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THE FEATURES OF PROLIFERATIVE PROCESSES
IN THE THYROID GLAND OF THE WISTAR RAT’S OFFSPRING

AFTER INTRAUTERINE ACTION OF DEXAMETHASONE
The features of proliferative processes in the thyroid gland of the Wistar rat’s offspring after
intrauterine action of dexamethasone were studied. Animals were divided into 3 groups: I –
intact rats; II – control – animals, which on the 18th day of the dated pregnancy transuterine,
transdermal, subcutaneously in the interscapular area was injected with 0.9 % saline in the
amount of 0.05 ml; III – experimental group – animals, which during laparotomy by
intrauterine, transdermal subcutaneous injection in the interscapular area was injected with a
solution of dexamethasone at a dose of 0.05 ml at a dilution of 1:40 intrauterinely on the 18th day
of pregnancy (Ukrainian patent ¹ 112288). In the experimental subgroups used the allowable,
generally accepted number of animals for statistical processing and obtaining reliable results –
6 animals. The thyroid gland with the tracheal area was removed on the 21st, 30th, 45th, 60th,
90th, 120th days of life. Immunohistochemical study was performed according to the protocol
recommended for a particular antibody manufacturer. Monoclonal antibodies ki-67 (Ki-67),
Fox-1 Antibody (A-12) were used to assess proliferative activity, the company Santa Cruz
Biotechnology, Inc. (USA). The study found that the thyroid gland of rats of infantile period,
which prenatally exposed to dexamethasone, is structurally represented by chaotically located
follicles of different diameters with a predominance of large with desquamated cells in the
lumen, and proliferative changes aimed at forming extrafollicular which is confirmed
immunohistochemically by the presence of Ki-67-positive cells. Intracellularly, protein-
synthesizing organelles of thyrocytes also proliferate, to which there is a clear cytoplasmic
and nuclear reaction with Fox-1 antibodies. During the juvenile period, proliferative processes
in the thyroid gland of animals of the experimental group are stabilized while maintaining the
morphological structure of the hypofunctional type, and remain lower compared to the
control and intact groups. Morphological signs of functional tension of the thyroid gland
animals exposed prenatally to dexamethasone, which correlate with a decrease in proliferative
activity, indicate a functional compensatory response of synthetic and hormone-producing
function, but suppression of proliferative processes, despite the slight manifestations. The
thyroid gland of morphological hypofunctional type after prenatal action of dexamethasone
in young rats, indicates an adaptogenic compensatory response and morphofunctional
immaturity of the organ during this period, which may be the basis for provoking the
preservation of such morphogenetic factors under the influence of stressors.
Keywords: thyroid gland, proliferation, dexamethasone, experiment, rats.

Introduction
The urgency of the problem of thyroid disease

in children and adolescents in Ukraine has existed

for a long time. Pathology of the thyroid gland in
recent years has become the number one
endocrine disease in children in Ukraine, and it
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forms the picture of the prevalence of all endo-
crine diseases, as it occupies more than 50 % of
their structure, mainly due to disorders of organ
morphogenesis and immune neuroneurosis,
endocrine imbalance [1, 2]. In clinical practice,
synthetic glucocorticoids such as dexamethasone
are used to accelerate fetal maturation in pregnant
women at risk of preterm birth. In humans and
other mammals, a surge of cortisol in the body
causes structural and functional changes in the
tissues of the fetus, preparing it for childbirth and
extrauterine life, but they can have long-term
consequences in the structural organization of
organs remotely postnatally [3–8]. Unfortunately,
despite the large number of studies on the effects
of glucocorticoids on the fetus, there is almost no
data on the prenatal effect of dexamethasone on
the processes of proliferation in the thyroid gland.
Thus, the question of prenatal influence of dexame-
thasone on the processes of thyroid proliferation
in the postnatal period of life is morphologically
unresolved, and needs further scientific cla-
rification, which is an extremely important expe-
rimental basis for improving the management
of neonates, infants and children endocrino-
logists.

The purpose of the study was to establish
the features of proliferative processes in the thyroid
gland of rats in the age periods after prenatal
exposure of dexamethasone.

