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INTRODUCTION
According to epidemiological studies in Ukraine, the prev-
alence of chronic liver damage has increased more than 2.5 
times in recent decades [1]. Liver cirrhosis is commonly 
caused by many different forms of liver diseases and con-
ditions, such as chronic hepatitis of viral, toxic or alcohol 
etiology. [2], impaired hepatic bile duct outflow or me-
chanical biliary tract obstruction. According to the WHO 
global liver cirrhosis mortality ranks sixth, in Ukraine – the 
fifth. Nowadays more than 40 thousand patients with cir-
rhosis (128 per 100 thousand population) in our country 
are on dispensary accounting. It is known [3] that the 
main morphological feature of cirrhosis is the formation 
of pseudoparticles, which separate the connective tissue 
layers, furthermore, severity of macrophage infiltration and 
fatty dystrophy of hepatocytes. Thus, the activated stellate 
cells, portal fibroblasts, fibrocytes and epithelial cells take 
part in the formation of fibrous strands [4]. There is also an 
increase in collagenogenesis, expression of matrix metallo-
proteinases and their tissue inhibitors. Among the causes 
that lead to the liver cirrhosis distinguished infectious (viral 

hepatitis, parasitic diseases of the liver, infections of the 
biliary tract); toxic and toxic-allergic (alcohol, industrial 
and food poisoning). 

Morphological structure and liver functions predeter-
mined prognostically unfavorable course of the disease 
due to it complicated pathogenesis and severe clinical 
manifestations of liver cirrhosis. 

THE AIM 
The aim was to establish the morphofunctional changes of 
liver in the experimental cirrhosis.

MATERIALS AND METHODS
The research was conducted on 24 white rats of the Wistar 
line weighing 170-210 g. All the animals received care in 
compliance with the Guide for the Care and Use of Labo-
ratory Animals (National Institutes of Health Publication 
No. 85-23, revised 1985). Experiments performed in ac-
cordance with the National Institutes of Health Guide for 

EXPERIMENTAL CIRRHOSIS: LIVER MORPHOLOGY AND FUNCTION
DOI: 10.36740/WLek202005120 

 
Vitalij А. Datsko, Larisa Ya. Fedoniuk, Yana I. Ivankiv, Khristina I. Kurylo, Аlina S. Volska, Sergij L. Malanchuk, 
Оleksandra М. Oleshchuk 
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

ABSTRACT
The aim was to establish the morphofunctional changes of liver in the experimental cirrhosis.
Materials and methods: The research was conducted on 24 white male Wistar rats. Experimental cirrhosis of the liver was simulated by oral administration of CCl4 2 g/kg 
2 times weekly for three months. From the selected fragments of the liver, histological specimens were done according to the conventional method and examined by light 
microscopy. The activity of the enzymes of cytolysis and cholestasis (ALT, AST, alkaline phosphatase), the content of components of bile (cholesterol, bilirubin and bile acids) 
were determined in the serum. In the blood and liver were determined the content of the final products of metabolism of nitric oxide: NO2

- and NO3
-; in the blood – the content 

of ceruloplasmin, lactate, pyruvate, middle molecular-weight protein MWP1 and MWP2. In the liver – the activity of succinate dehydrogenase (SDG) and cytochrome oxidase 
(CHO), N-demethylase and p-hydroxylase microsomal activity. The state of the system of prooxidants-antioxidants was judged by the content in the liver of thiobarbituric acid 
reactive substance (TBARS), lipid hydroperoxide (LHP), concentration of sulfhydril group (GSH), catalase activities (CAT), superoxide dismutase (SOD). The content of endothelial 
(eNOS) and inducible (iNOS) NO synthases, the concentration of pro-inflammatory cytokines IL-1β, IL-6 and TNF-α were determined by the enzyme immunoassay. 
Results: Cirrhosis of the liver, which is morphologically confirmed by the presence of prominent sclerosis in the periportal zones and the formation of umbel, is accompanied by 
the development of cytolysis and cholestasis processes with an increase in the content of components of bile in the blood (cholesterol, bilirubin and bile acids). An increase in the 
content of lipoperoxidation products and disturbance of the state of the enzymatic and non-enzymatic units of the antioxidant system, decrease in the activity of mitochondrial 
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and p-hydroxylase activity of the liver microsomes, so the manifestations of endotoxicosis increase. This is accompanied with decreased content of endothelial and an increased 
content inducible NO synthase, a concentration of a stable metabolite of nitric oxide nitrite anion in the blood increase and a decrease in the liver. 
Сonclusions: Experimental CCl4 cirrhosis is characterized morphologically by sclerosis in the periportal zones and the formation of umbao. The metabolic and functional cirrhotic 
liver is characterized by cytolysis and cholestasis activation, inhibition of detoxication, prooxidant-antooxidant, including nitrooxidative, disbalance.
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the Care and Use of Laboratory Animals and approved by 
the local animal committee.

