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ABSTRACT

Purpose of the study. Was to analyze changes in pathophysiological parameters of transplantable tumor growth and functional
activity of the hypothalamic-pituitary-thyroid axis (HPT) in rats of both sexes with Guerin's carcinoma in presence of induced
hypothyroidism.

Materials and methods. The dynamics of tumor growth and average life span were assessed in white alley rats of both
sexes with Guerins carcinoma transplanted subcutaneously on the background of thyreostatic induced hypothyroidism. RIA
(radioimmune assay) and ELISA (enzyme-linked immunosorbent assay) methods were used to determine levels of thyroid
hormones in the blood and thyroid and tumor samples, and thyrotropin-releasing hormone (TRH) in the hypothalamus, as well
as TSH in the pituitary gland. The experiment included 2 control groups: animals of both sexes with hypothyroidism (control
group 1, number of rodents = 15) and animals with subcutaneously transplanted Guerin's carcinoma without hypothyroidism
(control group 2, number of rodents = 15).

Results. Hypothyroidism in female rats inhibited the tumor growth and improved median survival by 1.8 times (p < 0.05). No
such effect was observed in males of the main group. Levels of regulatory peptides of the hypothalamus and pituitary gland
declined in females of the main group, while levels of TSH in the pituitary gland in males increased, despite a decrease in TRH
by 3.5 times. TSH levels decreased in the thyroid and blood of animals of both sexes; however, a decrease in levels of total
and free circulating thyroxine (T4 and FT4) by 1.6 times and by 2.8 times was found in the tumor, respectively; samples of
Guerin's carcinoma in males of the main group remained saturated with T4 and FT4 as well as and in control group rodents
without induced hypothyroidism.

Conclusions. The gender differences in the pathophysiology of the tumor development in presence of hypothyroidism, as well
as changes in the functional activity of the HPT axis in experimental animals revealed in this study can probably be associated
with sex hormones, which requires further study of the hypothalamic-pituitary-gonadal (HPG) axis and steroid hormones in
peripheral organs and tumor samples.
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PE3IOME

Llenb uccneposanus. N3yyeHve nsmeHeHns natoGmanmonornyeckmx napameTpoB pocTa NepeBnBHON ONYXoNn U GyHKLMN-
OHasIbHOM aKTUBHOCTU rMnoTanamMo-runopusapHo-TupeouaHoii ocu (I T) y Kpbic 060ero nona ¢ KapuuHomoi lepeHa Ha
(hoHe MHAYLMPOBAHHOIO rmnoTupeosa.

Matepuanbi n MmeToapl. Y 6enbix 6ecnopofHbIX KpbiC 060ero nona ¢ NoAKOXHO NepeBuTon KapunHomon lepeHa Ha hoHe
WHAYLMPOBaHHOIO TUPEOCTaTUKOM rMnoTUpeo3a (OCHOBHas rpynna) usydany AMHamMuKy pocTa onyxosu U CPEeAHHO NPoAoST-
YKWUTENIbHOCTb XU3HU, PaAUOUMMYHHbBIM Y UMMyHOGbepMeHTHbIM MeTofaMu (PUA 1 MDA) onpepensnv cogepxxaHue TUpeo-
WIHbIX FOPMOHOB B KPOBMW, LUWTOBUAHOW Xenese 1 B 06pasLiax onyxosin, TMpeoTPONHOro PUIM3NHE rOPMOHa B rurnoTtanamyce
1 TUPEOTPONHoro ropMoHa (TTI) B runoduse. B akcnepuMeHTe UCNONb30Banu 2 KOHTPOSIbHbIE rPynrbl: XXMBOTHbIE 060€ero
rofia ¢ rMnoTMpeo3oM — KOHTponbHas rpynna N2 1 (1o 15 >XMBOTHbIX) M KOHTpoJIbHast rpynna N2 2 — caMocToATeNbHbI pocT
OMyX0NIM — MOAKOXHas NepeBMBKa KapLMHOMbI FepeHa (Mo 15 XXMBOTHbIX).

PesynbraTtbl. Y CaMOK KpbIC rMMNOTUPEO3 Bbi3Ban TOPMOXKEHNE pOCTa NEPEBUBHOM OMYXONN U YBEIMYEHNE CPefHEN NPO-
LOJIKNUTENbHOCTM Xn3HM B 1,8 pa3sa (p < 0,05). Y caMLiOB OCHOBHOI rpynnbl NOAo6HOro athdekTa He Habnoganu. Y camok
OCHOBHOW rpynrbl YCTAHOBJIEHO CHUXEHWEe YPOBHSA PeryiaTopHbIX NenTUAOB rnoTanamyca n runodusa, Torga Kak y caMmuoB
ypoBeHb TTI B runoguse noBbilwanca HECMOTPS Ha CHUxXeHue Tl-punuanHra B 3,5 pasa. B WUTOBMAHON Xenese U KpoBu
Y )XMBOTHbIX 060€ro noJsia yCTaHOBNIEHO CHMXeHMe coaepxanus T, ofHaKo B OMyXOnn YCTaHOBIEHO NajeHne YPoBHSA 06-
Lero u cBo6o4HOro TMpokcuHa (T4 n FT4) B 1,6 pasa 1 B 2,8 pasa COOTBETCTBEHHO, 06pasLibl KapLMHOMbI [epeHa y caMLoB
OCHOBHOW rpynnbl OCTaBaaUCh HacbIWeHHbIMU T4 n FT4 Takxe, Kak 1 B KOHTPOJIbHOM, Y XXMBOTHbIX 6€3 HAYLMPOBAHHOIO
rmnoTmpeosa.

