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Abstract

The goal of the study was to identify the relationship between external stressors of different origin and the 
development of proliferative - apoptotic changes in the thyroid gland at the cellular-molecular level in the 
experiment, taking to account the gender.

The study were carried out on 40 white Wistar rats of 130-150 g. body weight. Immunohistochemical method 
was used to study the dynamics of proliferative thyrocytes index and the severity of apoptosis reactions in the 
cell population after the influence of alimentary and immobilization stress in males and females rats separately.

At the age of 3-3.5 months, the thyroid gland of the White rat had a low degree of differentiation due to the 
significant rate of the inter-follicular epithelium. This corresponds to the normal value of the age-related structure 
in small laboratory rodents and reflects ontogenetic patterns. The active growth and development of the organ is 
reflected by Ki-67 marker of proliferation. Rats of the control group fed with normal diet, showed the level of Ki-67 
expression onaverage 2.4% in females and 4.25% in males. In females rats, that were within a month on a special 
diet (alimentary stress), the level of Ki-67 increased up to 3.4%, but that value could be estimated as low. In males, 
on the contrary, the level of glandular epithelial cell proliferation decreased up to 2.75%. Animals exposed to im-
mobilization stress within 7 days, had significant (p≤0.05) changes in Ki-67 expression with the opposite vector 
depending on gender. The expression of Ki-67 in stressed females reached on average 11.25%, which is 5 times 
higher than the control. In males, on the contrary, its value fell up to 1.5%.In the group of animals with combined 
stress, females did not survive until the end of the experiment, and in males the Ki-67 index fell up to 1.3%.The 
determination of the apoptosis marker  expression FAS-R on thyrocytes revealed certain regularities. Multiple 
comparisons between groups of animals showed significant differences between the group of females exposed to 
stress and on a normal diet, from all groups, except for a similar group of males (by the Kraskel-Uollis method at 
a value of p≤0.05). Multivariative analysis ANOVA showed a high degree of influence (96.7%) of animal gender 
on the proliferation of glandular epithelium, as well as stress (54.28%).

There is a direct link between external stressors and the development of functional and organic compensatory 
changes in the thyroid gland, which indicates the leading pathogenetic role of adaptation syndrome in the develop-
ment of organ pathology. Changes in Ki-proliferation index and CD- 95 or FAS-R in experimental animals sig-
nificantly indicates the role of multiple stress in the development of thyroid disease.There is a sexual dimorphism 
of the studied parameters, which can cause different morbidity of males and females in the population under stress.
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senjavskaja A.L., 2010; Fliers E. et al., 2015]. This 
is due to the direct relationship of aetiopathogene-
sis, traced in patients, and a combination of global 
trends such as the growth of thyroid disease and 
the life intensity of the individual and society 
[Stjazhkina S.N. et al., 2018]. Psychological, envi-
ronmental and other types of stress prevail in dif-
ferent countries in combination and differentially.
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Introduction

Much attention is paid to the study of the role of 
stress in the development of thyroid pathology [Ja-
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The literature describes the dynamics of serum 
thyroid hormone levels in animals and humans under 
acute and chronic stress. Activation of thyroid func-
tion and increased thyroxine concentration (T4) ob-
served after acute thermal stress in rats within 7 days 
[Bil’zhanova G.Zh. et al., 2016]. Inhibition of the 
glandfunctional activity  was found at 14-day stress 
[Jasenjavskaja A.L. et al., 2014]. 60-day stress in-
duces an increase in T3 concentration and a decrease 
in T4 concentration [Zhang J. et al., 2018]. In pa-
tients after severe intraperitoneal operations, there 
was a decrease in total and free T3, but an increase in 
T4 and thyroid-stimulating hormone (TSH). There is 
also a correlation between the degree of thyroid hor-
mone level reduction and the severity of prognosis in 
patients in intensive care units with a high degree of 
reliability [Fliers E. et al., 2015]. Under psychologi-
cal stress people with anxiety and depressive disor-
ders and insomnia develop hypothyroidism [Krishna 
V. N. et al. 2013]. Micro elements chronic environ-
mental stress (changes in the content of copper, bro-
mine, calcium and iodine in water and soil, vitamins 
in food) also showed a correlation with the formation 
of the adaptation-associated thyroid pathology [Bez-
rukov O. F., 2011, Ye J. et al., 2017].

