodiesté-
rase rénale n’est pas diminuée dans le diabéte alloxanique,
I'injection d’insuline s’est avérée inefficace. I'n vitro, Pinsu-
line cristalline a un effet activant sur la phosphodiestérase
purifiée du coeur de boeuf. La concentration d’insuline
requise pour doubler activité de I’enzyme est de I’ordre
de 2 - 10-% M. Le traitement avec actinomycin D empéche
la stimulation par Pinsuline de la PDE dans le foie. Ceci
peut indiquer que l'action de Pinsuline sur Pactivité de
1a phosphodiestérase est essentiellement basée sur une syn-
thése accrue de ’enzyme. A cause de P’influence de la
séerétion d’insuline sur la concentration en 3,’5’-AMP du
foie et du tissu adipeux, le métabolisme du glycogéne et
la lipolyse peuvent s’adapter rapidement & la prise de
nourriture.

Der Einflup von Insulin auf die 3',5’-4 M P-Phospho-
diesterase- Aktivitdt in Leber, Skeletmuskulatur, Fettgewebe
und Niere

Zusammenfassung. An der Steigerung der Glykogen-
synthese der Leber und der Verminderung der Lipolyse
durch Insulin ist eine Abnahme der 3’,5-AMP-Konzen-
tration wesentlich beteiligt. Die 3',5’-AMP-Bildung ist in
Fettgewebe, das mit Insulin inkubiert wird, vermindert.
Insulin beeinfluflt jedoch auch den 3’,5-AMP-Abbau. -
Die 3’,5-AMP-Phosphodiesterase (PDE)-Aktivitdt des
Fettgewebes, der Leber und, in geringerem Grade, der
Skeletmuskulatur ist im Insulinmangel vermindert, d.h.
bei alloxandiabetischen oder hungernden Ratten. I.v.
Injektion von 0,5 E/kg Insulin oder eine erhshte Abgabe
von Insulin aus dem Pankreas nach Glucoseinjektion
fithren in diesen Geweben zu einem raschen Anstieg der
PDE-Aktivitdt. Dieser ist in der Leber schon 15 min nach
Insulingabe nachweisbar und erreicht nach 30—45 min
sein Maximum. In der Niere ist kein Einflul von Insulin
auf die PDE-Aktivitdt nachweisbar. — Aus Rinderherz
isolierte PDE wird ¢n vitro durch Insulin aktiviert, jedoch
werden 2 - 10-5 M zur Verdopplung der Aktivitét bendtigt.
Actinomyein D verhindert die Steigerung der Leber-PDE-
Aktivitét nach Insulininjektion. So kann die Wirkung des
Hormons im wesentlichen auf eine gesteigerte PDE-Syn-
these zuriickgefithrt werden. — Durch diesen EinfluB der
Insulininkretion auf die 3’,5"-AMP-Konzentration in Le-
ber und Fettgewebe konnen Glykogenstoffwechsel und
Lipolyse rasch an die Nahrungsaufnahme angepalt wer-
den.

Key-words: Insulin, 3’,5’-AMP phosphodiesterase, gly-
cogen metabolism, lipolysis, insulin secretion, antilipolytic
action of insulin, glycogen synthesis and insulin, cyclic
adenosine 3’,5’-monophosphate.
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The glycogenolytic and lipolytic actions of several
bhormones, e.g. catecholamines and glucagon, are
mediated by an increased formation of eyclic adenosine
3’,5"-monophosphate [52]. Insulin antagonizes the lipo-
lytic effect of epinephrine [3, 40] and favours hepatic
glycogen synthesis [51, 50]. These actions of insulin
appear to be mediated by a decreased intracellular
3',5-AMP concentration. This conception is based
upon the following observations. In adipose tissue
from rats (in fat pads as well as in isolated fat cells),
insulin added to the incubation medium leads to a
rapid decrease of 3',5'-AMP concentration, expecially
if it is elevated by an increased formation and reduced
degradation of 3',5'-AMP[3,3a,5]. Inrat liver 3',5'-AMP
concentration rises markedly in insulin deficiency, i. e.
in alloxan diabetes [23a] or when insulin activity is
neutralized by addition of insulin antibodies [11]; the
level of liver 3',6'-AMP is reduced by treating the
diabetic animals with insulin [23a].

