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E.B. Mo3sroBas, M.A. KpbiwwHs, A.A. bnaxenko, A.A. HyxHoBa, [X. Tonmbosa, T.I. Tpans,
X.H. TymacoBa, A.B. KopeHesckun, U.B. 3ano3uss, B.C. [aHxuHa, 0.H. becnanosa
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AHHOTALMA

06ocHosaHue. PocT 3ab0oneBaeMoCTV HeanKorosIbHOW MpOBOIA B0NE3HBI NEYEHM B NOMYNALMW CNIOCOOCTBYET Pa3BUTMIO aKy-
LUEPCKUX OCMOXHEHWUN BO BpeMsi bepeMeHHOCTM U TpebyeT noucka 3heKTUBHBIX METOLOB renaTonpoTeKTOPHON Tepanuu.
Liene — oueHnTb 3P HEKTUBHOCTD TEPaNUM HEANKOTONIbHOM XKMPOBOW 60ME3HM NeYeHn B 3KCMEPUMEHTANbHOWM Mofenn y be-
PeMEHHbIX KpbIC.

Mamepuanel u Memodel. IKCNepUMEHTaNbHOE MCCefoBaHMe NpoBeaeHo Ha 19 caMkax Kpbic ikmn Wistar Maccon Tena
250-300 r, nony4yeHHbIX M3 MUTOMHKUKA nabopatopHbix #uBoTHBIX 000 «CMK Cresap» (. Bnagumup). Wcnonb3oBaHueM Bbi-
COKOXVPOBOW AMeThl MOAENMPOBANM HeasKoroNbHYH0 JKUPOBYO 60Ne3Hb NeYeHn B UccneoBaHHbIX rpynnax: rpynny 1(n=7)
COCTaBUNIM HebepeMeHHbIe CaMKK, rpynny 2 — DepeMeHHble CaMKu be3 Tepanuu (n = 6), rpynny 3 — GepeMeHHble CaMKy
C BHYTPMOPIOLIMHHBIM BBefeHMEM 12 Mr npenapaTta HU3KOMOJIEKYNSPHbIX caxapoB ¢ 16-ro no 20-# AeHb recTaumm (n = 6).
Bo BpeMs 3KcnepuMeHTa exeHefieslbHO U3MepsNIA Maccy Tefla CaMoK KpbIC, MocNe 3aBepLUeHUs 3KCMepUMeHTa NPoBOAMIU
BroxmMMMYeCKMe MUCCenoBaHUS YPOBHEN acmapTaTaMuMHOTpaHcepassl, anaHMHaMUHoTpaHcdepasbl, GeppuTUHa, TpUMLe-
pnaoB, obLLero xonectepuHa, obuiero 6unupybuHa, ModeBUHbI, 00LLEN LeoYHoi hocdaTasbl, HKENUHbIX KUCIOT, TTI0KO3bI,
C-peaktvBHOro 6enka, XonmMH3cTepasbl U KaTanasbl B CHIBOPOTKE KPOBU, @ TaKIKe MallOHOBOIO Auanbaeruaa. [cronoruyeckoe
UcCnefoBaHMe NeYEHN CaMOK KpbiC NPOBEAEHO CTaHAAPTHBIM METOLOM C OKPACKOM reMaToOKCUITMHOM W 303UHOM.
Pe3synemamel. Pe3ynbTaTbl SKCNEPUMEHTabHOTO UCCNELOBaHMS NOKa3au, YTo Ha (oHEe BbICOKOXMPOBOW AMETHI KaK y be-
PEMEHHBIX, TaK U Y HebepeMeHHbIX CaMOK BepUbULMPOBANCA OKCMAATUBHBIN CTPECC, NPOSBUBLUMICS CHUMEHWEM YPOBHS Ka-
Tanasbl M NOBbILIEHNEM MAJIOHOBOIO AWanbAernia; 0TMEYeHO MOBLILIEHWE YPOBHA KeNUHbIX KUCNOT. Y bepeMeHHbIX caMoK
KpbIC Ha (hOHe HeaNKoro/bHOW XKMpoBOW 60NE3HM NeYeHN B CbIBOPOTKE KPOBM 3HAYMMO MOBbLILLIANCA YpoBeHb C-peaKTMBHOIO
benka u obLuel wenoyHoi docharasel, CHUXKANCA YPOBEHb XONMHICTEPa3bl U elLe Boslee 3HAUMMO CHUMKANCA YPOBEHD KaTa-
nasbl. B rpynne ¢ npuMeHeHueM npenapata HU3KOMONEKYNAPHBIX CaXxapoB OTMEYEHO YNyuLleHUe BUOXMMMUYECKUX MOKa3aTe-
neii NpW HeanKoresbHOW XUPOBOM DONE3HM NEYeHM, BEPOSTHO, 33 CHET B/IMSAAHUS Ha JIMMOTeHe3 U OKCULATUBHBIN CTPecC B ne-
YeHu. [UCTONOrMYECKYH KapTUHY XapaKTepu30Basio HapyLUeHWe CTPYKTYPHBIX XapaKTePUCTUK renatoumuToB U LMPKYNSATOPHOTO
pycna. [pu ncnonb3oBaHUM HU3KOMOJIEKYNSPHBIX CaxapoB OTMEYEHbl TEeHAEHLUMS K BOCCTaHOBMIEHMIO BanoyHoro CTpoeHus
MeyeHu 1 YMeHbLLEHWE NPOSBEHMI CTeaTo3a.

