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Summary. Glucocorticoids stimulate the rate of lipoly- 
sis which is reduced in adrenaloctomized animals. This 
hormonal action is antagonized by insulin. The antilipoly- 
tic action of insulin appears to be mediated by a reduced 
intracollular concentration of 3",5"-AMP. This reduction 
can part ly be at t r ibuted to an insulin-induced acceleration 
of 3",5'-AMP degradation. -- I t  is shown tha t  the stimu- 
latory influence of glucocorticoids on lipolysis is due to a 
reduction of 3',5'-AMP phosphodiesterase (PDE) activity,  
which is increased by adronalcctomy. P D E  act ivi ty  was 
also increased in liver, skeletal muscle and kidney of 
adronaloctomized rats;  t rea tment  with a glucocorticoid 
prevented this increase. In  vitro, P D E  purified from beef 
heart  was inhibited by glucocorticoids in high concentra- 
tions (K~ = 1.1 �9 10 -3 M for 6 ~-methylprednisolone hemi- 
succinato, K~ ~ 1.6 �9 10 .3 M for prednisolone succinate). 
In  vivo, the glucocorticoid-induced decrease of P D E  acti- 
v i ty  (with retarded onset as shown in liver), may  essentially 
be at t r ibuted to a decreased enzyme synthesis. --  Studies 
on the interaction of insulin and glucocorticoids on P D E  
act ivi ty  wore performed in the liver. In  adrenalectomizod, 
alloxan diabetic rats insulin st imulated P D E  act ivi ty  
suppressed by t rea tment  with a glucocorticoid, unsup- 
pressed P D E  act ivi ty  was not increased by insulin. In  
contrast, the action of glucocorticoids on P D E  act ivi ty  
was independent of the presence or the effectiveness of 
insulin. 

Effets des glucocortico~des et de l'insuline sur l'activitd de 
la 3"5".AMP-phosphodiestdrase chez des rats surrdnalecto- 
misds 

l~dsumd. Los glucocorticoidos stimulent la lipolyso qui 
est r4dnite chcz les animaux surr6nalectomis4s. Cotte 
action hormonale est contrecarr4e par l'insuline. L 'act ion 
antilipolybique de l 'insulinc semblo @tre due ~ une r4duc- 
tion de la concentration intracellulaire de 3'5'-AMP. 
Cctte rdduction peub @tre attribu4e en partie ~ une acc414- 
ration due ~ l'insuline de la d6gradation du 3'5'-AMP. On 
a montr4 que l'influence stimulatrice des glucocorticoides 
sur la lipolyse est due ~ une rdduction de l 'activitd de la 
3'5'-AMP-phosphodiest6rase (PDE), qui est accrue par la 
surr6nMectomie. L 'act ivi t4 de la phosphodicst4rase est 
4galement augment4e dans le role, lc muscle s t r i d e t  los 
reins des rats surr@nalectomis4s, le traitemenb par un 
glucocorticoide pr4vient cette augmentation. I n  vitro, 
la phosphodiestdrase purifi@e du coour de boouf cst in- 
hib4e par los glucocorticoides ~ fortes concentrations 
(K~ = 1.1 �9 10 -3 M pour l 'hdmisuccinate de 6 ~-m6thyl- 
prednisolone, K~ ~ 1.6- 10 -3 M pour le succinato de prodni- 
selene). In  vivo, la diminution provoqu4e par les gluco- 
corticoides de l 'activit4 de la phosphodiostdrase qui so 
prodnit  au bout  de quelque temps, commo on l 'a  montr4 
dans le foie, peut essontiellement @fro attribu@e k une 
symth@se diminude de l 'enzymo. Des 6tudos sur l ' inter- 

�9 This s tudy was supported by the Deutsche For- 
schungsgemoinschaft. 

�9 * Deceased October 31, 1967. 

action de l 'insuline eb des glucocorticoides sur l 'activit4 de 
la phosphodiost6raso ont 414 offoctu4cs sur le foie. Chez los 
rats surr4nalectomis4s, rendus diab6tiques par l 'alloxane, 
l 'insuline stimule l 'activit4 de la phosphodiest6rase qni a 
616 supprim4e par un trai toment avec un glucocorticoide, 
l 'activit6 de la phosphodiestgrase qui n 'a  pas 616 suppri- 
m6e n 'est  pas augmcnt6e par l'insuline. Par  centre, l 'ae- 
t ion des glucocorticoides sur l 'activit4 de la phosphodie- 
st6rase ost indgpendante de Faction de l'insulino. 

