
61

Personal non-commercial use only. EHX copyright © 2017. All rights reserved                                                                       DOI: 10.21608/EJH.2018.7522

Original 
Article 

Impact of omega-3 fatty acids on evolution of carbon tetrachloride-  

(CCl4) induced liver cirrhosis in mice : A histological and 
immunohistochemical study

Eman E. Abu-Dief1, Doha S. Mohammed1, Nesreen G. Abd El-Haliem1, Sherine A. 
Mohammed1 and Ashraf M. El-Badry2 

1Department of Histology, 2Department of Surgery, Faculty of Medicine, Sohag University, 
Sohag, Egypt

ABSTRACT
Introduction: Cirrhosis is the end stage of any chronic liver disease. It is characterized by diffuse fibrosis with disturbed 
hepatic architecture. Omega-3 polyunsaturated fatty acids are common antioxidant, anti-inflammatory and anti-fibrotic 
agents 
Aim: This study was conducted to investigate the potential effects of omega-3 fatty acids on experimentally induced 
cirrhosis. 
Materials and Methods: 60 animals were divided into three groups: Group I (control): 10 animals, group II: 25 animals 
treated with carbon tetrachloride (CCl4), and Group III : 25 animals treated with CCl4 then with omega-3 concomitant 
with CCl4 for additional two weeks after induction of cirrhosis. Body weight and liver weight coefficient were measured. 
Liver samples were taken for histological and immunohistochemical studies.  
Results: Omega-3 fatty acids treatment attenuated the CCl4 induced cirrhosis. Histological studies revealed that it decreased 
the stage of fibrosis, and the grade of the necroinflammatory changes. Immunohistochemical studies demonstrated that 
apoptotic changes diminished in cirrhotic livers after treatment with omega-3 fatty acids with a significant decrease in 
the cleaved caspase-3 index. Furthermore, there was a significant decrease in the number of macrophages, and hepatic 
stellate cells activation.
Conclusion: Our results suggest that omega-3 fatty acids have an anti-inflammatory and anti-fibrotic effects on CCl4 
induced liver cirrhosis in mice. 
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INTRODUCTION                                                                 

Liver is the major organ responsible for metabolism 
and detoxification of many endogenous and exogenous 
toxins. Therefore, there is high prevalence of major liver 
diseases such as chronic hepatitis, fibrosis, cirrhosis, or 
hepatic carcinoma[1]. WHO updates[2] revealed that an 
estimated 325 million people worldwide have chronic 
hepatitis B or C virus infection. In Egypt, Hepatitis C virus 
(HCV) infection is endemic with the highest prevalence in 
the world[3]. Liver cirrhosis is the end result of chronic liver 
diseases with no effective strategy to treat. 

Cirrhosis occurs on top of prolonged fibrosis with 
disturbed hepatic architecture and formation of regenerative 
nodules[1]. Animal models are used to study the mechanism 
of liver fibrosis and cirrhosis. They can facilitate the study 
of interaction of hepatocytes, hepatic stellate cells (HSCs), 
and immune cells during fibrogenesis[4]. HSCs, also called 
Ito cells, fat storing cells, or lipocytes, are the key fibrogenic 

cells in liver cirrhosis.  Normally HSCs are branched cells 
present in the perisinusoidal space. Activated HSCs acquire 
a myofibroblastic phenotype and deposit large quantities 
of extracellular matrix components within the liver and 
migrate to the site of collagen deposition. Apoptosis of 
hepatocytes activates HSCs[5]. Furthermore, inflammation 
leads to activation, recruitment and migration of Kupffer 
cells which in turn activate HSCs[4].

