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Summary
Pathology of the organs of the hepatobiliary system is one of the leading causes of 

death in highly developed countries. Among various factors that can negatively affect the 
morphofunctional state of the liver in the mother-fetus system, the alimentary factor occupies 
the first place.

The aim of this study was to establish the mechanisms of influence of excess nutrients in 
the diet on the morphology and functional state of the liver of pregnant rats.

The structural and functional state of the liver of 7 rats that received an excess diet during 
pregnancy and 6 rats of the control group were studied. 

Morphological changes were manifested by uneven expression of eNOS and a positive 
reaction of iNOS, which was observed not only in macrophages, but also in single endothe-
liocytes of dilated sinusoids. Functional changes were characterized by the development of 
dyslipidemia in the blood serum and the accumulation of TG and NEFA in the liver tissues. 

The data obtained in the course of the study may indicate pronounced disorders of lipid 
metabolism, which can be regarded as a risk factor for the development of steatosis, liver fibro-
sis, atherosclerosis and type 2 diabetes mellitus. 
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1. Introduction

In recent decades, there has been a tendency towards an increase in the proportion of 
diseases of the hepatobiliary system in the structure of somatic pathology among pregnant 
women in the highly developed countries of Europe. One of the key reasons that can have a 
negative impact on the structural and functional state of the liver of the mother and the fetus is 
the alimentary factor (diet with excess of nutrients).

In particular, it was proved that a high-fat diet can lead to the development of steatosis of 
varшув degree of severity, inflammation, and fibrosis, which in turn is determined by the nature 
of the diet (percentage and composition of lipids). According to (Jou J et al., 2008: 370-3), the 
10% of vegetable oil, lard and 2% of cholesterol from the total composition of the diet in rats 
for 12 weeks leads to fatty infiltration of liver and to formation of steatosis in non-pregnant rats 
(Jou, J. et al., 2008: 371). The authors (Bivalkevich, N.V. et al., 2015: 39) found that prolonged 
exposure for 180 days to a high-lipid diet (19% rendered beef tallow and 2% cholesterol) led to 
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the development of steatohepatitis and triggered the fibrogenesis processes. It has been proven 
that a high-lipid diet leads to intensification of lipid peroxidation (LPO) processes and depletion 
of antioxidant defense mechanisms (Bivalkevich, N.V. et al., 2015: 41). 

In addition, the effect from excess fat in diet in the occurrence of obesity and non-al-
coholic fatty liver disease (NAFLD) has been proven. It was found that in young rats the 
induction of obesity by a diet with excess lipids is more effective than in rats of older age 
(Rossi, A. et al., 2020; Derks, N.G. et al., 2015: 537). The scientific works of (de Castro, 
U.G.M. et al., 2013) proved that young 4-week-old Fischer rats fed based on a diet enriched 
with animal fat (lard 40% by weight) had an increase in body weight and abdominal obesity 
(de Castro, U.G.M. et al., 2013). Literature data indicate that excess fat in the diet of rodents 
leads to the development of hypertrophy and fibrosis of the heart, myocardial necrosis, 
while in mice it also induces an increase in systolic blood pressure and the development of 
endothelial dysfunction (Francini-Pesenti, F. et al., 2019; Brambilla, A. et al., 2014: 92). 
(Senaphan, K. et al., 2013: 211) proved the short-term effect of a combined high-calorie 
diet (milk fat 21% and sucrose 34% by weight) on the induction of metabolic syndrome 
in 8-week-old C57Bα/6 mice and the development of the expression of genes involved in 
lipid metabolism and genes involved in transmission of insulin signal to tissue cells (Sen-
aphan, K. et al., 2013:212). 

Despite the presence of studies dedicated to the study of influence of the alimentary fac-
tor on the structure and functional state of the rat liver, the issues of its effect in the mother-fetus 
system remain underresearched. 

The aim of this work was to study the mechanisms of influence of an excess diet on the 
structural and functional state of the liver in pregnant rats. 

2. Materials and methods

The experimental work was carried out in 13 heads of 4-month-old female rats of the 
WAG population, which were divided into two groups: 7 female rats, which received the basic 
vivarium during pregnancy (group 1 or control group); 6 females, which received a diet with 
excess nutrients during pregnancy (group 2 or main group). The simulation of the effect of the 
alimentary factor on rats was carried out using an experimental model developed by the staff 
of the Department of General and Clinical Pathophysiology named after D.E. Alpern, at the 
Kharkiv National Medical University (Nikolaeva, O.V., Kovaltsova, M.V., Yevtushenko, T.G. 
(2013). Pat. 80979 Ukraine IPC G09B 23/28 (2006.01) Method of excess weight modeling). 

