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abstract
At present, it is generally accepted that the glucocorticoid function of adrenal glands is realized due to 

the functioning of the hypothalamic-pituitary-adrenal system in mammals.
At the same time, over the years, informative data have appeared that according to which biological 

effects of peripheral ACTH are not limited to the activities of this system. Thus, by in vivo and in vitro ex-
perimental studies, it was found that ACTH in dose-dependent way has a direct stimulating effect on the 
insulin synthesis processes in the pancreas of a number of laboratory animals. Our own in vivo and in vitro 
studies, it was also found that ACTH in a dose-dependent way has a direct stimulating effect on the pro-
cesses of lipase release by pancreatic acinar cells.

By our own in vivo and in vitro studies, it was also possible to establish that “Synachten” commercial 
syntactic preparation, an ACTH analog with a similar amino acid sequence (1-24), has a direct dose-de-
pendent effect on the processes of lipase release by acinar cells of the pancreas.

In our opinion, new data, according to which ACTH actively participates in the processes of tissue 
basophil activity, ensuring the release of histamine and serotonin from cells into the perivascular space is 
of considerable interest.

Thus, ACTH takes an active part in the incretory and alkaline secretory activities of the pancreas and 
the selective secretory function of tissue basophils. There is literary information in which, in our opinion, 
very important data are given, according to which, in addition to the pituitary gland, extracerebral sources 
of ACTH synthesis were found.

So, leukocyte-lymphocytic cells and tissue basophils act as sources of ACTH synthesis.Moreover, leu-
kocyte cells also act as a source of thyroid hormone synthesis, which in its structural and biological char-
acteristics is similar to the thyroid hormone produced in the central nervous system. The syntactic potency 
of tissue basophils, in terms of their selective production of ACTH, was established in a series of experi-
mental studies in which ACTH was detected in the cytoplasm and nucleus, and corticotropin releasing 
factor on the membrane of the same tissue basophils.

Based on the analysis of available informative literary data and our own studies, we hypothesize that 
the biological effects of perpipheral ACTH are realized not due to pituitary ACTH, but ACTH produced in 
leukocyte-lymphocytic cells and tissue basophils. The similar conclusion goes for thyroid hormone.

In our opinion, the biological effects of peripheral ACTH are not realized on the principles of vertical 
compounds (through  the central nervous system), but due to the presence of horizontal compounds be-
tween peripheral organs and systems, among which new, more ancient, evolutionarily formed sources of 
ACTH synthesis are found.
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Adrenocorticotropic hormone (ACTH) belongs to 
the family of natural melanocortins. The family of 
melanocortins, in addition to ACTH, is represented 
by melanostimulating hormones and their fragments. 
The ACTH synthesis is carried out in neurosecretory 
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cells of the anterior pituitary gland. In brain tissue, 
ACTH high concentrations are found in the lower nu-
clei of the brain stem, in the periaqueductal grey mat-
ter, the dorsal nucleus of the suture, in the locus cer-
ebellum, in the parabrachial nuclei, in the magnus 
raphe nucleus and in the nucleus of the solitary tract. 
It has been long established that the main role of pi-
tuitary ACTH is to control adrenal function. Other 
hormone functions are considered side effects, in par-
ticular, their effect on lipid metabolism by lipase ac-
tivation. It was also established that ACTH cortico-
tropic activity is approximately an order of magni-
tude higher than that of melanostimulating hormones.

 The neurotrophic and neuroprotective effects 
of these hormones have long been demonstrated in 
many in vitro and in vivo experiments. Melanocor-
tins, including ACTH, increase the survival of neu-
rons, increase the number of germinating pro-
cesses, and enhance protein synthesis. ACTH has a 
modulating effect on the growth and differentia-
tion of neurons, which leads to an increase in neu-
ronal connections. ACTH also accelerates axon 
regeneration after peripheral nerve damage and 
muscle reinnervation. In relation to ACTH media-
tor functions in the central nervous system, there is 
abundant literary information according to which, 
ACTH in very low concentrations interacts with 
dopamine, opiate, cholinergic, serotonergic and 
glutamatergic neurons.

the role of pituitary acth in the secretory 
activity of the adrenal gland, pancreas and tissue 
basophils: According to a long-established fact, 
the main function of pituitary ACTH is its stimu-
lating effect on the processes of adrenal glucoste-
roidogenesis involved in the functioning of the 
hypothalamic-pituitary-adrenal system. At least 
two more compounds have a similar effect: beta-
endorphin and alpha-melanocyte-stimulating hor-
mone. Both biologically active compounds are 
known to be formed from the precursor that is 
common with ACTH – proopiocortin.