It is proved the fact not only functional, but also 
morphological changes in thyroid tissue under 
stress. The development of the general adaptation 
syndrome is greatly influenced by the functional 
state of the hypothalamic-pituitary-thyroid axis, 
sensitive to stress. This hierarchical regulatory 
chain reacts to stress not only by changing the 
level of thyroid hormones, but also by compensa-
tory morphological rearrangement of the follicular 
compartment of the thyroid gland and interfollicu-
lar structures [Uribe R.M. et al., 2014]. Under se-
vere stress, the height of thyrocytes decreases sig-
nificantly, and the area of follicles increases sig-
nificantly [Smirnova T.S. et al., 2009]. The effect 
of stress on the thyroid gland can have profound 
consequences, including the development of auto-
immune pathology and cancer [Asif F.et al., 2018].

Thyroid cancer is the most common malignant 
tumor of the endocrine system. According to the 
Ministry of health of the Russian Federation, for 
the period from 2013 to 2016, the incidence of thy-
roid diseases increased by 12.1%: from 2037.1 
cases for 100 thousandpopulations up to 2283.5. 
The curve showing the number of patients suffer-

ing from thyroid problems has been steadily creep-
ing up for over a decade. This is evidenced by the 
data of the unified interdepartmental statistical in-
formation system (UISIS), which collected indica-
tors since 2005 [Fliers E. et al., 2015]. About 90% 
of all thyroid cancers are differentiated forms 
[Nadol’nik L.I., 2010], and 75-80% of them are 
papillary cancers [Korshunova D.V. et al., 2014].

Malignant alterations of the cell renewal vector 
are of the greatest interest in our opinion [Pom-
pella A., 2013]. Features of morphological and 
functional alteration of the thyroid gland in differ-
ent types of stress are not detailed enough depend-
ing on gender and age, predominant dynamics of 
cell populations, expression of protein markers of 
the functional state of different types of cells 
[Gevorkian V.S., Gevorkian I.S., 2017]. At present, 
immunohistochemical (IHC) research is becoming 
more and more widespread in the study of the thy-
roid gland. IHC-method as antigen-antibody reac-
tion, realized in tissue, is one of the specific meth-
ods of protein detection with the establishment of 
their tissue localization and quantitative parame-
ters. This type of research allows to evaluate the 
degree of proliferative activity of thyroid cells.

The aim of our work is to show the relationship 
between external stressors of different nature (ali-
mentary deficiency and immobilization) and the 
development of proliferative – apoptotic changes 
in the thyroid gland at the cellular-molecular level 
in the experiment taking into account the gender.

Materials and Methods

To establish regularities of changes in the ex-
pression of Ki-marker of proliferation and CD 95-
FAS-R -receptors of apoptosis in thyrocytes of 
animals, subjected to chronic stress, an experiment 
was conducted on 40 white Wistar rats,females and 
males aged 3-3.5 months (early puberty) with a 
body weight of 130-150 g. Animals were divided 
into 4 groups: control, with alimentary stress and 
immobilization stress, a combination of two types 
of stress. Each group included 10 rats, 5 females 
and 5 males. The animals were kept in vivarium in 
cages with 5 animals in compliance with the stan-
dards of microclimate and natural light of the late 
summer and early autumn of the Crimean region. 
Males and females were placed in adjacent cells 
separately from the age of 2 months.
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Rats of the first group were subjected to han-
dling only during feeding, change of bedding, 
weighing. All manipulations were performed by 
one employee.

To simulate the alimentary stress of rats of the 
second group within 4 weeks fed with calcined grain 
and watered of low iodine content and high bromine 
content, in the free regime of drinking and feeding, 
but without giving other food and water. For calcina-
tion, wheat was placed in an oven AT 300 °C for 1 
hour. Cooked water containing 10 µg of NaBr for 5 
litres, which corresponds to the content of bromine in 
the water of west Crimea. Thus, the concentration of 
bromine in fresh waters of the Crimea (for example, 
in the city of Saki and Saki district) is 0.02 µg per 
liter, which exceeds the maximum allowable concen-
tration [Bezrukov O.F., 2015].

Immobilization stress was simulated by placing 
the animals for 20 hours in the fixators (animal-
restrainers) AE1001-R1 (LLC “NPK Open Sci-
ence”, Russia) for rats of medium size. The fixator 
is made of transparent acrylic plastic, has internal 
dimensions of 165×55×55 mm and designed for 
fixing laboratory animals of different sizes, due to 
a customizable system of two movable stops. The 
stress simulation mode was chosen in such a way 
that the immobilization time was 20 continuous 
hours per day, including the night period of activ-
ity of rats (from 1400 to 1000 hours) and 4 hours of 
free movement of rats in the cell (respectively, in 
the midday time). The duration of the experiment 
was 7 days, which, in our opinion, corresponds to 
acute and sub-acute stress.