Decrease of the intracellular 3',5-AMP concentra-
tion caused by insulin and increased 3',5’-AMP con-
centration in insulin deficiency may be explained by
two hormonal actions. An insulin-induced decrease of
3',5'-AMP formation has been found in adipose tissue
incubated with insulin [24]. It is shown in the present
paper! that the degradation of 3',5"-AMP to 5’-AMP is
also influenced by insulin. In adipose tissue, liver and
skeletal muscle, insulin increased 3',5-AMP phospho-
diesterase activity. Renal PDE was not affected by
insulin.

Material and Methods

Body weight of the male Wistar rats used was in
the range 150—200 g. Standard pellet diet (Altromin®)
and drinking water were removed before experiments
unless otherwise noted.

Studies in diabetic animals were performed 48 h
after i.v. injection of 80 mg/kg alloxan tetrahydrate
dissolved in 0.99, NaCl. Only such animals were used
whose blood glucose concentration exceeded 200 mg/
100 ml. Crystalline, glucagon-free insulin from beef
and hog (Farbwerke Hoechst AG?) diluted in 0.99
NaCl solution was injected i.v., crystalline bovine
insulin (26 U/mg, Farbwerke Hoechst AG?2) dissolved
in buffer was used for experiments in vitro.

Actinomycin D (Dactinomycin®, Merck, Sharp,
and Dohme?) dissolved in 0.99%, NaCl solution was
injected i.p. 3 h before decapitation.

Solvents were injected into respective controls.

Blood glucose determination was performed by
use of glucose oxidase [22]. Protein was assayed
according to Lowry et al. [31] in the fraction of

1 Results were partially presented in form of a short
communieation (41) and at the 30th Meeting of the Ger-
man Pharmacological Society (42).

2 The authors wish to thank Dr. A. Fravmme, Farb-
werke Hoechst AG, and Dr. H. F. HormanN, Merck,
Sharp, and Dohme, who kindly supplied these substances,
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homogenate used for determination of enzyme activi-
ty. Human serum albumin served for standardization.
Isolation and assay of tissue DNA were carried out as
described by NEUBERT et al. [35].

For determination of 3,’5’-AMP phosphodiesterase
activity, tissues dissected immediately after decapi-
tation were homogenized for about 30 sec, 1 volume in
approximately 10 volumes of & 0.15 M glycylglycine
buffer, pH 7.5, containing 6 mM MgCl,, by use of an
Ultra-Turrax (Jauxke and Kuxker). Homogenates
were centrifuged 1000 -¢g for 10 min at 0°C. 5-AMP
formed from 3’,5’-AMP under the influence of PDE in
the same buffer at 25°C, was dephosphorylated using
a 5’-nucleotidase in excess (alkaline phosphatase from
calf intestine, Boehringer u. Soehne, Mannheim). This
enzyme was also used to minimize adenosine phospho-
monoesters before starting measurements by addition
of 3'5-AMP ([S] = 8 - 10-°M 3',5'-AMP unless
otherwise specified). The conversion of adenosine to
inosine, catalyzed by adenosine deaminase in excess
(from calf intestine, Boehringer u. Soechne), was
measured by recording the difference of the nucleotide
absorbances at 265 mp. 4 E = 8.1 - 108 em?/mole [34,
21] was taken as a basis for the caleulation of PDE
activity. Experiments in which crystalline insulin was
added to PDE purified from beef heart [6], were carried
out using the same buffer and the same enzymes.

Data are given as mean 4 S.E.M., and compared
using Student’s £-test and the #-tables of Piravu [36].

Results

In alloxan-diabetic animals liver PDE activity
was reduced. I.v. injection of 0.5 U insulin/kg led to
an increase of the enzyme activity within 15 min after
injection. The stimulation of PDE activity was maxi-
mal between 30 and 45 min after injection of insulin.
In rats given insulin for 4 h, liver PDE activity was no
longer elevated (Fig. 1).
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Fig. 1. Decreased liver 3’,5’-AMP phosphodiesterase acti-
vity (_'wo_lis_) in alloxan diabetic rats. Stimulation
min - g w.w.

of enzyme activity by injection of insulin (0.5 U/kg i.v.)

