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abStract

Modulator effect of adrenocorticotropic hormone (ACTH) on the process of lipase excretion by 
rat pancreatic acinar cells was studied in the model in vivo and in vitro experiments. Before the 
experiment an investigation protocol was drawn up which included all necessary conditions and 
phases mandatory to study the impact of endogenously active substances of hormonal nature upon 
diffrent integrative systems of the mammal organism. The protocol included a number of cumpal-
sory conditions, which we believe should be followed by the researchers while studying different 
aspects of endocrine system. It’s about corticosterone and transcortin, released concretely in rats, 
which are endowed with circadian and seasonal rhythm. Synacthen (Germany), a synthetic adreno-
corticotropic hormone   analog, was used in the trial. Lipase activity was determined by means of 
diagnostic Lipase Activity Assay Kit (Spain). As revealed in in vivo experiment i.e. intravenous in-
fusion of Synachten in a dose of 6x105 mol/L, the first peak of lipase activity in serum was observed 
in the 10-15th minutes while the second peak occured in the 20-30th minutes. 

During in vitro experiments (in the conditions of bile duct drainage with Synachten introduc-
tion) lipase activity peak in pancreas was determined in 20th minute. During in vitro experiments 
(on the pancreatic cell culture in the conditions of Synacthen introduction into the cultural environ-
ment) release of lipase from acinar cells was observed at quite a wide range of injected hormone 
concentration -10-10- 10-15Ml. The conducted researches found out that synthetic adrenocortico-
tropic hormone   analog in therapeutic dose under both in vivo and in vitro conditions produces 
stimulating effect on the process of lipase release by the cells. Due to in vitro studies (on the pan-
creatic cell culture) it was determined that synthetic ACTH analog in a dose a magnitude higher 
than therapeutic dose, i.e. 10 -15mol provides a significant release from the cultured cells.

Thus, in the experiment conducted on rats, a new ‘side’ effect of adrenocorticotropic hor-
mone   was revealed, in which excretory apparatus of the pancreas with enhanced release of 
lipase by acinar cells presents as a target. 
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adipose tissue is known to be an auxiliary or "side" 
function of ACTH [Hardley M, Haskell-Luevano C, 
1999; Solomon S, 1999; Reaux-Le Goazigo A et al., 
2011]. No concrete data on the ACTH impact on the 
processes of lipase excretion by pancreatic acinar 
cells was revealed available in the literature. The 
fact which is worth attention is the one according to 
which the structure of lipase localized in the adipose 
tissue is similar to the one localized in the pancre-
atic acinar cells. We have assumed that in mammal 

iNTroducTioN

It is a long-established fact that basic function of 
ACTH is to regulate production of hormones of ad-
renal cortex. Stimulating effect of lipase activity in 
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organism ACTH has modulator effect on the excre-
tion of lipase localized in the cells of pancreatic aci-
nar apparatus.

While conducting experiments, we took into 
consideration some criteria, associated with meta-
bolic and rhythmic peculiarities of glucocorticoid 
functioning in mammal organism. Adrenal gluco-
corticoids are known to be presented mostly by 
corticosterone. It is a long-established fact that ad-
renal glucocorticoids are prone at least to circadian 
and seasonal rhythm [Yakovlev W, Shustov , 1989;  
Kriegsfeld L et al., 2002;  La Fleur S, 2003; Hast-
ings M et al., 2007; Cowan M et al., 2017]. Circa-
dian rhythms of glucocorticoids in rats differ con-
siderably in early morning hours. The level of hor-
mone starts increasing only after noon [Ader R, 
1969; Dunn J et al., 1972; Moore H, 1972; Bell-
inger L et al., 1975; Takahashi K et al., 1979; 
Levine R et al 1980; Ulrich-Lai Y et al., 2006]. Ap-
proximate analog circadian rhythm is observed in 
ACTH when its lowest concentrations in the rats 
are also recorded in the early morning hours 
[Ungar F, Halberg F, 1962; Halberg F, 1964; Ro-
manov Yu, Tabolin W, 1982; Eckel Mahan K et 
al.,2012; Kalsbeek A et al., 2012]. Besides circa-
dian rhythms, seasonal rhythm is pathognomonic 
for glucocorticoids as well. Thereby, the lowest 
concentrations of corticosterone in serum of the 
rats was observed in autumn [Golicov P.P., 1968]. 
As known, glucocorticoids circulating in the blood 
occur in three conditions - circulating free, trans-
cortinol and γ-globuline bound [Golikov P.P., 
1968]. Moreover, the most active in application 
points and realized effect are circulating in blood 
free glucocorticoids (basically cortisol in human 
and corticosterone in rats).