In addition to the cerebral factors involved in ste-
roidogenesis processes along with ACTH, the adre-
nal glands themselves produce a factor from the fam-
ily of opioid peptides, which also has a stimulating 
effect on the production of steroid hormones. Thus, 

chromaffin cells of the adrenal medulla, in addition 
to catecholamines, also produce met-enkephalin, 
which is formed in situ from proenkephalin [Lewis J 
et al., 1982; 1984; Van Loon G et al., 1985].

In our opinion, the available literary informa-
tion regarding also the ACTH effect and/or its syn-
thetic analogues on the functional state of tissue 
basophils is noteworthy. Thus, according to Irman-
Florjanc T. and Erjavec F., (1984), ACTH in a 
dose-dependent way (1×10-4 M - 1×10-3 M) stimu-
lates the secretion of histamine and serotonin from 
tissue basophils. A number of authors [Hashimoto 
M et al., 2015] studied the effect of ACTH on 
plasma histamine levels and the content of tissue 
basophils in the lymphoid tissue of the nasal mu-
cosa in case of polyposis.

It was found that the intraperitoneal administra-
tion of ACTH lowers the level of IL-10, IgE and 
histamine in blood plasma, as well as the number 
of tissue basophils in lymphoid tissue. The intro-
duction of a synthetic analogue of ACTH (1-24) in 
a daily dose of 0.01 mg/kg reduces the number and 
volumetric parameters of tissue basophils with a 
simultaneous increase in serotonin content in cells. 
Also noteworthy is the fact that, under the condi-
tions of the corticotropin releasing factor introduc-
tion, tissue basophils dominated in the tissues 
without signs of degranulation with a high content 
of histamine in the cytoplasm [Eutamene H et al., 
2003]. There is also opposite information, accord-
ing to which the intraperitoneal administration of 
corticotropin releasing factor induces degranula-
tion of tissue basophils by the receptor mechanism 
(involving GRF (1) and GRF (2) receptors). It is 
possible that the opposite effects of corticotropin 
releasing factor, to a certain extent, depend on the 
tested doses of this stimulant [Larauche M et al., 
2009]. Recent studies [Theoharides T, 2017] also 
confirm the fact that the targeted effects of cortico-
tropin releasing factor on tissue basophils are real-
ized due to the presence of receptors on their sur-
face for the indicated releasing factor. There is also 
individual information of an experimental orienta-
tion, according to which ACTH affects plasma lev-
els of melatonin. Moreover, depending on the tim-
ing of the melatonin determination, a number of 
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authors obtained diametrically opposite results 
[Barsotti A et al., 2017]. So, according to the au-
thors, an hour after the ACTH administration, the 
level of melatonin in the blood plasma decreases, 
and six hours after the hormone administration in 
the blood plasma of experimental animals, rather 
high levels of melatonin are determined.

In addition to ACTH effect on synthetic and se-
cretory processes in tissue basophils, the incretory 
and secretory apparatus of the pancreas act as 
“points of application” of the hormone. A prereq-
uisite for conducting targeted studies on the role of 
ACTH in the secretory activity of pancreas were 
the studies [Levobitz H et al., 1965; 1966], which 
indicated in the form of “reports” that ACTH 
caused hypoglycemia, which allowed the author to 
make an assumption according to which the pan-
creas may also serve as a “target” in the implemen-
tation of peripheral ACTH effects. After that, al-
ready in a relatively short period (from 1967 to 
1998), followed studies in which it was established 
that ACTH stimulates the insulin secretion by pan-
creatic β-cells in a number of animals, including 
rats, mice and rabbits [Levobitz H, Pooler K, 1967; 
Malaisse W et al., 1967; Sussmen K, Vaughan G, 
1967; Curry D, Bennet L, 1973; Flores L et al., 
1998]. Subsequent in vitro studies on cultured iso-
lated β-cells of islets of Langerhans isolated from 
rat pancreas confirmed that exogenously adminis-
tered ACTH significantly enhances insulin secre-
tion by the aforementioned cells [Borelli M et al., 
1994, 1996; Gagliardino J et al., 1995; 1997].

