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Omnmcadsl 0COOEHHOCTH THUCTOJIOTMYECKOTO CTPOCHUS W KaPHOMETPUYECKUE MapaMeTphl MO3TOBOTO BeIlle-
CTBa HAJIMIOYEYHBIX jKeJle3 HeOepeMEeHHbIX CaMOK Mapalla B T€UCHHE rojla. YCTaHOBJIEHO, YTO B OCEHHHH MepHoJ
CHUHTETHYECKast aKTUBHOCTh HOPaIPEHAIMHIIPOAYLUPYIOIIUX KIETOK Y XOJIOCThIX CAMOK Mapalia HauMEeHbIIas 10
OTHOLLEHMIO K JIPyI'UM ce30HaM roga. CpaBHEHHUE NOJIYUYEHHBIX PE3YJIBTATOB C JIMTEPATYPHBIMU JaHHBIMU I10-
3BOJISICT BBISIBUTH ITOJIOBBIC PA3INYHS B ICSATECIHHOCTH JKEIIC3UCTHIX KIICTOK MO3TOBOTO BEIICCTBA HAIIOUCTHUKOB
MapaJioB, YTO YKa3blBacT Ha Pa3UYHBIC MEXaHWU3MBI PEryJIIUH OOMEHa BEIIECTB y CAMIIOB M CaMOK BECHOU
(mepuoa akTUBHOTO POCTa POTOB Y CAMIIOB) U Pa3HYIO CTENIEHb CTPECCUPYEMOCTH UX OPraHU3MOB OCEHBIO (TIepH-
OJ1 TTOJIOBOTO Pa3MHOXKEHH).

Knrwouesvle cnosa: naonoueunuxu, cmpykmypa mo3206020 Geujecmea, mMapai, aopeHaiun, HopaopeHalun,
DYHKYUOHATLHASL AKMUBHOCTb, CE30HHbIE USMEHEHUSL.

Biological characteristics of animals are linked
with the dynamics of hormonal activity and allow
them to adapt to environmental conditions. The
structure of the mammalian adrenal gland varies
from species to species. Studying the changes in
its structure during the annual cycle in mammals
of temperate latitudes allows us to more accurately

determine the mechanisms of adaptation. Due to
the production of catecholamines, the adrenal
medulla provides stress response. There are data
on changes in the activity of adrenal glands when
the ambient temperature changes [1]. It should
be noted that marals are characterized by broad
adaptive reactions. The structure of the adrenal
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glands of maral bucks and pregnant does, as well
as the adrenal cortex of non-pregnant does have
been described in detail [2]. When it comes to
the seasonal aspect and other deer species, only
the dynamics of the blood levels of hormones
produced by the adrenal cortex has been described
[3-5]. In addition, there is literature data on sex-
related differences in the structural and functional
features of deer adrenal glands [6]. Therefore, the
topic of this research is highly relevant. The aim of
the paper was to study the tissue structure, as well
as the morphometric and karyometric parameters
of the adrenal medulla of maral does during
different periods of the year.

As the material for the research we used
adrenal glands obtained from non-pregnant maral
does aged 5-8 years living on the free-range maral
farms of the Altai Republic. The glands were taken
from animals in January, March, June, and October
after a special shooting (one shot to the head) in
accordance with Directive 2010/63/EU. Fragments
of the middle parts of the adrenal glands were fixed
in Carnoy’s solution and embedded in paraffin. The
histological sections of the glands were made using
a microtome and then stained with haematoxylin
and eosin [7-9]. The parameters for determining the
functional activity of cells were selected on the basis
of classical morphometric methods according to
G.G. Avtandilov [10]. The thickness of the medulla,
the diameter of epinephrine-producing cells (E cells)

and norepinephrine-producing cells (N cells), as
well as the volume of their nuclei were determined.
The nuclear-cytoplasmic (N:C) ratio of the cells was
calculated using the following formula:
N:Cratio=d? /d’

where d _ is the maximum diameter of the cell
nucleus and d___ is the maximum diameter of the
cytoplasm of the same cell [10].

To calculate the studied parameters, we used
a MicroMed microscope with a camera and an
adapter with Toup Vien software. We compared
the values of the morphometric parameters
obtained from animals in winter with spring, in
spring with summer, and in summer with autumn
(see Table). Statistical analysis of the results of the
study was carried out using the software package
STATISTICA 10.0 for Windows. The significance
of the differences between the groups was
determined applying the nonparametric Mann—
Whitney U test. The differences were considered
significant at p < 0.05.