Omega-3 polyunsaturated fatty acids, including 
eicosapentaenoic acid, docosahexaenoic acid and alpha-
linoleic acid, exist in large amounts in fish and fish 
oils[6]. Experimental studies have demonstrated beneficial 
effects of omega-3 fatty acids on cancer[7], cardio vascular 
diseases[8], and nervous system disorders[9]. Hypolipidemic 
effects of omega-3 fatty acids dietary consumption 
were reported in nonalcoholic fatty liver diseases[10] as 
they have antioxidant properties acting as a free radical                            
scavenger[11]. Moreover, they have inhibitory effects on the 
main profibrotic agent; transforming growth factor β[12], 
and proinflammatory cytokines[6].
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MATERIALS AND METHODS                                                                

Experimental design 

Sixty adult male Balb/c mice; about 2 months old 
with average weight 35 gm, were purchased from Assiut 
Experimental Animal Facility, Assiut University. Animals 
were housed in Sohag University animal house with free 
access to water and chow. They were acclimatized to 
this environment for 5 days prior to the experiment. All 
procedures used in this experiment were approved with 
the local Ethics Committee of Sohag University, Faculty 
of Medicine. 

Animals were randomly divided into three groups:
Group I: 10 animals subdivided in two groups:

-Group IA (control): 5 animals were injected 
subcutaneously with the vehicle; sunflower oil in a dose of 
1 ml/Kg twice weekly for 16 weeks. 

-Group IB: 5 animals were injected subcutaneously with 
the vehicle; sunflower oil in a dose of 1 ml /Kg twice 
weekly for 16 weeks then injected only with omega-3 in a 
dose of 0.4 g/Kg daily for another two weeks.

Group II included 25 animals were subcutaneously 
injected with 50% carbon tetrachloride (CCl4)diluted in 
sunflower oil, Sigma-Aldrich Company, Germany) in a 
dose of 1ml/Kg, twice weekly for 16 weeks for induction 
of cirrhosis[13].

Group III  25 animals treated with CCl4 for 16 weeks 
in the aforementioned dose for induction of cirrhosis, then 
with daily intraperitoneal injection of omega-3 (Fresenius 
Company, Germany) in a dose of 0.4 g/kg[11] concomitant 
with CCl4 for additional two weeks after induction of 
cirrhosis (collectively 18 weeks CCl4 ).Body weight and 
liver weight coefficient

At the end of the experiment body weight was measured 
in all groups.  Thereafter, all the animals anaesthetized by 
intraperitoneal injection of ketamine in a dose of 100 mg/
kg body weight[13] and sacrificed. The liver was excised and 
weighed accurately. The coefficients of the liver to body 
weight were calculated as the ratio of liver (wet weight mg) 
to body weight (g) in all groups[14].

Histological studies
Liver samples were obtained from the right lobes in 

all examined animals, and immediately fixed in a 10% 
formalin solution, embedded in paraffin blocks, sliced into 
5µm thickness, mounted onto glass slides, and stained 
with hematoxylin and eosin, and Masson trichrome stain 
according to Bancroft et al.[15].

We used METAVIR scoring system for the evaluation 
of both necroinflammatory changes and fibrosis. The 
necroinflammatory changes grading is called histological 
activity index (HAI) and includes two parameters; 
piecemeal necrosis with or without bridging necrosis, and 
focal intralobular necrosis. HAI is scored according to the 

extent of cellular degeneration from 0 to 4; 0: none, 1: 
mild, 2: moderate, and 4: severe. The staging of fibrosis is 
scored from F0 to F4; F0: no fibrosis; F1: fibrotic changes 
confined to the portal tracts (portal fibrosis), with only 
mild portal expansion; F2: formation of incomplete fibrous 
septa; F3: formation of portal-to-portal fibrous septa (septal 
or bridging fibrosis); F4: complete cirrhosis[16].  

