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Since the secretory products of the adrenal 
cortex are nonprotein substances , the hype.rpolar- 
ization of PM of ACC long after the injection of 
ACTH due to activation of protein synthesis in 
ACC may be thought to be related to an activated 
synthesis of the enzymes of steroidogenesis. This 
may be what provides for the enhanced secretion 
of corticosteroids by "hyperpolarized" AG during 
in vitro stimulation of steroidogenesis in the adre- 
nal cortex by the tropic hormone. 

At the same time, other mechanisms underly- 
ing the enhanced reactivity of the "hyperpolarized" 
AG to ACTH cannot be ruled out. In particular, 
it has been shown that the development of hyper- 
polarization of cell PM resulting from the activated 
protein synthesis in tissues is accompanied by ac- 
tivation of Na, K-ATPase of the PM. In addition, 
the appearance of peptide compounds, so-called 
invertors, has been demonstrated in hyperpolarized 
tissues, which are capable of activating Na, K-AT- 
Pase of cel l  PM in intact tissues and thereby af- 
fect their functional activity [4]. From tkis point 

of view, the hyperpolarization of PM of ACC 
which develops against the background of activated 
protein synthesis may serve as an invertor-medi- 
ated interface in the chains of direct and feedback 
regulatory influences, thus modulating the reactiv- 
ity of ACC to the tropic hormone. 
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It is shown that insulin is able to alter the secretion of somatotropic hormone di- 
rectly at the level of the pituitary. The direction of the regulatory effect of insulin 
depends on the age of the animals donating the pituitary cens, while the intensity of 
the effect of insulin is largely modulated by glucocorticoid and thyroid hormone. 
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It is now undisputed doubt that there are direct 
and feedback relationships between the somatotro- 
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pic hormone (STH) of the pituitary and insulin. 
As is well known, STH directly stimulates insulin 
secretion and biosynthesis, as well as the prolif- 
eration of ~-cells of the pancreatic islets (islets of 
Langerhans) [7,14]. On the other hand, insulin 
has been found to directly inhibit the secretion of 
STH in cultures of normal and tumor cells of the 
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adult animals [4,8]. This raises the question as to 
possible age-specific regulatory effects of insulin in 
somatotrophs. In the present study we investigated 
this problem with regard to the establishment of 
endocrine regulation during postnatal ontogenesis. 

MATERIALS AND METHODS 

Fig.  I. Effect  o f  insu l in  o n  basa l  secre t ion  o f  STH in cu l tu re s  
o f  p i tu i t a ry  ce i l s  of  ra ts  of  d i f fe ren t  age.  H e r e  and  in Fig. 2: 
ord ina te :  c o n c e n t r a t i o n  of STH in m e d i u m ,  n g / m l ;  at  left: for  
n e o n a t a l  ra t  p u p s  and  w e a n l i n g s ;  at  r ight:  for  a d u l t  an ima l s .  
G r o u p s  { n = 5 - 6 ) :  1) control;  2 a n d  3} insu l in  in  concen t r a t i ons  
o f  I0 -8 and  10 -6 M, r e spec t i ve l y .  I n c u b a t i o n  las ted  for 4 - 5  
h.  O n e  a n d  t w o  a s t e r i s k s  d e n o t e  /9<0.05 a n d  p < 0 . 0 1 ,  
r e spec t ive ly ,  a s  c o m p a r e d  w i t h  t he  c o r r e s p o n d i n g  cont ro l .  

pituitary [9,13]. At the same time, the metabolic 
effect of insulin in the adenohypophysis is mark- 
edly weaker than that in the muscle and adipose 
tissue [11]. It has been demonstrated by us and 
other scientists that the somatotropic function of 
the pituitary is somewhat increased in rats with 
acute alloxan- or streptozotocin-induced experimen- 
tal diabetes [3,15], which indicates that negative 
feedback underlies the regulatory effect of insulin 
on the pituitary somatotrophs. 

