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Abstract. Introduction. The prevalence of thyroid pathology, along with the increasing incidence of hepatobiliary diseases,
necessitates studying the influence of thyroid status on the “natural history” of liver disease development. Objective.
To evaluate the morphofunctional state of the liver in rats with drug-induced hypo- and hyperthyroidism using a model of
chronic fatty hepatosis. Materials and methods. Models of hyperthyroidism (I) and hypothyroidism (1l) were reproduced.
Animals in the experimental groups received 15 and 30% fructose solutions instead of drinking water. Decapitation was
performed after 45 days. Liver fragments were fixed in 10% neutral formalin for 24 hours. Sections with a thickness of 3—
4 um were prepared and subjected to histological examination. Results. The vascularization index was highest in group |
with a 15% fructose load. Liver sinusoids occupied the maximum area relative to the area of the liver tissue image. With a
30% fructose load against a background of hypo- and hyperthyroidism, the lumen of the sinusoids appeared narrowed. The
relative content of connective tissue in the liver parenchyma of the experimental groups did not statistically significantly depend
on the thyroid status and the level of fructose load. The inflammatory activity index averaged 5-6 points in all experimental
groups. Condition | influenced the volume of infiltration by neutrophils, while dystrophic changes in hepatocytes were more
dependent on the level of fructose load. Pronounced granular dystrophy of hepatocytes was revealed in all experimental
groups, as well as a decrease in glycogen stores. In group 1, already at a 15% fructose load, individual cells were in a state
of ballooning degeneration. With a twofold increase in fructose consumption, discomplexation of hepatic plates, granular
protein structures, and significant lipid accumulation in the cytoplasm of hepatocytes were observed in groups | and Il.
Conclusions. A high level of thyroid hormones significantly affects the indicators of inflammatory and proliferative activity
of liver tissue. A low level of thyroid hormones affects the severity of dystrophic changes in hepatocytes. With an increase
in fructose load, both with hypo- and hyperthyroidism, hepatocytes undergo intense dystrophic changes.

Keywords: non-alcoholic fatty liver disease, thyroid status, rats

MOP®O®PYHKLIUOHANIBHOE COCTOAHUE NEYEHU KPbIC
MPU MOOEJIMPOBAHUN XXUPOBOI'O M'EMATO3A

U UISMEHEHHOM TUPEOMHOM CTATYCE

© AnbbuHa AnekcanaposHa KoHapaTteHko', Hatanbs OmutpuesHa Mpoxoposa’,

Anekcanap AnekcaHaposuy Munuerko', AHToH MBaHosuy Monockos!, Hukonait Ceproesuy [lefanniusuni?,
CapHr CaHanosuuy MMopeees?, PycnaH VBaHoBuY MyLuakos'

& POCCHIICKHE BHOMETIIMHCKIE HCCTEIOBAHMA  TOM 9 N3 2024 ¢ISSN 2658-6576




6 ORIGINAL PAPERS

1 BoeHHo-MeguuLmHckas akagemus um. C.M. Kuposa. 194044, r. CaHkT-MetepGypr, yn. Akagemuka Nebesesa, 6
2 CaHkT-TMeTepbyprekuil rocyaapcTBEHHbI NeauaTpuieckuii MeanuumuHckui yuusepceutet. 194100, r. CaHkT-MetepBypr, yn. JluTosckast, 2

KoHTakTHas nndopmaums: PycnaH MeBaHoBuy MyLlwakos — 4.M.H., AOLEHT Kadeapbl hapMakonor ¢ Kypcom KIMHNYECKon hapmMakonorum
ncapmakoakoHomuku Cr6ITIMY, HavanbHyk 0TAENa MeanKo-01ONornyecknx NCCnesoBaHNIA HayYHO-UCCe[oBaTeNbCkoro LyeHTpa BMenA
nm. C.M. Kuposa. E-mail: glushakoffruslan@yandex.ru  ORCID: https://orcid.org/0000-0002-0161-5977 SPIN: 6860-8990

Ans yumuposaHus: Kongpaterko A.A., Mpoxoposa H.[., MunyeHko A.A., Monockos A.W., Oegannwsunu H.C., Mopsees C.C., Mywakos P./.
MopdodyHKLMOHaNbHOE COCTOSHWE NEYEHN KPbIC NPU MOAENMPOBaHUN XWUPOBOTO renatosa U M3MEHEHHOM TUpeonaHoOM cTaTtyce // Poccuitckue
6nomeanumHckne uccneposanmus. 2024. T. 9. Ne 3. C. 5-14. DOI: https://doi.org/10.56871/RBR.2024.58.48.001