3axntoyenue. Vcnonb3oBaHWe HU3KOMOIEKYNSAPHBIX CaxapoB B Tepanuu HeasKorobHOM XUpoBOiA 6one3Hu NeYeHn NPUBOAUT
K YNYYLIEHMIO BUOXMMMYECKUX NOKa3aTenel KpoBM C TEHAEHUMEN K BOCCTAHOBNEHUIO TMCTONIOMMYECKOTO CTPOEHUS MEYEHM.
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Experimental model of non-alcoholic fatty liver
disease in pregnant rats to evaluate the effectiveness
of therapy
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ABSTRACT

BACKGROUND: The growing incidence of non-alcoholic fatty liver disease in the population contributes to the development
of obstetric complications during pregnancy and demands searching effective methods of hepatoprotective therapy.

AIM: The aim of this study was to evaluate the efficacy of therapy for non-alcoholic fatty liver disease in an experimental model
in pregnant rats.

MATERIALS AND METHODS: This experimental study was carried out on 19 female Wistar rats weighing 250-300 g, obtained
from the laboratory animal nursery of SMK Stezar Ltd. (Vladimir, Russia). Using a high-fat diet, non-alcoholic fatty liver disease
was simulated in the study groups as follows. Group 1 (n = 7) consisted of non-pregnant rats, group 2 comprised pregnant rats
without therapy (n = 6), and group 3 included pregnant rats and intraperitoneal administration of 12 mg of the low-molecular
sugar preparation from day 16 to day 20 of gestation (n = 6). During the experiment, the body weight of female rats was mea-
sured weekly. After the experiment was completed, we evaluated the blood serum levels of aspartate aminotransferase, ala-
nine aminotransferase, ferritin, triglycerides, total cholesterol, total bilirubin, urea, total alkaline phosphatase, bile acids, glu-
cose, C-reactive protein, cholinesterase, and malondialdehyde, as well as catalase activity. Histological examination of the rat
liver was carried out using the standard method with hematoxylin and eosin staining.

RESULTS: This study showed that high-fat diet caused oxidative stress manifested by decreased the blood catalase level
and increased malondialdehyde in both pregnant and non-pregnant females; the blood bile acids level also increased. In preg-
nant rats with non-alcoholic fatty liver disease, the serum C-reactive protein and total alkaline phosphatase levels increased,
the cholinesterase level decreased, and the catalase activity decreased even more. In the study group using the low-molecular
sugar preparation, biochemical parameters in non-alcoholic fatty liver disease improved, probably due to the effect on lipo-
genesis and oxidative stress in the liver. The histological pattern was characterized by the impaired structural characteristics
of hepatocytes and the circulatory bed. With the use of the low-molecular-weight sugar preparation, we noted a tendency
to restore the structure of the hepatic beam area and a decrease in the manifestations of steatosis.