During early postnatal development, when the 
rate of growth and proliferation is high, STH is 
of primary importance. There is evidence that a 
combined effect of STH and insulin is required for 
maintaining the growth of peripheral tissues [10]. 
We have previously established that pituitary cells 
derived from neonatal rat pups exhibit an altered 
hormonal sensitivity which differs from that in 

TABLE t .  Effec t  o f  Insu l in  o n  S T H Secre t ion  in  Pi tui tary  Cei ls  
of  Rat  W e a n l i n g s  af ter  a L o n g - T e r m  l>remedicat ion wi th  D M  
a n d  T 3 (M--m,  n = 6 }  

Group STH in medium, 
ng/ml 

C o n t r o l  5 9 . 7 -  7 .44  

~ii~6:!~iii!iil iiiii i iiiiiiiiii::iiiii f ~i~i~iiiiiiiiii::iiiiiiiii:il 
i::i :::::::::::::::::::::::::::::::::: i iii iii~ii!! i~itl i!i iiiiiiiii~ii!::::::ii::! iiiii:i:: ~:::i: iiiiiiii iii!!! i ~i 
T 3 + D M ,  50  n M  2 2 8 . 2 - 1 3 . 3 "  

i i i ii!i i ii ! i ii [ ~ i!  iiiiiiii ii iiiiiii 
T 3 + D M  + i n s u l i n ,  1 p .M 151.6-*-12.1"* 

Note .  P r e i n c u b a t i o n  with D M  a n d  Tz las ted for  72 h, i n c u b a t i o n  
wi th  these  h o r m o n e s  a n d  i n s u l i n  for  5 h. O n e  a n d  two as ter isks ,  
r e s p e c t i v e l y ,  d e n o t e  t he  r e l i a b i l i t y  (p<0.001)  of  d i l f e r e n c e s  
f rom the  g r o u p  w i th  T 3 a n d  f rom the  g r o u p  wi th  T 3 + DM. 

The following age groups of Wistar rats were used 
in the study: a) neonatal pups (6 to 7 days) of 
both sexes; b) weaklings (11 to 14 days) of both 
sexes; c) adult rats (70 to 100 days), female. The 
preparation of,:" primary cultures of pituitary cells 
[4,5] and homologous radioimmunoassay of rat 
STH [1] were described previously. A long-term 
premedication with dexamethasone (DM) was per- 
formed in the cell cultures in a nutrient medium 
containing 1% fetal calf serum, whereas a long- 
term treatment of pituitary cells with thyroid hor- 
mone and glucocorticoid (GC) was performed in 
a medium containing 0.1% human serum albumin 
and 0.1% gelatin. A short-term incubation with 
insulin and other hormones was carried out in an 
albumin-containing serum-free medium. The fol- 
lowing hormonal preparations were used: swine 
insulin (Calbiochem, Switzerland), DM (Serva, 
Germany), and L-3,3',5-triiodothyronme (Fluka, 
Switzerland). The results were statistically processed 
using Student's t test. 

RESULTS 

As is shown in Fig. 1, in a concentration of 10- 
s M insulin showed a tendency to stimulate and 
in a dose of 10 .6 M reliably raised the basal se- 
cretion of STH in the primary culture of pituitary 
cells from neonatal rat pups. In the culture of 
pituitary ceils of weanlings insulin in concentra- 
tions of 10 -8 and 10 -6 M exerted no marked effect 
on the basal secretion of STH. On the contrary, 
in a concentration of 10 -s M insulin tended to 
suppress the basal secretion of STH in the primary 
culture of pituitary cells of adult rats and in a dose 
of 10 .6 M reliably inhibited it. 

Since the blood level of GC and thyroid hor- 
mones is markedly increased during the early post- 
natal development of rats [12], we attempted to 
assess possible changes of the responsiveness of 
somatotrophs to the regulatory effect of insulin 
following a long-term premedication with GC per 
se (Fig. 2) and in combination with thyroid hor- 
mone (Table 1). As is seen from Fig. 2, DM 
sharply raised the rate of STH secretion in all 
three age groups; however, the degree of stimula- 
tion was slightly higher in the group of neonates. 
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Against the background of stimulation with DM, 
insulin tended to further raise the secretory activ- 
ity of somatotrophs in the culture derived from 
neonatal pups. However, in the group of weanlings 
insulin in a concent ra t ion  of  10 -~ M markedly 
inhibited the DM-induced secretion of STH, while 
in the group of adults a lower dose (10 -s M) of 
insulin markedly inhibited the GC-stimulated se- 
cretion of STH. 

As follows from Table 1, triiodothyronkle (T3) 
per se did not  reliably change the STH release in 
the culture of pituitary cells of weanlings. However, 
in the presence of T 3 DM raised the secretory 
activity of somatotrophs more than 5-fold. Against 
the background of stimulation with DM and T 3 in 
combination, both test concentrations of  insulin 
(10 -s and 10 -6 M) reliably inhibited STH secretion. 