MocTtynuna: 20.06.2024

OpoGpeHa: 29.07.2024

MpwnsTa k nevatu: 16.09.2024

Pe3tome. BeedeHue. PacnpocTpaHeHHOCTb TUPEOUAHOW NaTONOrMN HapsiAy C NOBbIWEHWeM UHUMAEHTHOCTH 6o-
nesHei renatobunmapHon cuctembl onpegenseT HeobxoaAMMOCTb U3YYEHNUS BIIMSAHUSA TUPEOMAHOrO cTaTyca Ha
«EeCTECTBEHHYI0 UCTOPUIOY pa3BuTUS 3aboneBaHuin neveHn. Leab — oueHnTb MOPGOMYHKLMOHANBHOE COCTOAHME
neyeHn KpbIC NPy MEANKAMEHTO3HO WHAYLMPOBAHHOM F1NO- U TMNEPTUPEO3e Ha MOLENN XPOHUYECKOTO XMUPOBOTO
renato3a. Mamepuanb! u Memodbl. BocnpousseaeHsl mogenu runeptupeosa (I) v runotupeosa (I1). X)KnBoTHbie
aKCnepuMeHTanbHbIX rpynn (KpbiChl) BMECTO NUTbEBON BoAbl nonyyanu 15 n 30% pactBop ¢pykTo3bl. Yepes 45 cyTok
ocyLlecTBnAnNM aekanutauuno. ®parmeHTsl neveHn dukerposanu B 10% HeilTpanbHOM hopManvHe B TeYeHue 24 4.
W3rotaBnmBanu cpe3bl TONLWWMHON 3—4 MKM 1 NPOBOAMUIMN MUCTONOMMYECKYI0 OLEHKY. Pesynbmambl. IHgekc Backyns-
pusaunn uven Hanbonbluve 3HaveHns npu cocTosiHum | ¢ 15% dpykTO3HOM Harpy3koin. CUHYCOMAbI NEYEHN 3aHUManu
MakcuMarnbHyt Nnowaab OTHOCUTENBHO NNOWAAN CHAMKa TkaHW nevenu. Mpu 30% hpyKTO3HOM Harpy3ke Ha hoHe
rMno- 1 rMnepTMpeo3a NpoCcBET CUHYCOMAOB BbIMAAEN CyXeHHbIM. OTHOCUTENbHOE COAEp)KaHNe COeANHNTENbHOM
TKaHW B NapeHXnMe NeyveHm OnbITHbIX FPYNn CTaTUCTUYECKN 3HAYNMO HE 3aBICENO OT TUPEOMAHOrO CTaTyca U YpOBHS
(hpYKTO3HOW Harpy3ku. MIHAEKC BocnanuTenbHON akTMBHOCTYU B CPEAHEM COCTaBun 5—6 6annoB BO BCEX OMbITHBIX
rpynnax. CoctosiHue | BNNANO Ha 06bem HUNBTPALMM HENTPOPUIBHBIMI NeNKoLMTaMu, B TO BPEMS Kak AUCTPO-
(huyeckmne N3MeHEHNS B renaToLuTax cuilbHee 3aBUCENMN OT YPOBHS Harpy3ku pykTo30i1. BbisBNEHbI BbipaxeHHas
3epHucTas AUCTpodus renatoLMToOB BO BCEX OMbITHBIX FPYNNax u CHUXeHWe 3anacos raukoreHa. Mpw Il — yxe npu
15% pyKTO3HOW Harpy3sku OTAEMbHbIE KNETKX HAXOAUNUCL B COCTOSHUM TMANMHOBO-KanenbHon auctpodun. Mpu
yBenuyeHnn notpebneHns ¢pykTosbl B ABa pa3a Habnoaanm gUCKkoMNneKcauno NeYeHOYHbIX NNaCTUHOK, 3ePHUCTbIE
BenkoBble CTPYKTYpbl M 3HAYNTENbHOE HAKOMMEHNe NUNUAOoB B uuTonnaame renatountos B | v Il rpynnax. Beigodsl.
BbICOKMI1 ypoBeHb TMPEONIHBIX FTOPMOHOB 3HAYMMO BAWUSIET HA NOKa3aTenu BOCNaNUTENbHON 1 NponudgepaTnBHOR
aKTWBHOCTU TKaHW NeYeHn. HW3k1in ypoBeHb TMPEONAHBIX TOPMOHOB BMUSET HA BbIPAXEHHOCTb ANCTPODUYECKNX
n3mMeHeHun B renatouutax. Mpu yBenuyeHn ppyKTo3HOIM Harpy3Kkn Kak npum runo-, Tak 1 Npu runeptupeose renato-
UWTbl NOABEPralTCs MHTEHCUBHBIM ANCTPODUYECKUM U3MEHEHNAM.

