OFFICIAL PUBLICATION OF THE YEREVAN STATE MEDICAL UNIVERSITY

-~

THE NEW ARMENIAN MEDICAL JOURNAL : &5
Vol.14 (2020), No 2, p. 5-12 i

H

NEW SHORT-RANGE AUTO-PARACRINE MECHANISMS UNDERLYING
THE FUNCTIONALACTIVITY OF TISSUE BASOPHILS IN MAMMALS.

ZiLFYAN A.V."", AVAGYAN S.A.!, MURADYAN A.A. 2% SAHAKYAN K.T. 3, ZARGARYAN A.L.*

Scientific Research Center, Yerevan State Medical University after M. Heratsi, Yerevan, Armenia
Department of Urology and Andrology, Yerevan State Medical University after M. Heratsi, Yerevan, Armenia
Department of Histology, Yerevan State Medical University after M.Heratsi, Yerevan, Armenia
Department of Morphology, Yerevan State Medical University after M. Heratsi, Yerevan, Armenia
Received 06.01.2020; accepted for printing 25.04.2020

ABSTRACT

This report presents modern literary information and the results of own research on the
biological role of a number of endogenous biologically active factors of peptide nature pro-
duced in tissue basophils: melatonin, thymalin, and ACTH. So, in addition to numerous bio-
logically active substances, tissue basophils of the mammalian organism produce melatonin,
ACTH, and corticotropin releasing factor.

The provided information according to which the field of activity of thymic mediators - thymo-
sin 4 and thymalin is not limited exclusively within the frame of the immune system, but is also
implemented within the APUD system. So, mediators of the brain layer of the thymus are involved
in the processes of stimulation and / or inhibition of histamine and serotonin, as well as degran-
ulation and release of these factors into the perivascular space.

Through our studies, we have found that under a number of extreme conditions in tissue baso-
phils, the processes of “transformation’ of serotonin into melatonin (the only source from which
melatonin is synthesized) are activated. The authors of this publication come to the conclusion that,
with certain stimulation of tissue basophils (in vivo experiments, under the conditions of injections
of physiological concentrations of E. Coli lipopolysaccharide to laboratory animals), the processes
of intracellular synthesis of melatonin from serotonin are sharply activated in tissue basophils.

According to the authors, except histamine, an important role should be played not by sero-
tonin, but by melatonin produced in tissue basophils, in the regulation of transcapillary metabo-
lism, and in a particular vascular permeability. Facts discovered during the recent years regard-
ing the synthesis of ACTH in tissue basophils, receptors for the corticotropin-releasing factor on
the membrane of these cells allow the authors to consider the role of extrahypophysial ACTH in
the regulation of many integrative functions of the organism from a completely new perspective,
and, in particular, steroidogenesis and insulinogenesis in the adrenal gland and pancreas, re-
spectively. Apparently, under the conditions of “specific”” stimulation of tissue basophils, the
latter begin to selectively produce ACTH, which has a modulating effect on target cells localized,

at least, in the peripheral glands of internal and mixed secretion.

Kevworbps: tissue basophils, synthesis, stimulation, ACTH, melatonin, thymosin, thymalin

Many cellular associations of mammalian or-
ganisms are endowed with multifaceted potencies
depending on the bio-object of their realization in
the functioning of specific integrative systems.
From our point of view, the concept of “associa-
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tion”, is exclusively arbitrary, since specific stages
of their effects on target cells are singled out of the
entire spectrum of polyfunctional activities of par-
enchymatous and stromal cells. Such analytical
approach in biology and medicine can be rather
justified, because it is aimed at identifying specific
mechanisms underlying the formation and course
of specific processes in specific organs and tissues.

Similar examples of various branches develop-
ment in fundamental medicine are more than
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enough. Several of them are suffice for elucidation.

Early in 1969, famous English pathologist A.
Pearse proposed a concept about the organism’s
“specialized, highly organized cellular system with
a distinctive capability of producing peptide hor-
mones and biogenic amines” [Pearse AG, 1969].
According to this concept, certain cells throughout
an entire organism are capable of synthesizing bio-
genic amines by preliminary uptake of their pre-
cursors. The author designated these cellular “as-
sociations” by the term of amine precursor uptake
and decarboxylation.