3',6"-AMP degradation in the rat liver was also
influenced by alimentary variations of the endogenous
insulin secretion. Plasma insulin concentrations in
rats fasted for 2,5 days can be assumed to be low [17,
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47]. In comparison with the liver-PDE activity of fed
rats, 3',5-AMP degradation was reduced in fasted
animals. Stimulation of insulin secretion by i.v. in-
jection of glucose [44, 45, 7] caused an increase of PDE
activity. In fed rats a further elevation of enzyme
activity could be achieved when insulin secretion was
stimulated by glucose injection (Fig. 2).
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Fig. 2. Influence of blood glucose concentration altered

by feeding, starvation and refeeding on the activity of

liver 3’,6’-AMP phosphodiesterase. Glucose (4 g/kg) was
injected 45 and 30 min prior to decapitation

Table 1. Influence of alloxan diabetes and insulin injection
(0.5 Ulkg ©.v., 30 min) on 8',68'-AMP phosphodiesterase
activity in rat skeletal muscle
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In adipose tissue, PDE activity calculated on a
tissue protein or DNA basis, was reduced in alloxan
diabetic animals compared with fed rats not suffering
from insulin deficiency. On a wet weight basis there was
no decrease of enzyme activity. The cause is a reduced
fat content of adipose tissue in diabetic rats. This
reduction is revealed in & decreased ratio wet weight/
protein content of the tissue. I.v. injection of 0.5 U
insulin/kg led to an increased PDE activity as
measured after 45 min (Table 2). In fasted rats with
low insulin plasma concentration, PDE activity in
adipose tissue was also reduced provided that the acti-
vity is calculated on a protein or DNA basis. The in-
creased PDE activity referred to the wet weight of
adipose tissue, was due to a strong reduction of the fat
content evident from the decreased ratio mg wet
weight/mg protein after starvation. Stimulation of
insulin secretion by injection of glucose into fasted rats,
also led to an increased PDE activity in adipose
tissue (Table 2).

In the kidney of alloxan-diabetic rats, PDE acti-
vity was not reduced (Table 3). Stimulation of enzyme
activity could be achieved neither by injection of

Table 3. The lack of an influence of alloxan diabetes and of
insulin injection (6 Ulkg v.v., 456 min) on renal 3',6"-AMP
phosphodiesterase activity :

controls diabetic rats controls diabetic rats
-+ insulin -+ insulin
n = 28 n = 20 n = 17 n=9 n =13 n =18
7 moles 80.6 72.3 102.6 n mole§ gz; ‘ gzg l gzg
min - g W.W. £4.0 +6.6 +4.2 min - mg prot. +0. +0. +0.
p=03 P < 0.001 p > 0.5 p > 0.5
Table 2. Influence of insulin on 3,5-AM P phosphodiesterase activity in adipose tissue
diabetic rats fed rats rats fasted for 4—5 days
(80 mg/kg alloxan i.v., 2
days)
- insulin -+ glucose
(0.5 U/kg i,v. (4 g/kg i.v.,
45 min) 45 min)
n=14 n=14 n=16 n=51 n==23
n moles 38.7 p=0.06 49.6 35.2 p<0.001 68.8
gw.w.-mn (4 3.2 4+ 4.7 {4+ 2.8 +11.2
mg w.w. 67.0 72.3 84.6 36.8
mg prot.
n moles 2.60 p<0.01 3.59 2.98 p<0.04 2.54 p<0.0002 5.02
mg prot. - min |4-0.13 4+0.31 |40.18 | 4-0.10 +0.33
n moles 643 p<0.04 895 953  p<0.0002 522
mg DNA ~min |4 59 ‘ 4 97 4+ 87 -+

In skeletal muscle of diabetic rats, PDE activity
was insignificantly lower than in non-diabetic ani-
mals. 0.5 U insulin/kg injected i.v. 30 min before
decapitation led to an increase of muscle PDE
activity (Table 1).

0.5 U insulin/kg [21] nor by injection of 5.0 U insu-
lin/kg (Table 3).

In order to investigate the mechanism of the
stimulatory effect of insulin on PDE activity, crystalli-
ne bovine insulin was added to PDE purified from
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beef heart. Before use, the enzyme was dialyzed
overnight against distilled water to remove constitu-
ents from the preparation, e.g. imidazole. The results
are plotted according to LINEWEAVER and Burk [30].
As shown by Fig. 3, purified PDE was activated by
insulin. The insulin concentration required for dupli-
cation of PDE activity was of the order of 2 - 105 M,
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Fig. 3. Activation of 3’,5’-AMP phosphodiesterase (puri-
fied from beef heart) by insulin (crystalline beef insulin)
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Fig. 4. Prevention of insulin-induced increase of liver
3/,6’-AMP phosphodiesterase activity by actinomycin D
(alloxan diabetic rats)

i.e. about 3 U insulin per ml. With respect to the high
insulin concentration needed for stimulation of PDE
activity in vitro, it was examined whether insulin may
influence PDE activity by stimulation of enzyme
synthesis. For this purpose, actinomycin D, which
interferes with DNA-dependent RNA synthesis [13],
was employed. The increase of liver PDE activity
induced by i.v. injection of 0.5 U insulin/kg, was
almost eliminated in the animals pretreated with
actinomyein D. This compound was injected i.p. in a
dose of 2 mg/kg, 3 h before decapitation (Fig. 4).