CONCLUSIONS: The use of the low-molecular-weight sugar preparation in the treatment of non-alcoholic fatty liver disease
improves biochemical blood parameters and tends to restore the histological structure of the liver.

Keywords: pregnancy; non-alcoholic fatty liver disease; high-fat diet; low-molecular-weight sugar preparation.
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OPUTVHATIBHBIE VICCITEJOBAHA

BACKGROUND

Non-alcoholic fatty liver disease (NAFLD) is a global
healthcare challenge characterized by the lipid accumulation
in the liver caused by a high-fat diet [1]. The literature
suggests that maternal NAFLD may be a key factor of health
and morbidity in the next generation. Pre-pregnancy NAFLD
and gestational weight gain, especially early in pregnancy,
may increase the risk of obesity and NAFLD in children
(1, 21.

Fatty liver is the most common form of chronic NAFLD.
It is strongly associated with obesity, insulin resistance,
metabolic syndrome, and genetic and lifestyle factors. This
association is particularly strong in patients with insulin
resistance and genetic predisposition [1, 3].

NAFLD is a worldwide common liver disease with
a steadily increasing global prevalence currently estimated
around 20%-30% [4].

Hepatic steatosis in children is observed in the early
postnatal and even prenatal stages of development [5].
Prenatal factors for NAFLD include maternal obesity,
metabolic syndrome, and gestational diabetes [6].

Despite the established association between NAFLD
and morbidity in children, the number of studies on the effects
of NAFLD on the pregnancy course is limited [5]. Several
studies showed that having NAFLD during pregnancy
is associated with adverse outcomes including gestational
diabetes mellitus, hypertension, postpartum hemorrhage,
low birth weight, and macrosomia [7, 8]. There are currently
no drug products approved by the U.S. Food and Drug
Administration (FDA) or the European Medicines Agency (EMA)
for the treatment of NAFLD. However, the steadily increasing
global prevalence of NAFLD calls for an urgent search
for therapies [4].

The critical role in the pathogenesis of NAFLD is attributed
to fatty liver, insulin resistance, and inflammation, both
local and systemic. In recent years, further evidence
of the association between intestinal dysbiosis and NAFLD
has been obtained [9]. These microbiota changes include
a decrease in the diversity and ratio of Firmicutes
and Bacteroides compared to reference values, which
is confirmed for the intestinal microbiome of children with
NAFLD [10].

Diagnostic criteria for NAFLD include fatty liver, with
the fat content equal to or greater than 5%, and exclusion
of other secondary factors of fatty liver such as autoimmune
liver disease, viral hepatitis, and excessive alcohol intake [11].
NAFLD can be classified into steatosis (increased liver fat
content without inflammation) and steatohepatitis (increased
liver fat content with inflammation and hepatocyte damage).
Hepatic steatosis and steatohepatitis may be isolated
diseases [12]. Progressing to steatohepatitis, NAFLD can
eventually lead to cirrhosis, cardiovascular disease, malignant
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tumors, and chronic kidney disease [11]. However, studies
on NAFLD in pregnancy are limited and the exact mechanism
of this disease remains unclear [13-14].

Current treatment strategies for NAFLD primarily involve
lifestyle changes such as exercise, weight loss, and diet
control, which patients adhere to very poorly. Therefore, there
is a need to introduce a treatment that targets the major
pathogenetic components of NAFLD, especially in pregnant
women [14].

The aim of the study was to evaluate the pathogenesis
of NAFLD during pregnancy. Steatohepatitis was simulated
with a high-fat diet in pregnant female rats to evaluate
the effects of low molecular weight sugars on this condition.

The study aim was to evaluate the efficacy of NAFLD
therapy in an experimental model in pregnant rats.