The system of amine precursor uptake and de-
carboxylation includes over 60 types of cells local-
ized in various organs and systems [Andrew A,
1982; Raikhlin N et al., 1993; Raikhlin NT, Kvetnoy
IM, Yuzhakov V.V. 1994; Kvetnoy I et al., 1999].

Within the frame of the APUD-systems in the
body of mammals, both tissue basophils and baso-
philic granulocytes of blood function. Despite the
fact that almost a century and a half has passed,
since Paul Ehrlich described mast cells in 1877,
numerous aspects related to the activity of tissue
basophils have been so far studied insufficiently.

During this period, tissue basophils appeared
under a variety of names: mast cell, mast cell, mast
blood cell, basophilic leukocyte, heparinocyte,
histaminocyte. Currently, researchers use the term
“tissue basophil”, i.e. adhered to the terminology
adopted in 1975 at the International Congress of
Anatomists in Tokyo. [Kopaeva YuN, 1980].

In the middle of the last century, biologically
active substances were found in the mast cells dur-
ing the period when they were divided into two
groups. The first group included heparin, hista-
mine, eosinophilic chemotactic anaphylaxis factor,
the second is a slow-reacting substance of anaphy-
laxis, prostaglandins, platelet activating factor,
neutrophilic chemotactic factor of anaphylaxis,
etc. [Protsenko VA et al., 1987].

Numerous informative data are currently avail-
able and continue to be received regarding the pleio-
tropic potencies of tissue basophils, both in terms of
the synthesis and absorption of endogenous biologi-
cally active substances of the most diverse nature
and the presence on their membrane of numerous

receptors for a wide range of endogenously active
factors produced in the central nervous system, cen-
tral and peripheral endocrine glands, immunogene-
sis organs and in the reproductive system.

So, in tissue basophils, more and more endoge-
nously active factors such as melatonin, thymosin
B4, thymosin 10, ACTH, corticotropin releasing
factor continue to be detected. Numerous receptors
for various molecules were found on the surface of
tissue basophils, including acetylcholine, cortico-
steroids, corticotropin releasing factor, adrenaline,
parathyroid hormone, substance P, vasoactive in-
terstitial peptide, ACTH, somatotropin, endor-
phins, melatonin, leptin, etc. (2017).

There is unique but very informative informa-
tion, according to which individual mediators (hor-
mones) of the thymus medulla are actively involved
in the regulation of a number of cellular associa-
tions, united by a single concept - the APUD system
(AminoPrecursors Uptake and Decarboxylation).

Recent studies have shown that thymosin -4
dose-dependently induces degranulation of tissue
basophils. Particular attention, in our opinion, de-
serves the scientific development of a range of re-
searchers, which specifically established the stim-
ulating and inhibitory effect of thymosin on tissue
basophils, depending on the doses. Thus, thymosin
B-4 at a dose of 10°** M causes the maximum sup-
pression of proliferation of tissue basophils, and
the use of a mediator at a dose of 10® M is accom-
panied by maximum degranulation (up to 89%) of
tissue basophils [Leeanansaksiri W, et al., 2004].
In studies [Labunets IF, 2007], a sharp increase in
the level of melatonin in blood ;
serum was recorded 3 hours after a
single injection of thymalin in
adult mice, which carried a perma-
nent character, since the melatonin
content was significantly reduced
after 24 hours. The supernatant ob-
tained from thymus homogenates
(thymalin) induces the production
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TAaBLE 4
The effect of thymalin on the degranulation
process and the level of serotonin and melatonin
in tissue basophils

Groups Control Experimental
(n=16) (n=16) P
Indicators M v M +m

Degrees of degranulation
without signs 24.3 3.6 50.1 10.7 0.025>p>0.01
partial 23.95.2 386 5.3 0.05>p>0.025
16.329 54 1.7 0.005>p>0.0005
Indicators of serotonin and melatonin (in UEFA)
34845 51.3 6.8 0.05>p>0.025

Melatonin 23.6 3.410.25 3.9 0.025>p>0.01
NoOTE: p - in relation to the indicators of the experimental
group to the corresponding indicators of the control
group. UEF - Conventional Fluorescence Units.

expressed

Serotonin

of melatonin by the pineal gland. Conducted by
our own research [Zilfyan AV, 2019], it was found
that a single intraperitoneal injection of thymalin
(a drug created on the basis of thymarin) in experi-
mental rats leads to a complete delay in the secre-
tory process in mesenteric basophils.