Material and Methods
The study involved the thyroid glands of 108

white laboratory Wistar rats from 21 to 120 days
of age. The animals were obtained from the viva-
rium of PE «Biomodelservice» in Kyiv. Rats were
kept in a vivarium in acrylic cages with a volume
of 300 cm3 for 4–5 animals each and free access
to water on a standard diet. Before and during
the experiment the rats were in the same condi-
tions: in the vivarium at t 20–25 °C, humidity not
more than 50 %, the volume of air exchange
(extract-inflow) 8:10, in the light mode day and
night. The animals were healthy in behavior and
general condition. The conditions of care for
animals complied with the norms of the «Inter-
national Recommendations for Medical and
Biological Research with the Use of Animals». The
work also followed the rules and regulations
established by the «European Convention for the
Protection of Vertebrate Animals Used for Expe-
rimental and Other Scientific Purposes» (Stras-
bourg, 18.03.86) and the Law of Ukraine «On

Protection of Animals from Cruelty» (from 21.02.06
¹ 3447-IV, edition of 09.12.15, grounds 766-19).

Animals were divided into three groups:
Group I – intact rats; Group II – control – animals,
which on the 18th day of the dated pregnancy
transuterine, transdermal, subcutaneously in the
interscapular area was injected with 0.9 % saline
in the amount of 0.05 ml; III – experimental
group – animals, which during laparotomy by
intrauterine, transdermal subcutaneous injection
in the interscapular area was injected with a
solution of dexamethasone at a dose of 0.05 ml
at a dilution of 1:40 on the 18th day of pregnancy
(Ukrainian patent ¹ 112288). In the experimental
subgroups used the allowable, generally accepted
number of animals for statistical processing and
obtaining reliable results – 6 animals.

For the convenience of interpretation, genera-
lization and extrapolation of the obtained results
of the study of animals of the corresponding life
spans were grouped by age periodization [9]:
infantile (late dairy) period – 21st–50th days;
premarital (juvenile) period – 51st–120th days.

The thyroid gland with the tracheal area was
removed on the 21st, 30th, 45th, 60th, 90th, 120th

days of life, fixed in a 10 % solution of neutral
buffered formalin during the day. The objects
were filled into paraffin blocks by the conventional
method. Histological sections with a thickness of
4 m were stained with hematoxylin and eosin
for observation light microscopy and morpho-
metry, histochemically with azan to determine the
density of the colloid. The number of cells was
counted in histological sections in a standardized
field of view of the microscope at magnification
 40 (number of cells per 40,000 m2), followed
by calculation of the cell density per 1 mm2.

Immunohistochemical study was performed
according to the protocol recommended for a
particular antibody manufacturer. Monoclonal
antibodies ki-67 (Ki-67), Fox-1 Antibody (A-12)
were used  to assess proliferative activity, the com-
pany Santa Cruz Biotechnology, Inc. (USA) using
the method of indirect staining with immuno-
peroxidase using conjugated HRP murine IgG-
binding proteins, m-IgG BP-HRP, followed by
incubation in a substrate of peroxidase and a
mixture of chromogen DAB-3-diaminobenzidine
tetrachloride and hemp dyeing enlightenment and
confinement in balm.

The result was regarded as positive in the
precipitation of chromogen salts in the form of a
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specific reaction (nuclear, cytoplasmic reaction
depending on the location of the antigen). The
intensity of benzidine label deposition was
evaluated in points according to the following
gradation: 0 – no reaction, light yellow color; 1 –
weak reaction – light brown color; 2 – moderate
reaction – brown color; 3 – intense reaction –
dark brown color. Intermediate shades denoted
0.5; 1.5 and 2.5 points, respectively.

In order to control the method a series of
studies was conducted using positive and negative
samples, which served as standards.

Morphometry and photodocumentation of the
studied objects were performed using a Primo
Star microscope (Carl Zeiss, Germany) using an
AxioCam camera, a set of morphometric studies
was performed using the Zeiss Zen program (2011).

Statistical analysis of the results was per-
formed using a personal computer based on the
Windows XP operating system using the statistical
package Statistica for Windows 6.0 (StatSoft,
Inc.), Excel (Microsoft Office, USA). All research
results were recorded in journals and protocols
of primary documentation, as well as with the
use of electronic media. The hypothesis about
the normality of the distribution of the studied
indicators was tested using the Shapiro–Wilk test.
The median, lower and upper quartiles were
calculated, and the data were presented as Me
(Q1; Q3). Significance of differences between
means was assessed using Student’s parametric
t-test at normal and considered statistically
significant at a confidence level of at least 95 %.
For all types of analysis, the differences were
considered significant at p<0.05.