In our opinion, of particular interest are the stud-
ies of a group of authors [Al-Majed H et al., 2004], 
who attempted to elucidate the regional mechanisms 
involved in enhancing the insulin production in the 
pancreas under the influence of ACTH physiological 
concentrations. Given the important fact that the 
physiological effects of ACTH in the adrenal cortex 
are realized through melanocortin-2 (MC2-R) recep-
tors, which adrenocorticocytes of the adrenal bundle 
are very rich with, the aforementioned researchers on 
the culture of pancreatic β-cells tried to find out one 
important fact – whether there are melanocortin-2 re-
ceptors on insulinocytes, and how much they are in-
volved in the synthesis and secretion of insulin under 

conditions of administration of very low, as close as 
possible to physiological concentrations of ACTH. 
The authors obtained very informative results, which, 
in our opinion, are of great importance in the devel-
opment of modern endocrinology.

So, it was found on in vitro models, that in pan-
creas as a whole a similar mechanism is involved 
that functions in the adrenal cortex, and which un-
derlies the mechanism by which ACTH effects on 
secretory cells. So, the authors, apparently, for the 
first time discovered that melanocortin-2 through 
MC2-R is expressed in β-cells of the pancreas, in 
this case, the activation of ACTH receptors initiates 
insulin secretion by activating cAMP/protein kinase 
A. Thus, the authors discovered a mechanism in the 
pancreas similar to the adrenal glands stimulating 
ACTH effect, which is realized in both cases by ac-
tivation of the same melanocortin receptors and by 
activation of the same cAMP/protein kinase.

It is also long established that the fundamental 
function of ACTH is to regulate the hormone pro-
duction of the cortical layer of adrenal glands. It is 
also known that as an “auxiliary” or “side” func-
tion of ACTH is its stimulating effect of lipase ac-
tivity in adipose tissue [Hardley M, Haskell-Lu-
evano C, 1999; Solomon S, 1999].

In the available literature, it was not possible to 
find specific information about the ACTH effect 
on lipase excretion by pancreatic acinar cells. In 
this aspect, it is noteworthy that the structure of a 
lipase localized in adipose tissue is similar to that 
localized in acinar cells of the pancreas.

we suggested that ACTH in a mammalian or-
ganism has a modulating effect on the processes of 
lipase excretion localized in the cells of the acinar 
apparatus of the pancreas.

In our researches [Zilfyan A, 2019], the modu-
lating effect of ACTH on lipase excretion by acinar 
cells of rat pancreas was studied. Before the start 
of the experiment, a “protocol” of studies was 
compiled, which reflects all the necessary (manda-
tory) conditions and steps when studying the effect 
of endogenously active substances of a hormonal 
nature on various integrative systems of the mam-
malian organism. So, in this “protocol” we in-
cluded a number of necessary conditions, which, 
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in our opinion, should be observed by experimen-
tal researchers while studying various aspects of 
the endocrine system.

This is about circadian and seasonal rhythms, by 
which ACTH, corticosterone and transcortin pro-
duced specifically in rats are endowed. 
In the experiment we used a synthetic analog of 
ACTH – “Synachten” (Germany); lipase activity was 
determined using the diagnostic kit “Lipas” (Spain).

As shown by in vivo experiments (experiments 
with intravenous administration of “Synachten” at 
a dose of 6 + 10-5 mmol/l, the first peak of lipase 
activity in serum was determined at 10-15 minutes, 
the second at 20-30 minutes. In in vitro experi-
ments (in conditions of the bile duct drainage with 
the introduction of “Synachten”, the peak of lipase 
activity in the pancreas was determined at 20 min-
utes. In in vitro experiments (on the cell culture of 
pancreas (under the conditions of “Synachten” in-
troduction into the culture medium), the release of 
lipase from acinar cells was observed in a very 
wide range of concentrations of administered syn-
thetic hormone – 10-10-10-15 M.

The studies have established that the synthetic 
analog of ACTH, in a therapeutic dose, both in 
vivo and in vitro, has a stimulating effect on the 
processes of lipase release by acinar cells.