All the mentioned peculiarities of glucocorticoid 
hormones were taken into consideration while con-
ducting the experiment. Тhat is primarily about in 
vivo experiments in which in the conditions of Syn-
acthen introduction, mediated effect of endogenous 
corticotropin on the processes of lipase activity of 
pancreatic acinar cells of rats is not excluded. That 
is why in vivo experiments, i.e. in the conditions of 
synthetic ACTH analog injection to the animals, 
were conducted within the period of the least daily 
concentrations of corticosterone and ACTH (i.e. at 9 

in the morning) taking into account not only circa-
dian but seasonal rhythms. Thus, experiments were 
carried out in autumn, since among all the seasons 
of the year, the lowest concentrations of corticoste-
rone are observed in serum of rats in this particular 
period [Golikov P, 1988; Lowenberg M et al., 2008; 
Maghnie M et al., 2013]. 

In our experimental research, it was compul-
sory to consider both circadian and seasonal 
rhythm, glucocorticoids are endowed with, as 
ACTH injection to rats is known to induce signifi-
cant reduction of corticosterone-binding property 
of transcortin. It should be also noted, that the 
choice of laboratory animals for the experiment 
was conditioned by the highest corticosterone-
binding ability of transcortin in rats and as a result, 
low concentrations of free corticosterone are de-
tected in the serum of this laboratory animals. It is 
a well-established fact that circulating in blood op-
timal and/or high concentrations of namely free 
corticosterone have high biological activity over 
the target cells, while glucocorticoids (corticoste-
rone, cortisol) bound to transcortin are metaboli-
cally not active [Golikov P, 1988; Lowenberg M et 
al., 2008; Maghnie M et al., 2013].

mATeriAl ANd meThods

Laboratory animals used in the experiment 
were white male rats weighing 150-170g. The ex-
periment was conducted in the early morning hours 
(9-10 o’clock) in autumn. Synthetic ACTH analog, 
used in the study was “Synacthen” (produced by 
Sigma-tau Arzneimittel Gmbh, Munich, Germany) 
presented by N-terminal section of peptide chain 
(1-24), similar in different animals and human, 
with biological activity only i.e. deprived of any 
immunologic peculiarity. Lipase activity was de-
termined by means of diagnostic Lipase Activity 
Assay Kit (produced by Bio Systems S.A., Barce-
lona, Spain) and expressed in mol/L.

In vivo experiment.  White rats (n=20) were in-
travenously injected with ACTH (6x10-5 mol/L) up 
to the terminal concentration of 10-9 mol/L. Lipase 
activity was measured in serum before and certain 
periods of time after the introduction of hormone. 

In vitro experiment. Perfused pancreas was 
chosen to be a possible target for ACTH activity. 
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Pancreas (n=20) was perfused through the bile 
duct with further introduction of ACTH (6x10-5 

mol/L). The organ was extracted and placed in the 
same solution. Afterwards, lipase activity in the 
solution was measured at regular intervals.