The results of the morphometric and fluores-
cence microscopic analysis are shown in table 1.

As can be seen from the table, in rat mesentery,
under the conditions of a therapeutic dose of thy-
malin injection, tissue basophils dominated either
without signs of degranulation, or at the stage of
partial degranulation.

Thus, the number of the above mentioned tissue
basophils was twice higher than the level of tissue
basophils in the mesentery of rats of the control
group. Under the conditions of thymalin injection,
the cells looked somewhat shriveled and were char-
acterized by a very compact orientation of the gran-
ules along the entire perimeter of the cytoplasm.

Leading the quantitative fluorescence-micro-
scopic research, it was found that a single injection
of thymalin to laboratory animals was accompanied
by excessive cumulation in serotonin tissue baso-
phils, the content of which was 1.5 times higher
than of animals in the control group. It is important
to mention that an increase in the content of intra-
cellular serotonin occurred against the background

of a decrease in the content of melatonin in tissue
basophils. Thus, the melatonin content in mesen-
teric tissue basophils under the conditions of thyma-
lin injection decreased by 2.3 times, compared with
the same indicator in rats of the control group. Ap-
parently, the mediator produced in the thymus, thy-
malin, directly and / or indirectly affects the synthe-
sis and secretion of serotonin and melatonin in tis-
sue basophils by “selective” cumulation of sero-
tonin in them. In this aspect, it is not excluded that
in this particular case, the physiologically involved
intracellular processes of “transformation” of sero-
tonin into melatonin are disrupted. Thus, based on
the analysis of literary sources, we can conclude
that mediators (thymus hormones) take an active
part in the functional activity of tissue basophils,
which are considered in the context of their modu-
lating effect on many integrative systems of the
body, and as well as the entire set of cell associa-
tions involved in the APUD system.

In the pineal gland, a biologically active sub-
stance was found to have a direct effect on frog
melanophores [Lerner A, et al., 1958]. The syn-
thetic and metabolic aspects associated with the
melatonin produced in the pineal gland were stud-
ied by Axelrod J. and Weissbach H. (1960), for
which, one of the authors was awarded the Nobel
Prize in 1970 for discovering the biological role of
pineal melatonin and a number of other hormones.

As you know, melatonin is considered as a
unique neurotransmitter, which is subject to circa-
dian, ultradian, monthly and seasonal fluctuations.
Melatonin produced in the pineal gland has a se-
lective modulating effect on the synthesis and se-
cretion of a number of releasing factors, neurohor-
mones and neurotransmitters of the hypothalamus
and pituitary gland.

At the same time, it should be noted that the
biological effects of extra pineal melatonin were
not the subject of special discussion. Most authors
tried to confine themselves to the mere fact of syn-
thesizing melatonin in several organs of the diges-
tive, respiratory, cardiovascular systems, as well
as in isolated cells of the APUD system scattered
throughout the body.

As mentioned [Kvetnoy IM et al., 1999] in his
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review, “extrapineal melatonin should be consid-
ered as a key paracrine molecule for local coordi-
nation of cellular functions”.

At the present stage of development of “theo-
retical and clinical endocrinology” sporadically
new, too informative information appears about
the biological purpose of extra pineal melatonin in
the integrative activity of the mammalian organ-
ism and new levels of its structural organization.

The important fact is, that the under experimen-
tal conditions, during epiphysectomy, optimal con-
centrations of melatonin continue to be determined
in the blood serum and urine of laboratory animals,
which, according to [Kvetnoy IM et al., 1999], in-
dicates the important role of extra pineal melatonin
in the integrative mammalian activities. Appar-
ently, the synthesis of melatonin in specific organs
and tissues on the periphery is intended to main-
tain the function of precisely those organs in which
the synthesis of this hormone occurs.