Wirkungen yon Glucocorticoiden und Insulin auf die 
3",5"-AMP-Phosphodiesterase-Aktiviti~t bei adrenalelcto- 
mierten Tieren 

Zusammenfassung. Die Lipolyse, die boi adrenalekto- 
miorten Tieren vermindert  ist, wird durch Glucocorticoido 
vorst~irkt. Die gogeniiber Glucocorticoidon antagonisti- 
sche Wirkung yon Insulin, das die Lipolyse vormindort, 
kann durch eine Abnahme dor intracellul~iron 3",5'-A1ViP- 
Konzentrat ion erkl/irt worden. Dieso ist *eilweise auf 
oinen beschlelmigten Abbau des Nuclootids zurfickzufiih- 
ron. -- Die Lipolysesteigorung dnrch Glucocorticoide ist 
durch eine Verminderung dot 3',5"-AMP-Phosphodioste- 
rase (PDE)-Aktivi ta t  bedingt, die boi adronaloktomicrten 
Ra t tcn  crh6ht ist. Die PDE-Akt iv i t~ t  adrenalektomierter 
Tiere ist auch in Lober, Skeletmnskulatur und Niere er- 
h5ht, die Gabe eines Glucocorticoids verhindort diesen 
Anstieg. Glucocorticoide hcmmcn aus Rinderherz isolierte 
P D E  in vitro, jedoch sind hohe Steroidkonzentrationon 
erforderlieh (Ki = 1,1 �9 10 -a M fiir 6 c~-Methylprednisolon- 
Hemisuccinat,  K~ = ] ,6 �9 10 -a 1Vi fiir Prednisolon-Succi- 
nat). Die einigo Stunden nach Gabe oines Glucocorticoids 
oinsetzende Abnahme dor PDE-Akt iv i t a t  kalm im wesent- 
lichen auf eine vcrminderte Enzymsynthose zuriickge- 
fiihrt werden. -- Insulin steigert bei adrenalektomiorton, 
alloxandiabetischon ~ a t t e n  die PDE-Aktivi t i i t  in dcr Le- 
bor nur, wenn die Tiore mit  einem Glucocorticoid bohan- 
delt sind, nicht jodoch die erhShte PDE-Aktivi t i i t  bei 
Fehlen yon Glucocorticoidcn. Der Einflul] yon Gluco- 
corticoiden auf die PDE-Akt iv i t a t  ist dagegen nicht an 
die Wirkung yon Insulin gebundon. 

Kay-words: Glucocorticoids, 3',5'-AMP phosphodie- 
steraso, lipolysis, glycogen metabolism, insulin, lipolyiic 
action of glucoeorticoids, glucocorticoid-intoraction with 
insulin, cyclic adenosine 3' ,5'-monophosphate. 

Non-Standard Abbreviations 
Glucosc-6-phosphate, G 6 P ;  non-esterified, free fa t ty  

acids, F F A ;  cyclic adonosine-3',5'-monophosphate, 3',5"- 
AMP ; 3' ,5 '-AMP phosphodiesterase, PDE.  

Enzymes 
Adenylate kinase, ATP:  AMP phosphotransferase 

(E. C. 2.7.4.3) ; pyruvato kinase, ATP:  pyruvate  phospho- 
transforase (E. C. 2.7.1.40) ; lactate dohydrogonase, L-lac- 
taro NAD oxidoreductase (E. C. 1.1.1.27) ; glycogen syn- 
thetase, UDP-glucoso : ~-t,4-glucan ~-4-glucosyltrans- 
forase (E.G. 2.4.1.11). 
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In adipose tissue the rate of triglyceride breakdown 
depends on triglyceride lipase activity. This enzyme 
is activated by 3',5'-AMP. The lipolytic action of sever- 
al hormones, e.g. catecholamines, is mediated by an 
increased formation of this nncleotide [29, 5]. Insulin 
injected or added to the incubation medium, reduces 
the rate of lipolysis [16, 19, 21, 30, 11] which is in- 
creased in insulin deficiency, i.e. after starvation or in 
alloxan diabetes [15, 10, 22]. The antilipolytie action 
of insulin is due to a decreased intracellular concen- 
tration of 3',5'-AMP [5, 6]. This may be explained by 
a hormonally-induced decrease of the 3',5'-AMP 
formation [20], and an accelerated degradation of the 
nucleotide [32]. 

