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ABSTRACT 

The experiments were carried out on sexually mature white outbred female rats weighing 170-
190 g. The model of toxic hepatitis in experimental animals was obtained by weekly administration of 
heliotrin at the rate of 0.5 mg/100 g of animal mass for 6 weeks. After 10 days from the last injection 
to females, males were paired. The experimental animals were rat pups aged 3, 7, 14, 21 days old, born 
and fed by mothers with chronic toxic hepatitis. These study periods are consistent with the generally 
recognized division of the age periods in rats: the neonatal period (1-5 days), the suckling period (6-
21 days). The work was carried out in accordance with the "Rules for work using laboratory animals". 
The animals were decapitated under Ether anesthesia. The control group consisted of rat pups born 
and fed by healthy intact females, which were injected with an appropriate amount of isotonic solution 
instead of heliotrin at the same time.  
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For the study, pieces were taken from the stomach, small intestine, large intestine and liver of 
control and experimental animals on the 3rd, 7th and 21st days of postnatal life. The isolated material 
from the organs was fixed in a 10% solution of neutral formalin and Carnoy's liquid. The resulting 
material was subjected to morphological, morphometric and electron microscopic research methods. 
In the course of experimental studies, the effect of chronic liver pathology was revealed in the mother 
on the postnatal morphogenesis of the organs of the gastrointestinal tract of the offspring. Experiments 
have shown that toxic maternal hepatitis negatively affects postnatal growth, development and 
formation and the morphological and functional state of the vascular-tissue structures of the organs of 
the gastrointestinal tract and liver of the offspring, causing pathomorphological changes in their 
vascular-tissue structures, which subsequently lead to a lag, delay in the processes of postnatal 
development and their formation. 

All this necessitates the development of scientifically grounded therapeutic and prophylactic 
measures in relation to children born and fed by mothers with liver pathology, in order to prevent the 
consequences of development of the disease.  
Key words: toxic hepatitis, "mother-offspring", gastrointestinal tract, liver, ontogenesis. 

抽象的 

实验在体重为 170-190 克的性成熟白色远交雌性大鼠上进行。实验动物中毒性肝炎模型是通

过每周以0.5mg/100g动物体重的比例施用heliotrin 6周获得的。从最后㇐次注射到雌性后 10 天

后，雄性配对。实验动物为3、7、14、21日龄的幼鼠，由患有慢性中毒性肝炎的母亲出生和

喂养。这些研究时期与普遍公认的大鼠年龄划分㇐致：新生儿期（1-5 天）、哺乳期（6-21 天

）。工作按照《实验动物工作规则》进行。在㇠醚麻醉下将动物斩首。对照组由健康完整雌

性出生和喂养的幼鼠组成，同时注射适量的等渗溶液代替天竺葵素。 

为了研究，在出生后第 3、7 和 21 天从对照和实验动物的胃、小肠、大肠和肝脏中取出碎片

。从器官中分离出的物质被固定在 10% 的中性福尔马林和卡诺氏液的溶液中。对所得材料进

行形态学、形态计量学和电子显微镜研究。在实验研究过程中，在母亲身上揭示了慢性肝脏

病理学对后代胃肠道器官的出生后形态发生的影响。实验表明，母体中毒性肝炎对后代出生

后的生长、发育和形成以及胃肠道和肝脏器官的血管组织结构的形态和功能状态产生负面影

响，导致其血管组织结构发生病理形态变化，这随后导致出生后发育及其形成过程的滞后和

延迟。 

所有这些都需要针对患有肝脏病变的母亲所生和喂养的儿童制定有科学依据的治疗和预防措

施，以防止疾病发展的后果。 

关键词：中毒性肝炎，“母子”，胃肠道，肝脏，个体发育。 



723 
 

 
 
 