KnioueBbie cnoBa: HeankoronbHas xupoeas 6011e3Hb NeYeHU, TUPEOUAHBINA CTaTyC, KpbICh

INTRODUCTION

Thyroid gland (thyroid) diseases are the most common
among all endocrine diseases. Hypo- and hyperthyroid
conditions are in the first and the third place in the structure
of endocrinologic pathology [7, 8], while epidemiologic stu-
dies demonstrate that the proportion of subclinical thyroid
pathology is several times higher than the official sta-
tistics [1, 9].

Thyroid hormones regulate the expression of more
than 100 genes, with tissue-specific changes in the gene

expression [3, 10]. In turn, the products of thyroid-dependent
transcription interact at the level of the whole organism,
and the resulting effects determine comorbidity in thyroid
pathology [5, 11].

In addition, liver disease is currently a serious threat to
public health due to the high prevalence of viral hepatitis,
increased alcohol consumption, obesity epidemic and
somatic pathology [4, 12, 13].

Thus, the high prevalence of thyroid pathology along
with the increased incidence and prevalence of hepatobiliary
system disease determines the need to study the influence
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of thyroid status on the “natural history” of liver disease
development.

AIM

To evaluate the morphofunctional state of rats liver in
the drug-induced hypo- and hyperthyroidism on the model
of fatty change of liver.

MATERIALS AND METHODS

Discription of the general design of the experimental
study. Two series of experimental observations were
performed with the inclusion of 90 Wistar rats (Federal
State Unitary Enterprise “Rappolovo Laboratory Animal
Nursery”, Leningrad Region, Russia) aged 3010 days of
both sexes of 3-4 months old, weighing 250+35 g at the
beginning of the experiment. The number of laboratory
animals was determined by the calculated number of rats
necessary to test the statistical hypothesis (Table 1). In each
series of experiments, each group of laboratory animals was
composed of same-sex individuals. Thus, the experiment
was performed on an equal number of males and females.
The duration of quarantine (an acclimatization period) for all
animals was at least 14 days. During the quarantine, each
animal was examined (their behavior and general condition)
twice a day (in the morning and evening hours). Laboratory
animals suspected of any disease and/or having behavioral
changes were excluded from the study during quarantine.
Rats within each gender were randomized into three equal
groups after the end of quarantine. Randomization of
laboratory animals was performed using the closed envelope
method. The total duration of the experiment excluding
quarantine was 45 days.

Animal housing conditions. The food and the main-
tenance of laboratory animals were in accordance with the

norms of the order of the USSR Ministry of Health 1179 of
October 10th, 1983 “Sanitary rules for the arrangement,
equipment and maintenance of experimental-biological
clinics”. Each group of animals was kept with no more than
4-6 same-sex individuals per group and had access to water
and food ad libidum.

Drug induction of hypo- and hyperthyroidism.
Laboratory animals of the first (I, hyperthyroid, n=32) and
the second (II, hypothyroid, n=32) groups were reproduced
the model of drug-induced hyperthyroidism and hypothyroi-
dism, respectively, by administration of the investigated
substances. The following drugs were administrared: L-
thyroxine (dry substance, RUP “Belmedpreparaty”, Republic
of Belarus) at a dose of 100+£10 pg per 100 g of animal
body weight once a day, propylthiouracil (dry substance,
Merck Selbstmedikation GmbH, Germany) 2.0+£0.15 mg
per 100 g of animal body weight once a day, intragastrically
through atraumatic polyurethane probe daily, starting from
the first day of the experiment. After weighing the laboratory
animals (at least once every 3 days), the required amount of
the tested substance was dissolved in 1.0 ml of indifferent
food gelatin gel (Henan Boom Gelatin Co., Ltd., PRC) and
administered to individuals of the corresponding group. In
order to create the same stress factor, laboratory animals
of comparison group Ill (conditional normothyroidism) also
received 1.0 ml of gel intragastrically through a probe.