MATERIALS AND METHODS

The experimental study included 19 female Wistar rats
weighing 250-300 g, provided by the Laboratory Animal
Nursery of SMK Stezar Ltd. (Vladimir, Russia). All animals
were unmated and maintained on a standard diet under
controlled conditions in a housing room at the Ott Research
Institute of Obstetrics, Gynecology and Reproductology.
The authors of the experiment complied with the rules
of animal protection regulated by Federal Law No. 708H (708n)
On Rules of Laboratory Practice, dated August 23, 2010.
All rats were quarantined for 14 days. Females were allowed
to mate with males twice within one hour, at the same time
of day.

The low molecular weight sugar Geptrong (Marketing
Authorization No. JICP-002808/10 (LSR-002808/10) dated
October 12, 2022) was used for the treatment of NAFLD during
pregnancy. This agent has the potential to reduce the risk
of progression of NAFLD, including lowering blood lipid
levels, improving liver inflammation, and preventing fibrosis.
Geptrong is a solution of low molecular weight sugars
obtained from honey (H-pentose, glucose, sucrose, mannose,
galactose, fructose, lactose) used in traditional medicine
as the part of the combination therapy of steatohepatitis,
based on several studies [15, 16].

To create @ NAFLD model, experimental rats were fed
a high-calorie diet (116 kcal/day) for 35 days. The diet
consisted of compound feed (5 g) crushed and mixed
with pork lard (3 g), pork fat (6.8 g), bread sticks (3.6 g),
and sunflower seeds (4 g). Three sets of experiments were
performed: in Group 1 of non-pregnant female rats with
NAFLD (n=7), in Group 2 of pregnant female rats with
untreated NAFLD (n = 6), and in Group 3 of pregnant female
rats with NAFLD treated with intraperitoneal administration
of low molecular weight sugars at a dose of 12 mg from
Day 16 to Day 20 of gestation (n=6). Animals were
sacrificed by decapitation at the end of the experiment
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on Day 35 of the study. Rats in Groups 2 and 3 were
sacrificed on the day after delivery. After sacrifice, samples
for blood chemistry and organ fragments for histology were
collected in the operating room.

Blood chemistry

Blood chemistry parameters, including serum levels
of aspartate aminotransferase, alanine aminotransferase,
ferritin, triglycerides, total cholesterol, total bilirubin, total
alkaline phosphatase, bile acids, glucose, and C-reactive
protein, were assessed using a Beckman Coulter clinical
chemistry analyzer according to the manufacturer’s
instructions. Malondialdehyde content and catalase activity
in serum were determined by colorimetric methods using
reagents of domestic (JSC Vekton, Russia) and foreign
(Sigma-Aldrich Chemical Company, USA) manufacture.
The serum level of lipid peroxidation was measured
by the color intensity of the complex of active forms
of 2-thiobarbituric acid (TBA) formed during the interaction
of the final product of lipid peroxidation and malondialdehyde
with TBA at high temperature in an acidic environment.
TBA activity in the butanol fraction was measured at 535 nm
and 580 nm [17]. A modified Goth technique using ammonium
molybdate solution was used to determine catalase
activity [18]. It determines the amount of a stable color
complex formed by the interaction of hydrogen peroxide
solution with ammonium molybdate solution. The absorption
maximum of the color complex is observed at 374 nm [18].

Histology

After sacrifice, liver histology was performed for all female
rats in all groups. Liver fragments were fixed in 10% neutral
formalin (pH 7.2) for 24 hours. Tissues were histologically
processed using a Histo-Tek VP1 vacuum infiltration
processor (Sakura, Japan), and paraffin blocks were
prepared using a TES 99 tissue embedding system (Medite,
Germany). A Rotary 3002 microtome (PFM, Germany) was
used to cut 3—4 pm sections from the blocks. Hematoxylin
and eosin were used for basic staining. Light microscopy was
used to evaluate the histologic structure of the whole liver,
hepatocytes, centrilobular veins, sinusoidal capillaries, portal
triad, and hepatic macrophages.