Due to conducted in vitro studies, which ex-
cluded the direct effect of glucocorticoids endog-
enously activated by ACTH on lipase activity pro-
cesses, it can be concluded that ACTH has a direct 
dose-dependent effect on pancreatic lipase excre-
tion processes.

Thus, under the experimental conditions, we es-
tablished a new “side” effect of ACTH in rats, in 
which the excretory apparatus of the pancreas 
acted as a target, in which an enhanced release of 
lipase by acinar cells was observed.

lecocytic cells and tissue basophils as sources 
of acth synthesis. Physiological purpose of ex-
trahypophysial acth in mammals: According to 
J.E. Blalock and E.M. Smith (1980), preparations of 
human leukocyte interferon (α-interferon) contain 
biologically and immunologically active substances 
- endorphin and corticotropin (ACTH). According 
to the authors, highly purified α-interferon consists 

of two molecules, with a molecular weight of 18.500 
and 23.000 daltons. The activity of endorphin binds 
simultaneously with these two molecules. Pepsin 
treatment of α-interferon with a molecular weight of 
23.000 daltons (but not interferon with a molecular 
weight of 18.500 daltons) generates ACTH activity.

The ACTH structure obtained from α-interferon 
by pepsin fermentation was confirmed by compar-
ing the studied samples with the known ACTH 
standard by polyacrylamide gel electrophoresis, in 
which the detected ACTH and γ-endorphin were 
subjected to enzyme-linked immunosorbent assay 
using specific antisera to ACTHα (1-13) and to 
γ-endorphin. The revealed specific luminescence 
once again confirmed that ACTH and γ-endorphin 
were indeed detected in the cytoplasm of the indi-
cated immunocompetent cells. Based on the con-
ducted biochemical, immunomorphological and 
genetic studies, the authors come to a very impor-
tant, in our opinion, conclusion that the detection 
of ACTH and endorphin-like substances in lym-
phocytes indicates that the immune system can 
produce substances that are identified as polypep-
tide hormones that also act on principles of signal-
ing the neuroendocrine system. The second, not 
less significant conclusion of the authors, is that 
other lymphocyte products (i.e., other lympho-
kines) can contain and be closely associated with 
known polypeptide hormones. The authors put for-
ward a hypothesis according to which the “limpho-
cytic-pituitary-adrenal axis” can be predicated on 
independent existence.

I suggest to the reader the fundamental scien-
tific achievement of authors [Smith E et al., 1983], 
the authors of previous studies (E.M. Smith and 
J.E. Blalock) are also among the co-authors.

According to the authors, human lymphocytes, 
under certain conditions, can serve as a source of 
thyroid hormone synthesis (along with ACTH and 
γ-endorphin). In this case, the authors did not use 
α-interferon as a stimulator-inducer, but staphylo-
coccal enterotoxin A, which is a known T-cell mi-
togen. The authors found that human lymphocytes 
stimulated by this mitogen synthesize molecules 
similar to thyroid-stimulating hormone. According 
to the authors, the synthesis of immunoreactive 
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thyroid stimulating hormone by lymphocytes was 
first detected after 24 hours, and reached its maxi-
mum after 48 hours. Polyacrylamide gel electro-
phoresis revealed radioactively labeled peaks at 
80, 50 and 26 kilodaltons. These peaks correspond 
to trimeric, dimeric, and monomeric thyrotropin-
like human proteins.

 According to the authors, despite the fact that 
the exact function of the thyroid-stimulating hor-
mone found in human lymphocytes is unknown, 
we can make an assumption according to which a 
similar hormone-producing function of lympho-
cytes can have both direct and indirect effects on 
the immune and neuroendocrine systems. Particu-
lar attention should be paid to the assumption made 
by the authors, according to which the direct endo-
crine effect may include directed stimulation of the 
thyroid gland with the release of T3 and T4.