A model of fatty change of the liver. Animals were
divided into equal subgroups within groups I, Il and Ill
(hypo-, hyperthyroidism, conditional normothyroidism) in
which instead of drinking water rats received 15 and 30%
fructose solution throughout the research. In the compari-
son group animals against the background of induction of
drug-induced hypo- and hyperthyroidism received drinking
water. 8 laboratory animals were absolute control group.

Blood sampling and withdrawal from the experiment.
After 45 days the animals were removed from the experiment

Table 1
Distribution of animals by groups. Number of series of experiments (total number of animals in the group)
Tabnuuya 1
Pacnpepenenue XMBOTHbIX Mo rpynnam. KonmyecTBo cepuii 3KCNepMMeHTOB (CyMMapHOe KOJIMYeCTBO XKMBOTHbIX B rpynne)
KcnepuMeHTanbHble rpynmb / Homep rpynnbi / Group number
Experimental groups | Il 0]
TupeouaHsin ctatyc / [mnepTupeos / FmnoTupeos / YCnOBHbI HOPMOTUPEOD3 /
Thyroid status Hyperthyroidism Hypothyroidism Conditional normothyroidism
15% bpykTo3a B nournke, n / 12 12 10
15% fructose in the drinker, n
30% cbpykTo3a B nomrnke, n / 12 12 10
30% fructose in the drinker, n
WHTakTHble, n / Intact, n 8 8 6
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by ether vapor overdose. Mixed arteriovenous blood was
collected by puncture from the heart, transferred into a clean
plastic tube and left at room temperature for an hour. Blood
was centrifuged for 15 min at 3000 rpm to obtain serum.
Serum from each animal was examined individually. The
content of transaminases (alanine aminotransferase and
aspartate aminotransferase) of serum was analyzed by UV
kinetic method without pyridoxal phosphate. Total protein
was analyzed by biuret method, total bilirubin was analyzed
by diazosulfanil method (*Vector-Best’, Russia). The
analysis was performed according to the instructions. The
levels of the studied hormones were determined by solid-
phase enzyme immunoassay using standard kits produced
by “NVO Immunotech” for free T, (ImmunoFA-T4), free T,
(ImmunoFA-T3) and TSH (ImmunoFA-TSH).
Morphological study description. Liver fragments
were fixed in 10% neutral formalin for 24 h, after which
they were embedded in paraffin according to the standard
technique. Slices 3-4 microns thick were made and stained
with hematoxylin and eosin, Van Gieson’s picrofuchsin,
Gaidengain’s azocarmine, and Periodic Acid — Schiff
(PAS) reaction. Histological preparations were analyzed
using a light-optical microscope Carl Zeiss Axio Scope
A1 at different magnifications. Morphometric evaluation
was performed in ImagedJ program, plugins segmentation.
Five blocks of liver tissue were made from each animal,
5 sections were made from each block, 20 fields of view
were examined in each tissue section. A total of 500 mea-
surements of each studied parameter were made. Total
relative areas of sinusoidal capillaries (C) and parenchyma
(P) were determined. Hepatocyte necrosis was measured
in points (0 to 10), the severity of dystrophic changes and
inflammatory infiltration in points (0 to 4). Images with an
area of 64 000 um2 (S set) were divided into 80 squares
(N node=63). The following parameters were determined:
the number of mitoses (NM), the number of bi-nucleated
cells (BNC), the number of hepatocytes with one nucleolus
in the nucleus (NON), the number of whole nucleated cells
(NC), and the number of grid crossing points (GCP) not
falling on the slices of hepatocytes and their nuclei.
According to the results of these measurements, the
following was calculated: Parenchymatous density index
(PD =1 - GCP/N node). Functional cell mass index (FCM =
= (NC/Sset) x PDx 100 000), characterizing parenchyma-
tous-stromal relations in a unit volume of tissue. Nuclear
mass index (NM = (NC+BNC)/Sset)xPD x100,000), which
characterizes parenchymatous-stromal relations per unit
volume of tissue. Binuclear cell mass index (BCMI=
= ((BNK/NC)/Sset) x PD x 100 000), indicating the degree of
implementation of the restorative reserves of a unit of liver
tissue volume. Mass-mitotic index (MMI = ((NM/NC)/Set) x

xPDx100 000), showing the proliferative activity of the
liver tissue volume unit. Functional karyocellular index
(FKCI = NM/FCM), which characterizes the amount of nuclear
material in a cell per unit volume of liver tissue. The average
hepatocyte slice area index (AHSA = (Sset/NC) x PD), which
is proportional to its functional activity. Mass index of cells
with one nucleolus in the nucleus (MION = ((NON/NC)/
SSet) x PP x 100 000), indicating the degree of realization of
protein-synthetic function of a unit volume of hepatic tissue.
Vascularization index — VI = C/P. Inflammatory activity in-
dex (lAl) as the sum of scores of necrosis, dystrophy and
inflammatory infiltration severity measurements.

