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АННОТАЦИЯ
Обоснование. Рост заболеваемости неалкогольной жировой болезнью печени в популяции способствует развитию аку-
шерских осложнений во время беременности и требует поиска эффективных методов гепатопротекторной терапии.
Цель — оценить эффективность терапии неалкогольной жировой болезни печени в экспериментальной модели у бе-
ременных крыс.
Материалы и методы. Экспериментальное исследование проведено на 19 самках крыс линии Wistar массой тела 
250–300 г, полученных из питомника лабораторных животных ООО «СМК Стезар» (г. Владимир). Использованием вы-
сокожировой диеты моделировали неалкогольную жировую болезнь печени в исследованных группах: группу 1 (n = 7) 
составили небеременные самки, группу 2 — беременные самки без терапии (n = 6), группу 3 — беременные самки 
с внутрибрюшинным введением 12  мг препарата низкомолекулярных сахаров с 16-го по 20-й день гестации (n = 6). 
Во время эксперимента еженедельно измеряли массу тела самок крыс, после завершения эксперимента проводили 
биохимические исследования уровней аспартатаминотрансферазы, аланинаминотрансферазы, ферритина, триглице-
ридов, общего холестерина, общего билирубина, мочевины, общей щелочной фосфатазы, желчных кислот, глюкозы, 
С-реактивного белка, холинэстеразы и каталазы в сыворотке крови, а также малонового диальдегида. Гистологическое 
исследование печени самок крыс проведено стандартным методом с окраской гематоксилином и эозином.
Результаты. Результаты экспериментального исследования показали, что на фоне высокожировой диеты как у бе-
ременных, так и у небеременных самок верифицировался оксидативный стресс, проявившийся снижением уровня ка-
талазы и повышением малонового диальдегида; отмечено повышение уровня желчных кислот. У беременных самок 
крыс на фоне неалкогольной жировой болезни печени в сыворотке крови значимо повышался уровень С-реактивного 
белка и общей щелочной фосфатазы, снижался уровень холинэстеразы и еще более значимо снижался уровень ката-
лазы. В группе с применением препарата низкомолекулярных сахаров отмечено улучшение биохимических показате-
лей при неалкогольной жировой болезни печени, вероятно, за счет влияния на липогенез и оксидативный стресс в пе-
чени. Гистологическую картину характеризовало нарушение структурных характеристик гепатоцитов и циркуляторного 
русла. При использовании низкомолекулярных сахаров отмечены тенденция к восстановлению балочного строения 
печени и уменьшение проявлений стеатоза.
Заключение. Использование низкомолекулярных сахаров в терапии неалкогольной жировой болезни печени приводит 
к улучшению биохимических показателей крови с тенденцией к восстановлению гистологического строения печени.

Ключевые слова: беременность; неалкогольная жировая болезнь печени; высокожировая диета; препарат низкомо-
лекулярных сахаров.
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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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The Research Institute of Obstetrics, Gynecology and Reproductology named after D.O. Ott, Saint Petersburg, Russia

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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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, 2]. 

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 

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. 708н (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.  ЛСР-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 a 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 Góth 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  μm 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 

for multiple groups and the χ2 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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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.

Table. Significant blood chemistry parameters in rats with non-alcoholic fatty liver disease
Таблица. Данные значимых биохимических показателей крови у крыс с неалкогольной жировой болезнью печени 

Parameter Control (1) Non-pregnant 
rats (2)

Pregnant 
rats without 
treatment (3)

Pregnant rats 
with treatment (4) p value

Glucose, mmol/L 4.2 ± 0.42 5.52 ± 0.8 5.65 ± 1.0 4.99 ± 0.7 р > 0.5
Cholesterol, mmol/L 0.48 ± 0.1 0.47 ± 0.1 1.2 ± 0.3 1.0 ± 0.2 р1–3 < 0.05