So, in a number of studies [Zargaryan AL, et al,
2008; Kyalyan GP, et al., 2010; Zilfyan AV, 2019], it
was found that under the experimental conditions,
under the certain extreme conditions (immobilization
stress at different stages of development, as well as
under conditions of injection of endotoxin (E. Coli)
and melatonin to laboratory animals, in mesenteric
and loose connective tissue basophils occurred redis-
tribution of endogenously active substances - hista-
mine, serotonin and melatonin, which significantly
affected the morphological and functional state of the
hemomicrocirculation pathways, and, first of all, the
degree of vascular permeability. Thus, by the method
of immunomorphology (under the conditions of in-
troducing a minimum concentration of LPS in exper-
imental animals) in tissue basophils, there was a re-
distribution of the levels of endogenously active sub-
stances, that play an important role in the regulation
of transcapillary metabolism: against the background
of a significant decrease in the level of serotonin, the
content of melatonin increased. Considering a num-
ber of facts: the presence of melatonin receptors on
the surface of tissue basophils, the potential for syn-
thesis of melatonin in the same basophils, the pres-
ence of serotonin in the latter, we came to the conclu-
sion, that under the conditions of the introduction of

E. Coli LPS in tissue basophils, the transition of sero-
tonin to melatonin occurs. It should be emphasized
that these processes occurring in tissue basophils
(meaning an increase in the level of melatonin against
the background of a significant decrease in the con-
tent of serotonin) correlated very clearly with the
processes that were played out on the territory of the
hemomicrocirculatory source. Under the conditions
of E. Coli endotoxin injection to experimental ani-
mals, the process of increased degranulation of tissue
basophils with the release of granules with a rich con-
tent of melatonin and, to a less extent, histamine into
them in the pericapillary space was accompanied by
signs of increased permeability of blood capillaries.

So far, it was considered that among the bio-
logically active substances produced by tissue ba-
sophils, histamine and serotonin play a leading
role in the regulation of vascular permeability and
transcapillary metabolism. It was also established
that these serotonin-induced effects are strictly
dose-dependent. Even a slight increase in their
concentrations in the pericapillary space begins to
have a toxic effect on the cellular and extracellular
components of the walls of microvessels, and, first
of all, on endotheliocytes. Within the frames of
these studies we concluded that the biological pur-
pose of serotonin produced in tissue basophils is
dictated not so much by its effects on the walls of
microvessels as by its potential for intracellular
transformation into melatonin. In our point of
view, melatonin should play an important role (in
addition to histamine) in the mechanisms of in-
creased permeability of microvessels, whose in-
creased synthesis in extreme situations occurs in
the cytoplasm of tissue basophils from its prede-
cessor, serotonin. Apparently, the processes of en-
hanced intracellular synthesis of melatonin from
serotonin are largely associated with the nature of
the effect on the organism of various provocative
factors. So, in our studies, it was found that with
immobilization stress at all stages of its course -
the stages of anxiety, tension, resolution (including
exhaustion), there were no signs of an increased
melatonin content in tissue basophils.

Based on our studies, the role of tissue baso-
phils in the mechanisms of regulation of transcap-
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illary metabolism should be considered from a
qualitatively new point of view, in terms of the di-
rect effect on the vascular wall of melatonin pro-
duced in tissue basophils. It is possible that in a
number of extreme situations, mutually transitive
translational processes of tryptophan-serotonin-
melatonin begin to function in the same tissue ba-
sophils, but at a different qualitative level, with
intensification of melatonin synthesis. The infor-
mation available in the literature regarding also the
effect of ACTH and / or its synthetic analogues on
the functional state of tissue basophils is worthy.
Thus, according to [Irman-Florjanc T, Erjavec F,
1984], ACTH in a dose-dependent manner (1x104 M
- 1x10° M) stimulates the secretion of histamine
and serotonin from tissue basophils. A number of
authors [Hashimoto M, et al., 2015] studied the ef-
fect of ACTH on plasma histamine levels and the
content of tissue basophils in the lymphoid tissue
of the nasal mucosa with polyposis. It was found
that intraperitoneal administration of ACTH low-
ers the level of IL-10, IgE and histamine in blood
plasma, as well as the number of tissue basophils
in lymphoid tissue. The introduction of a synthetic
analogue of ACTH (1-24) in a daily dose of 0.01
mg / kg reduces the number and volumetric param-
eters of tissue basophils with a simultaneous in-
crease in serotonin content in cells. Also notewor-
thy is the fact that, under the conditions of the in-
troduction of corticotropin releasing factor, tissue
basophils dominated in the tissues without signs of
degranulation with a high histamine content in the
cytoplasm [Eutamene H, et al., 2003].