Statistical analysis of the study results. The
quantitative characteristics studied in the study
were presented as an average value (Mim) or median
(Me) with 95% confidence interval boundaries (or 25 and
75% quartiles). The hypothesis of distribution type was
tested using the Shapiro-Wilk test. Comparison of data
in subgroups was carried out depending on the variant
of the distribution of the trait in the groups. The results
of morphometry were recorded in tables with subsequent
statistical processing of the results in STATISTICA 7.0,
modules Nonparametric, ANOVA and Discriminant analysis.

Ethical rules and regulations. The work was
conducted in accordance with the ethical principles estab-
lished by theEuropean Convention for the Protection
of Vertebrate Animals used for Experimental and Other
Scientific Purposes (adopted in Strasbourg on 18.03.1986
and confirmed in Strasbourg on 15.06.2006) and approved
by the Local Ethical Committee.

RESULTS

Thyroid stimulating hormone (TSH) levels in intact
animals were: 1.43+0.06 (1.28-1.57) ulU/mL. In model ani-
mals with hyperthyroidism the level of TSH in blood was
not determined, which is probably due to the peculiarity
of sensitivity. In the hypothyroidism model it amounted to
6.24+0.84 (4.67-6.88) ulU/mL. The levels of T4 and T3 free
fractions and transaminases in the serum of experimental
and intact animals are presented in Table 2.

The vascularization index had the highest values in
hyperthyroidism with 15% fructose load (0.24+0.0036). The
liver sinusoids occupied the maximum area relative to the liver
tissue imaging area (9.1£0.25%). When animals were fed
30% fructose on the background of hypo- and hyperthyroidism,
the lumen of sinusoids looked narrowed (Fig. 1).

The relative content of connective tissue in the liver
parenchyma of the experimental groups was statistically
significantly independent of thyroid status and the level of
fructose load (p <0.05) (Fig. 2).
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Table 2
Free thyroid hormone and transaminase fractions content M£m (95%Cl), p <0.05
Tabnuya 2
CopepxaHue ¢ppakumin cBO60AHBLIX TMPEOUAHLIX FOPMOHOB U TpaHcamuHas Mtm (95%Cl), p <0,05
OkcnepumeHTanbHble rpynnbl/ Experimental groups fT4, pmol /L fT3, pmol/L ALT, U/L AST, UL
l'unepTtupeos, 15% dpykTtosa / 24,20+1,66 3,76+0,08 35,90+0,80 234,10+29,34
Hyperthyroidism, 15% fructose (20,44-27,95) (3,57-3,94) (34,07-37,73) (167,74-300,46)
Muneptupeos, 30% dpykTosa / 52,45+3,26 4,07+0,16 49,10£1,05 374,30+3,49
Hyperthyroidism, 30% fructose. (45,08-59,12) (3,70-4,44) (46,70-51,49) (366,40-382,20)
['mnoTupeos, 15% dpykrosa / 8,28+0,16 5,40+0,13 32,70+2,05 150,10+2,32
Hypothyroidism, 15% fructose (7,90-8,65) (5,09-5,70) (28,05-37,35) (143,49-156,71)
'mnoTupeos, 30% dpykrosa / 5,26+0,11 <1,64 54,50+1,49 320,90+7,34
Hypothyroidism, 30% fructose (5,02-5,49) (51,12-57,87) (304,29-337,51)
YcnoBHbI HopMoTUpeos, 15% rmioko3a / 23,40+1,75 5,56+0,16 35,70+2,15 140,10+2,46
Conditional normothyroidism, 15% glucose (19,82-23,67) (4,57-5,98) (28,05-37,35) (143,49-156,71)
YcnoBHbI HopMoTupeos, 30% rmoko3a / 24,79+2,09 5,47+0,28 44,60+1,49 265,70+5,34
Conditional normothyroidism, 30% glucose (18,29-24,38) (3,98-5,84) (41,16-52,63) (227,43-287,11)
WHTakTHBbIN KoHTponb / Intact control 20,74+0,77 5,78+0,08 27,60+1,15 120,50+1,91
(18,99-22,49) (5,59-5,96) (24,98-30,22) (116,18-124,82)