As a result of conducted studies, and, first of all, 
due to the very informative results obtained by the 
above-mentioned researchers, Blalock J.E. and 
Smith M.E. (1980) an attempt was made (in our 
opinion, very successfully) to generalize the ob-
tained data in the discovery of new mechanisms un-
derlying the synchronous activity of the neuroendo-
crine and immune systems. Thus, immune system 
cells are able to synthesize neuroendocrine peptide 
hormones (ACTH), γ-endorphins, thyroid stimulat-
ing hormone), which are biologically active and are 
produced, according to the authors, in physiologi-
cally significant quantities. white blood cells (lym-
phocytes) possess functionally active receptors for 
the same neuroendocrine hormones. The authors do 
not exclude the feedback principle involved in the 
human body. For example, corticosteroids (in a 
dose-dependent manner) can inhibit the synthesis of 
ACTH and endorphins in lymphocytes (similar to 
their long-established inhibitory effect on ACTH 
synthesis in the pituitary gland). On the other hand, 
the authors discuss possible “specific” mechanisms 
of ACTH synthesis in immunocytes mediated by 
corticotropin releasing factor.

In addition to the enormous theoretical signifi-
cance of conducted studies it is possible to dwell 
on their important practical value. Thus, the au-
thors, consider the possibilities of partial restora-

tion of hormonal stimulation due to hypothalamic 
releasing factor, which in turn can affect the syn-
thesis of specific neurohormones in the immune 
system cells. The possibility of the suggested con-
cept, the authors themselves, in particular, confirm 
with facts proving the induction of corticosterone 
in hypophysectomized mice using a viral antigen.

 It should be especially noted that after funda-
mental studies conducted by mentioned authors in 
the early 80s of the last century, the number of 
studies regarding the facts of the detecting extra-
hypophysial ACTH has noticeably decreased. 
However, this problem again acquired particular 
relevance when in recent years (between 2003 - 
2017) new information appeared regarding the as-
pects of ACTH synthesis in tissue basophils, which 
are known to be considered as an integral compo-
nent in the general associative cooperation within 
the framework of functioning APUD system.

So, in 2017, very convincing facts were found 
according to which synthesis of ACTH and corti-
tropin releasing factor takes place in tissue baso-
phils (mast cells) [Teoharides T, 2017]. Moreover, 
the same author found receptors on tissue baso-
phils for cortitropin releasing factor. we also con-
sider it necessary to dwell on previously published 
studies [Csaba G, 2005; Csaba G et al., 2006; 
Csaba G, Kovacs P, 2009]. The authors carried out 
a search aimed at the presence or absence of 
ACTH, growth hormone, triiodothyronine and 
progesterone in the nucleus and cytoplasm of tis-
sue basophils. Pronounced fluorescence (immuno-
morphological analysis) of ACTH and growth hor-
mone was found in the nuclei of tissue basophils. 
ACTH fluorescence was also detected by the au-
thors in the cytoplasm and intracellular matrix of 
these cells. Apparently, even a not advanced reader 
with a biological and medical education is able to 
appreciate the high significance of the research.

As it is known, the functional purpose of periph-
eral ACTH is not limited to the exclusively stimu-
lating effect on the secretory cells of the adrenal 
cortical layer and adipocytes. However, due to re-
cently conducted studies, it was found that ACTH 
(and its synthetic analogues) in dose-dependent way 
stimulate the insulin synthesis in β-cells and at the 
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same time activate processes associated with the li-
pase release from pancreatic acinar cells.

It is noteworthy that both “phenomena” were 
also obtained under conditions of pancreatic perfu-
sion, that is, the ACTH introduction into the lumen 
of the bile duct; thereby excluding the effect of 
other endogenous biologically activate substances 
on the incretory and excretory apparatus cells. 
Thus, previously unknown effects of peripheral 
ACTH were established, i.e., its direct participa-
tion in the activity of the incretory and excretory 
apparatus of the pancreas.

Quite naturally the question is emerging: 
whether the similar pitotent effect of ACTH is 
caused by pituitary ACTH? The answer to this 
question could be positive only in one case - if 
other (extracerebral) intracorporeal sources of 
ACTH synthesis in mammals were not found.

 In our opinion, the implementation of the 
ACTH-dependent glucocorticoid function of the 
adrenal glands and the insulin-producing function 
of the pancreas does not occur according to the 
vertical (hierarchical), but the horizontal mecha-
nism, due to the peripheral ACTH (extrahy-
pophysial). In this aspect, attention should be paid 
to the circumstance according to which the “wide 
prevalence” of leukocyte-lymphocytic cells and 
tissue basophils in the mammalian organism should 
be considered as a priority principle. Both the ad-
renal glands and the pancreas are very rich with 
tissue basophils. Namely, tissue basophils local-
ized in the adrenal glands and pancreas can act as 
a possible source of ACTH synthesis, especially 
since receptors for corticotropin releasing factor 
are found on their surface.