Immunohistochemical studies 

Formalin fixed paraffin embedded 4µm thick sections 
were deparaffinized in xylene, rehydrated in descending 
grades of alcohols, and then treated with 3% hydrogen 
peroxide for 10 minutes. Antigen retrieval was done 
by putting slides in a microwave oven in citrate buffer                                                                                                           
solution (pH 6.0) for all used antibodies except for 
α-SMA, EDTA (pH 9.0) was used. The sections were 
incubated with the primary antibody at 4°C for 18–20h. 
Labeled streptavidin- biotin method was performed 
using anti-polyvalent HRD/DAP plus labvision detection 
system. The sections were incubated with the primary 
antibody at 4°C for 18–20h. Primary antibodies; Mouse 
monoclonal PCNA antibody, Ab-1, pc10,1 400, for 
detection of cell proliferation), rabbit polyclonal cleaved                                          
caspase 3 antibody (Ab-4, RB-1197-p0,1/100, for detection 
of apoptosis), mouse monoclonal α- SMA antibody                                                                                             
(Ab-19, 1A4, MS-113-p0, 1/100, for detection of HSCs) 
and rabbit polyclonal anti CD68 antibody (E13920,                                                                                                    
1/100, for detection of macrophages) were purchased 
from Thermo scientific, Neomarks, Fremont, USA. 
Rabbit polyclonal Anti TIMP-1 antibody (E3360, 1/100, 
for detection of decreased collagen degradation) and 
rabbit monoclonal Anti CD31 antibody (SP38, 1/100m, 
for detection of continuous endothelial lining of blood 
vessels) were purchased Springbio-company, Pleasanton. 
The sections were finally counterstained with hematoxylin. 
Negative control slides were done with omission of the 
primary antibodies using non immunized goat sera[13].  

Table (1) summarizes the positive control, and the site 
of expression for each antibody used in the study.

Morphometric studies
The light microscope Leica ICC50 Wetzlar (Germany) 

at the Histology Department, Faculty of Medicine, Sohag 
University was used, ten high power fields (x400) for each 
case in all groups[14]. Analysis was done using Image J 
software (version 1.46r) as follows:
1- The percentage areas of collagen fibers and of α-SMA, 
TIMP-1 and CD31 expression.
2- The number of PCNA positive nuclei and the number 
of cleaved caspase-3 positive cells, labeling index for each 
of them was calculated as: (the number of positive cells/
number of total cells counted in the field) x100.
3- The number of CD68 positive cells.

Statistical analysis
Paired sample Student t-test with a statistical 

significance of P<0.05 was used to analyze the data by 
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using SPSS program (version 16.00; SPSS Inc., Chicago, 
Illinois, USA). Data were expressed as mean ± standard 
error (SEM). 

RESULTS                                                                   

Survival rate
Ten deaths out of 50 animals (20%) were reported 

during the induction of cirrhosis.

Gross morphology
In group IA, IB the liver had glistening smooth surface 

and soft texture. In group II, it was increased in size and 
had nodular surface and hard texture. However, in group 
III, the liver showed slight nodularity (Fig. 1).

Animal body weight
The animal body weight and liver weight coefficient 

in group IB had non-significant changes as compared to 
that of group IA. In group II, the animal body weight was 
significantly decreased and the liver weight coefficient 
was significantly increased as compared to that in group 
IA. However, in group III the animal body weight was 
significantly increased and the liver weight coefficient was 
significantly decreased as compared to that in group II 
(histogram 1 and table 2).

Histological results

Group IA, IB showed similar results. In the liver 
sections stained with H&E from group IA (control) mice, 
hepatocyte plates in the hepatic lobules were radiating 
from the central vein to the periphery and the blood 
sinusoids in between. The hepatocytes had acidophilic 
vacuolated cytoplasm with vesicular nucleus and some of 
them were binucleated (HAI grade 0) (Fig. 2a). Group II 
showed complete loss of lobular architecture into cirrhotic 
nodules with congestion and dilatation in the portal veins. 
Apparent narrowing of blood sinusoids was observed 
with appearance of new blood vessel within the fibrous 
septa. Inflammatory cellular infiltrations were found in 
the portal areas and within the fibrous septa. Ballooning 
degeneration of many hepatocytes was observed, some of 
them had pale acidophilic vacuolated cytoplasm. Other 
hepatocytes had highly acidophilic cytoplasm and pyknotic 
nuclei (HAI stage 3) (Fig. 2b). In group III, liver sections 
showed marked improvement in the hepatic architecture 
disturbance, less congestion in central and portal veins, 
and less narrowed sinusoid as compared to group II. Newly 
formed blood vessels were less frequently seen. Cellular 
infiltrations were observed around the central veins and 
in the portal areas. Hepatocytes appeared with acidophilic 
vacuolated cytoplasm. Most of hepatocytes had vesicular 
nucleus and some cells were binucleated. Inflammatory 
infiltrations were seen (HAI stage 1) (Fig. 2c). 