Cell culture trial. Rat pancreatic cells were har-
vested. Collagenase solution (1.4 mg/ml in RPMI-
1640 environment) was introduced through the bile 
duct. The pancreas was then extracted and incubated 
in the same solution at 370C for 30 minutes. Cells 
were disaggregated by cautious cell-suspension. 
Cell concentration was brought to 0.5x106 cell/ml 
with the addition of RPMI-1640 environment, con-
taining 10% fetal bovine serum [Chung C et al., 
2010; Clardy S et al., 2015]. The cell suspension 
ready for cultivation was divided into 9 groups of 
10 samples each. After an hourly preliminary culti-
vation ACTH solution (6x10-5 mol/L) was added up 
to terminal concentration of 0-10-5mol/L. Then, after 
20-minute incubation lipase activity in the cultural 
environment was measured.

resulTs ANd discussioN

The results of in vivo experiments revealed, 
that first peak of lipase activity in the serum of ex-
perimental animals was determined in the 10-15th 
minutes, while the second one was registered in 
the 20-30th minutes (Fig. 1).

In vivo experiment. Serum. First peak of lipase ac-
tivity was recorded in the 10-15th minutes, while the 
second one was determined in the 20-30th minutes.

 During in vitro experiments lipase activity peak 
in pancreas in the conditions of synthetic ACTH 
analog perfusion into the pancreas through the bile 
duct was registered in the 20th minute only (Fig. 2).

In vivo experiment. Lipase activity peak in pan-
creas was determined in the 20th minute. 

We assume, that the first peak of lipase activity 
in the serum, i.e. in vivo, is probably conditioned 
by mediated influence of corticosteroids on the 
processes of lipase activity concretely in adipose 
tissue. Corticosteroids are well known to make a 
modulator effect on adipocytes localized in the 
adipose depots manifesting particularly in lipase 
activation. That’s why such kind of mechanism is 
probably launched in the conditions of our experi-
ment either, i.e. high synthesis of glucocorticoids 

on the introduction of synthetic analog occurs due 
to which lipase activity in adipose tissue and sub-
sequently in the serum increases significantly. At 
the current stage of in vivo experiment, direct ef-
fect of glucocorticoids on lipase activity of pancre-
atic acinar cells is not excluded. 

It should be noted that revealed effect (high li-
pase activity in the serum of rats) was observed 
while considering circadian and seasonal rhythms 
of adrenal glucocorticoids in rats, i.e. in the exper-
iments conducted in the autumn season and early 
morning hours of the day when according to the 
laboratory results, the lowest concentrations of 
corticosterone are detected in the blood of rats.

It’s quite remarkable that no similar effect was 
observed in vitro in profusion of adrenal gland with 
a single introduction of therapeutic dose of syn-
thetic ACTH analog into bile duct in 10-15th minute.  
Wherein, lipase activity in adrenal gland was pos-
sible to be recorded much later - in 20th minute.

Thus, based on the comparison of in vitro and in 

figure 2. Lipase activity in pancreas in the conditions 
of bile duct drainage with the introduction of therapeu-
tic dose of synthetic ACTH analog.

figure 1. Lipase activity in the serum in the conditions 
of synthetic ACTH analog dose introduction.
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vivo results obtained in our experimentations the 
following conclusion can be made. Therapeutic 
dose of ACTH produces direct stimulating effect 
on the processes of lipase secretion by pancreatic 
acinar cell, since in vitro i.e. in the conditions of 
pancreas perfusion, direct stimulating effect of 
corticosteroids over the pancreatic lipase activa-
tion is excluded. Indirect confirmation of our as-
sumption is different time intervals of lipase activ-
ity, observed during in vitro and in vivo experi-
ments.  the second peak of lipase activity increase 
in blood, observed in 25th minute, which nearly 
coincides with the lipase activity of pancreas (with 
5-minute cease) is probably conditioned by the en-
zyme release into blood specifically from pan-
creas, and not from adipose depots.

In a special series of conducted experimenta-
tions on the culture of pancreatic cells with the in-
troduction of synthetic ACTH analog into cultural 
environment, promotion of lipase release by acinar 
cells was observed at a wide range of hormone 
concentration. Wherein, lipase activity was noted 
to be directly dependent on the concentration of 
hormone. It should be noted that authentic increase 
in lipase release by isolated acinar cells occurred 
even at the lowest limit range of acting concentra-
tions of hormone (10-10 mol/L), i.e. the concentra-
tion a magnitude higher that its therapeutic dose of 
10-11 mol/L (Fig. 3). 