In contrast, glucocorticoids have been shown to 
exert a lipolytic action. In adrenalectomized animals, 
release of FFA from adipose tissue is reduced [15, 28]. 
Treatment with glucocorticoids leads to an elevation 
of plasma FFA concentration in adrenalectomized and 
intact animals [15, 41, 13, 3]. The release of FFA and 
glycerol from adipose tissue incubated with these 
hormones is also increased [19, 10, 9, 24]. The increased 
FFA release caused by glucocorticoids is reduced by 
insulin [10, 41]. 

These findings have raised the question whether 
the stimulatory action of glueocorticoids on lipolysis, 
which is opposite to the action of insulin, is also me- 
diated by an influence on 3',5'-AM-P con eentration. In 
the present paper it  is shown that  glucocorticoids 
suppressed 3',5'-AMP phosphodiesterase activity which 
was elevated in adrenaleetomized animals. These 
enzymic alterations not only occurred in adipose 
tissue, but also in liver, skeletal muscle and kidney. 
Insulin increases liver PDE activity provided that  it 
is not heightened by glucocorticoid deficiency. The 
suppression of PDE activity by steroids appears to 
enable insulin to regulate the activity of this enzyme. 

Materials and Methods 

Male Wistar rats were used in this study whose body 
weight was between 150 and 200 g. The animals were 
fed a standard pellet diet (Altromin| ad libitum unless 
otherwise stated. Studies in diabetic rats were per- 
formed 48 h after i.v. injection of 80 mg/kg alloxan 
tetrahydrate. Only those animals were used whose 
blood glucose concentration exceeded 200 mg/i00 ml. 
Crystalline, glucagon-free insulin from cattle (Farb- 
werke Hoechst AG 1) diluted in 0.9% NaC1 solution was 
injected i.v. 

Adrenalectomy was performed under diethylether 
narcosis by  paravertebral incisions. 0.9% NaOl solution 
served these animals as drinking fluid. If  glucocorti- 
colds were given, 6 ~-methylprednisolone was injected 
s.c. as acetate or i.v. as hemisuecinate (Yarbwerke 
ttoechst AGX). For experiments in vitro the latter 

1 The authors wish to thank Dr. A. YL~Ym, Farb- 
werke I-ioechst AG, and the Merck AG, Darmstadt, who 
kindly supplied these substances. 

substance, as well as prednisolone-21-succinate (Merck 
AG, Darmstadt1), were used. Solvents were injected 
into respective controls. 

Blood glucose and tissue protein determinations 
as well as measurement of tissue PDE activity were 
performed as previously described [32]. PDE purified 
from beef heart according to BV~C~E~ and SU~E~- 
LA~D [4] WaS used for studies in vitro. In these ex- 
periments the enzymatic activity was determined by 
continuous measurement of 5'-AMP formed under the 
influence of PDE in a 0.15 1~I glyeylglycine buffer, pH 
7.5, containing 6mM MgC12, by aid of adenylate 
kinase, pyruvate kinase, and lactate dehydrogenase 
[1, 31]. 

Data are given as mean =k S.E.M. and compared 
using Student's t-test and the t-tables of PXTAV [27]. 

l~esults 

In liver, adipose tissue and kidney of fed rats adre- 
nalectomized 5 days before the experiments, PDE 
activity was increased over the values obtained from 
intact animals. Daily s.c. injections of 1 mg/kg 6~- 
methylprednisolone prevented this increase. In 
skeletal muscle, similar changes of PDE activity were 
measured, but the increase in PDE activity caused by 
adrenalectomy was smaller than that  in the other 
tissues. The changes in PDE activities were indepen- 
dent of enzyme activities being referred to wet weight 
or tissue protein (Tab. 1). 

These findings prompted us to investigate whether 
purified PDE is inhibited by glucocorticoids in vitro. 
The activity of PDE isolated from beef heart, was 
reduced by 6 ~-methylprednisolone added as hemisuc- 
cinate. The type of inhibition was non-competitive 
with respect to 3',5'-AMP, the K~ value was approx. 