Our findings show that in somatotrophs of 
neonatal and adult rats the regulatory effects of 
insulin are diametrically opposite. In our view, 
such age-specific differences may partly explain the 
excessive body weight of children born of mothers 
with diabetes mellitus. It is well known that in a 
number of cases the somatotropic activity of  the 
pituitary may be increased in such children [6]. 
Another characteristic feature is that the regulation 
of STH release by insulin and DM in combina- 
tion is also age-specific. It is noteworthy tllat in 
weanlings the response to insulin and DM in 
combination is much closer to the pattern of  regu- 
lation in adults. 

It is of special interest that after a long-term 
premedicat ion with GC and thyroid hormone  in 
combination,  somatotrophs of weanlings become 
sensitive to the inhibitory effect of a low dose of 
insulin. Evidently, we managed to simulate the 
formation of  the "adult pattern" of insulin-medi- 
ated regulation in the cell culture. In our opinion, 
this result is impor tan t  for unders tand ing  the 
physiological significance of the definite sequence 
of hormonal  events in postnatal ontogenesis. In 
addition, as follows f rom our results, in order to 
avoid serious disturbances of the natural course of 
events during the hormone-dictated postnatal matu- 
ration, extreme care and responsibility are required 
when hormone  treatment is administered during 
the early postnatal ontogenesis. Incidentally, this 
conclusion may serve to show how model experi- 
ments enable clinicians and, notably, pediatricians- 
endocrinologists, to focus on particular age-related 
specificities of hormonal  regulation at the level of 
the pituitary. 

It should be taken into account that the in- 
sulin test for stimulated secretion of STH has long 
been used in clinical practice [2]. However, in this 

Fig. 2. Effect of insul in on secretion of STH in cu l tu res  of 
p i t u i t a r y  ce l l s  of  ra ts  of  d i f fe ren t  a ge  af ter  a l o n g - t e r m  
premedica t ion  with DM in a dose of 10 nM for neona te  and 
a d u l t  rats  a nd  in a dose  of 50 nM for wean l ings .  G r o u p s  
( n = 5 - 1 1 ) :  1) control; 2) DM; 3 and 4) DM in combina t ion  
wi th  i n s u l i n  in  d o s e s  of  10 -8 a nd  10 -6 M, r e s p e c t i v e l y .  
Incubation with DM lasted for 4 8 -  72 h, and incubat ion  with 
DM and i n su l i n  for 4 - 5  h. One  and  two as t e r i sks  d e n o t e  
p<0.001 a n d  p<0.01,  r e s p e c t i v e l y ,  as  c o m p a r e d  w i th  the  
control; a cross  denotes  p<0.05 v i s - a - v i s  DM. 

case insulin-induced hypoglycemia is probably the 
active principle, and changes in the secretory ac- 
tivity of somatotrophs are caused not directly but 
via the central glucoregulation mechanisms [2]. 
Our experiments were performed under conditions 
simulating normoglycemia, and their results reflect 
the relationships between the pituitary and S-ceils 
of the pancreatic islets for physiological and meta- 
bolic homeostasis.  Nevertheless,  e lucidat ion of  
the specific features of the combined effect of glu- 
cose and insulin on the somatotrophic function of 
the pituitary represents an important  task in fur- 
ther studies. 

According to our findings, the use of  cell cul- 
tures of the endocrine gland of animals of  differ- 
ent age makes it possible to characterize the stages 
of formation of the endocrine system. At the same 
time, we are evidently not talking about "matura-  
t ion" of interhormonal relationships, culminating 
in the establishment of a hormonal  balance which 
is peculiar to the adult organism. It is to be as- 
sumed that age-specific differences in the sensitiv- 
ity of the pituitary to hormones of the peripheral 
endocrine glands are primarily determined by a 
genetic (and, possibly, epigenetic) program of so- 
matic development during ontogenesis. 

It should be emphasized that the cultures of 
pituitary ceils of animals of different age developed 
by us allow the age-related specificities of the di- 
rect regulatory effect of insulin on the secretion of 
STH to be assessed after a long-term premedica-  
t ion with GC per se and in combinat ion  with 
thyroid hormone. These results cannot be obtained 
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either in vivo (for which many  of the endocrine 
glands have to be removed, this being impractical 
or even pointless due to the small size of neonate 
animals and weanlings) or in the incubated tissue 
fragments of the pituitary, because these are viable 
only during a limited period, which does not al- 
low the effects of a long-term premedication with 
hormones to be studied. 

Hence,  further studies employing our model  
system for comparison of the hormonal responsive- 
ness of pituitary cells of animals of different age 
hold great promise, since these studies may help 
refine or even reinterpret many  of the current 
concepts concerning the maturat ion of combined 
hormone-mediated regulation in individual types of 
hormone-secret ing cells of the pituitary. 
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