 
INTRODUCTION  

The processes of formation and 
development of the internal organs of mammals 
begin in utero and end after birth. However, 
various pathological factors of the internal and 
external environment during pregnancy 
negatively affect the processes of development of 
the structure and function of organs. The rapid 
development of the chemical industry, improper 
disposal of chemical and nuclear waste, the 
widespread use of pesticides and other toxic 
chemicals not only caused negative changes in 
the environment, but also caused the emergence 
of acute and chronic toxic poisoning and damage 
to organs and tissues of humans and animals [1, 
2] ... It is known that the birth and upbringing of 
healthy children primarily depends on the 
mother's condition. So it requires the relevance 
and importance of studying the influence of 
mother's pathology on offspring. The question of 
the influence of mother's liver pathology on 
pregnancy and on offspring has long attracted 
doctors, as it is one of the reasons for the death 
of young children and often leads to a variety of 
severe injuries. [3, 4]. 

The question of the influence of chronic 
toxic maternal hepatitis on the morphological 
aspects of early postnatal development and the 
formation of the organs of the gastrointestinal 
tract and liver of offspring has not been 
sufficiently studied yet [5, 6, 7, 8, 9, 10, 11]. 

The aim of our work is to study the early 
postnatal development and formation of the 
organs of the gastrointestinal tract and liver of 
offspring, in conditions of chronic toxic damage 
to the liver of the mother. 
 
 
 

MATERIALS AND METHODS 
All the obtained morphometric data were 

subjected to variational-static processing 
according to the Fischer-Student method 
modified by Ermolaeva-Biryukova using a 
software package on a computer. Differences 
satisfying Р≤ 0,005 were considered reliable.  

In the course of experimental studies, the 
effect of chronic liver pathology was revealed in 
the mother on the postnatal morphogenesis of the 
organs of the gastrointestinal tract of the 
offspring. Experiments have shown that toxic 
maternal hepatitis negatively affects postnatal 
growth, development and formation and the 
morphological and functional state of the 
vascular-tissue structures of the organs of the 
gastrointestinal tract and liver of the offspring, 
causing pathomorphological changes in their 
vascular-tissue structures, which subsequently 
lead to a lag, delay in the processes of postnatal 
development and their formation. 

Studies have shown that the stomach of 
rat pups of the control group on the 3rd day of 
postnatal life is thin, the mucous membrane is of 
a light pink color with a grayish tint. The mucosal 
surface has a small number of low folds. In the 
wall of the stomach, all 4 membranes are 
distinguished: the mucous membrane is the most 
powerful in its thickness, the submucosa (loose, 
unformed connective tissue), serous 
(mesothelium) and muscle (thin, consists of 
smooth muscles) membranes. The surface of the 
mucous membrane and the gastric fossa are 
covered with a single-layer columnar epithelium, 
the gastric fossa is of a shallower depth than in 
the control (intact) rat pups. The stroma of the 
intercellular, fundic and pyloric glands contains 
a small amount of connective tissue cells. In the 
fundic glands there are most of the glandular 
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cells proper, containing mucous secretory 
granules. These cells subsequently differentiate 
into additional cells. In the mucous membrane, 
edema and swelling, infiltration with 
mononuclear cells are detected. Electron 
microscopic examination of the parietal cells 
shows the closure of the intracellular secretory 
tubules, the delay in secretion (Fig. 1). 

 
 
Fig. 1. Parietal cells of the gastric mucosa of 3-
day-old rats. Closure of intracellular secretory 
tubules, delayed secretion. TEM. Zoom: 145000 
× 

Some thinning of the mucous membrane 
of the small intestine was observed in 
comparison with the control animals. The 
mucous membrane is represented by many folds 
and villi. Its cover consists of squamous 
epithelium, on the surface of which a moderate 
content of mucus is determined. Moderately 
expressed dystrophic changes in the villi were 
identified: their tortuosity, abundant 
vacuolization of the cytoplasm of the 
integumentary epithelium cells, deformation of 
its nuclei. In the stroma of the villi, foci of 
lymphohistocytic infiltration are often found. 
The length of the villi and the depth of the crypts, 
and the number of mitotically dividing cells are 
less than in the control. The apical part of the cell 
cytoplasm contains a large number of secretory 
granules. Revealed vacuolated Golgi complex, 

expanded profiles of the granular endoplasmic 
reticulum, a large number of mitochondria and 
vesicles. The submucosa is loosened in places 
due to edema and lymphohistiocytic infiltration. 
There are foci of connective tissue 
micronecrosis. The vessels of this layer are filled 
with blood in places and with perivascular 
hemorrhages. 