Fig. 1.  Livertissue of rats of experimental groups: A—received 15% fructose in the drink on hypothyroidism background; B — received 30%
fructose in the drink on hypothyroidism background; C — received 15% fructose in the drink on the background of hyperthyroidism;
D — received 30% fructose in the drinker on the background of hyperthyroidism. Hematoxylin and eosin staining, x100

Puc. 1. TkaHb neyeHu Kpbic IKCnepuMMeHTanbHbIX rpynn: A — nony4anu 15% ¢pykro3y B nounke Ha oHe runoTupeosa; b — nonyvanm
30% dpykTo3y B nomnke Ha poHe runoTupeosa; B — nonyyanu 15% cdpykto3y B nounke Ha choHe runeptupeosa; I — nonyyanu
30% chpykTO3y B noumnke Ha hoHe runepTupeosa. Okpacka reMaToKCUINH M 303uH, X100

@ pOCCHIICKHE BHOMEIMIHCKIE HCCTEIOBAHIA  TOM 9 No3 2024

¢ISSN 2658-6576




10

ORIGINAL PAPERS

Fig. 2.

Liver tissue of rats of experimental groups: A — received 15% fructose in the drink on hypothyroidism background; B —

received 30% fructose in the drink on hypothyroidism background; C — received 15% fructose in the drink on the background
of hyperthyroidism; D — received 30% fructose in the drinker on the background of hyperthyroidism. Azocarmine staining by

Gaidengain, x400
Puc. 2.

TkaHb NeYeHM KpbIC IKCNepuMeHTanbHbIX rpynn: A — nonyyanu 15% dpykro3y B nounke Ha hoHe runotupeosa; b — nonyvanm

30% chpykTo3y B nomsnke Ha poHe runotupeosa; B — nonyyanu 15% ¢pykro3y B nounke Ha oHe runeptupeosa; I — nonyyanu
30% ¢pykTo3y B nomnke Ha choHe runepTupeo3a. Okpacka a3okapMuHOM no [angeHraiiHy, x400

The index of inflammatory activity averaged 5-6 points in
all experimental groups and statistically significantly differed
from this index in intact animals. The state of hyperthyroidism
most significantly affected the volume of infiltration by
neutrophilic leukocytes, while dystrophic changes in
hepatocytes were more strongly dependent on the level of
fructose loading (p <0.005). Azocarmine staining of slices
according to Gaidengain (Fig. 2) and Periodic Acid —
Schiff (PAS) reaction reaction (Fig. 3) revealed pronounced
granular dystrophy of hepatocytes in all experimental groups
and decreased glycogen stores. In the hypothyroid state,
already at 15% fructose load individual cells were in a state
of hyaline granular dystrophy. Liver plate dyscomplexation,
granular protein structures and significant lipid accumulation
in the cytoplasm of hepatocytes in hypo- and hyperthyroidism
were observed with doubled fructose intake.

The indices of nuclear mass, BCMI, MMI and FKCI in
the state of hyperthyroidism were statistically significantly

higher than the values in hypothyroidism regardless of the
level of fructose load.

AHSA when drinking 30% fructose instead of drinking
waterin hypothyroidism state was the highest (345.04+1.40).
The total relative number of cells containing single nucleoli
was maximum in hyperthyroidism irrespective of the level of
fructose load (0.113+0.00046).

As a result of stepwise selection, all studied morpho-
metric parameters were statistically significantly
informative by Fisher’s F-criterion. The BCMI, FKCI and
MION signs changed most significantly. The changes
in IAl and AHSA parameters were less pronounced
(Table 3).

DISCUSSION

Our reproduced model of chronic liver damage associated
with excessive fructose consumption leads to pathologic
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Fig. 3.  Liver tissue of rats of experimental groups: A -— received 15% fructose in the drink on hypothyroidism background; B — received
30% fructose in the drink on the background of hypothyroidism; C — received 15% fructose in the drink on the background of
hyperthyroidism; D — received 30% fructose in the drink on the background of hyperthyroidism. SHIC reaction, x400

Puc. 3. TkaHb neyeHu KpbiC IKCnepuMeHTanbHbIX rpynn: A — nonyyanu 15% dpykTo3y B nounke Ha choHe runotmpeosa; b — nonyyanu