3aksoyeHne. BbisiBNieHHble B HACTOALLEM UCCNE[0BaHNM MONOBbIE Pa3INynA B NaToPr3M0N0rnm Te4eHns 310KaYecTBeH-
HOro npotecca Ha GoHe rmnoTUPeosa, a TakXKe U3MeHeHUs! PYHKLMOHANbHON akTUBHOCTM [T OCK Y 9KCNepUMEHTasbHbIX
YXMBOTHbIX, BEPOSITHO, MOTYT 6bITb CBA3aHbI C MO/I0BLIMU FOPMOHAMW, YTO TpebyeT AanbHENLLIEro UCCef0BaHMs TMnoTanamo-
runodusapHo-roHagHo (M) ocy 1 NokasaTeneit CTePOUIHbLIX FOPMOHOB B NEpUdEpUYECKUX opraHax 1 o6pasLax onyxosu.
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INTRODUCTION

Thyroid hormones (TH) are one of the factors that
have the greatest impact on the human body, and play
a key regulatory role in many physiological processes,
including cell growth, differentiation and metabo-
lism [1; 2]. The synthesis and release of TH is strictly
controlled by the hypothalamus- pituitary-thyroid axis
(HPT axis). In response to various physiological and
environmental stimuli, the neurons of the small-cell
paraventricular nucleus secrete thyrotropin-releasing
hormone (TG-releasing), which stimulates the ante-
rior pituitary gland to produce thyroid-stimulating
hormone (TSH). TSH, in turn, regulates all stages of
growth and thyroid function. On the other hand, the
products of TG-releasing and TTHare subjected to
negative control with the help of TH [2].

The thyroid gland produces two main hormones:
L-thyroxine (T4) and L-triiodothyronine (T3). T4 is
the predominant form (more than 80 %) secreted by
the gland and circulating, while T3 is considered the
most active form because it binds with a much higher
affinity with nuclear receptors [2; 3]. Free triiodothy-
ronine and consolidated thyroxine (FT3 and FT4) en-
ter cells through transmembrane carrier proteins and
the most well-known mechanisms of their action are
based on the regulation of transcription mediated by
nuclear receptors. However, some cellular activities
are initiated by THon the plasma membrane and are
designated as "non-genomic" [2].

The HPT axis interacts with other regulatory
axes — hypothalamic-pituitary-gonadal and adrenal.
Thus, TG-releasing hormone of the hypothalamus
is able to stimulate the release of prolactin, and TH
hormones are able to regulate the mammotropic
effects of prolactin and affect the metabolism of
sex steroids [4], on the other hand, the activity of
deiodinases is under the endocrine influence of sex
steroids and prolactin [5].

Hypothyroidism refers to a pathological condition
of thyroid hormone deficiency. The lack of adequate
therapy can lead to serious adverse health conse-
quences and, ultimately, to death [6]. Hypothyroidism
is a common disease affecting about 5 % of the pop-
ulation, and is more common in women [7].

Due to the pleiotropic effect of thyroid hormones,
hypothyroidism can also affect the course of other
diseases. The mechanism of the relationship be-
tween thyroid dysfunction of both hypo- and hyper-
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thyroidism and the risk of cancer remains unclear,
and the data of epidemiological and experimental
studies are quite contradictory [8; 9]. Some studies
have found that women with hypothyroidism are
at a higher risk of breast cancer than women with-
out hypothyroidism, and taking levothyroxine may
reduce the risk of breast cancer in women with hy-
pothyroidism [10]. Other studies have reported that
higher levels of TSH in the blood, as a biomarker
of hypothyroidism, are associated with a reduced
risk of breast cancer [11]. While Khan S. R. et al.
In his studies, he did not reveal a link between hy-
pothyroidism and breast cancer (BC) [12]. Wang
Y. et al. It has been reported that high serum TSH
levels improve the results of treatment of head and
neck cancer, glioma and breast cancer, but are as-
sociated with poor results of treatment of renal cell
carcinoma [13].

At the same time, experimental data have shown
that T4 and T3 have proliferative and anti-apoptotic
effects on breast cancer tumor cells, regulating
gene expression and stimulating estrogen-like ef-
fects [9; 14]. The role of TH in the pathophysiolog-
ical mechanism of proliferation and differentiation
in malignant tumor cells remains controversial,
however, it is known that their elevated level may
correlate with a worse prognosis of the course of
the disease [15].

The increased risk of malignant neoplasms of
various localizations under the influence of taking
thyroid hormones for the treatment of hypothyroidism
can be explained by the fact that TH increases the
activation of mitochondrial function responsible for
the overproduction of ROS. An increased level of ROS
may be associated with increased oxidative stress
in the body and the further development of cancer.
Previous studies have shown that oxidative stress
can disrupt cell function and, consequently, leads
to a number of chronic disease conditions, including
cancer and autoimmune diseases [16].