Experimental cirrhotic liver damage was modeled by 
oral administration of CCl4 at a dose of 2 g/kg 2 times a 
week for 3 months [5]. Liver scraps were fixed in 10 % 
neutral-buffered formalin solution for 5 days, embedded 
in paraffin and sectioned. The scraps were stained with 
hematoxylin and eosin.

The activity of cytolysis and cholestasis enzymes (ALT, 
AST, alkaline phosphatase (ALP)), the content of bile 
components (cholesterol, bilirubin and bile acids) were 
determined in serum using standard kits of reagents “Hu-
man” (Germany). The content of nitric oxide metabolites 
NO2 and NO3– was determined in serum and liver [6]. 
In the blood – the content of ceruloplasmin [7], lactate, 
pyruvate [8], molecules of average mass MWP1 and MWP2 
[9]. In the liver, succinate dehydrogenase (SDG) activity 
[10] and cytochrome oxidase (CHO), N-demethylase and 
p-hydroxylase microsomal activity.

The state of the pro-oxidant-antioxidant judged by the 
concentration of thiobarbituric acid reactive substance 
(TBARS) [11], lipid hydroperoxides (LHP), concetration 
of sulfhydryl group (GSH) [12], the activity of catalase 
(CAT) [13], superoxide dismutase (SOD) activity [14]. 
Expression of eNOS and iNOS was investigated in serum 
and liver with ELISA method, using «Enzyme-linked Im-
munosorbent Assay Kit for Rat Nitric Oxide Synthase 3, 
Endothelial (NOS3)», Uscn, Life Science Inc, E90868Ra 
and «Enzymelinked Immunosorbent Assay Kit for Rat 
Nitric Oxide Synthase 2, Inducible (NOS2)», Uscn, Life 
Science Inc, E90837Ra respectively, according to the man-
ufacturer’s protocol, the concentration of proinflammatory 
cytokines IL-1β, IL-6 and TNF-α were determined in the 
blood and hepatocytes.

All the results obtained were processed by the method 
of variational statistics using the Student’s t test (Micro-
soft Excel XP) and the one-way ANOVA using Origin 7.5 
(OriginLab Corp., USA).

RESULTS
As a result of the investigation, it was found that during 
experimental cirrhosis in rats, which were injected with 
tetrachlomethane for three months, macroscopically liver 
had a dark brown color, it was dense, elastic, multilobular. 
It was noted, that the structural organization of the liver 
lobe had undergone some changes. Trabecular (bulk) or-
ganization of hepatocytes was disturbed, sinusoidal lumens 
were slightly expanded, but in some pfilaces capillaries 
were absent (Fig. 1).

The portal tracts were enlarged because of prominent 
sclerosis (Fig. 2) and lympho-histiocytic infiltration, in 
which, in the small groups were observed hepatocytes of 
various shapes. The growth of fibrous tissue further the 
formation of regenerating parenchymal nodules surround-
ed by dense bands of scar and variable degrees of vascular 
shunting.  It can be regarded as zones of compensatory 
regeneration.

Fig. 1. Formation of portal cirrhosis in parenchyma of the liver. Specimen. 
Stained with Haematoxylin and eosin х 100.

Fig. 2. Sclerosis in combination with lympho-histiocytic infiltration, 
formation of parenchymal nodules. Specimen. Stained with Haematoxylin 
and eosin х 100
.

Fig. 3. Hyalinosis and vascular sclerosis, dystrophic changes in hepatocytes, 
zones of the compensatory hypertrophy. Specimen. Stained with 
Haematoxylin and eosin х 100
.
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In centrolobular hepatocytes were observed accumu-
lation of abnormal amounts of protein and fine-grained 
lipid, which indicate  degeneration.

Oral administration of the tetrachlormethan also caused 
changes in the histoarchitectonics of the blood vessels, the 
walls of which became scleroses and hyalinized. Some vessels 
were full-blooded with a stasis. These changes indicate dis-
orders of the morphofunctional integrity in the liver tissue.