Results and Discussions
Infantile (late dairy) period. On the 21st day

the number of light thyrocytes increased compared
to the groups of intact and control, which indicates
the differentiation of cells into active hormone-
producing. Clearly, this process is a compensatory
response to morphological manifestations of
hypofunction of the thyroid gland, which correlated
with the height of thyrocytes. On day 30th of post-
natal life, large follicles with flattened thyrocytes,
desquamated cells, and dense colloid without
resorption vacuoles were subcapsularly visualized
in the thyroid glands of animals prenatally exposed
to dexamethasone. In the part of the follicles lined
with cubic thyrocytes, the colloid was absent. The
number of microfollicles became smaller, and the
proportion of proliferating Ki-67-positive cells in

the wall of the follicles decreased insignificantly
compared to the previous period, but compared
to the control of proliferating cells was 1.8 times
less. In the wall of the follicle there were much
more light thyrocytes, which usually contained a
large structured nucleus, in which 2–3 nucleoli
were visualized. The height of thyrocytes
decreased compared to the control and was 6.58
(3.75; 7.87) m and 7.12 (5.69; 7.80) m,
respectively. On days 30–45th of postnatal
development in the thyroid glands of rats
experimentally prenatally exposed to dexame-
thasone in the wall of large follicles with flattened
epithelium, extrafollicular proliferation of thy-
rocytes began against the background of visuali-
zation in the lumen of these follicles of desqua-
mated cells. In extrafollicular proliferating thyro-
cytes there was a bright perinuclear and
cytoplasmic Fox-1-positive reaction (fig. 1, a).
This histological picture was throughout the
parenchyma of the thyroid gland. In cubic
thyrocytes of follicles of colloidal type of Fox-1
secretion, the expression was brightly visualized
in the cytoplasm of cells, which is characteristic
of the intensification of protein-synthetic
processes and intracellular proliferation of
synthetic organelles of thyrocytes. At the same
time, in the thyroid gland of rats of intact and
control groups there was a bright positive cyto-
plasmic and nuclear expression of Fox-1 antibo-
dies in most follicular thyrocytes (fig. 1, b).

Premarital (juvenile) period. On the 60th day
of postnatal life the structure of the gland changed
in the direction of increasing the manifestations
of the process of blocking the excretion of thyroid
hormones, but the synthesis and excretion of
components into the follicle cavity was preserved.
Throughout the body, the follicles enlarged, and
large subcapsular follicles were even slightly
deformed due to the appearance of intussusception
directed into the cavity of the follicles. The
average values of thyrocyte height of such follicles
were inextricably reduced compared to the control
and their median was 5.87 (4.84; 6.38) m, but
their cubic shape was preserved. At the sites of
intussusception, the shape of the cells was cubic
and single prismatic, Ki-67-positive cells were
visualized, resorption vacuoles were absent, and
their number was significantly smaller compared
to the thyroid glands of intact and control animals.
One week after birth in the thyroid glands of
experimental animals exposed to dexamethasone
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showed a decrease in the area of the thyroid
epithelium. This is due to the fact that the height
of the cells of the follicular epithelium becomes
smaller, the cubic and flat shape of thyrocytes
predominates, cylindrical cells are rare, mainly in
small follicles. The increase in the area of the colloid
compared to the control was 1.7 times [864 (789.5;
843.6) m2] due to the increase in the number of
large and medium-sized follicles containing dense,
dense colloid and desquamated cells, with no
vacuolation of the colloid. On the 60th day of the
postnatal period of life under review microscopy
of immunohistochemically treated sections of
thyroid glands of animals of intact and control
groups using Fox-1 antibodies, it should be noted
that the detection of Fox-1 expression was uniform
over the entire area and in the experimental group
in flattened thyrocytes of overstretched follicles,
Fox-1 expression was present only in the apical
part. Due to the mosaic location of follicles with
flattened thyroid epithelium throughout the
parenchyma of the gland, examination microscopy
revealed the location of follicles with reduced
Fox-1 expressive activity, indicating a decrease
in synthetic organelles in such cells and reorga-
nization of hormone-forming processes about
disturbance of resorption function of thyrocytes.