In vitro experiments. Concentration depen-
dence. Direct dependence between lipase activity and 
ACTH concentrations is observed at 10-10 -10-15M 
range of ACTH concentrations. Thus, our studies 
determined, that Synacthen, synthetic ACTH ana-

log, has a dose-dependent stimulating effect on the 
processes of lipase secretion in the pancreatic ex-
cretory apparatus. Since the structure of Synacthen 
is presented by the N-terminal section of peptide 
chain (1-24) which is analog to native ACTH, the 
conclusion can be made that ACTH endogenously 
produced in mammal organism due to its biologi-
cally active peptic chain (1-24) directly partici-
pates in the process of lipase release by pancreatic 
acinar cells. 

It should be noted that functional purpose of 
ACTH on the periphery is not exclusively limited 
to its stimulating effect on secretory cells of adre-
nal cortex and adipocytes. Another fact which 
worth attention is that stimulating effect ACTH 
spreads over the cells of pancreatic incretory ap-
paratus as well, which was earnestly demonstrated 
in vitro and in vivo by a number of researches on 
rats, mice and rabbits [Lebovitz H, Pooler K, 1967; 
Malaisse W et al., 1967; Sussman K, Vaughan G, 
1967; Curry D, Bennet L, 1973; Flores L et al., 
1998; Shpakov A et al., 2012]. In this regard, the 
studies of a number of authors are of considerable 
interest. Model in vitro experiments conducted by 
the authors using human and rat β-cells impera-
tively proved direct stimulating effect of physio-
logic concentrations of ACTH, accompanied by 
enhanced insulin synthesis. The experiment was 
not limited to establishing this fact only, which by 
itself is of a great scientific significance, but a goal 
was set to find out fine mechanisms underlying the 
basis of direct stimulating effect of ACTH on iso-
lated β-cells i.e. to reveal the mechanisms involved 
namely in the origin of receptors. In this regard, 
we assume scientific methodological approach for 
the solution of the problem is justified [Al-Majed 
H, 2004; Briscoe C et al., 2006; Maragliano R et 
al., 2015]. Therefore, the authors followed the 
long-established principle, involved in the mecha-
nisms of ACTH stimulating the process of gluco-
corticoid production in adrenal glands. The point 
is that ACTH produces its effect on the secretory 
cells of adrenal cortex due to the melanocortin-2 
(MC2-R) presence on the surface of the cells. Con-
ducted correct and strictly targeted researches re-
vealed that β-cells of Langerhans islets are also 
endowed with melanocortin-2 receptors. Thus, 

figure 3. Lipase activity in the culture of pancreatic 
cell on the introduction of synthetic ACTH analog into 
cultural environment.
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r e f e r e n c e S

both in the adrenal glands and in the pancreas 
ACTH effect is accordingly realized as a result of 
direct ACTH impact on adrenocorticocytes and in-
sulinocytes in accordance with a single receptor 
mechanism, due to the single melanocortin-2 re-
ceptor which is present on the surface of both se-
cretory cells and is involved in both cases. There-

fore, based on the above-mentioned literature data 
and the results of our research, the following as-
sumption can be made that secretory processes oc-
curring in the pancreatic incretory - excretory ap-
paratus such as insulin synthesis and lipase activ-
ity are also ACTH-dependent. 

1. Ader R. Early experiences accelerate matura-
tion of the 24-hour adrenocortical rhythm. Sci-
ence. 1969; 163: 1225-1226. 

2. Al-Majed HT, Johns PM, Persaud SJ, Sug-
dan D, Huang GC, Amiel S, Whitehouse BJ. 
ACTH stimulates insulin secretion from 
MIN6 cells and primary mouse and human 
islets of Langerhans. Journal of Endocrinol-
ogy. 2004; 180: 155-166.

3. Bellinger L, Mendel V, Moberg G. Circadian 
Insulin, GH, Prolactin, Corticosterone and 
Glucose Rhythms in Fed and Fasted Rats. 
Hormone and Metabolic Research. 1975; 
7(2): 132-135. 