Sections of the adrenal glands of maral does
are characterized by the usual structure for most
mammals, namely, the cortex is under the connective
tissue capsule, the medulla is at the centre of the
gland, and the uneven connective tissue layer is
located between the cortex and the medulla. There
are two distinct types of cells in the medulla: on the
periphery, the cells are large, arranged in the form

MORPHOMETRIC PARAMETERS OF THE ADRENAL MEDULLA
OF NON-PREGNANT MARAL DOES

MOP®OMETPUYECKHUE TAPAMETPBI MO3I'OBOI'O BEHIECTBA HAIITOYEYHBIX XKEJIE3
HEBEPEMEHHBIX CAMOK MAPAJIA

Parameter Winter Spring Summer Autumn

Absolute thickness, pm 2347.85 +£79.99 2456.44 + 63.23 2290.58 + 54.82%** 2019.28 +23.67
Diameter of E cells, pm 14.56 + 1.53 13.91 £2.40 15.09+1.73 1337+ 1.53
Volume of E cell nuclei, pm? 127.23 £32.08 138.11 £42.23 131.58 £43.43 156.15 £ 65.21
N:C ratio of E cells 0.185 +£0.035 0.022 £ 0.063 0.176 £ 0.039 0.248 + 0.061
Diameter of N cells, pm 12.93 + 1.44 12.46 + 1.51 13.21 £ 1.48* 10.62 + 1.04
Volume of N cell nuclei, pm? 117.87 £33.41 111.92 £28.97 128.28 £28.23 91.46 + 23.38
N:C ratio of N cells 0.223 +0.048 0.235 £ 0.054 0.226 £ 0.048 0.278 £ 0.860

Note. The difference from the subsequent group is statistically significant: * — when p < 0.05, ** —when p < 0.01.
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of strands, with their nuclei occupying an eccentric
position — these are the E cells; in the central part,
the cells are smaller and rather tightly adjacent to
each other — these are the N cells (Fig.).

"

Adrenal gland of a 7-year-old maral during winter,
stained with haematoxylin and eosin: 1 — adrenal cortex;
2 — epinephrine-producing cells; 3 — norepinephrine-
producing cells

Hannoueunas xene3a 7-1eTHEro Mapaia B 3UMHHM Iie-
pHroa (OKpacka TeMaTOKCHIMH-303MHOM): 1 — MO3roBo€e Be-
LIEeCTBO; 2 — aJPCHATHHITPOAYLIUPYIONIHE KIETKH; 3 — HOpa-
JPEHATHHIIPOLYIUPYIOIINE KIETKH

The results of the study of the morphometric
parameters are presented in the table.

In winter, the absolute thickness of the medulla
in adult non-pregnant maral does is 2347.85 *
+ 79.99 pum, the rows of E cells are not very
smooth, but are clearly separated from the N cells.
The N cells form dense clusters of polygonal cells;
the vascularization is high.

In spring, the thickness of the medulla remains
unchanged. The histological pattern on the sections
is similar to that in winter; the difference is that
the level of vascularization and the lumen of blood
vessels decrease. The morphometric parameters
under study do not differ significantly from those
in the previous season.

The structural organization and the
morphometric parameters of the medulla in
summer remain the same as in spring.
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In autumn, the absolute thickness of the
medulla in non-pregnant maral does decreases
compared with the summer values. In the
central part of the medulla and among the
E cells, cortical cells are identified. Blood supply
intensity does not change. The size of the E cells
and the volume of their nuclei are practically the
same as in summer. However, the E cell layer
is thinner than that in summer. The diameter of
N cells and the volume of their nuclei in autumn
are significantly smaller than in summer. The
changes revealed in the cytological parameters
of N cells indicate a decrease in their synthetic
activity in contrast with summer.

The analysis of the changes in the lifestyle of
non-pregnant maral does in summer and autumn
revealed the following: in summer, their level
of motor activity is higher, the animals eat a lot
and gain weight. Most likely, muscle activity is
provided by the action of norepinephrine (among
other factors), epinephrine playing a lesser role in
this case. In addition, the changes in the hormone-
producing activity of cells can be caused by a stress
factor, namely, quite high ambient temperatures in
summer compared to those in spring and autumn.

Thus, the lowest synthetic activity of N cells
in non-pregnant maral does is observed in autumn,
compared to other seasons of the year. At the same
time, the morphometric parameters that characterize
E cells remain unchanged throughout the year.

Noteworthy, literature data indicate sex-related
differences in the morphofunctional activity of
the cortex and the medulla, for example, in rats
[11]. According to our results, the dynamics of
structural changes in the adrenal medulla of maral
does and bucks differ. Adult maral bucks show
signs of increased activity of E cells in spring and
destructive changes in the medulla in autumn [12].
In contrast, no signs of destruction are observed
in the medulla of maral does in autumn. The
obtained data indicate that the early response to
cold described for many species of mammals is
not typical of marals, which is expressed in an
increase in the activity of the glandular cells of the
adrenal glands, including the medulla [13].

Thus, the results obtained demonstrate sex-
related differences in the activity of glandular
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cells of the adrenal medulla, which indicates of stress during the autumn period of sexual
different mechanisms of metabolic regulation reproduction.
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CHANGES IN THE ADRENAL MEDULLA OF MARAL DOES DURING THE YEAR

This paper dwells on the histological structure and karyometric parameters of the adrenal medulla
of non-pregnant maral does throughout the year. It was found that in autumn the synthetic activity of
norepinephrine-producing cells in non-pregnant maral does is the lowest in relation to other seasons of
the year. Having compared our results with the literature data, we identified sex-related differences in
the activity of glandular cells of the adrenal medulla, which indicates different mechanisms of metabolic
regulation in bucks and does during spring (period of active horn growth in bucks) and different levels of
stress in autumn (period of sexual reproduction).

Keywords: adrenal glands, structure of adrenal medulla, maral, epinephrine, norepinephrine, functional
activity, seasonal changes.
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