It is also controversy evidence, according to
which the intraperitoneal administration of cortico-
tropin releasing factor induces degranulation of tis-
sue basophils by the receptor mechanism (involving
GRF (1) and GRF (2) receptors). It is possible that
the opposite effects of corticotropin releasing fac-
tor, to a certain extent, depend on the tested doses of
this stimulant [Larauche M, et al., 2009].

At present, very convincing facts have been dis-
covered according to which synthesis of ACTH and
cortitropin releasing factor occur in tissue basophils
[Teoharides TC, 2017]. Moreover, the same author
found receptors for cortitropin releasing factor on

tissue basophils. We also consider that it is neces-
sary to dwell on studies published earlier [Csaba G,
et al, 2004, 2006, 2015]. The authors lead a search
aimed at the presence or absence of ACTH, growth
hormone, triiodothyronine and progesterone in the
nucleus and cytoplasm of tissue basophils. Pro-
nounced fluorescence (immunomorphological anal-
ysis) of ACTH and growth hormone was found in
the nuclei of tissue basophils. ACTH fluorescence
was also detected by the authors in the cytoplasm
and intracellular matrix of these cells.

Thus, a number of researchers obtained very
convincing facts indicating the synthesis of ACTH
in tissue basophils [Csaba G, Kovacs P, 2009;
Theoharides TC, 2017].

The results obtained by the authors were based
on the following objective facts.

In tissue basophils, the presence of ACTH is de-
tected in the cytoplasm and in the intracellular
granules themselves.

The first important tool indicative of the syn-
thesis of ACTH in tissue basophils is the fact that
ACTH is detected in the nuclei of tissue basophils
themselves.

The second important help indicative of the
synthesis of ACTH in tissue basophils is the dis-
covery of a stimulating ACTH mediator, the corti-
cotropin releasing factor in their cytoplasm, as
well as the presence of specific receptors for this
releasing factor on the surface of tissue basophils.
From a qualitatively new position we can evaluate
the functional purpose of tissue basophils, which
in mammals act as a component of the APUD sys-
tem. In this regard, the pleiotropic synthetic poten-
cies of tissue basophils are comparable, in our
opinion, with the pleiotropic potencies that are en-
dowed with cells of the lymphoid series of the
mammalian organism. It should be specially noted
that the subtle mechanisms underlying the directed
synthesis of specific mediators by tissue basophils,
and, first of all, the hormonal spectrum of action
(melatonin, ACTH, corticotropin releasing factor)
have not been completely studied up to date. More-
over, general and, especially, regional mechanisms
have not been established, which, in each case, se-
lectively trigger intracellular mechanisms that pro-
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vide a pure synthesis of individual active sub-
stances in tissue basophils. A situation is created
similar to that of an attempt to interpret the very
wide pleiotropic potencies of lymphocytic cells. It
is these two cell populations, in our opinion, that
should serve, first of all, as the subject of a special
study, the implementation of which should involve
advanced scientists of the current and, especially,
future generation. The subject of special research
should also be the “mast cells” of blood - baso-
philic granulocytes of blood. We, however, confine
ourselves to the interpretation of a recently discov-
ered fact, which, in our opinion, is of great scien-
tific and practical significance. In this particular
case, we are talking about the ability of tissue ba-
sophils to synthesize ACTH and the factor that
stimulates its synthesis is corticotropin releasing
factor. In our opinion, directed synthesis of extra-
hypophasic ACTH occurs exclusively in all paren-
chymal organs and organs of immunogenesis,
since all internal organs of mammals are also char-
acterized by a rich content of tissue basophils.