With Masson trichrome stain, the examined liver 
sections of group IA showed few collagen fibers only 

around the central veins and in the portal areas (F0) (Fig. 
2d). In group II, collagen fibers significantly increased as 
compared to that in group IA; numerous collagen fibers 
appeared in the portal areas with formation of fibrous 
septa completely surrounding the hepatic lobules and the 
cirrhotic nodules (F4). Some collagen fibers appeared in 
the perisinusoidal spaces (Fig. 2e). In group III, collagen 
fibers significantly decreased as compared to that in group 
II; few collagen fibers appeared around the central veins 
and some collagen fibers in the portal areas with fibrous 
septa partially surrounding the hepatic lobules (Fig. 2f). 
The mean percentage areas of collagen fibers in all groups 
are summarized in histogram 2 and table 3.

Immunohistochemical results
Group IB had non-significant changes as compared to 

that of group IA in all immunohisochemical parameters.

Cleaved caspase-3
The cleaved caspase-3 index in group II was significantly 

higher (Fig. 3b) as compared to that in group IA (Fig. 3a). 
In group III, it decreased significantly as compared to that 
in group II (Fig. 3c).

Proliferating cell nuclear antigen (PCNA)
The PCNA index in group II significantly decreased 

(Fig. 3e) as compared to that in group IA (Fig. 3d). In 
group III, it increased significantly as compared to that in 
group II (Fig. 3f).

The mean indices of cleaved caspase-3 and PCNA in all 
groups are summarized in histogram 3 and table 4.

α-smooth muscle actin (α- SMA)
In group IA, the examined liver sections showed 

positive immunostaining of α- SMA in the smooth muscle 
fibers of the tunica media in the central vein and the blood 
vessels in the portal area (Fig. 4a). In group II, its expression 
was significantly higher as compared to that in group IA; 
being demonstrated in spindle shaped cells surrounding 
the sinusoidal wall, and within the fibrous septa (Fig. 4b). 
In group III, it decreased significantly as compared to that 
in group II. It was expressed in few spindle shaped cells 
within incomplete fibrous septa (Fig. 4c).

Tissue inhibitor of metalloproteases(TIMP-1) 

In group IA, the examined liver sections showed 
positive immunostaining in only few kupffer cells                                                                                                            
(Fig. 4d). In group II, its expression was significantly 
higher as compared to that in group IA; being positive in 
most of the hepatocytes and in some Kupffer cells (Fig. 4e). 
In group III, it was significantly decreased as compared to 
that in group II; positivity was seen in only few hepatocytes 
and in few Kupffer cells (Fig. 4f).

The mean percentage areas of α- SMA and TIMP-1 
expression in all groups are summarized in histogram 4 
and table 5.
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CD68

In group II, the number of CD68 positive Kupffer cells 
was significantly decreased, while the number of connective 
tissue CD68 positive cells was significantly higher                                                                                                                 
(Fig. 5b)  as compared to that in group IA (Fig. 5a). 

In group III, its expression significantly increased 
in Kupffer cells, and decreased in connective tissue as 
compared to that in group II. However, connective tissue 
positive macrophages number was still significantly 
elevated as compared to that in group IA (Fig. 5c). The 
mean numbers of CD68 positive Kupffer cells in all groups 
are summarized in histogram 5 and table 6.

CD31
In group IA, positive immunostaining of CD31 was 

seen in the endothelial cells lining central veins and portal 
area blood vessels (Fig. 6a). In group II, CD31 expression 
significantly increased as compared to that in group IA; 
appeared in the endothelial cells lining the sinusoids, in 
addition to that lining the new blood vessels within fibrous 
septa (Fig. 6b).  In group III, it decreased significantly 
as compared to that in group II, the immunopositivity 
disappeared from the endothelial cells lining most of the 
sinusoids (Fig. 6c). The mean percentage areas of CD31 
expression in all groups are summarized in histogram 6 
and table 7.

