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Abstract. In this paper we studied the RBC electrophoretic mobility, cytomorphological and cytogenetic parameters of
buccal epithelial cells and morphology of adrenal glands under the influence of adrenalin which was injected to simulate
a stress in rat body. It’s established that an initial increase of the activity of brain substance neuroendocrinocytes (during
the first hour) with further increase of the activity of the adrenal cortex (from 1 day) are combined with the change of
RBC electrophoretic mobility index: at first it decreases and then it increases. Besides the cells with signs of cytotoxic
changes appear. The absence of cells with karyopyknosis in stressed animal bodies indicates that the mechanisms of

natural resistance of buccal epithelial cells preserve. It’s associated with the development of adaptive processes.
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The study of endocrine system is of grand
importance in the contemporary stage of medi-
cal science. This system provides the regulation
of vital actions in a human body [1]. Adrenal
glands are one of the most considerable compo-
nents of the system because they are responsi-
ble for homeostasis sustentation during the de-
velopment of stress reaction and pathologies
[2]. Stress is a pronounced adaptive reaction but
at the same time it may be the reason of neu-
rotic, cardiovascular, endocrine, immune and
other diseases [3]. At that, the morphological
changes of adrenal glands in a pathogenic path-
way of various diseases are insufficiently stud-
ied [4]. A clear picture of morphofunctional
changes in adrenal glands is absent and it balks
progress in diagnosis objectivization and in pa-
tient treatment. The study of functional state of
adrenal glands in pathology and during therapy
is difficult. It’s based on hormonal state analy-
sis and as a rule the patients are treated with
medicaments while making analysis. That’s
why the research of any information technolo-
gies is of current importance. Such technologies
should be easy to realize and they should reflect
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the objective state of adrenal glands. The RBC
electrophoretic mobility may be used as an in-
dex which would characterize the activity of ad-
renal cortex. It was discovered during the ex-
periment that there are regular variations of
RBC electrophoretic properties which repre-
sents a response to stress and to the develop-
ment of various pathologies. It’s connected
with the activation of sympathoadrenal and hy-
pophysialadrenal systems [5, 6]. It’s necessary
to take into account that the activation of hypo-
physialadrenal system influences the immuno-
logical homeostasis of the organism [7, 8]. If
the exposure is long-term it provokes the devel-
opment of thymicolymphaticus involution and
of cytotoxical changes in cells. It’s shown that
the genotoxic effects may be analyzed with use
of buccal epithelial cells which permits to get
information about genetic changes in human
cells with minimal invasive intervention [9].
The aim of the work was to study the func-
tional conjugation of adrenal gland morphology
with RBC electrophoretic mobility and with cy-
tomorphologic and cytogenetic indices of
buccal epithelial cells in experimental stress.



Materials and Methods

60 white non-pedigree pubescent rats weigh-
ing 180-200g were examined. The research
were carried out according to principles estab-
lished in Universal Declaration of animal rights
as well as according to the Order of the Ministry
of the Health of Russia Nel19n of April 1, 2016
“Approval of the suitable laboratory practice”.

The animals were separated into 2 equal
groups. For stress modeling, the animals of the
1" group received a single intraperitoneal
adrenalin hydrochloride solution (0,1 mg/kg).
The intact animals were the 2", control group.
The blood for analysis was taken from the sub-
lingual vein in 1 hour, 1 day and 7 days after the
adrenalin injection.

The RBC electrophoretic mobility level was
measured by microelectrophoresis method by
registering the 100 mkm washed rbc transmis-
sion time in tris HCL buffer with pH 7,4 and am-
perage 12mA [6]. The histologic specimens for
optical microscopy were prepared by fixing in
10% neutral formalin solution for 72-96 hours,
dehydration in alcohols with increasing concen-
tration and subsequent paraffin-embedding. The
7 um thick slices were obtained with SM2000R
microtome (Leica, Germany) and stained with
haemotoxylin and eosin. Specimen examination
was carried out with DM1000 microscope
(Leica, Germany), video images were captured
using DFC290 camcorder (Leica, Germany).

The buccal epithelium analysis was made in 7
days after the adrenalin injection. It’s caused by
the moment of the exit of basal cells (there the
micronuclei are generated) to the surface which
is used in the analysis [10]. The scrapings of buc-
cal mucosa were made with a spatula, the epithe-
lial cells cytosmears were painted with Giemsa
stain. The specimen analysis was made with mi-
croscope AXIOSTAR PLUS (Karl Zeiss, Ger-
many), zoom 16x40 and 16x100 [11].

Statistical analysis was performed using BI-
OSTAT software. Student's t-test was used for
comparison of two groups. The differences
were considered to be significant at p < 0.05.

Results and Discussion
The analysis of histological samples of the
structure of rat adrenal glands showed that ad-
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renal glands of the intact animals had clearly de-
fined cortex and medullary substance. The organ
was encapsulated in thin connective tissue. The
adrenal cortexes were clearly zoned. In zona glo-
merulosa, the small-sized endocrinocytes were
assembled into spherical structures of coiled glo-
meruli. In zona fasciculate, the bigger polygonal
endocrinocytes formed parallel cords. The nu-
clei of the endocrinocytes were big with well-de-
fined nucleoli and optimal ratio eu- to hetero-
chromatin. The border of zona reticularis and
zona glomerulosa was comprised by a zone of
small cells with big nuclei and more basophilic
cytoplasm. This intermediate (sudanophobic)
zone is responsible for the regeneration of corti-
cal substance. Numerous hemocapillaries were
located between the cell cords (Fig. 1A). The
vessels of the medullary substance were pletho-
ric (Fig. 1B).