Аs a result of biochemical studies it is established that in 
experimental cirrhosis of the liver, there is an increased in the 
serum activity of enzymes that are markers of liver damage. 
The activities of ALT, AST, alkaline phosphotase exceeded 
the values of the control group of animals in 3.3; 2.9 and 2.8 
times, respectively, indicating the development of hepatopa-
thy with manifestations of cytolysis and cholestasis (Table I).

The content of bile components increased in the serum. 
The concentration of bilirubin, cholesterol and bile acids 
in cirrhosis exceeded the control indicators in 4.1; 4.7 and 
1.3 times (Table II).

It was established that activation of lipoperoxidation pro-
cesses was observed under these pathological conditions, 
as evidenced by an increase in the content of TBARS- thio-
barbituric acid reactive substances in the affected organ 
and blood (2.1 times and 60.0%, respectively) and LHP in 
the liver (2.1 times) (Table III).

It was determined the decreasing of the activities of 
antioxidant enzymes in the liver, SOD – by 52% and cat-
alase – by 54%. The activities of CAT increased by 90%, 
which reaches the internal cyclic enzyme in the free areas 

Table I. Biochemical parameters of serum (М±m)
Data Control Cirrhosis р

ALT, mmol/(l×h) 0.49±0,10 1.63±0,05 <0.001

AST, mmol/(l×h) 1.68±0,14 4.90±0,15 <0.001

Alkaline phosphotase, 
mmol/(l×h) 2,43±0,086 6.75±0,30 <0,001

Notes: Here and following tables p is the probability of difference compared 
to the control.

Table II. Content of components of bile in blood (М±m)
Data Control Cirrhosis р

Bilirubin (mcmol/l) 6.48±0.47 26.55±1.89 <0.001

Cholesterol (mmol/l) 1.81±0.09 8.58±0.44 <0.001

Bile acids (mg%) 234.8±5.2 296.0±5.2 <0.001

Table III. Indicators of the intensity of lipoperoxidation (M±m)
Data Control Cirrhosis р

LHP (liver), UA/kg 1.77±0.14 3.67±0,13 <0.01

TBARS (liver), mcmol/ kg 3.03±0.08 6.46±0.47 <0.001

TBARS (blood), mcmol/ kg 2.11±0.10 3.39±0.18 <0.001

Table IV.  Antioxidant system indicators (M±m)
Data Control Cirrhosis р

Catalase (cat/kg) liver

4.82±0.26 2.21±0.21  <0.001

SOD (U/kg) 3.64±0.10 1.77±0.38  <0.01

GSH (mmol/kg) 4.29±1.17 2.56±0.16 <0.001

Catalase  (cat//l)

blood

11.36±0.57 21.59±1.26 <0.01

Ceruloplasmin (mg/l) 241.2±4.4 208.5±1.2 <0.05

Table V. Nitrite and nitrate anion content in blood and liver (М±m)
Data

blood liver

NO2
-  (mcmol/l) NO3

- (mcmol/l) NO2
- (mcmol/kg) NO3

- (mcmol/kg)

Control 1.19±0.05 9.98±0.23 2.28±0.11 8.81±0.34

Cirrhosis 3.24±0.24 11.64±0.98 1.85±0.11 7.54±0.49

р <0.001 <0.001 <0.05 >0.05

Table VI. eNOS and iNOS content in blood and liver (M±m)

Серія досліду
blood liver

eNOS (U/ml) iNOS (ng/мл) eNOS (U/ml) iNOS (ng/ml)

Control 2.40±0.13 15.89±0.73 8.51±0.49 2.38±0.21

Cirrhosis 0.94±0.09 64.47±5,10 4.53±0.36 5.72±0.17

р <0.001 <0.001 <0.001 <0,001

Note:  1 ml - 1×106 cells.

Hepatocytes, as the chief functional cells of the liver, were 
different in shape, some of them did not contain nuclei, 
cytoplasm of other cells contained nuclei with prominent 
features of the apoptosis. Liver cells with compensatory hy-
pertrophy were visible in the rest part of the lobules (Fig. 3).
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contained in the cyrolytic processes. Serum ceruloplasmin 
cirrhosis decreased by 18.6 %, indicating that inhibition 
of the synthesis of this copper-containing antioxidant 
protein in the liver is inhibited. The content of reduced 
glutathione in the affected organ in this series decreased 
by 40%, compared with the control indicator (Table. IV).