The animals were removed from the experiment 
by decapitation after introduction into drug induced 
sleep by means of ether. The thyroid gland was iso-
lated by dissection of the anterior region of the neck 
and by cutting off the larynx. Laboratory rats Rat-
tusNorvegicus have the thyroid gland with two 
lobes, located on the sides of the trachea, without 
isthmus. The lobes were cut off with a scalpel and 
placed in a fixator for light microscopy. The tissue 
was fixed in 10% neutral buffered formalin within 
18 hours. The wiring and impregnation with paraf-
fin were carried out, followed by the manufacture of 
multiblock for serial paraffin sections with a thick-
ness of 4 microns. Used histological laboratory 
equipment: cutting station LEEC ltd (Leica, Ger-
many), hybrid histological processor LOGOS 

(Millestone, Italy), modular center for pouring 
Leica EG 1150 (Leica, Germany), automatic rotary 
microtome Leica RM 2255 (Leica, Germany). 

Three sectios were prepared from each block, 
one was stained with hematoxilin and eosin (Bio-
Vitrum, Russia) and IGX reaction with monoclo-
nal mouse antibodies to Ki-67 (Leica, Germany) 
and Fas-R (Abcam, USA). Concentrated anti-FAS-
R antibodies (ab82419) were diluted with Bond 
solution for antibody dilution (Leica, Germany) 
100 times, incubated at room temperature for 60 
minutes. HIER-unmasking was performed using 
Bond solution for high-temperature unmasking pH 
6.0 at a temperature of 96ºС for 20 minutes. For 
imaging, a NovolincPolimer Detection System 
based polymer detection system (Leica, Germany) 
was used. For setting IHC reaction with the Ki-67 
marker (MM1), the staining protocol recom-
mended by the manufacturer was used.

The laboratory microscope Leica DM2000 
(Leica,Germany), digital scanner Aperio CS2 
(Leica,Germany), immunohistosteiner of semi - 
closed type BOND - MAX (Leica,Germany) were 
used to obtain images.

We also used methods for calculating the num-
ber of cellular components of thyroid tissue and 
biostatistical methods to identify the significance 
of quantitative parameters of expression of the 
studied proteins-markers of cell renewal. The pro-
liferation index considered by the percentage of 
the thyroid cells with nuclear staining for Ki-67, 
cytoplasmic marker of Fas-R was determined 
semiquantitatively by translation of quality reac-
tion into a numeric way of identifying cases of dif-
ferent colors and compare them in groups accord-
ing to the method Kraskel-Uollis, adopted with 
significant value p≤0.05 was also used multivaria-
tive analysis ANOVA.

The studies were conducted in the Histological 
laboratory with immunohistochemistry and electron 
microscopy of the Central research laboratory of the 
medical Academy named after S. I. Georgievsky and 
Center for Collective Use of Scientific Equipment 
“Molecular Biology” of the medical Academy named 
after S. I. Georgievsky (structural unit) V.I. Verna-
dsky Crimean Federal University by the initiative of 
surgeons of the Crimean medical multidisciplinary 
center named after St. Luka (structural units) of V.I. 
Vernadsky Crimean Federal University.
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rats of the control group on a normal diet, the level 
of Ki-67 expression averaged 2.4% in females and 
4.25% in males (Fig.1), such difference can be ex-
plained by more intensive growth of males in the 
given period in comparison with females. 

In females, contained within a month on a spe-
cial diet composed of calcined grain and bromine 
water (alimentary stress), the level of Ki-67 in-
creased up to 3.4%, but still its value can be esti-
mated as low. In males, on the contrary, the level 
of glandular epithelial cell proliferation decreased 
up to 2.75% (Fig.2).

Animals subjected to immobilization stress 
within 7 days had significant (p≤0.05) changes in 
Ki-67 expression with opposite orientation depend-
ing on gender. Thus, in stressed females the degree 
of Ki-67 expression reached an average of 11.25%, 
which is 5 times higher than the control. In males, 
on the contrary, this value fell up to 1.5% (Fig. 3).

In the group of animals with a combination of 

Results and discussion

At the age of 3-3.5 months, the thyroid gland of 
the white rat has a low degree of differentiation due 
to a significant proportion of the interfollicular epi-
thelium as a reserve pool of thyrocytes in the gland 
parenchyma and poor development of the follicular 
apparatus (Fig. 1-4). This corresponded to the age 
norm of the structure of this organ in small labora-
tory rodents. In our opinion, this feature of the gland 
morphology in three-month rats reflects a number 
of ontogenetic patterns. 

1. Despite the fact that rats at this age are already 
sexually mature, they grew intensively with a 
positive protein (nitrogen) balance and a pre-
dominance of anabolic processes. 