At the period of 90–120th days in thyrocytes,
regardless of the size of the follicles and location
in the particle (peripheral or central part) throughout
the parenchyma of the organ, a bright cytoplasmic
reaction with Fox-1 antibodies was observed.
Immunohistochemically Fox-1-positive cyto-

plasmic expression in most thyrocytes was
present throughout the cytoplasm, occasionally
in the apical part of thyrocytes, which indicated
the intensive rapid development of the protein-
synthesizing apparatus. The pattern of distribution
of immunohistochemical Fox-1-positive reaction
in thyrocytes of thyroid follicles of control and
intact groups was mosaic and was visualized
mainly in thyrocytes of peripheral follicles, and
there was both nuclear and cytoplasmic positive
reaction with Fox-1. Comparing the results of
immunohistochemical studies with Fox-1 an-
tibodies between groups, it should be noted that
prenatal administration of dexamethasone affects
about differentiation not only of structural and
functional units – follicles, but also a specific
synthetic intracellular apparatus of thyrocytes,
which encode thyroglobulin synthesis, bind
precisely due to Fox-1. Thus, immature pre-mRNA
is converted into mature mRNA, from which
thyroid proteins, in particular thyroglobulin, are
translated [10]. At this age, there is a large number
of light thyrocytes in the wall of the follicles, it is
Ki-67-positive cell. The axis of proliferation is
oriented parallel to the basement membrane of
the follicle. If in the preparations of the thyroid
gland of intact animals it was easy to find epithelial
proliferative cell clusters, then in the glands of
this period the animals of the experimental group
they were almost absent (fig. 2, a). On the
premarital period of life in the thyroid glands of
animals in the experimental group thyrocytes high
was 4.37 (3.35; 5.92) m, which was 1.4 times
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Fig. 1. Cytological profile of proliferative processes in the infantile rat’s thyroid gland:
a – immunohistochemical study with Fox-1 antibodies (arrows indicate a positive cytoplasmic reaction

in extrafollicular proliferative clusters of thyrocytes), magnification  400; b – cytological profile
of Fox-1 and Ki-67-positive thyrocytes in control group and experimentally prenatally exposed animals
with dexamethasone, which reflects intracellular and cellular proliferative processes in the thyroid gland
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less than the control value. In the thyroid glands
of animals after 90th day of the postnatal period,
morphological changes occurred in all groups of
the experiment (fig. 2, b).

Thus, in animals of the experimental group,
which were prenatally exposed to dexame-
thasone, hollow follicles of colloidal type of large,
medium and some small diameter were randomly
visualized throughout the body, and large follicles
of irregular shape with immunohistochemical
weak or negative reaction with Fox-1 antibodies,
which indicated a decrease in specific synthetic
activity in these thyrocytes (fig. 2, a). Follicles
filled with colloid with mosaic cytoplasmic and
nuclear expression of Fox-1 antibodies in
thyrocytes were present in the thyroid glands of
animals of the control and intact groups. In most
of the follicles of the peripheral part of the thyroid
gland in thyrocytes there was a bright cytoplasmic
reaction with Fox-1 antibodies.

Conclusions
Morphological signs of functional tension of

the thyroid gland infantile animals exposed
prenatally to dexamethasone, which correlate
with a decrease in proliferative activity, indicate

a functional compensatory response of synthetic
and hormone-producing function, but suppression
of proliferative processes, despite the slight
manifestations. Morphogenesis of the thyroid