Statistical analysis

SPSS 27 software was used for statistical analysis.
Means and standard deviations were used for continuous
variables that followed a normal distribution, and medians
and quartiles were used for those that did not follow
a normal distribution. Discrete variables are expressed as
frequencies in percentages. One-way analysis of variance
is used to compare multiple groups of continuous variables
that follow a normal distribution. For variables with non-
normal distribution, non-parametric tests were used
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for multiple groups and the y? test for was used for discrete
groups. The p < 0.05 level was used to determine statistical
significance.

RESULTS AND DISCUSSION

The study showed that after 35 days, the body weight
of female rats was 351.17 + 10.63 g in Group 1, 363.95 + 4.07 g
in Group 2 (without treatment), and 361.04 + 3.30 g in Group 3
(with low molecular weight sugar treatment). Statistical
analysis showed that the body weight of animals in the high-
fat diet groups with and without therapy was comparable
to the body weight of non-pregnant female rats with NAFLD;
no statistically significant difference was observed (p > 0.05).

The analysis of blood chemistry parameters in the study
animals used reference values obtained in long-term regular
monitoring of Wistar breeding colonies [19-21].

Blood chemistry parameters of non-pregnant rats
with NAFLD showed no significant changes in aspartate
aminotransferase, alanine aminotransferase, bilirubin,
cholesterol, triglycerides, and ferritin levels compared
to those in the group of non-pregnant rats with NAFLD.
A significant deterioration in these parameters may be
associated with a longer history of NAFLD prior to pregnancy.

There was a trend toward a slight increase in glucose
levels associated with NAFLD, but no statistically significant
differences were found for this parameter. It should be noted,
however, that low molecular weight sugar treatment did not
increase glucose levels.

A significant increase in the levels of bile acids
and malondialdehyde, a marker of the free radical
accumulation, was found in all rats with NAFLD, even in non-
pregnant rats, but the differences between the groups were
not statistically significant. Pregnant rats with NAFLD had
significantly elevated cholesterol and C-reactive protein
levels compared to reference values and levels in non-
pregnant rats with NAFLD. During pregnancy, rats with
NAFLD showed a more than 4-fold increase in total alkaline
phosphatase, which was later significantly reduced in the low
molecular weight sugar treatment group. In addition, it was
found that all rats with NAFLD had a significant decrease
in cholinesterase levels during pregnancy, which indicated
progressive chronic liver tissue damage. The increased
cholinesterase activity was observed after the treatment
with a low molecular weight sugar, but it was not statistically
different from the reference values.

The catalase level, a marker of the antioxidant system
activity, was reduced 2-fold in non-pregnant rats with NAFLD
and 3-fold in pregnant rats with NAFLD. The table shows
the blood chemistry data.

Therefore, the experimental model of Wistar rats
showed that early blood chemistry parameters that change
during the progression of NAFLD include increased bile
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Table. Significant blood chemistry parameters in rats with non-alcoholic fatty liver disease
Tabnuua. [JaHHble 3Ha4MMbIX BMOXUMUYECKUX NOKa3aTeNen KpOBU Y KPbIC C HEANIKOTOJbHOM XUPOBOM 6ONE3HbI0 NeyeHu

Non-pregnant Pregnant Pregnant rats
Parameter Control (1) preg rats without rreg p value
rats (2) with treatment (4)
treatment (3)
Glucose, mmol/L 4.2 +0.42 552+08 5.65+1.0 4,99 +0.7 p>05
Cholesterol, mmol/L 0.48 £0.1 0.47 + 0.1 1.2+0.3 1.0+0.2 P13 <0.05
Py <0.05
Urea, mmol/L 8.1+06 3.97+05 57107 3904 P3-4<0.05
Bile acids, pmol/L 29+13 231528 229 + 47 16.4 £ 15 Py, < 0.001
p_3 < 0.001
p;-, < 0.001
Py, < 0.05
Total alkaline phosphatase, U/L 61-235 1077 £ 21.5 505.7 + 85.0 284.2 + 63.1 P,_3 < 0.001
Py, < 0.05
C-reactive protein, ng/mL 12.04 £ 2.5 8.71+3.6 25.56 £ 6.0 249 +93 Ps3 < 0.05
Cholinesterase, U/L 3.57 £ 0.46 3.48+0.1M 2.88 £0.25 3.15+03 Ps-3 < 0.05
Catalase, U/L 375+03 1.83 £ 0.24 1.25 £ 0.13 2.21£0.35 P, <0.001
p,_3 < 0.001
P, <0.05
Py, < 0.025
Malondialdehyde, pm/L 8.65 + 0.42 11.3+£0.35 1.0+ 1.1 10.3+0.97 P, < 0.04