[Sl = 

1 2i ~ 1.6"IO'~M 3;B'-AMP 

V ~ "  ~ 3.3"I0"5M 3:5'-AMP 
1 | , , . i  J - ;~~,~, ,  B.2"II]'~M 315'-AMP 

Fig. 1. Inhibition of 3",5'-AMP phosphodiesterase (puri- 
fied from beef heart) by 6-methylprednislone (hemisucci- 

natc) 

1.1 �9 10 -a ~ (Fig. 1). Prednisolone, added as succinate, 
was also found to inhibit PDE non-competetively, the 
K.~ value was approx. 1.6.10-aM (Fig. 2). Addition of 
suceinate (3.10-sM) did not influence PDE activity. 
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In contrast  to  the high glucocortieoid concentra t ion 
required for reducing P D E  ac t iv i ty  in  vitro, discon- 
t inuat ion of adrenal steroid secretion and  subst i tu t ion 
with exogenous glucoeorticoid influenced P D E  acti- 
v i ty  markedly.  I n  adrenalectomized,  fasted rats  

P D E  ac t iv i ty  was slightly reduced 2 and 4 h after  
glucoeorticoid application, a fur ther  reduct ion was 
measured 15 and 27 h after  steroid injection (Fig. 3). 

I n  order to  elucidate the  relationship between the 
opposite actions of insulin and glucocorticoids on P D E  

Table 1. Influence of adrenaleetomy and of application of 6-methylprednlsolone (1 mg�9  kg -1 �9 d "l 
s. c. for 5 days on 3",5"-AM1 ~ phosphodiesterase activity. Animals were fed ad tibitum 

adrenalectomized rats (5 days post op.) 

intact rats + 6-methylprednis- 
clone 

Liver 
n moles 
rain- g w.w. 

Adipose tissue 
n moles 
mJ~ �9 g w.w. 

n moles 
rain �9  prof. 

Kidney 
n moles 
rain- g w.w. 

moles 
rain.  mg prof. 

Skeletal muscle 
n moles 
rain �9 g w.w. 
n moles 
rain.  mg prof. 

645 •  734 =]=16 596 ~:26 
n ~ 1 8  p<0.002 ~n=24 n-----19 

32.8 q-2.1 i 
p<0.0002 

1.62 +0.08 I 
p<0.0002 

n = 2 5  I 

I 
484 :L 19 I 

p<0.0002 
8.51 :~0.33 I 

p<0.0O02 
n-~19 

67.0 ~3 .2  

0.839~=0.041 

n = 2 i  

p<0.0002 
| 

84.7 ~:12.6 I 49.1 ~4.1 
p<0 .02  

2.78 •  I 1.82 -V0.17 
p<0.002 

n = 1 7  I n = 2 0  

I 
649 ~21  I 460 =t=15 

p<0.0002 

11.95:J:0.44 [ 7.61 ~0.28 
p < 0.0002 

n = 2 6  I n = 1 9  
I 

71.6 :L3.1 I 57.2 :]:3.3 
p<0.003 

0.902 :=I= 0.042 ] 0.707 • 0.043 
p<0.003 

n = 2 5  I n = 2 1  

IS] = 
16.10-5M 3:5'-AMP 

1.5- ~ J /  

1 
v 1.C 

J "  j , . . , -  3.3.10"5H 315'-AMP 

.OSF- ....-- J " [ J  j,--82.10-5M 3,5'-AMP 

-1.6 0 1 2 3.10 ~ M, 
Fig. 2. IrLhibition of 3',5'-A_M:P phosphodiesterase (puri- 
fied from bee~ heart) by prednisolone (-21-suooinate) 

(ldrena(ectomked rats {reGted wilh 6-methy{prednisotone 
750 F forO 025 0.5 1 2 h 15 15,27hrs 

1 j adr.- 

h5cln=pzl , , 
p<O.OOOS.J~ ,' p<O.O/~p<O005 

Fig. 3. Influence of 6-methylprednisolone on liver 3',5'- 
AMP phosphodiesterase activity. Adrenalectomy was per- 
formed 3 days before experiment. All rats were fasted for 
2 days. 1 mg/kg 6-methylprednisolonc was injected as 
hemisuccinate Na + i.v. 0.25, 0.5, 1, and 2 h, s.c. 4 h, as 

acetate s.c. 15 and 27 h prior to decapitation 

with low insulin p lasma concentra t ion [2], liver P D E  
act iv i ty  was increased compared with in tac t  rats.  M t e r  
a single inject ion of 6 ~-methylprednisolone there was 
no decrease in enzyme ac t iv i ty  within the  first hour.  