30% ¢pykTo3y B nounke Ha hoHe runotupeosa; B — nonyyanu 15% cpykro3y B nousnke Ha poHe runeptupeosa; I — nonyvanu
30% dhpykTo3y B nounke Ha hoHe runeptupeosa. LLIUK-peakuus, x400

Table 3
Morphometry of liver tissue of intact animals and rats of experimental groups, Mxm (95% CI), p<0.005, M£m (95% ClI), p <0,005
Tabnuya 3
MopdomeTpus TkaHWN NeYEHN NHTAKTHBIX KMBOTHBIX M KpbIC OnbITHLIX rpynn Mtm (95% Cl), p <0,005, M+m (95% CI), p <0,005
Mopchomert- ImnepTupeos / ImnoTupeos / YCnoBHbIA HOPMOTUPEO3 /
puyeckue Hyperthyroidism Hypothyroidism Conditional normothyroidism
"%K;:a/' WHTakTHbIE /
Morpho- | 15% tpykTosa/ | 30% dpykrosa / | 15% copyktosa/ | 30% cppyktosa/ | 15% cppykTosa/ | 30% cpykrosa / Intact
metric 15% fructose 30% fructose 15% fructose 30% fructose 15% fructose 30% fructose
indices
MBA/ 5,96+0,045 6,18+0,04 5,42+0,04 6,10£0,03 2,46+0,16 4,35%0,05 0,60+0,035
IVA (4,61--6,65) (5,60-6,63) (4,61-6,64) (5,57-6,83) (2,21-3,09) (3,96-4,75) (0,30-0,65)
NMIK / 0,22+0,005 0,23+0,011 0,16+0,008 0,15%0,011 0,15+0,008 0,17+0,009 0,03+0,002
IMDC (0,21-0,23) (0,20-0,25) (0,17-0,21) (0,16-0,21) (0,17-0,21) (0,17-0,22) (0,02-0,03)
OKKN / 1,19+0,004 1,21£0,009 1,17+0,008 1,17+0,009 1,160,008 1,17+0,017 1,160,008
FCCI (1,18-1,20) (1,18-1,23) (1,15-1,19) (1,15-1,19) (1,15-1,19) (1,15-1,18) (1,15-1,17)
cner/ 308,22+5,58 296,10+8,20 287,90+5,38 288,72+4,87 280,90+4,48 282,60+6,12 279,11+4,20
SPSG (296,07-320,37) | (278,23-313,97) | (276,18-299,62) | (278,00-299,44) | (274,28-289,12) | (277,58-294,37) | (274,23-309,07)
MOA / 0,11£0,003 0,09+0,005 0,060,005 0,08+0,003 0,060,005 0,060,005 0,050,003
IMOJA (0,09-0,15) (0,06-0,13) (0,05-0,09) (0,06-0,010) (0,05-0,09) (0,05-0,09) (0,04-0,09)
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transformation and dystrophy of hepatocytes. Insufficiency of
adenosine triphosphate (ATP) synthesis and decreased redox
potential leads to mitochondrial dysfunction and altered fat
and carbohydrate metabolism [14]. Presumably, the activity
of hydrolytic enzymes of lysosomes leads to coagulation of
cytoplasm proteins with the appearance of cellular inclusions in
the form of “grains”. When fructose load is doubled, the excessive
amount of carbohydrates is transformed into triacylglycerides,
damaging hepatocytes [15], which is laboratory expressed in a
significant increase in the level of serum transaminases.

Modern knowledge about the mechanisms of action of
iodothyronines has been extended to the understanding of
proangiogenic activation by iodothyronines due to non-ge-
nomic effects arising from interaction with o3 integrin,
and the quantitative effect of angiogenesis activation at
supraphysiological concentrations of iodothyronines is com-
parable to the effect of vascular endothelial growth factor and
fibroblast growth factor [6, 16]. The immunomodulatory effects
of T, have also been studied, which consist in an increase in
the expression of tissue-specific proinflammatory genes, while
a reduced cytotoxic activity of NK-cells and a decrease in
chemotaxis and macrophage phagocytosis are noted, which
at the systemic level leads to the restoration of the balance
between pro- and anti-inflammatory factors [17]. In our study,
the index of inflammatory activity had maximum values in the
hyperthyroid state, which agrees with the data of other authors
on the proinflammatory properties of iodothyronines.