acid levels, increased oxidative stress, and decreased an-
tioxidant activity. In addition, the blood levels of C-reactive
protein increased significantly only in the group of preg-
nant female rats with NAFLD, causing persistent systemic
inflammation, probably indicating a more severe course
of NAFLD. In Group 2, total cholesterol and total alkaline
phosphatase levels also increased, cholinesterase levels
decreased, and catalase levels decreased even more sig-
nificantly.

The use of a low molecular weight sugar to treat
NAFLD in pregnant rats tended to slightly reduce glucose
and total cholesterol levels and restore cholinesterase levels.
In addition, reliable decreases in urea, bile acids and total
alkaline phosphatase levels and increases in catalase levels
were observed during treatment (Figures 1, 2).

Therefore, the blood chemistry findings for this experi-
mental model of Wistar rats demonstrated a beneficial effect
of the use of a low molecular weight sugar on the liver func-
tion in pregnant female rats with NAFLD.

Macroscopic evaluation of female rats with high-fat diet—
induced NAFLD revealed a yellowish-brown color of the liver
and a dull appearance of the hepatic capsule in all groups.
These findings suggest the onset of NAFLD during pregnancy
in female rats. When a low molecular weight sugar product
was administered from Day 16 to Day 20 of gestation,
a positive trend was observed in the liver macroscopy
of the study group with the restoration of the reddish-brown
color of the liver tissues alternating with yellowish lesions,
as well as the bright appearance of the liver capsule, which
was not observed in other groups.

Liver histology of non-pregnant female rats with
NAFLD (Group 1; 7 cases) showed that the structure
of the hepatic beam was preserved in 6 cases and was
poorly visualized in only 1 case. Vacuolar dystrophy of he-
patocytes was observed in 6 cases, with a predominance
of small and medium-sized vacuoles in most cases (5/6),
and a polymorphic presentation with small and large vacu-
olar dystrophy was noted in only in 1 case (Figure 3, a).
In 1 case, vacuolar dystrophy of hepatocytes was not ob-
served. All hepatocyte dystrophy foci were localized around
the portal triads.

Centrilobular hepatic veins were moderately ectatic
in 3 cases and unchanged in 3 cases. Small vein size was
observed in 1 case. Examination of the portal triad showed
a polymorphic presentation of venous ectasia with alternating
mild and severe ectasia (in 3 cases) and moderate and severe
ectasia (in 3 cases) with focal perivascular edema and typical
histology of the artery and bile duct (Figure 3, b). In 1 case,
no changes in the structure of the vein of the portal triad
were observed. Mild proliferation of hepatic macrophages
and focal ectasia of sinusoidal capillaries were detected in all
cases.

In Group 2 (pregnant female rats with untreated
NAFLD), the structure of the hepatic beam was pre-
served in 2 of 6 liver samples. In addition, the structure
of the hepatic beam was preserved in both the pericen-
tral and peripheral parts of the liver. A poorly distinguished
structure of the hepatic beam was found in 2 cases, only
in the pericentral areas of the liver lobules. In 2 cases,
the structure of the hepatic beam was not differentiated.
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Fig. 1. Blood chemistry parameters in rats with non-alcoholic fatty
liver disease. 1: non-pregnant rats; 2: pregnant rats without treat-
ment; 3: pregnant rats with treatment

Puc. 1. broxuMmyeckue noKasatesm KpoBU Y KpbIC C HEamnKorosb-
HOM JKMpOBOIi bonesHblo neyeHn. 1 — HebepeMeHHble; 2 — bepe-