The muscle layer consists of two layers: 
the inner one is circular, the outer one is 
longitudinal. It is swollen, expanded and 
dislodged, and it has an uneven thickness. 
Locally vacuolated muscle cells are determined. 
Electron-microscopically, in the apical part of 
the cytoplasm of the surface-pit cells, there are a 
large number of secretory granules, a vacuolated 
Golgi complex and expanded profiles of the 
granular endoplasmic reticulum of mucocytes. 
Parietal cells have a high content of mitochondria 
with dense and increased content of vesicles, 
intracellular secretory tubules, closed in the 
cytoplasm, delayed secretion in the parietal cells. 
Ultrastructural studies of microvessels also 
indicate a tendency in some lag, slowing down of 
differentiation processes. (fig. 2). 

 
Figure: 2. Blood capillary of the jejunal 

mucosa of 21-day-old rat pups. The basal 
membrane is loosened, endothelial cells are 
thinned. TEM. Zoom: 10500 × 

 
In the mucous membrane, the vessels are 

dilated in places. The microvessel architectonics 
of all layers and parts of the stomach without 
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significant changes. In places, the vascular wall 
is swollen and tortuous. Expansion, tortuosity 
and blood filling of the collector venules were 
noted, the walls of individual vessels were 
edematous, with erased contours. 

Some thinning of the mucous membrane 
of the small intestine was observed in 
comparison with the control group of animals. 
The mucous membrane is represented by many 
folds and villi. Its cover consists of squamous 
epithelium, on the surface of which a moderate 
content of mucus is determined. In places they 
are sinuous, with deformed nuclei. In the stroma 
of the villi, foci of lymphohistocytic infiltration 
are often found. The length of the villi and the 
depth of the crypts and the number of mitotically 
dividing cells are reduced from the control value. 
Intraorganic vessels in some places revealed 
tortuous, dilated, full-blooded venous vessels 
with symptoms of microstasis. 
 
RESULTS AND DISCUSSION 

The study of postnatal development and 
the formation of the small intestine of offspring 
born and fed by mothers with CTH showed that 
damage to the mother's liver disrupts the 
morphofunctional state of the gastrointestinal 
tract, causes destructive changes in them: the 
growth rates of the components of the "crypt-
villus" system lagged behind, the numbers 
decreased mitotically dividing cells, the 
processes of cell proliferation and differentiation 
slowed down. These changes subsequently led to 
a delay and retardation of the growth and 
formation of the vascular-tissue structures of the 
stomach and intestines. Although these disorders 
in the postnatal period of development are 
gradually compensated, they were persistent in 
most animals and were observed until the end of 
the study period. 