3.1 Immunohistochemical research

The morphofunctional state of the organ was assessed by the results of immunohis-
tochemical (IHC) studies of liver tissue and biochemical analysis of blood serum and organ 
homogenates. To assess the state of the liver vascular endothelium by the IHC method, a 
qualitative reaction was carried out to determine the expression of markers of nitric oxide 
metabolism: endothelial nitric oxide synthase (eNOS) and inducible nitric oxide synthase 
(iNOS). We used concentrated polyclonal rabbit antibodies (PCAT) from Thermo scientific 
(Germany) – Nitric Oxide Synthase inducible (iNOS) Rabbit Polyclonal Antibody dissolved 
at 1:100, and Nitric Oxide Synthase endothelial (eNOS) Rabbit Polyclonal Antibody dis-
solved at 1:50. 
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3.2 Biochemical research

The functional state of the liver was assessed by the level of lipid metabolism indi-
cators: total cholesterol (CS), low density lipoproteins (LDL), very low density lipoproteins 
(VLDL), high density lipoproteins (HDL), triglycerides (TG), atherogenic index (AI). The level 
of cholesterol, triglycerides, and HDL was determined by the spectrophotometric method using 
the reagent kits by Olvex (Russia), while the level of LDL, VLDL, and AI – by the calcula-
tion method. The fractional composition of lipids (cholesterol – CS, phospholipids – PL, tri-
glycerides – TG, non-esterified fatty acids – NEFA) was studied in the liver tissue by thin layer 
chromatography on Silufol plates (Kamyshnikov, V.S., 2016). 

All procedures on animals were performed in compliance with the rules and international 
recommendations of the European Convention for the Protection of Vertebrate Animals used 
for experiments or other scientific purposes (Strasbourg, 1986). Animals were withdrawn from 
the experiment by decapitation immediately after the birth of offspring. Statistical processing 
of the research results was carried out using the GraphPadPrism5 software. The Mann-Whitney 
U criterion was used to determine the significance of differences. 

4. Results and discussion

The IHC study of the liver tissue of rats of the main group revealed changes, which con-
sisted in the fact that the distribution of endothelial synthase in the organ of rats of the Group 2 
was somewhat uneven, intermittent, with an overall moderate marker reaction. 

A positive iNOS reaction in the observations of this group was detected not only in mac-
rophages, but also in single endotheliocytes of dilated sinusoids, endothelial cells of the central 
vein, and in single isolated hepatocytes (Fig. 1). 

 
Fig. 1. Liver of rats, Group 2. Positive staining of endothelial cells  
and single hepatocytes. Reaction with PCAT to anti-iNOS, × 400
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The revealed changes indicated a minimal expression of eNOS, which indicated high 
compensatory capabilities of the mother's body during consumption of a diet with excess nutri-
ents. The accumulation of iNOS promoted increased damage to hepatocytes, which in turn lead 
to the death of endothelial cells and the progression of sclerosis of the connective tissue struc-
tures of the liver. These immunomorphological features confirmed the presence of a moderately 
pronounced degree of endothelial dysfunction, which led to a decrease in the functional activity 
of the organ. 

The Figures 2 and 3 present the results of biochemical studies of blood serum and liver 
homogenates needed to assess the functional state. 
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Fig. 2

As can be noted according to the data presented in Fig. 2, the lipid profile of mother rats 
of Group 2 contains the level of cholesterol corresponding to that in rats of the control group, 
and TG is significantly increased – by 257.1%, p˂0.05. Moreover, a significant increase of 
AI – by 190.2% (p 0.001) was detected, which was due to an increase in VLDL by 219.4% and 
a decrease in HDL by 42.6% (p˂0.05). The established regularities of the lipid profile indicate 
pronounced disorders of lipid metabolism and prove a high degree of risk of atherosclerosis in 
females who received an alimentary excess of nutrients in the diet. 

The study of liver homogenates (Fig. 3) in rats of Group 2 revealed significant changes in 
the fractional composition of lipids, which were manifested by an increase in TG and NEFA – 
by 71.7% and 95.1% (p˂0.01), respectively, at a PL level which did not differ from the control, 
and, a decrease in the level of cholesterol – by 28.1% (p˂0.01).

The revealed changes indicate the presence of a pronounced degree of lipid metabolism 
disorders, which can serve as a risk factor for the development of metabolic syndrome, athero-
sclerosis and various organic liver pathologies. 

The morphofunctional changes revealed in the rat liver can be explained by the fact that 
the consumption of a diet with excess nutrients leads to a functional overload of hepatocytes. 
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Long-term functional overload of liver cells potentiates degenerative changes in liver cells, 
which subsequently leads to their depletion. Furthermore, these changes contribute to the acti-
vation of the stress response, and this, in turn, contributes to hypercatecholaminemia, which 
aggravates liver damage. 
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Fig. 3

5. Conclusions

1. Long-term consumption of excess nutrients in the diet leads to the development of 
structural and functional disorders, which were manifested by a positive reaction of inducible 
NO-synthase, which can become a risk factor for the development of fibrotic changes in the liver.

2. Functional changes in the liver were manifested by the development of dyslipidemia 
(significant increase in TG, VLDL and AI), which can be regarded as a risk factor for the devel-
opment of atherosclerosis, metabolic syndrome and type 2 diabetes mellitus.

3. Biochemical studies of liver homogenates indicated violations of lipid metabolism, 
which was confirmed by the accumulation of TG and NEFA with a decrease in the level of CS 
and PL in the tissue of the organ, which can be regarded as a predisposing risk factor for the 
development of steatohepatitis, hepatic steatosis and other organic liver pathologies. 
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