There is no doubt that in the near future, in ad-
dition to the leukocyte-lymphocytic cells and the 
APUD system, new extrahypophysial sources of 
peripheral ACTH synthesis will be detected.

It is possible that in addition to ACTH, other 
peripheral biological active factors can also act as 
sources modulating the process of steroidogenesis 
in the adrenal glands, moreover, we have a specific 
fact, according to which, in the adrenal glands 
themselves - in chromafin cells, a factor develops 
similar by its mechanism of action from the family 

of opioid peptides - met-enkephalin.
Present publication pursued only one goal - to 

establish how universal the principle of the hierar-
chical organization of integrative systems of the 
mammalian organism is.

Firstly, it is generally accepted to this day that the 
hierarchical principle underlying neuroendocrine 
regulation is applied on the periphery only with re-
spect to the adrenal glands - through downward stim-
ulation by the pituitary ACTH, and the thyroid gland 
through downward stimulation by the pituitary thy-
roid-stimulating hormone, as well as in relation to 
organs of genital area (reproductive system).

Secondly, other peripheral organs and tissues 
(parathyroid, pancreas and prostate glands, adrenal 
medulla, hormonal and mediator-producing func-
tions of immunogenesis organs, adipose, connec-
tive and muscle tissues), according to traditionally 
established principles, are not subject to direct hi-
erarchical regulation by specific hormones and 
mediators produced in neurosecretory and glial 
cells located in specific areas of the brain.

In this regard, I consider it necessary to stipu-
late one question. In this particular case, we are 
talking about the fact that the central - hypotha-
lamic-pituitary mechanisms in the hormonal-medi-
ator regulation of the above-mentioned peripheral 
organs and tissues (in addition to the hypotha-
lamic-pituitary-adrenal and hypothalamic-pitu-
itary-thyroid functioning axes) were not detected.

Thirdly, in our opinion, many hormonal-media-
tor links that function in these organs and tissues 
are realized not on hierarchical (i.e., on a vertical 
basis), but on a horizontal basis, by involving pe-
ripheral autonomous mechanisms, from which we 
are interested, mainly, in peripheral endogenously 
active hormonal and mediator factors. Found on 
the periphery these factors in their structure and 
biological activity are similar to those that are pro-
duced in neurosecretory cells of the brain.

Fourthly, in our opinion, the right question is why 
these “privileges” are granted only to the adrenal 
glands and the thyroid gland (we are talking about the 
participation of both glands as the final component of 
the hypothalamic-pituitary-adrenal and hypotha-
lamic-pituitary-thyroid systems, respectively).
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Fifthly, in our opinion, the corticosteroid func-
tion of the adrenal gland and function of the thy-
roid gland under the conditions of normal func-
tioning of the body is carried out not on the prin-
ciples of hierarchical organization, but on the prin-
ciples of more ancient, autonomic intersystem 
mechanisms of mutual regulation and interdepen-
dence evolutionarily fixed on the periphery.

Sixthly, in our opinion, long-established dog-
matic provisions on the existence of the aforemen-
tioned hierarchical systems should be considered 
in great doubt, since they are similar to pituitary 
hormones (in this particular case, ACTH and thy-
roid-stimulating hormone) both in their structure 
and functional activity of hormones also produced 
in a number of peripheral organs, tissues and cells.

In this particular case, we adhere to opposite 
points of view that are fundamentally different 
from the well-known dogmatic provisions on the 
existence of an independent hypothalamic-pitu-
itary-adrenal system.

In our opinion, the corticotropin produced in the 
central nervous system is intended exclusively for in-
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ternal use, by ensuring the multifaceted detailing of 
specific parts of the brain. Apparently, a similar ap-
proach should be spread to the intracerebral produced 
melatonin, GABA, and thyrethropic hormone.

The duplication principle of the synthesis of 
many biologically active substances, including 
ACTH, in various body systems undoubtedly re-
flects the evolutionary process of their rational use 
in each specific system in which they perform 
“specific” functions for a given system. At the 
same time, the principle of intersystem mutual reg-
ulation and interdependence using the same bio-
logically active substances can be used only in ex-
treme conditions, when the deficit in the synthesis 
of biologically active substances in one system is 
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