act ivi ty,  insulin was injected into alloxan diabetic 
ra ts  t h a t  were adrenalectomized and  t rea ted  with 
various doses of a glucocorticoid. I n  adrenaleetomized, 
diabetic animals no t  subst i tu ted with glucocorticoids, 
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l iver-PDE activity Was not increased by  injection of 
0.5 U/kg insulin (Fig. 4). This dose has been shown to 
stimulate enzyme activity in diabetic rats  whose 
adrenals had not been removed [32]. Even the appli- 
cation of an insulin dose 10 times higher did not in- 
fluence liver P D E  activity in adrenalectomized rats. 
If, however, in adrenaleetomized rats P D E  activity 
was normalized by  t rea tment  with 6~-methylpred- 
nisolone, insulin induced a dose-dependent increase of 
PDE activity. The glucocorticoid-induced suppression 
of enzyme activity was nearly prevented by  5 U/kg 
insulin. In  rats  t reated with 6~-methylprednisolone 
3 mg/kg, the decrease of PDE activi ty was insigni- 
ficantly greater than  after application of 1 mg/kg. 
Injection of 0.5 U insulinjkg resulted in a higher 
enzymic activity in adrenalectomized animals treated 
with the lower dose of the glucocorticoid than in those 
treated with the higher dose (Fig. 4). 

600 
no gbcocorticoids Irnglkg6oe-methyb 

p~O.O002 p=O.08 3 

insulin 0 0.5 5 0 0,5 5 
n =  36 36 14 24 21 13 

3mg/kg 5 m-rnethyt- 
prednisoton~ 

p<O.O002 p<O.O05 i 

[~P~O-02 iP=i105 ~ 
0 0.5 5U/kg 
ii 12 9 

Fig. 4. Influence of insulin on liver 3',5'-AMP phospho- 
diesterase activity in diabetic rats adrenalectomized 24 h 
prior to decapitation. Alloxan (80 mg/kg) was injected 
1.v. 48 h, 6-methylprednisolone acetate s.c. 12 h, insulin 

i.v. 45 rain before decapitation 

Discussion 

Glucocorticoids are known to be inducers of the key 
enzymes of hepatic gluconeogenesis, which are oppo- 
sitely influenced by insulin [40, 39, 23]. In  contrast to 
the inductive action of glucocorticoids on other enzy- 
rues, there is a suppressive action of these hormones on 
P D E  in several tissues. 

I t  has been shown by  FA~,  Scow and C~E~IC~  
[10] tha t  the stimulation of lipolysis caused by  giu- 
eocortieoids is delayed. More than 2 h is required for 
an acceleration of triglyceride breakdown. These 
findings correspond to the glucocorticoid-induced 
decrease in enzymic hydrolysis of 3',5'-AMP, and the 
delayed hormonal action on PDE activity shown in the 
liver. Owing to this fact and to the lack of BDE in- 
hibition by  low glucocorticoid concentrations occurring 
physiologically, an inhibitory action of glucocorticoids 
on PDE may  be regarded as unimportant  for the 
hormonal-induced reduction of enzymic activity. I n  
vivo, the decrease of P D E  activity must  mainly be 
referred to a suppressed enzyme synthesis. The in- 
hibitory action of glucoeorticoids on PDE can, how- 
ever, be taken into consideration for explaining the 
stimulation of lipolysis within the first few hours after 
application of high doses of a steroid. 

The influence of glucocorticoids on the degradation 
of 3',5'-AMP, the formation of which is increased by 
several hormones, can help to explain the following 
findings. The capaeity of adipose tissue to respond in 
vivo or in vitro to catecholamine-stimulation by  an 
increased FFA release, is strongly reduced in glnco- 
eortieoid deficiency [28, 331 34, 25] accompanied by an 
accelerated hydrolysis of 3',5'-AMP. The responsive- 
ness to epinephrine is restored after the animals have 
been treated with a glucoeorticoid. I t  can be assumed 
tha t  this t rea tment  normalizes the increased 3',5'-AMP 
degradation, and thereby allows a higher catechola- 
mine-induced increase of tissue 3',5'-AMP concentra- 
tion. 

Insulin may  influence glycogen metabolism and 
lipolysis by accelerating 3' ,5 ' -AMP degradation [32]. 
Suppression of PDE activity by  glucocorticoids is 
required for the regulation of enzyme activity by  in- 
sulin. This can be concluded from the following fin- 
dings. 1. Glucocorticoids suppress renal PDE activity, 
although, even in high doses, there is no influence of 
insulin on the activity of this enzyme in the kidney 
[32]. 2. Glucocorticoids suppress PDE activity not 
only if insulin is ineffective, i.e. in kidney, but also if 
it is absent, i.e. in. alloxan diabetes. 3. Insulin does not 
increase PDE activity unless it has been suppressed by  
glucocorticoids. The dose-dependent increase of enzy- 
me activity by  insulin is limited to the range of giuco- 
corticoid-induced suppression. Actinomycin D inter- 
fering with DNA-dependent synthesis of messenger 
I~NA [14], has been shown to block the insulin- 
induced increase of PDE activity [32]. Therefore, it 
can be assumed tha t  the regulation of enzymic activity 
by insulin, which reduces glucocorticoid-caused supp- 
ression of I~DE activity, is on the level of transcrip- 
tion. 