We have established reduction of nitrite anion in the liver 
by 18.2 %, and in serum growth in 2.7 times. NO3- level 
in blood increased by 16.6 % and did not change in the 
liver (Table. V).

By enzyme immunoassay method was found that the 
content of endothelial form of NO synthase in the liver 
and blood decreased by 46.7 and 61.0 %, inducible form 
of NOS enzyme increased 2.5 and 4.1 times, respectively 
(Table VI). Activation of iNOS can be caused by an increase 
in the production of the proinflammatory cytokines IL-1β, 
IL-6 and TNF-α, whose levels in cirrhosis exceeded the 
control values of 3.0; 4.4 and 5.5 times.

The activities of mitochondrial enzymes of SDH and 
CHO in the liver decreased by 24.0 and 28.9%, respectively, 
compared with intact animals, which indicates a distur-
bance of the processes of energy supply of hepatocytes in 
cirrhosis.

The level of lactate in the group of animals with cirrhosis 
increased by 31.7%, and pyruvate decreased by 51.1%, 
which indicates a disturbance of carbohydrate metabolism 
and activation of anaerobic glycolysis in liver cirrhosis 
(Table VII).

Significant inhibition of detoxification processes in the 
liver was evidenced by a decrease in the rate of N-demeth-
ylation and p-hydroxylation processes in the liver by 44.0 
and 42.0 %, respectively. The increase in serum endotoxi-
cosis in cirrhosis was evidenced by a significant increase in 
serum levels of both fractions of medium-molecalur weigt 
proteins: MWP1  (up to 0.71 ± 0.02 units/l) and MWP2 (up 
to 0.57 ± 0.02 units/l) – in relation to their level in individ-
uals of the control group – (0.42 ± 0.01 units/l) and (0.27 
± 0.01 p units/l), respectively (Table. VIII).

DISCUSSION
The presence of the periportal sclerosis zones and the 
formation of umbao in the liver lobules, which were in-
dicated using light microscopy after three-month CCl4 
administration, indicate the formation of a good model 
of liver cirrhosis in experimental animals. 

The development of this type of hepatopathy with 
manifestations of cytolysis and cholestasis is proved with 
increased activity of enzymes that are biochemical markers 
of liver damage (ALT, AST and ALP) in the serum, which 
is consistent with the results of other scientists [15, 16].

We have found that under these pathological conditions 
there is a significant increase in the activity of lipid perox-
idation process in the structure of membrane hepatocytes. 
According to modern concepts, the intensification of lipid 
peroxidation (LPO) is combined with changes in antirad-
ical protection, which is manifested by dysfunction in the 
system of prooxidants and antioxidants [17]. As a result 
of the studies, it was found that the activity and content of 
the components of the antioxidant system of the liver were 
reduced. Catalase activity of blood significantly increased, 
indicating the release of the enzyme into the extracellular 
space in terms of activation cytolysis in cirrhosis. The 
serum level of ceruloplasmin was decreased by 13.8%, 
which may be related to the inhibition of hepatic protein 
synthesis in cirrhosis [18]. It is known that GSH is directly 
involved in the free radical scavenging, as well as in the 
recovery of sulfhydryl-containing groups of enzymes such 
as glutathione peroxidase, glyoxalase and others. Reduction 
of it content in cirrhosis may be associated with both an 
increase of LPO in the affected organ and enhancement of 
glutathione catabolism.

Data of other scientists and the results of our research 
indicate that, with the activation of LPO processes and the 
development of hypoxia, most hepatocytes in cirrhosis 
decreases the energy supply of hepatocytes, due to the 
separation of the respiration and oxidative phosphoryla-
tion in the mitochondria and observed the development of 

Table VII. Indicators of mitochondrial electron transport and carbohydrate metabolism (М±m)
Indicators of mitochondrial activity Indicators of anaerobic carbohydrate metabolism

SDH, mmol/(kg×min) CHO, mmol/(kg×min) lactate, mmol/kg pyruvate, mmol/kg

Control 8.99±0.13 8.86±0.11 4.95±0,12 1.32±0,04

Cirhosis 6.84±0.09 6,648±0.12 6.52±0,18 0.64±0,03

р <0.001 <0.001 <0.001 <0.001

Table VIII. Indicators of endotoxicosis and activity of liver microsomal enzymes (М±m)
Blood Liver