Similar pathomorphological changes 
were observed in the large intestine too: in early 
periods (3rd -7th days after birth) of the 
development of rat pups analogically, the wall of 
the large intestine was well expressed. The 
mucous membrane in the proximal regions is 
represented by pronounced villous folds of 
various shapes and sizes. Surface epithelium 
consists of squamous cells in all parts of 
membrane in the basal part of the cells. The 
boundaries between the cells are indistinct, the 
cytoplasm of cells are wide and light. The crypts 
are not deep; the stroma of them is edematous 
and infiltrated by mononuclear cells. 
Morphometric indices of the deepness of the 
crypt in proximal, middle and distal parts of an 
intestine were a bit less than control figures.  In 
upper crypt parts, limbic cells were swollen in 
places, and their borders were erased. In 
individual cells, there is a deformation of the 
nuclei and vacuolization of the cytoplasm. The 
crypt lumens were enlarged. The crypt stroma is 
dislodged and infiltrated by mononuclear cells. 
The number of mitotically dividing cells is less 
than control animals`. Electron microscopic cell 
cytoplasm is light, contains a complex of 
organelles. There are swollen mitochondria with 
a light matrix. A vacuolated Golgi complex is 
detected, and lymphocytes are between the 
epithelial cells. Basal membrane of moderate 
density is a bit thinned. The number of 
scyphiform cells is more than control numbers. 
They are at various stages of secretion. The 
indices of the density of distribution of 
microvessels in 3-7-day-old rat pups are 
somewhat lower than in control animals. The 
wall of the venules is tortuous and varicosely 
enlarged in places. The diameter of the lumen of 
the venous vessels is larger than controls`. In 
their wall, among the poorly differentiated cells, 
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short elastic fibers and single smooth muscle 
cells are determined. Mucopolysaccharides and 
fat cells are concentrated around the vessels. Due 
to the close morphofunctional and neurohumoral 
relationship of the digestive organs with each 
other, pathological changes in one organ cause 
disturbances in the other.  After 14 days of 
postnatal development of rat pups, the indices of 
the thickness of the mucous and serous-muscular 
membranes of the colon, the depth of the crypts 
and the number of cells in the crypts were less 
than those in the control animals. The surface 
epithelium is flattened, in places with 
pyknotically altered nuclei. There was a 
lamination of the epithelial layer. Cells are 
polymorphic, swollen in places, with light 
cytoplasm. Separate crypts in the middle and 
lower parts are dilated; their stroma is infiltrated 
by lymphohistiocytic cells. In the middle and 
lower third of the crypts, a large number of 
scyphiform cells are observed, the total number 
of which is more than the control figures. In the 
epithelial layer of the crypts, intercellular edema 
and vacuolization of the cytoplasm, with reduced 
microvilli are revealed. In the submucosa and 
muscular membranes there are areas that are 
loosened and infiltrated by mononuclear cells. 

 Lymphoid tissue appears in the 
submucosa and crypt stroma. The serous 
membrane is a layer of mesothelial cells. They 
are located close to each other, their cytoplasm is 
fine-grained and relatively light. All these 
pathomorphological changes in tissue structures 
in all parts of the colon were often focal in nature. 

Studies after 21 days of postnatal life of 
animals showed that in some animals the 
revealed pathomorphological changes were 
gradually leveled, due to which the 
microstructure of the organ gradually 
approached the control groups, but the 

morphometric parameters did not finally reach 
the control figures. However, in most animals, 
pathomorphological changes persisted and 
sometimes progressed. The morphometric 
parameters of the walls of all the studied sections 
are less than in the control animals. The crypt 
epithelium is represented by prismatic cells with 
and without borders, as well as a large number of 
scyphiform cells. In some places, the lumen of 
individual crypts in the middle and lower third is 
expanded. The stroma of some crypts is 
infiltrated by lymphohistiocytic cells. Studies 
after 30 days of postnatal life of animals showed 
that in some animals, the revealed 
pathomorphological changes gradually leveled 
off, due to which the microstructure of the organ 
gradually approached the control groups, but the 
morphometric parameters did not finally reach 
the control figures. However, in most animals, 
pathomorphological changes persisted and 
sometimes progressed. The morphometric 
parameters of the walls of all the studied sections 
are less than in the control animals. The crypt 
epithelium is represented by prismatic cells with 
and without borders, as well as a large number of 
scyphiform cells. In some places, the lumen of 
individual crypts in the middle and lower third is 
expanded. The stroma of some crypts is 
infiltrated by lymphohistiocytic cells. The 
formation of the muscular plate of the mucous 
membrane lags behind, as compared with the 
animals of the control groups. The number of 
mitotically dividing cells in the proximal, middle 
and distal parts of the intestine is 1.5; 1.2 and 1.1 
times less than in the control. 