However, since the mechanisms explaining the link
between thyroid dysfunction and cancer risk have not
been fully determined, a new approach is needed to
further study the causal relationship between them.
An experimental animal model, taking into account
gender, may be the best option for determining a pos-
sible biological mechanism.

The purpose of the study was to study changes in
the pathophysiological parameters of the growth of
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the transplant tumor and the functional activity of the
hypothalamic-pituitary-thyroid axis (HPT) in rats of
both sexes with Guerin carcinoma on the background
of induced hypothyroidism.

MATERIALS AND METHODS

The experiment was performed on white mon-
grel rats of both sexes weighing 150-180 g. The
animals were obtained from the Research Center
for Biomedical Technologies of the FMBA (Andreev-
ka branch, Moscow region). Laboratory animals
were kept under natural lighting conditions with
free access to water and food. Work with animals
was carried out in accordance with the rules of the
"European Convention for the Protection of Ver-
tebrate Animals used for Experimental and other
Scientific Purposes” (Directive 2010/63/EU), as well
as in accordance with the "International Recommen-
dations on conducting Biomedical research using
animals" and the order of the Ministry of Health of
the Russian Federation dated June 19, 2003 No. 267
"On approval of the rules of laboratory practices".
Manipulations with animals were performed in the
box in compliance with the generally accepted rules
of asepsis and antiseptics.

The study used a culture of Guerin's carcinoma
obtained from the N. N. Blokhin National Medical
Research Centre of Oncology. The material for
transplantation was obtained from donor rats on
the 12th-16th day of tumor growth. Transplantation
of Guerin's carcinoma to animals was carried out by
standard injection of 0.5ml tumor suspension under
the skin of the right scapula in proportions of 1:10
in saline solution.

White mongrel rats of both sexes for 30 days re-
ceived the pharmacopoeial thyrostatic drug merca-
zolil (Akrikhin Russia) (active ingredient Thiamazole)
at a daily dose of 2.5 mg/100 g of weight (the total
dose was 75 mg/100 g of weight). The animals did
not refuse to eat, gained weight, deterioration of the
appearance of the skin and hair, lethargy and drows-
iness were registered. Hypothyroidism in animals
was confirmed by determining the serum content of
total thyroxine and thyroid-stimulating hormone by
radioimmune assay (RIA) using standard kits (Im-
munotech, Czech Republic) after 30 days of taking
thyrostatica. Animals of each sex were divided into
the following groups:

C KapuuHoMoit FepeHa Ha oHe runoTupeosa

The main group, after receiving persistent hypothy-
roidism to study its effect on the growth of malignant
tumors, groups of animals of both sexes (15 females
and 15 males) were subcutaneously transplanted
with Guerin's carcinoma

Control group No. 1 animals of both sexes with
hypothyroidism (n = 15 females and n = 15 males

Control group No. 2 animals of both sizes (n =15
females and n = 15 males) with subcutaneous graft-
ing of Guerin's carcinoma in the same dose and vol-
ume as in animals from the main groups.

Intact animals of both sexes (10 pieces each).

Animals with tumor growth — control group No. 2
and the main group were decapitated after 14 days
of growth of Guerin's carcinoma. Animals of control
group No. 1 and intact rats were decapitated at the
same time as the main group. In the blood and 10 %
of tumor homogenates, perifocal zone, thyroid gland
and 1 % of pituitary homogenates, the level of thyroid
hormones and TSH was determined using standard
kits, in 1 % of hypothalamus homogenates, the level
of TG-releasing was determined by the enzyme im-
munoassay (ELISA) method.

In addition, in 60 rats of both sexes (15 animals
each), the dynamics of tumor growth and average life
expectancy were studied with the growth of Guerin's
carcinoma in its own variant and against the back-
ground of induced hypothyroidism.

Statistical analysis of the results was carried out
using the Statistica 10.0 software package. The data
obtained were analyzed for compliance with the nor-
mal distribution law using the Shapiro-Wilk criterion
(for small samples). Quantitative data in the groups
were compared using the Student and Mann-Whit-
ney t-test. The data of the tables are presented in
the form of M + m, where M is the arithmetic mean,
m is the standard error of the mean, p < 0.05 was
taken as the level of statistical significance. The
obtained results were statistically processed in
compliance with the general recommendations for
medical research.