Fig. 2. Enzyme levels in rats with non-alcoholic fatty liver disease.
1: non-pregnant rats; 2: pregnant rats without treatment; 3: preg-
nant rats with treatment

Puc. 2. YpoBHM (epMeHTOB B KPOBM KPbIC C HEAKOTONIbHON M-
poBoii 6onesHbio neyeHn. 1 — HebepeMeHHble; 2 — bepeMeHHble

MeHHble 6e3 neyeHns; 3 — BepeMeHHbIe C fieYeHneM 6e3 neyeHuns; 3 — bepeMeHHbIe C IeYeHneM
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Fig. 3. Liver histology: @, Small and medium-sized vacuolar degeneration of hepatocytes (stained with hematoxylin and eosin, original

magnification x200); b, Moderate ectasia of vein with perivascular edema (stained with hematoxylin and eosin, original magnifica-
tion x100)

Puc. 3. Tuctonoruyeckoe CTpoeHMe NeYEHN: @ — MEJIKO- U CPeAHeBaKyobHas AMCTPOdMs renatoumuToB (OKpacKa reMaToKCUIIMHOM W 303u-
HoM, yBenuyeHue x200); b — yMepeHHO BbIPaXKEHHas 3KTasus BeHbI C NEPUBACKYNAPHBIM OTEKOM (OKPaCcKa reMaToKCUAMHOM M 303UHOM,
yBenuyeHmne x100)
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Fig. 4. Liver histology: a, Medium-sized and large vacuolar dystrophy of hepatocytes (stained with hematoxylin and eosin, original mag-
nification x100); b, Preserved structure of the hepatic beam, ectasia, and low blood filling of the vein of the portal triad (stained with he-
matoxylin and eosin, original magnification x200)

Puc. 4. [cTonoruyeckoe CTPOEHWE MeYeHU: @ — CPefHe- W KpYMHOBaKyonbHas AUCTPOdUS renaTtounToB (OKPacKa reMaToKCUIMHOM
1 3031HOM, yBenndeHune x100); b — 6anoyHoe CTPOeHME COXpaHEHo, 3KTasusA U ManoKpoBUE NeYeHOUHON BeHbl TpUagbl (OKpacKa reMa-

TOKCWIMHOM W 3031HOM, yBenudeHne x200)

Vacuolar hepatocyte dystrophy was detected in 5 cases
with diffuse (in 2 cases) and focal (in 3 cases) distribution.
In hepatocytes with vacuolar dystrophy (Figure 4, @), medium-
sized and large vacuolar dystrophy predominated (in 4 cases).
Dystrophic changes in hepatocytes were localized around
the portal triads, as well as in the pericentral and peripheral
regions. Small vacuolar dystrophy was observed in 1 case,
and no dystrophic changes in hepatocytes were noted
in 1 case.

In the majority of cases (5), focal moderate ectasia
of the centrilobular veins with uneven blood filling was
noted, and their anatomical preservation was found in only
1 case.

Diffuse ectasia of the sinusoidal capillaries with rela-
tive anemia was observed in all cases. Examination
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of the hepatic triad showed moderate (2 cases) and se-
vere (1 case) venous ectasia without abnormal changes
in the arteries and bile duct (Figure 4, b). No venous ec-
tasia was observed in 3 samples. Thickening and homog-
enization of the muscular structure of the arterial wall was
noted in 1 case.

Mild proliferation of stellate macrophages was observed
in all samples examined.

In 6 liver samples from Group 3 of pregnant female
rats with treated NAFLD, a clearly visualized structure
of the hepatic beam predominated (4 cases) with mild focal
ectasia of sinusoidal capillaries; a poorly visualized structure
of the hepatic beam was observed in 2 cases (Figure 5, a).