2. Reproductive function in this period was unsta-
ble and the functional relationship of the thyroid 
gland and gonads was one of the reasons.
The active growth and development of the organ 

is reflected in the marker of Ki-67 proliferation. In 

Figure.1. Fragments of the thyroid gland of a white rat at the age of early puberty. Paraffin sections. HC. 200x. 
IHC reaction with antibody to Ki-67. Control group. A. Male. B. Female. 

Figure. 2. Fragments of the thyroid gland of a white rat at the age of early puberty. Paraffin sections. HC. 200x. 
IHC reaction with antibody to Ki-67. The experimental group-alimentary stress. A. Male. B. Female. 
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stress contained in a deficit diet and immobiliza-
tion, females did not live to the end of the experi-
ment, and in males the Ki-67 index fell even lower: 
up to 1.3 %(Fig. 4).

Multiple comparisons between groups of ani-
mals showed significant differences between the 
group of females subjected to stress and on a nor-
mal diet, from all groups, except for a similar 
group of males (by the Kraskel-Uollis method at a 
value of p≤0.05). Multivariative analysis ANOVA 
showed a high degree of influence (96.7%) of ani-
mal gender on the proliferation of glandular epi-
thelium, as well as stress (54.28%).Determining 
the expression of apoptosis markers FAS-R on the 
thyrocytes allowed us to reveal certain regulari-
ties.In groups of animals kept on a special diet, the 
expression of FAS receptors in females decreased 
by 40% relative to the control group (mainly cyto-
plasmic weak staining 60% of cells, up to 10% of 

the nuclei had a positive color), while in males the 
indices practically did not change and amounted to 
about 90% of poorly stained cells. After a 7-month 
immobilization stress, 100% of the glandular epi-
thelium cells had a medium intensity color of the 
cytoplasm and nuclei.(Fig. 5).

Comparison of the results of the study of prolif-
erative activity (Ki-67 marker) and apoptotic ac-
tivity markers of CD 95-FAS-R receptors of thyro-
cytes in laboratory animals subjected to 7-day 
combined stress allows us to draw conclusions 
about the different response of the follicular epi-
thelium to the experimental conditions in males 
and females. Apparently, such differences are due 
to different developmental tasks set for the indi-
vidual. Moreover, if Ki67- reflects the degree of 
adaptation of the thyroid tissue by active division 
in females subjected to experimental influence, 
CD 95-FAS-R reflects the degree of tension of the 

Figure. 4. Fragments of the thyroid gland of a white rat at the age of early puberty. Paraffin sections. HC. 400x. IHC 
reaction with antibody to Ki-67. The experimental group-alimentary stress. A. Male with a higher degree of differ-
entiation of the thyroid parenchyma. B. Male with lower degree of epithelial differentiation.

Figure. 3. Fragments of the thyroid gland of a white rat at the age of early puberty. Paraffin sections. HC. 400x. IHC 
reaction with antibody to Ki-67. The experimental group-alimentary stress. A. Male. B. Female.
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metabolic processes in thyrocytes and readiness 
for apoptosis arising under the experimental con-
ditions [Cruz A.C. et al., 2016]. It is likely that the 
prolongation of the timing of the impact of stress 
factors will make it possible to further deplete and 
strain the compensatory mechanisms in the thyroid 
gland, up to the development of failures in the ge-
netic apparatus of the thyrocyte and the appear-
ance of autoimmune and oncopathologies [Mar-
kosyan R et al., 2015]. These findings are planned 
to be tested in an experiment on laboratory animals 
and operating material of patients with various 
thyroid pathologies.

Conclusion

There is a direct link between external stressors 

and the development of functional and organic com-
pensatory changes in the thyroid gland, which indi-
cates the leading pathogenetic role of adaptation 
syndrome in the development of organ pathology.

High sensitivity of the thyroid gland to many 
aggressive environmental factors is manifested by 
functional and morphological changes in its tis-
sues and causes the growth of thyroid pathology in 
the population.

There is a pronounced sexual dimorphism of 
the studied parameters, which can cause different 
morbidity in men and women. 

The change in the indices of Ki-proliferation 
index and CD - 95 or FAS-R in experimental ani-
mals significantly indicates the role of multiple 
stress in the development of thyroid pathology.

Figure. 5 Fragments of the thyroid gland of the white rat at the age of early sexual maturity. Paraffin sections. HC. 400x. 
IHC reaction with antibody to FAS-R. Experimental group - alimentary stress: A. Male. B. The female. Experimental 
group - immobilization stress: C. Male. D. Female.

Gratitude. The studies were performed in the framework of the project no AAAA A18-118112690030-2 dated 
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