MWP1, U/l MWP2, U/l N-demethylase activity,  
mmol/(kg×min)

p-hydroxylase activity,  
mmol/(kg×min)

Control 0.42±0.01 0.27±0,01 8.07±0,19 0.75±0,02

Cirrhosis 0.71±0.02 0.57±0,02 4.50±0,23 0.44±0,03

р <0.001 <0.001 <0.001 <0.001
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their dysfunction. With a lack of oxygen hepatocytes begin 
to consume the ineffective glycolysis process as a backup 
mechanism of energy supply, as evidenced by the increase 
in lactate content in the liver. However, this ultimately 
leads to the development of metabolic acidosis in cirrhosis, 
which had been confirmed by other scientists [19].

The decrease in cytochrome 2E1 and 3A activity obtained 
in our studies indicates a deterioration of liver detoxifica-
tion function in cirrhosis.

Our previous researches have been dedicated to study the 
role of nitric oxide system in liver function in normal and 
various pathological conditions [20, 21]. We have observed 
a decrease in the content of nitrite anion in the liver and a 
significant increase in blood in cirrhosis. Serum NO3- levels 
also increased. Activation of NO synthesis in the body can be 
caused by an increase in the production of proinflammatory 
cytokines IL-1β, IL-6 and TNF-α, the level of which has 
increased in cirrhosis. In fact, proinflammatory cytokines, 
which are products of activated macrophages and endo-
thelial cells, have the ability to activate iNOS. NO is formed 
in the liver under the action of two isoforms – eNOS and 
iNOS. The pattern of expression and activity of NOS proteins 
differs among physiological and pathological processes. In 
chronic liver diseases, there is a significant increase in the 
activity of inducible NOS isoforms in cirrhosis zones [22]. 
Thus, the high serum nitrate and nitrite levels in patients 
with liver cirrhosis and in experimental models are likely to 
be due to increased concentrations of iNOS-dependent NO. 
On the other hand, D.C. Rockey and J.J. Chung [23] found 
a decrease of eNOS activity in rats with tetrachlorometh-
ane cirrhosis by 75.0%, which is confirmed by the results 
presented in this paper. Thus there is a profound change in 
the cellular distribution of eNOS, which leads to its trans-
location into hepatocyte nuclei. It can be assumed that, as 
a result, there is a paradoxical situation in the intrahepatic 
microcirculation in the flowing blood there is a huge amount 
of NO, at the same time a sharply increased portal inflow 
creates additional pressure on the sinus wall, which requires 
further activation of eNOS and production of nitric oxide in 
the endothelium of sinusoids. However, this did not happen. 
Most likely, the increased concentration of NO in the flowing 
blood by the feedback mechanism dramatically inhibits the 
expression of eNOS. eNOS-induced vasodilation deficiency 
was developed, contributing to a decrease in sinusoid diam-
eter and an increase in overall portal vascular resistance. 
Thus, despite the overproduction of nitric oxide, there is a 
relative lack of mediator of intrahepatic microcirculation 
[24], as evidenced by reduction of nitrite anion in the liver 
that we were obtained in our studies. Our results are con-
sistent with findings of other scientists. Reduced expression 
of eNOS in the liver in cirrhosis was confirmed the results 
of immunohistochemically studies A.I. Sarela et al., they 
showed a significant decrease in the activity of this form 
of enzyme in patients with liver cirrhosis, who underwent 
organ transplantation [25]. In our opinion the increase in 
serum levels of NO2- and NO3- are due to activation of iNOS, 
whose expression is increased in the liver. By reducing the 
substrate content, the inducible form of NO synthase can 

also become disjointed and produce reactive oxygen species 
and exacerbate destructive processes in the liver [26].

CONCLUSIONS
Cirrhosis of the liver, which is morphologically confirmed 
by the presence of pronounced sclerosis of the periportal 
fields and the formation of pseudoparticles, is accompanied 
by the development of cytolysis and cholestasis processes 
with an increased content of bile components in the blood, 
impaired synthesis of urea. The activation of processes 
of lipoperoxidation, and changes in the enzymatic and 
non-enzymatic links of the antioxidant system, decreased 
activity of mitochondrial and microsomal enzymes, endo-
toxicosis and inflammatory cytokines content in the blood 
are observed. The decreased in endothelial content and an 
increased in inducible NO synthase, increasing of concen-
tration of a stable metabolite of nitric oxide nitric oxide 
in the blood and a decrease in the liver are determined.
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