RESEARCH RESULTS

The features of tumor growth during standard
grafting of Guerin's carcinoma and grafting on the
background of hypothyroidism in rats of both sexes
are presented in Tables 1 and 2. Subcutaneous tumor
in female rats of the main group started being deter-
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mined 4 days after grafting, the tumor was grafted  detected after 4 days, the transferability was 100 %.
in 80 % of females, whereas in 20 % of female rats  In the females of the main group, at all stages of
with hypothyroidism, Guerin's carcinoma did not re-  tumor measurement, the average volume was less
produce. In the control group, the tumor was also  than in the control group: 1.3 times after 4 days, 1.4

Table 1. Dynamics of tumor growth and survival in female rats with Guerin's carcinoma

Main group Control group

Study timeline Hypothyroidism + Guerin's carcinoma Guerin’s carcinoma

(Tumor V, cm?3) (Tumor V, cm?)
4 days 0.12+0.01" 0.16 £ 0.06
7 days 2.28 £ 0.53 3.18+0.33
10 days 13.214£0.93" 18.40 £ 2.42
14 days 27.28 £1.62" 4476 + 3.98
18 days 55.94+ 54" 70.30+4.78
21 days 75.73 £ 6.88" 107.96 +9.01
Baldness on the skin appearance From day 11 Not detected
Necrotic areas appeared on the skin Not detected From day 14
Average life span (days) 29.3+1.2" 18.2+1.4
First lethal outcome in group Day 24 Day 13
Last lethal outcome in group Day 33 Day 26

Note: 1 - statistically significant differences compared to the indicators in animals of the control group p < 0.05

Table 2. Dynamics of tumor growth and survival in male rats with Guerin's carcinoma on the background of hypothyroidism

Main group Control group

Study timeline Hypothyroidism + Guerin’'s carcinoma Guerin’s carcinoma

(Tumor V, cm?) (Tumor V, cm?3)
4 days 0.04 £ 0.004" 0.50 £ 0.04
7 days 0.5 +0.002 3.82+0.27
10 days 7.94 £ 0.80 14.74+1.15
14 days 15.61 £ 1.40 40.68 + 3.81
18 days 4490+3.74 52.84+5.48
21 days 72.93+7.09 77.50 £ 6.25
Necrotic areas appeared on the skin Not detected From day 7
Average life span (days) 23.7+2.1 20.0+1.3
First lethal outcome in group Day 20 Day 14
Last lethal outcome in group Day 25 Day 24

Note: 1 - statistically significant differences compared to the indicators in animals of the control group p < 0.05.
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times after 7 and 10 days, 1.5 times after 14 days,
1.3 times after 18 days and 1.4 times after 21 days
(p < 0.05). At the same time, the survival rate of fe-
male rats of the main group was 1.6 times (p < 0.05)
higher compared to rats of the control group. The
first death of animals of the main group occurred
24 days later, 11 days later, compared with the first
death of animals in the control group.

The study of the growth dynamics of Guerin's
transfused carcinoma against the background of
hypothyroidism in male rats is presented in Table 2.
Subcutaneous tumor in male rats of the main group
and control group in 100 % of cases began to be
determined 4 days after the transfusion. In males
of the main group, compared with the indicators in
control animals, the average tumor volume at the
stages of the experiment from day 4 to 14 was less:
after 4 days by 13.3 times, after 7 days by 7.5 times,
after 10 days by 1.9 times, after 14 days by 2.6 times
(p < 0.05). However, after 18 days and after 21 days,
there were no significant differences in tumor vol-
umes. The average life expectancy of the animals
had no significant differences compared to those of
the males of the control group.

Taking into account the sex differences in the
effect of hypothyroidism on the growth of Guerin's

C KapuuHoMoit FepeHa Ha oHe runoTupeosa

transfused carcinoma, we further conducted studies
of the level of TH, as well as the main regulators of
the HPT axis in blood and tissues. Indicators of the
content of TH and TSH in the blood of rats of control
and main groups are presented in Table 3.

It was found that in female and male rats with
induced hypothyroidism (control group 1), the blood
level of total T4 was lower than in intact animals by
7.3 times and 2 times, respectively, and TSH was
increased by 1.6 times and 1.5 times. In addition, the
level of total T3 was reduced by 1.3 times in male
rats. At the same time, we have not established
a change in the blood content of free forms of thy-
roid hormones in animals of both sexes.

It turned out that the growth of Guerin's carcinoma
(control group 2 animals) also affected the content
of thyroid hormones in the blood. Thus, in female rats
with tumor growth, compared with the indicators in in-
tact animals, the level of not only total T4 decreased by
2.0 times, but also free forms of thyroxine and triiodo-
thyronine (FT4 and FT3) by an average of 1.4 times,
despite the 1.6-fold increased content of total T3 and
the absence of changes in the concentration of TSH.

In males of control group 2, a decrease in both
general forms of TG was found: T4 by 4.7 times, T3
by 2.8 times, but also free forms — FT4 by 2 times

Table 3. The level of serum thyroid hormones in rats of both sexes

Mpynnbl FT4 pMol/L FT3 pMol/L T4 pMol/L T3 pMol/L TTE mclU/ml
Female
Intact 15.73+0.37 5.85+0.14 61.29 +1.33 1.07 £0.06 0.085+0.0015
Control 1 19.35+1.20 5.82+0.17 8.45 1 0.28' 0.95+0.07 0.14 £ 0.006’
Control 2 11.25+0.14 417 +£0.11 28.12+0.79" 1.76 £ 0.08’ 0.07 + 0.004
Main group 8.85 1 0.34"23 3.5+0.1312 26.70 £ 0.92'2 0.55 £+ 0.02"23 0.07 £ 0.0032
Male
Intact 20.11 £ 0.90 5.83+0.30 75.77 £1.15 1.46 £ 0.07 0.083 +0.003
Control 1 17.18 +0.18 6.15+0.26 38.51 £ 0.70° 1.11 £ 0.06" 0.122 + 0.004"
Control 2 9.86 + 0.44'2 4.32+0.19"2 15.98 £+ 0.64'2 0.72£0.03'2 0.140 £ 0.005"
Main group 5.72+0.35"23 1.85+0.08"23 11.32+0.48"23 0.52+0.03"23 0.310 £0.0711"23

Note: significant differences compared to: 1 — with intact animals of the corresponding sex; 2 — with control group 1; 3 = with control

group 2 (p < 0.05).
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and FT3 by 1.3 times, against the background of an
increased level of TSH by 1.8 times.