gland by hypofunctional type after prenatal action
of dexamethasone in young rats, indicates an
adaptogenic compensatory response and
morphofunctional immaturity of the organ during
this period, which may be the basis for provoking
the preservation of such morphogenetic factors
under the influence of stressors. In rats pre-
natally receiving dexamethasone, this period
was characterized by intense structural changes
in the thyroid gland, in particular intracellularly
in thyrocytes of monolayer flattened epithelium,
the expression of Fox-1 antibodies was sharply
reduced, which was then replaced by bright
cytoplasmic and follicles of colloidal type of
secretion, which is an adaptive-compensatory
mechanism of intracellular enhancement of
proliferation of synthesizing organelles in
response to the rearrangement of a significant
number of existing follicles by hypofunctional
type, aimed at maintaining a normal level of
thyroid function.
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Î.Â. Ôåäîñååâà
ÎÑÎÁÅÍÍÎÑÒÈ ÏÐÎËÈÔÅÐÀÒÈÂÍÛÕ ÏÐÎÖÅÑÑÎÂ Â ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÅ ÏÎÒÎÌÊÎÂ
ÊÐÛÑ ËÈÍÈÈ ÂÈÑÒÀÐ ÏÎÑËÅ ÂÍÓÒÐÈÓÒÐÎÁÍÎÃÎ ÂÎÇÄÅÉÑÒÂÈß ÄÅÊÑÀÌÅÒÀÇÎÍÀ

Èçó÷åíû îñîáåííîñòè ïðîëèôåðàòèâíûõ ïðîöåññîâ â ùèòîâèäíîé æåëåçå ïîòîìêîâ êðûñ ëèíèè
Âèñòàð ïîñëå âíóòðèóòðîáíîãî äåéñòâèÿ äåêñàìåòàçîíà. Æèâîòíûå áûëè ðàçäåëåíû íà òðè ãðóïïû:
I – èíòàêòíûå êðûñû; II – êîíòðîëü – æèâîòíûå, êîòîðûì íà 18-å ñóòêè áåðåìåííîñòè ÷ðåñêîæíî,
òðàíñäåðìàëüíî, ïîäêîæíî â ìåæëîïàòî÷íóþ îáëàñòü ââîäèëè 0,9 % ôèçèîëîãè÷åñêèé ðàñòâîð â
êîëè÷åñòâå 0,05 ìë; III – îñíîâíàÿ ãðóïïà – æèâîòíûå, êîòîðûì ïðè ëàïàðîòîìèè âíóòðèìàòî÷íî,
÷ðåñêîæíî ïîäêîæíî â ìåæëîïàòî÷íóþ îáëàñòü ââîäèëè ðàñòâîð äåêñàìåòàçîíà â äîçå 0,05 ìë â
ðàçâåäåíèè 1:40 íà 18-é äåíü áåðåìåííîñòè (ïàòåíò Óêðàèíû ¹ 112288). Óñòàíîâëåíî, ÷òî ùèòîâèä-
íàÿ æåëåçà êðûñ èíôàíòèëüíîãî ïåðèîäà æèçíè, êîòîðûå ïðåíàòàëüíî ïîäâåðãëèñü âîçäåéñòâèþ
äåêñàìåòàçîíà, ñòðóêòóðíî ïðåäñòàâëåíà õàîòè÷íî ðàñïîëîæåííûìè ôîëëèêóëàìè ðàçíîãî äèàìåò-
ðà ñ ïðåâàëèðîâàíèåì êðóïíûõ ñ äåñêâàìèðîâàííûìè êëåòêàìè â ïðîñâåòå è ïðîëèôåðàòèâíûìè
èçìåíåíèÿìè, íàïðàâëåííûìè íà ôîðìèðîâàíèå ýêñòðàôîëëèêóëÿðíûõ ñêîïëåíèé ñ ïîñëåäóþùèì
ôîðìèðîâàíèåì ìèêðîôîëëèêóëîâ, ÷òî ïîäòâåðæäåíî èììóíîãèñòîõèìè÷åñêè íàëè÷èåì Ê³-67-ïî-
ëîæèòåëüíûõ êëåòîê. Âíóòðèêëåòî÷íî ïðîëèôåðèðóþò è áåëîê-ñèíòåçèðóþùèå îðãàíåëëû òèðîöè-
òîâ, íà ÷òî èìååòñÿ ÿðêàÿ öèòîïëàçìàòè÷åñêàÿ è ÿäåðíàÿ ðåàêöèÿ ñ Fox-1 àíòèòåëàìè. Â òå÷åíèå
þâåíèëüíîãî ïåðèîäà ïðîëèôåðàòèâíûå ïðîöåññû â ùèòîâèäíîé æåëåçå æèâîòíûõ ýêñïåðèìåí-
òàëüíîé ãðóïïû ñòàáèëèçèðóþòñÿ ñ ñîõðàíåíèåì ìîðôîëîãè÷åñêîãî ñòðîåíèÿ ïî ãèïîôóíêöèîíàëü-
íîìó òèïó è îñòàþòñÿ íèæå, ÷åì ó æèâîòíûõ èç ãðóïïû êîíòðîëÿ è èíòàêòíûõ.