In the capillary network of the mucous 
membrane of the large intestine, tortuosity and 
some expansion of the diameter are noted. The 
outgoing postcapillaries are dilated and 
sinusoidal. Several postcapillaries, merging, 
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form venules, which have varicose enlargements 
in some areas of the mucous, submucous and 
serous-muscular membranes. The morphometric 
parameters of the venule lumen diameter are 
greater than in the control animals. In their 
lumen, aggregated blood cells are revealed; the 
basement membrane is edematous, loosened 
(Fig. 3) 

 

 
Figure: 3. Venula of the submucosa of the large 
intestine in 21-day-old rat pups. In the lumen of 
the vessel, there are aggregated blood cells. 
TEM. Zoom: 10500 × 

It should be noted that all of the above 
morphological changes in the vascular-tissue 
structures of the small and large intestines were 
focal. 

Significant disorders were found in the 
liver microstructure of newborn rat pups (3-7 
days). Hepatocytes were arranged loosely and 
randomly, separated by wide and full-blooded 
sinusoidal hemocapillaries. In many hepatocytes, 
the phenomena of hydrolytic dystrophy were 
noted. Pycnosis and lysis of nuclei were observed 
in some cells. 

On the 3rd-7th day of life of postnatal 
development of rat pups born and reared by 
mothers with chronic toxic hepatitis in the 
vascular-tissue structures of the liver, the 
following picture was observed: in the liver 
microstructure of newborn rat pups (3-7 days), 

hepatocytes were located loosely and randomly, 
divided by wide and full-blooded sinusoidal 
hemocapillaries. In some hepatocytes, the 
phenomena of hydropic dystrophy were 
observed, pycnosis and lysis of nuclei were 
observed in some cells. The size of hepatocytes 
increased 18.5 + 0.8 in comparison with the 
indicators of the control group of animals (in the 
control 12.0 + 0.4). The number of binucleated 
hepatic cells is relatively higher, 2.7 + 0.3 (in 
control, it is 1.2 + 0.04). The liver acinus and 
lobules are poorly contracted. At electron 
microscopic examination, the cytoplasm of the 
liver cells was not grained, the nuclei of many 
hepatocytes had an oval shape. Mitochondria are 
in large numbers, with an electron-dense matrix. 
In places in the interlobular connective tissue, 
infiltration and expansion of sinusoidal 
hemocapillaries were detected. After 21 days of 
postnatal development in animals of the 
experimental group, there was a slight increase in 
the severity of the pathomorphological changes 
described above. In some places, in contrast with 
acinus-lobular structure of the liver, places with 
incompletion of the liver parenchyma were 
revealed; liver cells were broken up randomly. In 
interlobular connective tissue, infiltration with 
mononuclear cells was observed. 
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Fig. 1. Liver of rat pups at 21 days of 
postnatal life. HE staining. Zoom: 10x10 

Electron microscopically, the nuclei of 
hepatocytes are round, often oval in shape with 
two or three nucleoli located closer to the nuclear 
membrane (Fig. 1). The nuclei are unchanged 
with a delicate network of small lumpy 
chromatin. Kupffer cells are singular. Disse's 
space is slightly expanded in places. In some 
centers of the lobules, there is a decrease in 
hepatocytes, there is a slight increase in 
granulomas and small cell nodules adjacent to 
the portal tracts. The endoplasmic reticulum is 
often represented by vacuoles, vesicles of 
various sizes. Venous vessels of the liver are 
dilated in places and full-blooded. In the animals 
of the control group, a distinct beam-lobed 
structure of the liver was noted at this time. 

Our studies prove once again that because 
of the close relationship of the functional system 
“mother-fetus”, any pathology of the mother 
before and during pregnancy leads to the 
pathology of the offspring organs not only in the 
prenatal, but also in the postnatal periods of 
development. 