In the females of the main group, the level of
common forms of thyroid hormones in the blood
was lower than in intact animals T4 2.3 times and
T3 1.9 times. The concentration of FT4 and FT3
was also 1.8 times and 1.7 times lower than normal,
respectively. At the same time, the T4 content was
3.2 times higher than in animals with independent
hypothyroidism, but had no significant differences
from the indicators in females in control 2, and the
T3 concentration was 1.7 times lower compared
to the indicators of control group 1 and 3.2 times
lower compared to control group 2. The level of FT4
in the blood of the females of the main group was
2.2 times lower than with hypothyroidism, and 1.3
times lower than with independent tumor growth,
while the concentration of FT3 in the blood was
1.7 times lower than with hypothyroidism and had
no significant differences from the indicators with
independent growth of Guerin's carcinoma. The
TSH level in the blood of the females of the main
group was 2 times lower than in animals with hy-
pothyroidism and did not differ from the indicators
in intact animals and animals with independent
tumor growth.

In males of the main group, the concentration of
T4 in the blood was 6.7 times lower than in intact
animals, compared with hypothyroidism by 3.4 times,
compared with independent tumor growth by 1.4
times. The T3 content was also lower compared to
the indicators: intact animals by 2.8 times; males
with hypothyroidism — by 2.1 times, with the level of
animals with tumor growth by 1.4 times. As for free

forms, their content in the blood of males of the main
group was lower than in intact animals and in control
groups No. 1T and No. 2: FT4 3.5 times, 3 times and
1.7 times, respectively, and FT3 3.2 times, 3.3 times
and 2.3 times, respectively. The TSH level in males
of the main group exceeded the indicators in intact
animals by 3.9 times, control 1 by 2.6 times, control
2 by 2.2 times.

Further, a study was conducted of the central links
of the regulation of the HPT axis, namely, the level
of TG-releasing in the hypothalamus and TSH in the
pituitary gland in animals of the main and control
groups (Table 4).

It was found that in female rats of both the main
and control groups No. 1 and No. 2, the content of
TG-releasing in the hypothalamus was lower than in
intact females by 2.9 times, 2.1 times and 2.2 times,
respectively. It should be noted that in animals of
control group 1, the concentration of TG-releasing
was lower than in the main and control group No.
2 by an average of 1.4 times. Only female rats of
the main group showed a decrease in the content
of TSH in the pituitary gland by an average of 1.4
times compared with the intact and control group
animals.

In male rats, the level of TG-releasing in the hy-
pothalamus was lower than normal, and TSH in the
pituitary gland was higher, only in animals with inde-
pendent hypothyroidism and combined with tumor
growth —in control group 1 and the main group — 2.2
times and 3.5 times, respectively, and 1.4 times and
1.2 times, respectively. With the independent growth
of Guerin's carcinoma, no significant differences in the
content of these regulatory peptides were revealed.

Table 4. The content of TSH-releasing hormone in the hypothalamus and TSH in the pituitary gland of rats with the growth of

Guerin's carcinoma on the background of hypothyroidism

Groups Female Male

Indicators TH-releasing, TSH pituitary TH-releasing, TSH pituitary
Hypothalamus (pg/gt) (mIU/gt) Hypothalamus (pg/gt) (mlU/gt)

Intact 42.57+2.24 0.28+0.015 30.7+1.78 0.25+0.015

Control 1 14.6 £ 0.56'"3 0.28 £0.019 14.2 £0.64'3 0.35+0.012'3

Control 2 20.5+1.21'2 0.29+0.017 36.1+1.222 0.27 £ 0.0162

Main 19.26 +£1.10"2 0.20 £ 0.01'23 8.7 £ 0.47'23 0.31 £ 0.026'

Note: significant differences compared to: 1 — with intact animals of the corresponding sex; 2 — with control group 1; 3 — with control

group 2 (p < 0.05).
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Table 5. Thyroid hormone and TSH levels in the thyroid gland in rats

Ipynnbi FT4 pM/gt FT3 pM/gt T4 pM/gt T3 pM/gt TTI mclU/gt
Female
Intact 37.52+2.17 4594 +1.68 29.50+0.97 3.59 £+ 0.11 1.97 £0.05
Control group 1 52.95+1.23" 91.86 £ 1.52 1.22 £0.05"3 0.07 £ 0.004"3 1.57 £0.07
Control grou 2 61.31 1 0.66' 119.61+12.18" 9.57 +0.51'2 1.43+0.06"2 1.63+0.058
Main group 31.90 £ 0.65'23 24.41 £ 0.62'2° 3.19+0.17"%3 0.72 £ 0.04'23 5.71+0.13'28
Male