Discussion

In adipose tissue insulin-induced reduetion of
3",5'-AMP concentration can be explained by two
hormonal actions. A decreased formation of 3’,5'.AMP
has been shown in adipose tissue incubated with

G. SEXNFT et al.: Insulin and 3’,5-AMP Phosphodiesterase Activity

325

insulin [24]. Increased 3',5'-AMP degradation is evi-
dent after injection of a low dose of insulin or after
stimulation of endogenous insulin secretion by in-
jection of glucose. Not only in adipose tissue but also
in liver, PDE activity can be shown to depend on the
plasma insulin concentration, i.e. PDE activity is
reduced in insulin-deficient states and is increased by
exogenous or endogenous elevation of plasma insulin®.

Activation of PDE by insulin can be regarded as
unimportant for the hormonally-induced augmentation
of enzyme activity 4n viwo. Insulin concentrations
which stimulate PDE activity ¢n vitro, are much hig-
her than those oceurring i vivo. The inhibition of the in-
sulin-induced increase of liver PDE activity by
actinomycin D may also be regarded as indicative of
an influence of insulin on PDE synthesis. This cor-
responds with observations that application of sub-
stances which inhibit RNA or protein synthesis,
prevents the antilipolytic effect of insulin [26] and the
hormonal influence on glycogen synthesis [50, 49]. The
early onset of increased PDE activity after insulin
injection is not contradictory to the assumption that
insulin increases PDE synthesis, since it has been
shown that insulin can stimulate ribosomal protein
synthesis within 5 min [58].

The insulin-induced rapid augmentation of 3',5'-
AMP degradation is revealed by altered enzymic
reactions of glycogen and lipid metabolism which
depend on the infracellular 3',5'-AMP concentration.
10—30 min after application of insulin, glycogen
synthetase has been found to be activated in liver [2,
46], adipose tissue [24] and skeletal muscle [55, 8, 9,
48,56, 14]. This activation results from an increase of the
more active form (I), the activity of which is indepen-
dent of G6P concentration, without change of the
total activity of the enzyme (I -+ D) at this time.
Glycogen transferase-I-kinase, the enzyme which
catalyzes the conversion of the I-form to the less active
form (D) of glycogen synthetase [2, 12], is stimulated
by 3',5-AMP [23, 1] (for schematic demonstration of
the role of 3',6'-AMP in the regulation of glycogen
metabolism see Fig. 5). Thereby, a decreased intra-
cellular 3',5"-AMP concentration leads to a reduced
inactivation of glycogen synthetase. In contrast, an
increased 3',5-AMP concentration caused e.g. by
epinephrine, leads to a decrease of the active form of
glycogen synthetase [8, 9].

An insulin-induced decrease of intracellular 3',5’-AMP
not only affects the synthesis, but also the degradation

3 Added in proof. Adenyl cyclase activity was not
decreased by insulin either in “ghosts’ [40a] or in homo-
genates [3a, 24] of fat cells. — In relatively small groups
of animals, insulin-induced alterations in the PDR activity
of adipose tissue [2a. 34a] and liver [34a] could not be
detected by some other investigators. The use of much
higher tissue concentrations for the determination of
enzyme activity by one of these groups [34a] may account
for this difference. In agreement with present results, in-
sulin reduced, the lipolysis [7a] and the hepatic glucose
output [12a] induced by 3’,5’-AMP.
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of glycogen. 3’,5’-AMP stimulates the kinases that
catalyze the conversion of the less active form of gly-
cogen phosphorylase to the more active form in
several tissues [4, 28]. Thereby, it can be explained
that 10 min after application of insulin more glycogen
phosphorylase has been found in the inactive form in
liver [2], adipose tissue [24] and skeletal muscle [53].