4. Briscoe CP, Peat AJ, McKeown SC, Corbett 
DF, Goetz AS, Littleton TR., et al. Pharmaco-
logical regulation of insulin secretion in MIN6 
cells through the fatty acid receptor GPR40: 
identification of agonist and antagonist small 
molecules. British Journal of Pharmacology. 
2006; 148(5): 619-628. 

5. Chung CH, Hao E, Piran R, Keinan E, Levine 
F. Pancreatic β-Cell Neogenesis by Direct 
Conversion from Mature α-Cells. STEM 
CELLS. 2010; 28(9): 1630-1638. 

6. Clardy SM, Mohon JF, Venegoni C, Keliher EJ, 
Iwamoto Y, Benoist C, Mathis D, Weissleder R. 
Rapid high efficiency of pancreatic β-cells. 
Scientific Reports. 2005, 5: 13681-13690.

7. Cowan M, Azpeleta C, López-Olmeda J, 
Levin R, Meintosh T, Lothrop D, Jachson B. 
Circadian periodicity of plasma corticoste-
rone levels in rats subjected to hemorrhagic 
shock and surgical trauma. Hormone Res. 
1980; 13: 385-395.

8. Curry DL, Bennet LL. Dynamics of insulin re-
lease by perfused rat pancreas: effect of hy-
pophysectomy, growth hormone adrenocorti-
cotropic hormone and hydrocortisone. Endo-
crinology. 1973; 602-609. 

9. Dunn J, Scholving L, Millot P. Circadian varia-
tion in stress-evoked increases in plasma corti-
costerone. Am G Physiol. 1972; 123: 402-404.

10. Eckel-Mahan KL, Patel VR, Mohney RP, Vi-
gnola KS, Baldi P, Sassone-Corsi P. Coordina-
tion of the transcriptome and metabolome by 
the circadian clock. Proceedings of the Na-
tional Academy of Sciences. 2012; 109(14): 
5541-5546. 

11. Flores LE, Francini F, Gagliardino JJ. Modu-
lator effect of hormones on insulin secretion in 
vitro in toad. Comparative Biochemistry and 
Physiology, Pharmacology, Technology, Endo-
crinology. 1998; 120: 71-81.

12. Golikov PP. [Seasons of the year, organism and 
treatment] [Published in Russian]. Vladivo-
stok: Science. 1968, 175p.

13. Golikov PP. Receptor mechanisms of gluco-
corticoid effect. Moscow: Medicine. 1988. 
288p.

14. Halberg F. [Time coordination of Physiologi-
cal functions] [Published in Russian]. “Bio-
logicheskie chasy”. Moscow, Russia. 1964, 
475-509.

15. Hardley ME, Haskell-Luevano C. The proopi-
omelanocortin system. Annals of the New York 
Academy of Science. 1999; 885: 1-21.

16. Hastings M, O’Neill JS, Maywood ES. Circa-
dian clocks: regulators of endocrine and meta-
bolic rhythms. Journal of Endocrinology. 
2007; 195(2): 187-198. 



116

The New ArmeNiAN medicAl JourNAl, Vol.13 (2019), No 4, p.Zilfyan a.V.  et.al. 111-116

17. Hastings M, O’Neill JS, Maywood ES., et.al. 
Rhythms in the endocrine system of fish: a re-
view. Journal of Comparative Physiology B. 
2017; 187(8): 1057-1089. 

18. Kalsbeek A, van der Spek R, Lei J, Endert E, 
Buijs RM, Fliers E. Circadian rhythms in the 
hypothalamo-pituitary-adrenal (HPA) axis. 
Molecular and Cellular Endocrinology. 2012; 
349(1): 20-29.

19. Kriegsfeld LJ, LeSauter J, Hamada T, Pitts 
SM, Silver R. Circadian Rhythms in the Endo-
crine System. Hormones, Brain and Behavior. 
2002; 33-91.