Intact 23.66 + 0.49 21.79 £ 0.68 26.61 +1.06 5.37+0.28 0.26 £ 0.01
Control group 1 14.21 £+ 0.83'® 7.94 +0.33" 9.55+0.45"3 0.59 £ 0.03'3 1.43+0.05"®
Control grou 2 59.89 +1.14'2 9.03+0.37" 91.90 + 1.89'2 7.41 £0.36"2 0.20 + 0.07"2
Main group 7.99 £0.96"23 2.18 £ 0.14"23 9.19+0.23"3 1.21 £ 0.08"23 0.15+0.004"23

Note: significant differences compared to: 1 — with intact animals of the corresponding sex; 2 — with control group 1; 3 — with control

group 2 (p < 0.05).

Table 6. The level of thyroid hormones and TSH in the tumor and perifocal zone in rats with Guerin's carcinoma and
hypothyroidism+Guerin's carcinoma

Groups FT4 pM/gt FT3 pM/gt T4 pM/gt T3 pM/gt
Female
Control tumor 4.85+0.23 3.88+0.20 25.32+0.41 0.52 +0.02
Control group p/zone 3.12+0.16 1.18 £ 0.06 14.40 £ 0.29 0.48 £ 0.02
Main group tumor 1.73+0.03" 2.40 £ 0.077 16.11 £ 0.327 0.59 £+ 0.02
Main group p/zone 3.32+0.11 1.30 £0.07 20.91 £ 0.422 0.55+0.02
Male

Control tumor 1.47 £0.08 417 +0.14 23.83+0.69 0.53+0.03
Control group p/zone 4.57 +0.10 2.17 £ 0.055 19.61 +0.56 0.51 £ 0.01
Main group tumor 1.73+£0.06 3.12+0.13" 20.33+0.54 0.52+0.03
Main group p/zone 1.41 £ 0.042 0.27 £0.012 28.20 + 0.88? 0.52+0.24

Note: significant differences compared to: 1 — with the tumor of the control group of the corresponding sex; 2 — with the perifocal zone of the
control group of the corresponding sex (p < 0.05).
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Next, the level of thyroid hormones and TSH in
the peripheral organ - the thyroid gland was studied
(Table 5).

It was found that in female rats of the control and
main groups, a decrease in the level of T4 and T3
was found in the thyroid gland in varying degrees
of severity, against the background of normal TSH
content in the control groups and an increase of 2.9
times in the main group. The maximum decrease in
the level of common forms of T4 and T3 in the thyroid
gland — by 24.2 times and 51.3 times was found in
control group No. 1, in female rats of control group 2
and the main group, the level of T4 and T3 was lower
than the values of intact animals by 3.1 and 2.6 times
and by 9.5 and 5.1 times, respectively.

Concentrations of free forms FT4 and FT3 in the
thyroid gland in female rats of control group 1, de-
spite the low level of common forms, were increased
by 1.4 times and 2 times, respectively, compared with
intact animals. In control group No. 2, the level of
FT4 and FT3 in the thyroid gland was 1.6 times and
2.6 times higher than normal. In the main group, the
FT4 content had no significant differences from the
indicators in intact animals, and FT3 in the thyroid
gland of females was 1.9 times lower.

In male rats with hypothyroidism independent
and combined with tumor growth in the thyroid
gland, a reduced content of common and free
forms of thyroid hormones was also noted. Thus,
the level of T4 in males of control group 1 and the
main group was lower than in intact animals by
an average of 2.8 times, T3 by 8.5 times and 4.3
times, respectively; the concentration of FT4 is 1.7
times and 3 times lower, respectively, and FT3 by
2.7 times and 10.3 times, respectively. With the
independent growth of Guerin's carcinoma, on the
contrary, the level of T4 and T3 was 3.5 times and
1.4 times higher than normal, respectively, and FT4
2.5 times. Only the FT3 content in male rats with
tumor growth turned out to be 2.4 times lower than
in intact animals. In males with hypothyroidism,
the level of TSH in the thyroid gland was 5.4 times
higher than in intact animals, whereas in the main
group, the concentration of TSH, on the contrary,
was 1.7 times lower.

Next, the level of thyroid hormones in the tumor
and its perifocal zone was studied in animals with
independent growth of Guerin's carcinoma and com-
bined with hypothyroidism (Table 6).
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It was found that in the females of the main group
in the tumor, the level of total T4 was 1.6 times lower,
and FT4 was 2.8 times lower, and FT3 was 1.6 times
lower, compared with the samples of independently
growing Guerin carcinoma. At the same time, there
were no significant differences in the level of total
T3 in the control and main groups.

In the perifocal zone in the females of the main
group, only the level of T4 was 1.5 times higher than
in the animals of the control group, and the content of
T3, FT3 and FT4 had no significant differences from
the indicators in the perifocal zone of the females of
the control group.