In addition to tissue basophils, apparently, many
mediator functions, including during the production
of melatonin and ACTH, are carried out by blood
basophils. In this case, the delivery of the aforemen-
tioned hormones to target organs can occur in two
ways: 1) through the migration of tissue basophils
from the blood into tissues, in which they begin to
act as tissue basophils; 2) by “excretion” of hor-
mones into the blood, with their subsequent entry
into the tissues through the microvasculature. Of
particular note is the fact that the secretory poten-
cies of tissue basophils in various organs are far
from equivalent. So, the maximum content of hista-
mine and serotonin was found in tissue basophils of
the thymus, mesenteric lymph nodes. Their insig-
nificant content was found in the basophils of the
myocardium, lungs and thyroid gland. Tissue baso-
phils of the intestine are characterized by the ab-
sence of heparin [Protsenko BA, et al., 1987]. Un-
fortunately, with respect to other synthesis products
in tissue basophils in specific organs and tissues, we
do not have such information.

It is possible that such selective activity of tissue
basophils is due to their “gradation” for various sub-

populations, the functional activity of which in each
particular organ is strictly aimed at providing spe-
cific functions assigned to specific organs.

A similar “historical case” has already occurred
in biology, medicine, and molecular biology, when
lymphocytes (small lymphocytes) were previously
described as monomorphic structures, and many
years later they were identified “in new quality” as
subpopulations. Moreover, each lymphocytic sub-
population is endowed with the most specific func-
tional activity strictly characteristic of it, in particu-
lar, in terms of their synthesis of immunocytokines,
pro- and anti-inflammatory spectrum of action.

A similar gradation of tissue basophils on se-
cretory cells of various structural and functional
activities should be the subject of a special study.

In this aspect, there are wide prospects, in terms
of studying the directed synthesis of ACTH specifi-
cally in tissue basophils of the adrenal gland and pan-
creas, since the “postulate” put forward by us about
the participation of only extra hypophyseal ACTH in
the secretory activity of the adrenal glands is more
convincing, if not final it’s confirmation [Zilfyan AV,
2019]. It is necessary to attract the attention of read-
ers to one more circumstance. The mesentery of
mammals is literally “flooded” with tissue basophils.
It even creates a somewhat illusory impression that
the mesentery acts as a “depot” of tissue basophils. It
is unlikely that such an abundance of mast cells is
necessary to maintain tissue homeostasis only of its
connective tissue base. Of course, the activity of tis-
sue basophils of the mesentery is directly and / or
indirectly also associated with digestion processes.
Due to the abundance of tissue basophils located
around numerous microvessels, the mesentery acts as
a bridgehead, on the territory of which secretory pro-
cesses of synthesis and / or cumulation of biologi-
cally active substances in tissue basophils occur, with
their subsequent entry into the regional bloodstream
and, ultimately, into target organs.

In particular, it is possible that melatonin and
ACTH are also admitted to the adrenal gland and
pancreas by tissue basophils located exclusively in
the pericapillary space of the connective tissue
base of the mesentery. It is also possible that struc-
turally “unified” tissue basophils and blood baso-
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phils are represented by associations that are func-
tionally different, each of which is endowed with
relatively limited secretory activity depending on
the nature of endogenous stimulation.

Thus, the functional activity of tissue and blood
basophils should, in our opinion, be considered
from a qualitatively new perspective - in terms of
their pleiotropic potencies, when specific endoge-
nously active modulators in each case stimulate a
specific “bouquet” of mediators and hormones.

The assumption seems to be very justified.
“Tissue basophils can synthesize, store and secrete
hormones, which is characteristic of endocrine
glands, transport them to popular foci, or produce
them locally.

The effect of tissue basophils on a particular
organ or process is very controversial and often
has a dual stimulating or inhibitory character. This
is explained by the morphological variety of tissue
basophils and the content of cells in target tissues.
Tissue basophils in the target tissue are transported
in immature form and, when exposed to the sur-
rounding microflora, mature ” [Csaba G, 2015].

In the final section of this article, | consider, it
necessary to draw the reader’s attention to the fol-
lowing key points:

1. Tissue basophils act as a source of synthesis, de-
position and secretion of a wide range of bio-
logically active substances, including the hor-
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