G. SENFT et al.: Insulin and 3’,5-AMP Phosphodiesterase Activity
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tase I to the less active form (D), but insulin also
promotes an augmentation of the total activity (D +4-
I) of liver glycogen synthetase [51, 50]. This is brought
about by an increased enzyme synthesis, which can be
prevented by application of puromyecin or actinomycin
D [50]. The increased synthesis of this enzyme, which
is not yet demonstrable within the first half hour after
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Fig. 5. Influence of insulin on 3°,5-AMP concentration regulating glycogen metabolism
(schematically for liver)

In addition to the insulin-induced alterations in
glycogen metabolism of adipose tissue, the antilipoly-
tic action of this hormone is an indication that insulin
lowers intracellular 3’,5"-AMP concentration. The rate
of lipolysisis controlled by 3',5-AMP, which nucleotide
stimulates triglyceride lipase activity [5, 38, 54].
Free fatty acid and glycerol release, which are increased
in insulin deficiency, i.e. in starvation or alloxan
diabetes [15, 39, 27], are decreased by injection or
addition in vitro of insulin [40, 26, 25, 16].

Relative to food intake, insulin is secreted from
pancreatic islets. Plasma insulin isreduced in the fasting
state with low blood glucose concentration [17, 47].
This results in an increased 3',5'-AMP concen-
tration. Thereby, lipolysis, liver glycogenolysis and
glucose output are increased. An increased intake of
carbohydrates, accompanied by an elevated blood
glucose concentration, leads to an increased imsulin
secretion [44, 45, 7]. Glycogen synthesis is favoured;
glycogen degradation, glucose cutput from the liver,
and the rate of lipolysis are reduced; all mediated
by an insulin-induced decrease in 3’,56'-AMP concen-
tration (see Fig. 5).

The activities of glycogen synthetase and phos-
phorylase are not only regulated by 3’,5-AMP con-
centration, but also by many other factors. Therefore,
the possibility that insulin alters the activities of these
enzymes by other means, must be taken into consi-
deration.

Insulin not only leads to an activation of glycogen
synthetase by lowered conversion of glycogen synthe-

insulin injection, may contribute to the insulin-induced
increase in glycogen formation. The early activation of
glycogen synthetase, however, cannot be explained by
this hormonal action. An insulin-induced increase of
G6P concentration may contribute to glycogen
synthetase activation, but could not always be
measured [51, 55, 10]. Furthermore, the increase in the
I-form of glycogen synthetase is not achieved by a
direct influence of insulin on transferase phosphatase
activity. This enzyme converting the more active
form (I) into the less active form (D) of glycogen
synthetase, has been shown to remain unaffected by
the hormone [56, 20].

UDPG@ has been found to inhibit glycogen-phos-
phorylase [32, 33]. Therefore, an insulin-induced
increase of UDPG concentration may represent an
additional factor influencing glycogen-phosphorylase
activity. A lack of increase of liver UDPG concentra-
tion, however, has been shown in the presence of an
increased glycogen formation that was caused by
glucose application stimulating insulin secretion [10].

In skeletal muscle, diabetes-caused decrease and
insulin-induced increase of PDE activity are smaller
than in liver and adipose tissue. Injection of insulin
or addition in vitro produces an increase in activity of
glycogen synthetase I without a change of total enzyme
activity [55, 8, 9, 48, 56, 14]. A simultaneous decrease
of the active form of muscle glycogen-phosphorylase
could, however, not be measured by all investigators
[8]. A decreased 3',5’-AMP concentration could not
be detected [14, 37] either after injection of insulin or
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after insulin addition to incubated diaphragms. There-
fore, it has been postulated by LARNER and collabora-
tors [2, 56, 14, 29] that insulin could directly alter the
sensitivity of transferase-I-kinase to 3',5-AMP, i.e.
that insulin could promote a change in enzyme activity
which is relatively independent of tissue 3',5-AMP
econcentration. Otherwise, the lack of influence of
insulin on muscle phosphorylase and on muscle
3',5-AMP concentration could be explained by the
involvement of another cyclic nucleotide in the action
of insulin in muscle, This nucleotide must differ from
3,5’-AMP in the influence on transferase-I-kinase and
phosphorylase-b-kinase. It has been shown that cyclic
3',5’-GMP and probably 3',5’-UMP occur in mammals
[52, 18], but their significance is as yet unknown.

In kidney no influence of insulin on carbohydrate
or lipid metabolisms is known apart from the suppres-
sing action of insulin on the activity of some gluconeo-
genic enzymes [57, 19]. In addition, the PDE activity
was not influenced by insulin in kidney. In contrast,
glucocorticoids modify PDE activity in liver, skeletal
muscle, adipose tissue as well ag in kidney [43]. The
interaction of these hormones and of insulin on PDE
activity will be the subject of a following paper [43].
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