That  the action of glucocorticoids on P D E  is 
necessary for the action of insulin on the activity of 
this enzyme, can also be seen from the following 
findings. The early stimulation of liver glycogen 
synthetase activity by  insulin can be explained by  a 
decreased concentration of 3',5'-AMP, which nucleoti- 
de activates transferase-I-kinase [18]. This enzyme 
catalyzes the conversion of the more active form of 
glycogen synthetase (I) to the less active form (D). 
This activation of liver glycogen synthetase measured 
30 min after stimulation of insulin secretion by  glucose 
administration, has only been found in intact  animals 
[7]. In  adrenalectomiied rats whose liver PDE ac- 
t ivi ty is not increased by  insulin, glycogen synthetase 
I activity remained unchanged 2. 

Liver and muscle glycogen concentrations are 
reduced in adrenaleetomized animals, and are slowly 

Added in proof. In adrenaleetomized animals, how- 
ever, increased liver glycogen synthetase I activity caused 
by stimulation of insulin secretion or by injection of in- 
sulin (6 U/kg i.p., 75 rain) into diabetic rats was meas- 
ured by other authors [22a]. This indicates that insulin may 
also influence this enzymatic activity through another, 
glucocortieoid-independent action. 

Diabetologia, u 4 25 
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increased  b y  glucocor t icoid  app l i ca t ion  [13, 12, 38, 1 7 ,  
8]. There  are  difficulties in  cor re la t ing  these  f indings 
wi th  an  increased  P D E  a c t i v i t y  in  g lucocor t icoid  
deficiency, and  a reduc t ion  of P D E  a c t i v i t y  b y  gluco- 
cort icoids.  Increases  of gluconeogenesis  [40, 39, 23] 
and  of G6P concen t ra t ion  [38, 17], caused b y  appl i -  
ca t ion  of a glueocGrticoid, m a y  be r ega rded  as fac tors  
t h a t  f avour  g lycogen format ion .  An  increased  concen- 
t r a t i on  of G6P, which s t imula tes  g lycogen syn the t a se  
a c t i v i t y  [37], has,  however ,  no t  a lways  been found  
a f te r  app l i ca t ion  of g lucoco r t i co id s  [S]. Inc reased  
g lycogen fo rma t ion  b y  glucocor t icoids  m u s t  m a i n l y  
be referred to  an  increased  synthes is  of the  enzyme 
glycogen syn the t a se  [38, 17, 35]. This ho rmona l  act i-  
on, which can be p r e v e n t e d  b y  app l i ca t ion  of act i-  
nomyc in  D [35], m a y  be rega rded  as more  i m p o r t a n t  
t h a n  a possible  s t imula t ion  of t r ans fe rase - I -k inase  
m e d i a t e d  b y  3 ' ,5 ' -AMP.  This enzyme,  which ca ta lyzes  
the  i nac t i va t i on  of g lycogen syn the tase ,  could be 
a c t i v a t e d  in  the  case of a g lucocor t ico id-caused  reduc-  
t ion  of 3 ' , 5 ' -AMP degrada t ion  in insul in deficiency. 
P l a s m a  insul in  concent ra t ions  of g lueocor t icoid-  
t r e a t ed  an imals  can, however ,  be assumed  to be h igh  
[2, 26]. There  is even a possible  pa r t i c ipa t i on  of insul in 
in  the  increased  fo rma t ion  of the  enzyme glycogen- 
syn the tase  t h a t  is observed  a f t e r  app l i ca t ion  of gluco- 
cort icoids.  Insu l in  is k n o w n  to p romote  the  fo rma t ion  
of l iver  g lycogen-syn the tase  [36]. Since glucocor t icoids  
increase the  secret ion of insul in  [2, 26], th is  hormone  
could poss ib ly  be invo lved  in the  ac t ion  of ad rena l  
s teroids  on g lycogen syn the t a se  ac t iv i ty .  
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