No significant morphological changes of ad-
renal glands in both “Adrenaline” and intact an-
imal groups were observed one hour after the
adrenalin injection. The organ retained clearly
zoned. The epinephros capsule was not de-
fibrated. Vacuolization was registered in both
cortical (zona fasciculata) and medullar en-
docrinocytes. The intermediate zone was well-
defined. The hemocapillaries of cortex and me-
dullary substance were plethoric. As for cortex
substance, it was well defined, especially in re-
ticular zone. (Fig. 1C, D)

One day after adrenalin injection substantial
hemocapillary expansion and plethora enhance-
ment were registered. The vacuolization of en-
docrinocytes in cortical (zona fasciculata and
zona glomerulosa) and medullar substance was
observed. The border of zona glomerulosa and
reticular zone lost its clarity. Local vacuoliza-
tion of cells in zona glomerulosa and hemoca-
pillary plethora were still detected one week af-
ter adrenalin administration (Fig. 1 E, F).

The RBC electrophoretic mobility index de-
creased after the adrenalin injection (Table 1).
The maximal decrease was observed from the
first till the 24™ hour of the experiment. But it
restored step by step up to the 7™ day of the
experiment. However, the index did not achieve
the value of the control animal group.
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Fig. 1. The structure of cortical substance (zona fasciculata) (A, C, E) and adrenal medulla (B, D, F) of adrenal glands.
A, B — intact animals. C, D — 1 hour after adrenalin injection. E, F — 7 day after adrenalin injection. Hematoxylin and
eosin staining. Magnification, 400x

Table 1
Dynamic of RBC electrophoretic mobility index change (um cm B-¢!)
. . Period after the influence
Kind ofinfluence 60 min 1 day 1 week
Adrenalin (single) 0,72+0,08* 0,83+0,09* 0,99+0,07*
Control 1,11+0,02 1,17+0,03 1,21+0,03

Notice: * statistically different from intact group, p<0.05.
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Table 2

The particularities of buccal cell cytomorphology in experimented and control group
(average number of cells, %o)

Cytomorphologic indices Experimented group Control group

Normal value 685,21+70,59* 720,28+68,38
Cytogenetic markers
Micronuclei 59,42+5,19%* 51,67+6,49
Nucleus destruction markers
cells with chromatin condensation 33,71+4,42% 30,65+4,58
cells with perinuclear vacuole 17,46+£2,25% 12,21+£2,28
Nucleous destruction termination markers
karyorhexis 32,7444,11 29,7244 .91
karyopyknosis 72,25+7,05 73,23+7,11
karyolysis 99,21+6,39 82,24+6,25

Notice: * statistically different from intact group, p < 0.05.

The cytomorphologic researches of the ani-
mals revealed that the buccal cells had one or
several micronuclei (Table 2).

The micronuclei represented round or oval
blow or lilac masses with a smooth edge. The
received values are certainly higher than those
of the control group by 15%. Single cells with
fragmented nuclei were recognized. Their con-
tours are wrong, without any space orientation.

Cells with initial stage of nucleus destruc-
tion, cells with chromatin condensation (corru-
gated nucleus with condensed chromatin) and
cells with renal cell vacuole are recognized very
often in cytograms. The animals of the adrena-
lin administrated groups had more cells with
condensed chromatin by 10%, more renal cell
vacuole by 43% than the animals of the control
group p < 0,05).

The analysis of results makes evident that
adrenalin provokes the activation of adrenocor-
tical system. The vacuolization of endocrino-
cytes in zona fasciculata and zona glomerulosa
and vacuolated cytoplasm of neuroendocrino-
cytes means that the hormone number in-
creases. It may be connected with their inten-
sive use during the alteration of the organism
[12]. But if adrenalin is injected to rats the stag-
ing in organism reaction and in its structural-
functional organization is evident. At first the

morphological markers of medulla neuroen-
docrinocyte increase (up to the first hour) and
then the adrenal cortexes activity increases (up
to the first day). It’s probably connected with
initial secretion of catecholamines and with the
increase of the ability to synthesize corticoster-
oids. The plethora in cortical layer and renal
medulla of adrenal glands means that the sys-
temic response against the alteration is acti-
vated [13].

The morphological changes which were dis-
covered during the experiment were correlated
with the change of RBC electrophoretic mobil-
ity. The results of RBC electrophoretic mobility
research were identic with findings received
earlier: the decrease of RBC electrophoretic
mobility is associated with the increase of cell
adrenoreactivity whereas the RBC electropho-
retic mobility increase is combined with the in-
crease of cortisol concentration [14, 15].

The higher level of glucocorticoids may pro-
voke the increase of chromosome aberrations
[16]. The revealed forms of buccal cell necrosis
up to the 7th day of the experiment make evi-
dent the destructive changes of nucleus mem-
brane. The result of cell destruction necrotic
process is karyolysis. The karyolysis is pre-
ceded with the renal cell vacuole appearance or
cell vacuolization [10]. The research did not
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discover any statistically significant difference
in karyolysis cell frequency between the ani-
mals of experimented and control groups. How-
ever, the share of cells with initial signs of ne-
crosis in the adrenalin administrated group in-
creases. The increase is statistically significant
and it confirms indirectly the development of
stress.

So all the remarked changes in adrenal glands
denote that at first the functional activity of ad-
renal gland medulla adrenocorticocytes in-
creases. It’s combined with the decrease of RBC
electrophoretic mobility followed by functional
tension of adrenal cortex and by intensification
of glucocorticoid secretion. For its turn gluco-
corticoids provoke the increase of RBC electro-
phoretic mobility up to the 7" day of the experi-
ment. The described picture of adrenal gland his-
tological state may be characterized as a period
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