In male rats of the main group, compared with the
control group, the content of T4, T3 and FT4 in the tu-
mor samples had no significant differences, and only
FT3 was reduced by 1.3 times. In the perifocal zone
in the males of the main group, the T4 level was 1.4
times higher, T3 had no significant differences from
the indicators in the control group, while FT4 was 2.7
times lower and FT3 was 8 times lower compared
to the control group.

DISCUSSION

Our studies have shown that the growth of subcu-
taneously transplanted Guerin's carcinoma against
the background of hypothyroidism had sexual speci-
ficity: in females, the tumor was transplanted only in
80 % of cases, there was inhibition of tumor growth,
the life expectancy of animals increased. In male
rats, Guerin's carcinoma was subcutaneously trans-
ferred, as in the control group in 100 % of cases,
some slowing of tumor growth was detected up to
14 days, but then the tumor volume increased, and
life expectancy did not have significant differenc-
es from the indicators in the males of the control
group. We assume that a significant increase in the
average life expectancy in female rats of the main
group compared with the control group may indicate
a decrease in the aggressiveness of the course of
the disease and be associated with a change in the
functional activity of the HPT axis, both central reg-
ulatory links and peripheral, as well as directly local
TG content in tumor samples. At the same time,
the main group of males is of particular interest, in
which, despite the presence of hypothyroidism, there
was no change in the average life expectancy of
animals. In connection with such sexual differences
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in the course of the malignant process against the
background of comorbid pathology, of course, first
of all it is worth paying attention to the differences
in the functioning of the HPT axis of animals of
control groups No. 1.

Experimental hypothyroidism induced in rats of
both sexes and confirmed by blood test results, with
elevated TSH levels and reduced T4, was also accom-
panied by a decrease in the hypothalamus content
of TG-releasing, without change in females, but an
increase in males in the pituitary gland of TSH. At
the same time, in the thyroid gland of animals of
both sexes, a decrease in general forms of TG and
free forms of TG was revealed only in males. That
is, we can note the sexual differences in the func-
tioning of the pituitary gland and thyroid gland in
response to the effects of thyrostatics. It is known
that hypothyroidism affects the female part of the
population to a greater extent [17], it is possible that
the experimental increase in the level of TSH in the
pituitary gland in males in response to low concentra-
tions of TG-releasing in the hypothalamus indicates
a greater resistance of the male body to the effects
of thyrostatics. Literature data indicate that central
hypothyroidism is quite rare and equally affects both
sexes, is more often associated with disorders of the
pituitary gland than with the hypothalamus, but often
includes both [18].

Since in our study it was found that in females,
unlike males, hypothyroidism had an inhibitory ef-
fect on the growth of subcutaneously transplanted
Guerin's carcinoma, in order to consider the possible
mechanisms of the sexual specificity of the func-
tioning of the HPT axis in animals with the growth
of a malignant tumor against the background of hy-
pothyroidism, it is of particular interest to analyze
how the independent growth of Guerin's carcinoma
affected the factors HPT axis.

Literature data indicate that under the influence of
many factors, including starvation, trauma, myocar-
dial infarction, infection, surgery, inflammation, etc.
in patients with normal thyroid function, a number of
thyroid hormone level disorders occur, a decrease
in TG levels is noted in the blood serum, without an
increase in TSH levels, aggravated with increasing
severity and duration of the disease. This condition
is called euthyroid weakness syndrome, euthyroid
disease syndrome or low3/low4 syndrome. At the
same time, a violation of thyroid hormone levels is

C KapuuHoMoit FepeHa Ha oHe runoTupeosa

secondary to various clinical diseases due to normal
primary thyroid function [19; 20].

At the same time, the functioning of the HPT
axis during the growth of malignant tumors has
its own characteristics. Patients with cancer of
various localizations are characterized by multidi-
rectional changes in thyroid hormones in the blood,
controlled or not controlled by TSH [21; 22]. The
specificity of changes in the thyroid hormonal back-
ground in cancer patients may also be associated
with the presence or absence of metastases [23]
or comorbid diseases [24]. In addition, experimen-
tal studies have shown that functional changes
in the HPT axis have sexual specificity. Thus, in
an experiment with transfused melanoma B16/
F10 mice of the C57BI6 line, deep thyroid hypo-
function with loss of pituitary control in males and
normal production of common forms of TG, with
a decrease in free forms of hormone in females,
was revealed [25-27].

In the present study, we found that in response to
the independent growth of the tumor, only female rats
in the hypothalamus had a reduced level of TG-re-
leasing, whereas in males it remained within the
normal range. At the same time, in animals of both
sexes, the content of TSH in the pituitary gland did
not change. That is, in this case, only females were
characterized by the involvement of the central link
of regulation in the change in the functional activity
of the HPT axis. As a result, in the thyroid gland of
female tumor carriers, a decrease in the level of com-
mon, but an increase in the content of free forms of
TG was revealed, whereas in males, on the contrary,
an increase in the general forms of TG and FT4, but
a decrease in FT3.

Despite the sex differences in the hormonal satu-
ration of the thyroid gland, in the blood of males with
Guerin's carcinoma, a decrease in the level of both gen-
eral and free forms of TG was revealed, accompanied
by a high content of TSH, which corresponds to clinical
hypothyroidism. In females with Guerin carcinoma
in the blood, against the background of normal TSH
content, low T4, FT4 and FT3 values were determined,
which corresponds to lowT3/lowT4 syndrome.