р2–3 < 0.05
Urea, mmol/L 8.1 ± 0.6 3.97 ± 0.5 5.71 ± 0.7 3.9 ± 0.4 р3–4<0.05
Bile acids, µmol/L 2.9 ± 1.3 23.15 ± 2.8 22.9 ± 4.7 16.4 ± 1.5 р1–2 < 0.001

р1–3 < 0.001
р1–4 < 0.001
р2–4 < 0.05

Total alkaline phosphatase, U/L 61–235 107.7 ± 21.5 505.7 ± 85.0 284.2 ± 63.1 р2–3 < 0.001
р3–4 < 0.05

C-reactive protein, ng/mL 12.04 ± 2.5 8.71 ± 3.6 25.56 ± 6.0 24.9 ± 9.3 р2–3 < 0.05
Cholinesterase, U/L 3.57 ± 0.46 3.48 ± 0.11 2.88 ± 0.25 3.15 ± 0.3 р2–3 < 0.05
Catalase, U/L 3.75 ± 0.3 1.83 ± 0.24 1.25 ± 0.13 2.21 ± 0.35 р1–2 < 0.001

р1–3 < 0.001
р2–3 < 0.05

р3–4 < 0.025
Malondialdehyde, µm/L 8.65 ± 0.42 11.3 ± 0.35 11.0 ± 1.1 10.3 ± 0.97 р1–2 < 0.04
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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
Рис. 1. Биохимические показатели крови у крыс с неалкоголь-
ной жировой болезнью печени. 1 — небеременные; 2 — бере-
менные без лечения; 3 — беременные с лечением
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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
Рис. 2. Уровни ферментов в крови крыс с неалкогольной жи-
ровой болезнью печени. 1 — небеременные; 2 — беременные 
без лечения; 3 — беременные с лечением

Fig. 3. Liver histology: a, Small and medium-sized vacuolar degeneration of hepatocytes (stained with hematoxylin and eosin, original 
magnification ×200); b, Moderate ectasia of vein with perivascular edema (stained with hematoxylin and eosin, original magnifica-
tion ×100)
Рис. 3. Гистологическое строение печени: а — мелко- и средневакуольная дистрофия гепатоцитов (окраска гематоксилином и эози
ном, увеличение ×200); b — умеренно выраженная эктазия вены с периваскулярным отеком (окраска гематоксилином и эозином, 
увеличение ×100)

a b

380 µm / 380 мкм190 µm / 190 мкм



DOI: https://doi.org/10.17816/JOWD640004

122
Оригинальные исследования	 Том 73, № 6, 2024	 Журнал акушерства и женских болезней

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, a), 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 

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. 4. Liver histology: a, Medium-sized and large vacuolar dystrophy of hepatocytes (stained with hematoxylin and eosin, original mag-
nification ×100); 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 ×200)
Рис. 4. Гистологическое строение печени: а  — средне- и крупновакуольная дистрофия гепатоцитов (окраска гематоксилином 
и эозином, увеличение ×100); b — балочное строение сохранено, эктазия и малокровие печеночной вены триады (окраска гема-
токсилином и эозином, увеличение ×200)

a b

190 µm / 190 мкм190 µm / 190 мкм

Fig. 5. Liver histology: a, Preserved structure of the hepatic beam (stained with hematoxylin and eosin, magnification ×100); b, Foci of large 
vacuolar dystrophy of hepatocytes (stained with hematoxylin and eosin, magnification ×200)
Рис. 5. Гистологическое строение печени: а — балочное строение сохранено (окраска гематоксилином и эозином, увеличение ×100); 
b — очаги крупновакуольной дистрофии гепатоцитов (окраска гематоксилином и эозином, увеличение ×200)
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190 µm / 190 мкм380 µm / 380 мкм



DOI: https://doi.org/10.17816/JOWD640004

123
ORIGINAL RESEARCH	 Vol. 73 (6) 2024	 Journal of Obstetrics and Women’s Diseases

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 used 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. 

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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