To sup up, our study results showed that 
liver pathology in mother influence negatively on 
offspring`s postnatal growth, development and 
formation, moreover, on morphofuctional state 
of the organs of the gastrointestinal tract and 
liver. Analyzing these processes, we assume that 
the disorder of the disintoxicational function of 
mother`s liver has a huge importance. The fetal 
liver is not proper enough to disintoxication of 
metabolic products. It is clear that in this case the 
accumulation in tissues, including the liver, of 
substances (pyruvic acid, lactic acid, products of 
free radical oxidation, metabolites, etc.) is 
possible, which has a cytotoxic effect. A 
damaging effect on the internal organs of a 

developing fetus can also be exerted by such 
products that, when the placenta permeability is 
impaired, penetrate the fetus, but normally they 
were detoxified in the mother's liver and did not 
enter the fetus [12, 13, 14, 15, 16, 17, 18]. The 
consequences of such an effect are noted in the 
early postnatal period of development in the form 
of a gradual dystrophic process in the vascular-
tissue structures of the organs under study. 
Another reason for pathomorphological changes 
in the offspring, apparently, is due to certain 
immunopathological changes in the body, 
because the protein products of decaying 
hepatocytes cause an autoallergic reaction, the 
possibility of such a mechanism is indicated by 
destructive changes in the internal organs of the 
offspring. In addition, the structural disorders of 
the digestive system organs and their 
microvasculature in rat pups born from mothers 
with CTH, which we established, may be the 
result of a deficiency of plastic and a number of 
biologically active substances for the fetus 
during the embryonic period of development. 
This deficiency occurs when the mother's liver 
function is impaired, placental insufficiency, and 
the action of products of impaired metabolism. In 
the mother's blood, as a result of inhibition of the 
antitoxic function of the liver, perverted 
metabolic products accumulate, which affect the 
embryos during the prenatal period of 
development. On the other hand, the developing 
hepatocellular failure [19,20,21,22,23,24,25,] 
leads to changes in the mother's body - this is 
reflected in the change in the quantitative and 
qualitative composition of the mother's breast 
milk and subsequently these factors affect on the 
processes of postnatal growth, development and 
formation of offspring organs. The combination 
of the above factors, in our opinion, is 
responsible for the disorder of histogenesis and 
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morphogenesis in the fetus, gradually developing 
degenerative processes in postnatal ontogenesis, 
slowing down and lagging behind the growth, 
development and formation of organs and 
systems. Considering that the replanting of 
animals was carried out on the 10th day after the 
administration of the drug to females (during this 
period, there is no hepatotoxin in the blood of 
females), we believe that, apparently, the cause 
of the above pathomorphological changes in the 
vascular-tissue structures of the stomach, small 
and large intestine and liver is, first of all, a 
deficiency of plastic, trophic and energetic 
material in the fetus during the prenatal period of 
development, due to the pathology of the 
mother's liver, and not the direct effect of 
hepatotropic poison on the fetus. 

At the same time, other factors are not 
excluded, such as an antitoxic function disorder 
of the liver and the resulting metabolic products 
and their metabolites in the mother's blood that 
enter the fetus through the placenta, a change in 
the quantitative and qualitative composition of 
the mother's breast milk. All this necessitates the 
development of scientifically based therapeutic 
and prophylactic measures in order to prevent 
pathology in children born and fed by mothers 
with liver pathology. 
 
CONCLUSION 

Chronic toxic damage to the liver of the 
mother negatively influence on the processes of 
postnatal development and the formation of 
tissue structure of the organs of gastrointestinal 
tract of the offspring.  

Hepatotoxins, introduced into the mother 
organism before pregnancy and forming in it in 
hepatitis, entering the blood and then breast 
milk, promote the development of 
inflammatory-reactive changes in tissue-

vascular structures of the organs of 
gastrointestinal tract and liver in early periods of 
life of postnatal development and the growth in 
the organism of the offspring.  

Pathomorphological changes in the 
vascular-tissue structures of the gastrointestinal 
tract and liver of the offspring subsequently lead 
to a delay in the processes of postnatal formation 
and development of organs and systems in 
general. 

All this necessitates the development of 
scientifically based therapeutic and prophylactic 
measures in order to prevent pathology in 
children born and fed by mothers with liver 
pathology. 
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