It is known that thyroid insufficiency syndrome is
associated with systemic changes in the immune
and endocrine systems. In the modern literature
it is reported that its specific mechanisms mainly
include changes in the metabolism of thyroid hor-
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mones, secretion of TSH, protein binding TG in serum,
transmembrane transport of thyroid hormones, nu-
clear receptors. Consequently, in low FT3 syndrome,
various factors lead to an abnormal response of the
body and disorders of metabolism, regulation, trans-
membrane transport and binding of thyroid hormone
receptors [20]. Most of the literature shows that the
hypothyroid state correlates with the severity of the
disease, and a decrease in FT3 levels can be used
as a prognostic marker of an unfavorable course of
the disease [28].

Thus, we found that the studied control groups -
hypothyroidism and the independent growth of
Guerin's carcinoma, had a sexual specificity of
changes in the activity of the HPT axis links. In
response to tumor growth, the level of TG-releas-
ing in the hypothalamus decreased only in female
rats, while hypothyroidism caused a decrease in
the content of the regulatory peptide in animals of
both sexes. Only in males, hypothyroidism caused
multidirectional changes in the level of regulatory
peptides in the hypothalamus and pituitary gland
(TG-releasing and TSH). Only in males, the growth
of Guerin's carcinoma caused the accumulation of
common forms of TG in the thyroid gland, against
the background of low blood content. Therefore,
of particular interest was the study of the growth
of a malignant tumor against the background of
hypothyroidism in animals of both sexes — the main
group of our study.

In the main group, the sex specificity of changes
in the activity of the HPT axis links was revealed,
which was probably one of the reasons for slowing
tumor growth only in females, unlike males, since it
is known that thyroid hormones play a key role in the
proliferation and differentiation of solid tumors [9].

In female rats of the main group, inhibition of the
growth of Guerin's carcinoma on the background of
hypothyroidism was revealed with a decrease in the
level of not only TG-releasing in the hypothalamus,
but also TSH in the pituitary gland against the back-
ground of low content of common forms of TG and
FT3 both in the peripheral organ and in the blood. It
should be noted that the content of TSH in the thy-
roid gland is sharply increased, but without entering
the blood.

In males of the main group, there was no inhibition
of tumor growth, similar to females, while in males,
against the background of a decrease in the level of
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TG-releasing in the hypothalamus, the level of TSH
in the pituitary gland even increased. Judging by the
indicators of TG and TSH in the blood of males of
the main group, thyroid dysfunction by the type of
hypothyroidism was aggravated, since the level of
TSH in the blood increased compared to the control
groups, and the content of TG decreased even more,
in addition, the thyroid gland had minimal, compared
with the control groups, indicators of free forms of
TG and reduced, as with independent hypothyroidism,
the level of T4.

There are experimental studies showing that
induced hypothyroidism in rats reduces the inci-
dence of breast cancer and tumor volume, and also
increases the latent period of tumor development,
but when these rats were treated with thyroxine, the
anti-cancer protective effects of hypothyroidism were
reversed [29].

We suggest that conflicting clinical data on the
role of thyroid dysfunction on the risk of cancer of
various localizations may be related to sexual speci-
ficity, as well as hormonal dependence of the tumor,
which may be determined by histological structure,
degree of differentiation, as well as polymorphism of
various genes and many other factors. In this regard,
the local saturation of thyroid hormones of the tumor
and its perifocal zone, depending on the state of the
HPT axis, is of interest.

In our study, it was found that in animals with inde-
pendent growth of Guerin's carcinoma in tumor sam-
ples, the content of T4, T3 and FT3 in females and
males was the same, and the average life expectancy
did not differ. At the same time, tumor samples in
males of the main group, with the growth of Guerin's
carcinoma on the background of hypothyroidism,
were also saturated with T4, T3 and FT4, as well as
samples of the control group, whereas in females
with Guerin's carcinoma on the background of hy-
pothyroidism, a decrease in the level of T4, FT4 and
FT3 was found in the tumor.

CONCLUSION

Thus, the sexual specificity of the development
of the malignant process against the background
of hypothyroidism was revealed, which manifested
itself in the following: in female non-linear white rats
with hypothyroidism, the increase in the volume of
tumor nodes of Guerin's carcinoma, transplanted
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subcutaneously, developed more slowly than in the
control group, and the life expectancy of the animals
was 1.6 times longer. In males of non-linear white
rats with hypothyroidism, the increase in the volume
of tumor nodes of Guerin's carcinoma, transplanted
subcutaneously, did not develop evenly, in terms of
up to 14 days slower, but then did not differ from the
indicators of the control groups, while the life expec-

C KapuuHoMoit FepeHa Ha oHe runoTupeosa

tancy did not have significant differences. The sex dif-
ferences revealed in this study during the malignant
process against the background of hypothyroidism,
as well as changes in the functional activity of the
HPT axis in experimental animals, can probably be
associated with sex hormones, which requires further
investigation of the HPT axis and indicators of steroid
hormones in peripheral organs and tumor samples.
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