20. La Fleur SE. Daily Rhythms in Glucose Me-
tabolism: Suprachiasmatic Nucleus Output to 
Peripheral Tissue. Journal of Neuroendocri-
nology. 2003; 15(3): 315-322.

21. Lebovitz HE, Pooler K. ACTH-mediated insu-
lin secretion: effect of aminophylline. Endocri-
nology. 1967; 81: 558-564.

22. Lowenberg M, Stahn C, Hommes D, Buttgereit 
F.  Novel insights into mechanisms of gluco-
corticoid action and the development of new 
glucocorticoid receptor ligands. Steroids. 
2008; 73(9-10): 1025-1029. 

23. Maghnie M, Loche S, Cappa M, Ghizzoni L, 
Lorini R. Hormone Resistance and Hypersen-
sitivity. From Genetics to Clinical Manage-
ment. Endocr Dev Basel Karger. 2013; 24: 
41-56.

24. Malaisse WJ, Malaisse- Lagae F, Mayhew D. 
A possible role for the adenylcyclase system in 
insulin secretion. Journal of Clinical Investiga-
tion. 1967; 46: 1724-1734.

25. Maragliano R, Vanoli A, Albarello L, Milione 
M, Basturk O, Klimstra DS. et al. ACTH-se-
creting Pancreatic Neoplasms Associated with 
Cushing Syndrome. The American Journal of 
Surgical Pathology. 2015; 39(3): 374-382.

26. Moore H. Loss of a circadian adrenal corticos-
terone rhythm following suprachiasmatic le-
sions in the rat. Brain Res. 1972; 42 : 201-206.

27. Reaux-Le Goazigo A, Bodineau L, De Mota 
N, Jeandel L, Chartrel N, Knauf C., et al. 

Apelin and the proopiomelanocortin system: 
a new regulatory pathway of hypothalamic 
α-MSH release. American Journal of Physiol-
ogy-Endocrinology and Metabolism. 2011; 
301(5): E955-E966. 

28. Romanov YT, Tabolin VA. [Biological rhythms 
of the hypothalamic-pituitary-adrenal system 
in animals and humans, in normal and patho-
logical condition] [Published in Russian]. 
Moscow: Medicine. 1982, 368p.

29. Shpakov AO, Chistyakova OV, Derkach KV, 
Moyseyuk IV, Bondarev VM. Intranasal insulin 
affects adenylcyclase system in rat tissues in 
neonatal diabetes. Cent Eur J Biol. 2012; 7: 33. 

30. Solomon S. POMC-derived peptides and their 
biological action. Annals of the New York 
Academy of science. 199; 8885: 22-40.

31. Sussman KE, Vanghan CD. Insulin release 
after ACTH, glucagon and adenosine–3, 
4-phosphate 9c-aMp) in the perfused insolated 
rat pancreas. Diabetes. 1967; 16: 449-454.

32. Takahashi K, Hanada K, Kobayashi K, Haya-
fuji C, Otani S, Takahashi Y. Development of 
the Circadian Adrenocortical Rhythm in Rats: 
Studied by Determination of 24- or 48-Hour 
Patterns of Blood Corticosterone Levels in In-
dividual Pups, Endocrinology. 1979; 104(4): 
954-961. 

33. Ulrich-Lai YM, Arnhold M, Engeland WC. Ad-
renal splanchnic innervation contributes to the 
diurnal rhythm of plasma corticosterone in rats 
by modulating adrenal sensitivity to ACTH. 
American Journal of Physiology-Regulatory, 
Integrative and Comparative Physiology. 2006; 
290(4): R1128-R1135. 

34. Ungar F, Halberg F. Circadian Rhythm in the 
in vitro Response of Mouse Adrenal to Adre-
nocorticotropic Hormone. Science. 1962; 
137(3535): 1058-1060.

35. Yakovlev VA, Shustov SB. [Daily rhythms of 
the endocrine system in a healthy and sick per-
son] [Published in Russian]. Review. RISTI 
“Therapy”, Moscow. 1982, p65.