Our study also demonstrates that the degree of reali-
zation of regenerative reserves and proliferative activity
were higher in the state of hyperthyroidism, as evidenced by
the indices of the amount of nuclear material per unit volume
of liver tissue and the index of the proportion of hepatocytes
with a single nucleus in their nucleus. A significant part of
tumor cells in the liver of transgenic mice contain a single
nucleus in the nucleus. According to various studies,
thyroid hormones are potent mitogens of hepatocytes,
activating the E2F family of transcription factors. It leads to
overexpression of cell cycle inducers — cyclins and cyclin-
dependent kinases (CDK) and promotes the transition
of hepatocytes from G1 to S-phase. Thyroid hormones
increase the levels of cyclins A, D1 and E and the activity
of complexes of cyclin A with cyclin-dependent kinase 2
(CDK2) and cyclin D1-CDK4 and decrease the levels of CDK
inhibitors p16 and p27. Expression of vascular endothelial
growth factor (VEGF) and nuclear antigen Ki-67 in the liver
against the background of thyroid hormone preparations
increases [16]. However, this increase in proliferative
activity is transient and in long-term hyperthyroidism leads
to a decrease in the proliferative potential of functional
tissue and the development of fibrosis [19]. We have
previously demonstrated that long-term hyperthyroidism in

reproductive organs leads to pronounced fibrotic changes,
while hypothyroidism leads to fatty dystrophy [20].

Discussing the relationship between the functional
activity of the liver and the thyroid gland, it should be
noted that osteopontin secretion is induced by polarization
of M1-fraction of macrophages, which due to paracrine
mechanisms can inhibit the expression of TRb-receptor
in hepatocytes, on the one hand, suppressing the action
of thyroid hormones and, accordingly, aggravating lipid
deposition in the liver, on the other hand, compensatory
increasing the level of TSH in serum. Elevated TSH
levels promote osteopontin secretion by the M1 fraction of
macrophages. This study demonstrates a positive feedback
between the thyroid gland and the liver, possibly playing an
important role in maintaining and enhancing the pathologic
process of nonalcoholic fatty liver disease [2, 18].

Given the different effector actions of thyroid hormones
after interaction with different isoforms of TRa and TRb
nuclear receptors, including with respect to carbohydrate
and lipid metabolism in the liver, future treatment strategies
are aimed at weakening the effects of TRa stimulation and
enhancing the effects of TRb targeting. Currently, about
10 drugs have been patented whose affinity to TRb is 10—
40 times higher than to TRa. At the same time, experimental
data confirm the efficacy of selective TRb-thyromimetic
action in the treatment of experimental non-alcoholic fatty
liver disease [19]. The altered thyroid status modulates the
transformation of functional liver tissue in two directions:
toward the enhancement of dystrophic changes and fatty
transformation in hypothyroidism and toward the activation
of inflammation and fibrotic changes in hyperthyroidism.

CONCLUSION

1. High level of thyroid hormones most significantly
affects the indices of inflammatory and proliferative activity
of liver tissue.

2. Low level of thyroid hormones affects the severity of
dystrophic changes in hepatocytes.

3.In the process of fructose load increase both in
hypo- and hyperthyroidism hepatocytes undergo intensive
dystrophic changes.
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AONONMHUTENBbHAA UHOOPMALINA

Bknag aBTOpOB. BCce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTky KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0406pUNN UHANBHYIO
Bepcuto nepep nybnukauyuen.

KoHchnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SIBHbIX M MOTEHUWANbHbIX KOH(NKTOB WHTEPECOB,
CBSI3aHHbIX C NybnnkaLnen HacTosLLen cTaTbi.

WUcTounnk chmHaHcupoBaHuA. ABTOpbI 3asBnAT 06
OTCYTCTBUW BHELHEro (hMHAHCUMPOBaHWUS NpU NPOBEAEHUM
UCcCrnenoBaHus.

JKCnepuMeHTbI € XMBOTHbIMU. PaboTa nposeaeHa B
COOTBETCTBUM C STUYECKUMMW MPUHLMNAMM, YCTAHOBMEHHbI-
My EBponenckoi KOHBEHLMEN NO 3aLLNUTE MO3BOHOUHbIX XN-
BOTHbIX, MCMONb3YEMbIX A1 SKCNepUMeHTanbHbIX 1 ApYriX
Hay4HbIX Lenen (npuHsiton B Ctpactypre 18.03.1986 r. u
nogTeepxaeHHon B Ctpacbypre 15.06.2006 r.), n opobpe-
Ha JTokanbHbIM 3TUYECKUM KOMUTETOM.
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