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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
mtrauterine action of dexamethasone were studied. Animals were divided into 3 groups: I —
intact rats; II — control — animals, which on the 18" day of the dated pregnancy transuterine,
transdermal, subcutaneously in the interscapular arca was injected with 0.9 % saline in the
amount of 0.05 ml; III — experimental group — animals, which during laparotomy by
mtrauterine, 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 18" day
of pregnancy (Ukrainian patent Ne 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 21, 30%, 45% 60t
90™, 120%™ 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 1s 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.
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Introduction for along time. Pathology of the thyroid gland in
The urgency ofthe problem of thyroid disease recent years has become the number one
m children and adolescents in Ukraine has existed endocrine discase in children in Ukraine, and it
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forms the picture of the prevalence of all endo-
cring 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 cm? for 4-5 animals cach 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
No 3447-1V, edition of 09.12.15, grounds 766-19).

Animals were divided into three groups:
Group I - intact rats; Group Il - control — animals,
which on the 18t 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 arca was injected with a
solution of dexamethasone at a dose of 0.05 ml
at a dilution of 1:40 on the 18t day of pregnancy
(Ukrainian patent Ne 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 — 215t-50th days;
premarital (juvenile) period — 515-120t days.

The thyroid gland with the tracheal area was
removed on the 21, 30t 45t 60t 90th, 120t
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 um 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
x 40 (number of cells per 40,000 wm?), followed
by calculation of the cell density per 1 mm?,

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-IgGk 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 vellow 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 21t 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 ofthe thyroid gland, which correlated
with the height of thyrocytes. On day 30t 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) um and 7.12 (5.69; 7.80) um,
respectively. On days 30-45% 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. /, 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. I, b).
Premarital (juvenile) period. On the 60t 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) um, 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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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 X 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

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) um?] 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 60 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 90-120t 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
1s converted into mature mRNA, from which
thyroid proteins, in particular thyroglobulin, are
translated [10]. Atthis 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) um, which was 1.4 times
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less than the control value. In the thyroid glands
of animals after 90t day of the postnatal period,
morphological changes occurred in all groups of
the experiment (fig. 2, b).
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a functional compensatory response of synthetic
and hormone-producing function, but suppression
of proliferative processes, despite the slight
manifestations. Morphogenesis of the thyroid
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Fig. 2. Histological structure and cytological profile of proliferative processes in the juvenile rat’s
thyroid gland: @ — immunohistochemical study with Fox-1 antibodies non-positive reaction in
thyrocytes of large size follicles, magnification X 400; 5 — 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

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

Cnucok Jiteparypu

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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O.B. ®eooceesa
OCOBEHHOCTH MPOJIMPEPATUBHEIX ITPOITECCOB B IIIUTOBATHOM KEJIE3E ITIOTOMKOB
KPBIC JHHUW BUCTAP ITOCJE BHY TPUY TPOBHOTI'O BO3IENCTBUA JEKCAMETA30OHA

Nzyuenst ocobeHHOCTH HPOonu()epaTUBHBIX HPOLIECCCOB B IIUTOBUIHOM XKEIIC3E IIOTOMKOB KPBIC JTMHHA
BucTap nocie BHY TpHy TPOOHOTO JSHCTBYS ACKCaMeTasoHa. JKUBOTHBIC OBLITH Pa3AS/ICHBI Ha TPY IPYIIIIBL:
I — marakTHBIC KpBHICHL, I — KOHTPOIEL — KUBOTHBIC, KOTOPBIM Ha 18-¢ CyTkM OEpeMEHHOCTH YPECKOMKHO,
TPaHCACPMATBHO, TIOAKOKHO B MCIKIIOMATOYHY0 o0macTs o 0,9 % dusmomoruieckuit pacTeop B
xoimuectse 0,05 mi; I — ocHOBHAA TpymIa — JKUBOTHBIC, KOTOPBIM MPU J1AMapOTOMUM BHY TPHMATOYHO,
YPECKOMKHO TIOAKOKHO B MEKITOTIATOYHYIO 00IacTh BBOIWIN PACTBOP AckcameTazoHa B mo3e 0,05 mm B
passeacuuu 1:40 va 18- ners 6epemennocTu (mareut Yrpausst Ne 112288). VeraHoBneHo, 4TO LIMTOBUA-
HAs JKEJIC3a KPBIC MH(DAHTHIHHOTO MCPHOA XKU3HU, KOTOPHIC MPCHATAIBHO ITOABEPIIIUCH BO3ICHCTBHIO
JCKCaMETa30Ha, CTPYKTYPHO MPSACTABICHA Xa0TUMHO PACIIONOKCHHBIMU (DOJLTHKYIAMH PA3HOTO TUAMCT-
pa ¢ MPESBATMPOBAHKMEM KPYIHBIX ¢ ICCKBAMUPOBAHHBIMU KIICTKAMH B IPOCBETE M MPOITH(EPATUBHBIMU
M3MCHCHISIMU, HAIPABICHHBIMY HA (DOPMHUPOBAHUE IKCTPA(OTUKYIIPHBIX CKOTUICHHH C IO CIICAYFOILIAM
(hopMupoBaHHEM MUKPO(DOIUTUKYIOB, YTO MOATBSPIKACHO UMMY HOTUCTOXUMUMCCKH HamuareM Ki-67-mo-
JIOKUTCIIBHBIX KICTOK. BHY TPHUKIICTOUHO MPOTHU(PESPUPYIOT M OCTIOK-CUHTE3UPY FOLIHC OPTAHCILTBI THPOLH-
TOB, Ha YTO UMCCTCS SIPKasl LIMTOTUIa3MaTHUCCKas U siaepHast peakums ¢ Fox-1 anrurenamu. B TeucHue
FOBCHUJTLHOTO TIEPHO/Ia MPOTU(PESPATUBHBIC MIPOLICCCHI B IIUTOBUIHOMN XKEIC3¢ JKUBOTHBIX IKCTICPUMCH-
TaJbHOM IPYTIIbI CTAOHITH3HUPYFOTCS C COXPAHEHHEM MOP(DOIOTHYECKOTO CTPOCHI MO THITO Py HKIMOHA b~
HOMY THITy ¥ OCTArOTCS HIDKE, YEM Y JKUBOTHBIX M3 TPYTIHI KOHTPOIIS M MHTAKTHBIX.