It should be noted that vacuolar dystrophy was observed
in 5 liver samples examined, with a predominance of isolated

Fig. 5. Liver histology: a, Preserved structure of the hepatic beam (stained with hematoxylin and eosin, magnification x100); b, Foci of large
vacuolar dystrophy of hepatocytes (stained with hematoxylin and eosin, magnification x200)

Puc. 5. [cTonornyeckoe CTpoeHWe neyeHn: @ — Bano4YHoe CTPOeHWe CoXpaHeHo (OKpacka reMaToKCUIIMHOM M 303WHOM, yBendyerme x100);
b — oyaru KpynHoBaKyoNbHOI AMCTPODMM renaToLmMToB (OKpacka reMaToKCUIMHOM U 303UHOM, yBenuyeHue x200)
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foci of small and medium-sized vacuolar dystrophy (1 case
each). In 2 cases, foci of combined small and medium-sized
vacuolar dystrophy were identified. Large-vacuolar dystrophy
was found in 1 case (Figure 5, b).

Histological data show that pregnancy without fatty
liver disease is characterized by the preserved structure
of the hepatic beam tissue with predominant small
and medium-sized vacuolar dystrophy of hepatocytes
localized around the portal triad, as well as lumen changes
in the centrilobular veins and veins of the portal triad
in 50% of samples, indicating dystrophic and metabolic
changes in hepatocytes and vessels.

Pregnant female rats with NAFLD demonstrated
the impaired structure of the hepatic beam with unclear
or absent differentiation. Vacuolar dystrophy of hepatocytes
was observed in most cases, represented by medium-
sized and large vacuoles with a predominantly diffuse
distribution. The vascular abnormalities are more severe
in the centrilobular vein. The vein of the portal triad had
alterations in 50% of cases, confirming the worsening
of the liver condition in pregnant female rats with NAFLD.

In the group of pregnant female rats with NAFLD treated
with low molecular weight sugars, a clearly visualized
structure of the hepatic beam was predominant in 6 liver
samples. In most cases, however, the vacuolar dystrophy
of the hepatocytes persisted, with a predominance of small
and medium-sized vacuoles, and vascular abnormalities
of the centrilobular veins and the vein of the portal triad
were preserved. The observed liver abnormalities may be
due to a short duration of treatment.

CONCLUSION

NAFLD models can be wused to study effects
of hepatoprotective agents in liver disease. A high-fat diet
is known to induce hepatic steatosis and oxidative stress
in pregnant females, as reflected by blood chemistry
changes in catalase and cholinesterase levels in all study
groups [22].

The study showed that the high-fat diet induced histologic
liver changes typical of NAFLD in all three groups and was
associated with macrovesicular steatosis (Figure 2, a).
The use of low molecular weight sugars in pregnant female
rats with NAFLD restored the structure of the hepatic beam
and improved macrovesicular steatosis to microvesicular
steatosis.

Oxidative stress in the liver of female rats was
the most severe in the high-fat diet group without treatment.
Treatment during pregnancy reduced oxidative stress
in the liver associated with a high-fat diet. This study
evaluated the therapeutic effects of a low molecular weight
sugar on metabolic disorders during pregnancy in obese
female rats on a high fat diet.
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Our data are consistent with the conclusions of other
researchers who have shown that NAFLD is accompanied
by severe oxidative stress [23-25], which is known
to be associated with the pathogenesis of many pregnancy
complications. Therefore, an increase in reduced antioxidant
activity in pregnant rats with NAFLD during treatment with
a low molecular weight sugar is a particularly important
finding. The use of this agent in pregnant females may be
considered as a pathogenetic prevention option for obstetric
complications in NAFLD.

The presented NAFLD model can also be used to assess
the efficacy of the pathogenetic effects of other agents both
during pregnancy and in the pre-pregnancy period.
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KoHdnukTt nHTepecos. ABTOpbI AeKNapVpyIT OTCYTCTBME SIBHBIX
W MOTEHLMANBHBIX KOH(IIMKTOB VHTEPECOB, CBA3aHHBIX C MybnKa-
LIMeN HACTOALLLEN CTaTbM.

Bknap aBTopoB. Bce aBTOpbI BHEC/M CYLLECTBEHHBIN BKIaA
B pa3paboTKy KOHLeNLMW, NPoBEAEHVE UCCIIEA0BaHNS W NOATOTOB-
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KaLumen.
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