Êëþ÷åâûå ñëîâà: ùèòîâèäíàÿ æåëåçà, ïðîëèôåðàöèÿ, äåêñàìåòàçîí, ýêñïåðèìåíò, êðûñû.
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Âèâ÷åíî îñîáëèâîñò³ ïðîë³ôåðàòèâíèõ ïðîöåñ³â ó ùèòîïîä³áí³é çàëîç³ íàùàäê³â ùóð³â ë³í³¿ Â³ñòàð
ï³ñëÿ âíóòð³øíüîóòðîáíî¿ ä³¿ äåêñàìåòàçîíó. Òâàðèí áóëî ðîçïîä³ëåíî íà òðè ãðóïè: I – ³íòàêòí³ ùóðè;
II – êîíòðîëü – òâàðèíè, ÿêèì íà 18-òó äîáó âàã³òíîñò³ ÷åðåçøê³ðíî, òðàíñäåðìàëüíî, ï³äøê³ðíî â
ì³æëîïàòêîâó ä³ëÿíêó ââîäèëè 0,9 % ô³ç³îëîã³÷íèé ðîç÷èí ó ê³ëüêîñò³ 0,05 ìë; III – îñíîâíà ãðóïà –
òâàðèíè, ÿêèì ïðè ëàïàðîòîì³¿ âíóòð³øíüîìàòêîâî, ÷åðåçøê³ðíî ï³äøê³ðíî â ì³æëîïàòêîâó ä³ëÿíêó
ââîäèëè ðîç÷èí äåêñàìåòàçîíó â äîç³ 0,05 ìë ó ðîçâåäåíí³ 1:40 íà 18-é äåíü âàã³òíîñò³ (ïàòåíò
Óêðà¿íè ¹ 112288). Óñòàíîâëåíî, ùî ùèòîïîä³áíà çàëîçà ùóð³â ³íôàíòèëüíîãî ïåð³îäó æèòòÿ, ÿê³
ïðåíàòàëüíî çàçíàëè ä³¿ äåêñàìåòàçîíó, ñòðóêòóðíî ïðåäñòàâëåíà õàîòè÷íî ðîçòàøîâàíèìè ôîë³êó-
ëàìè ð³çíîãî ä³àìåòðà ç ïðåâàëþâàííÿì âåëèêèõ ³ç äåñêâàìîâàíèìè êë³òèíàìè ó ïðîñâ³ò³ òà ïðîë³ôå-
ðàòèâíèìè çì³íàìè, íàïðàâëåíèìè íà ôîðìóâàííÿ åêñòðàôîë³êóëÿðíèõ ñêóï÷åíü ³ç ïîäàëüøèì ôîð-
ìóâàííÿì ì³êðîôîë³êóë³â, ùî ï³äòâåðäæåíî ³ìóíîã³ñòîõ³ì³÷íî íàÿâí³ñòòþ Ê³-67-ïîçèòèâíèõ êë³òèí.
Âíóòð³øíüîêë³òèííî ïðîë³ôåðóþòü ³ á³ëîê-ñèíòåçóþ÷³ îðãàíåëè òèðîöèò³â, íà ùî º íàÿâíà ÿñêðàâà
öèòîïëàçìàòè÷íà ³ ÿäåðíà ðåàêö³¿ ç Fox-1 àíòèò³ëàìè. Ïðîòÿãîì þâåí³ëüíîãî ïåð³îäó ïðîë³ôåðàòèâí³
ïðîöåñè â ùèòîïîä³áí³é çàëîç³ òâàðèí åêñïåðèìåíòàëüíî¿ ãðóïè ñòàá³ë³çóþòüñÿ ç³ çáåðåæåííÿì ìîð-
ôîëîã³÷íî¿ áóäîâè çà ã³ïîôóíêö³îíàëüíèì òèïîì òà çàëèøàþòüñÿ íèæ÷èìè, í³æ ó òâàðèí ³ç ãðóïè
êîíòðîëþ òà ³íòàêòíèõ.
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