Knroueevie cnosa: wumosuonas sncenesa, nponugepayus, OeKCcamemasot, SKCRePUMeHm, KpolCol.

O.B. ®eooceesa
OCOBJIMBOCTI ITPOJII®EPATUBHUX MPOLIECIB Y IIIATOIIOAIBHII 3AJTO31 HAILIAJIKIB II[YPIB
JIHTI BICTAP HICJIA BHYTPIIITHHOY TPOBHOT O BILJINBY TEKCAMETA3OHY

Busuero 0cobmuBOCTI MpomidieparuBHIX MPOLICCIB Y IIATOTIOAIOHIH 3a71031 HAIAAKIB Iy pis mHii Bictap
TICIIsI BHY TPIHBOY TPOOHOT i AekcameTasoHy. TBapuH Oyio po3oauIcHo Ha TpU rpy I | — IHTakTHI uypwu;
Il — xouTpOIB — TBapHHHY, siKUM Ha 18-Ty 70OV BArITHOCTI YSPEIMKIPHO, TPAHCASPMAIHLHO, [l JIIKIPHO B
MDKJTOTIATKOBY IULTHKY BBOMuH 0,9 % (piziomoriunmii posuun y kutbkocTi 0,035 mut; 11 — ocHoBHa rpyma —
TBaPHUHM, SIKUM TIPH JTAITAPOTOMIT BHY TPILIHBOMATKOBO, YCPE3IILUKIPHO T JIIKIPHO B MDKJIOTIATKOBY JUITHKY
BBOJWIIA PO34MH AekcaMerasony B 1031 0,05 st y possenenni 1:40 Ha 18- meHp BariTHOCTI (ATCHT
VYipaiau Ne 112288). VYeraHosmeHo, mio murornoqi0Ha 3a103a Iy piB 1H()aHTHIEHOTO HEPIOLY JKHUTTS, SIK1
TPESHATATLHO 3a3HATA 11 ACKCaMETa30Hy, CTPYKTYPHO IIPEACTABICHA Xa0THYHO PO3TANIOBAHUMH (DOIKY -
JIaMM PI3HOTO JlaMeTpa 3 TPEBATFOBAHHAM BETHKHX 13 JCCKBAMOBAHMMH KITITHHAMU Y TIPOCBITI Ta mpoJtide-
PaTHBHHUMM 3MIHAMH, HATIPABIICHUMH Ha (DOPMY BaHHA EKCTPaOTIKYIAPHUX CKYITUCHE 13 TTOAaIBIINM (hop-
MyYBaHHIM MIKPO(OITIKYITIB, L0 IT ATBSPHKCHO IMYHOTICTOXIMIMHO HaBHICTTIO Ki-07-II03UTHBHUX KITITHH.
BHy TpimHBOKTITHHHO TIPOTIEPYIOTH 1 OUTOK-CHHTE3Y 01 OPTaHCIM TUPOLIUTIB, Ha IO € HASIBHA SICKPaBa
LMTOIUIa3MATHYHA 1 siaepHa peakiii 3 Fox-1 anrurimamu. [IpoTsarom 10BeHUIBHOTO TIEpio Ay TpoidepaTrsl
TIPOLICCH B IIIMTOTIOXIOHIH 321031 TBAPUH CKCTICPUMEHTAIBHOT TPYITH CTaOLTI3YFOTHCA 31 30SPEKESHHIM MOP-
(homoriuHo1 OymoBH 3a TIMO(YHKINIOHAIBHNM THUIIOM Ta 3aTMIIAI0THCA HIKIUMHU, HIK Y TBAPHH 13 TPYITH
KOHTPOITIO Ta IHTAKTHMX.

Knrouosi croea: wumonodibna 3anosa, nponigepayis, OexcamemasoH, excnepumenm, uypu.
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