Site of expression 
(brownish staining)

Positive controlDilution Antibody 

NuclearSkin1:400  PCNA

CytoplasmicTonsil1:100Cleaved caspase 3

Cytoplasmic Small intestine1:200α-SMA

CytoplasmicColon cancer1:100TIMP-1

Membranous Tonsil1:100CD31

Cytoplasmic Tonsil1:100CD68

Table 1: Antibodies Antibodies used in the immunohistochemical studies 

Liver weight coefficient 
(mean ± SEM)

Body weight BW (g) (mean ± SEM)Group 

5.06 (±0.01)38.98 (±0.7)Group IA

5.12 (±0.04), NS39.52 (±0.5) NSGroup IB

10.15 (±0.09)*24.02 (±0.3) *Group II

6.66 (±0.04) # , NS33.88 (±0.4) #, NSGroup III

Table 2: animal Animal body weight and liver weight coefficient 

*Significant as compared to group IA (P value <0.05)
#Significant as compared to group II (P value <0.05)
NS: Non significant as compared to group IA
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Collagen fibers percentage 
area. mean(±SEM)

Group

0.73% (±0.05)Group IA

0.79%(±0.06) NSGroup IB

13.4% (1.34)*Group II

3.39% (±1.58) *#Group III

Table 3: The mean percentage area of collagen fibers

*Significant as compared to group IA (P value<0.05), 
#Significant as compared to group II (P value<0.05). 
NS: Non significant as compared to group IA

PCNA index
(mean ±SEM)

Cleaved caspase 
3 index (mean 

±SEM)
Group

2%(±0.1)01.1% (±0.1)Group IA

01.8%(±0.1)NS0.8% (±0.1)NSGroup IB

1.1%(±0.6)*17.6%(±2.0)*Group II

25%(±1.1)*#4.5%(±0.6)*#Group III

Table 4: The mean percentage area of cleaved caspase- 3, and 
PCNA index

TIMP-1 expression 
percentage area 
(mean ±SEM)

α-smooth muscle 
actin expression 
percentage area 
(mean ±SEM)

Group 

0.4% (±0.03)0.8% (±0.1)Group IA

0.5% (±0.02)NS0.7% (±0.1)NSGroupIB

28.16% (±0.2)*7.7% (±2.00)*Group II

6.5% (±0.3)*# 2.1%(±0.66)# NSGroupIII

*Significant as compared to group IA (P value<0.05).
#Significant as compared to group II (P value<0.05). 
NS: Non significant as compared to group IA

*Significant as compared to group IA (P value<0.05), 
#Significant as compared to group II (P value<0.05)
NS: Non-significant as compared to group IA

Table 5: The mean percentage area of α-smooth muscle actin, 
and TIMP-1  expression

Table 6: The mean of CD68 expression in connective tissue 
macrophages

CD68 expression 
in connective 

tissue macrophages 
(mean ±SEM)

CD68 expression 
in Kupffer cells 
(mean ±SEM)

Group 

0.3 (±0.08)12 (±0.1)Group IA

0.4 (±0.08)NS13 (±0.1)NSGroup IB

9 (±0.3)*1.8 (±0.3)*Group II

6.3 (±0.1)*#21 (±0.6)*#Group III

*Significant as compared to group IA (P value<0.05), 
#Significant as compared to group II (P value<0.05).
NS: Non significant compared to group IA

Table (7): The mean percentage area of CD31 expression 

Percentage area of CD31 
expression(mean ±SEM)

Group 

0.4% (±0.1)Group IA

0.3% (±0.1) NSGroup IB

4.4% (±0.6)*Group II

1.2% (±0.6)*#Group III

*Significant as compared to group IA. 
#Significant as compared to group II. 
NS: Non significant as compared to group IA. 

Histogram 1: Animal body weight(BW) and liver weight 
coefficient 
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Histogram 2: The mean percentage area of collagen fibers.

Histogram 3: The mean index of cleaved caspase -3 and PCNA 

Histogram 4: The mean percentage area of α-smooth muscle 
actin and TIMP-1 expression.

Histogram 5: The mean of CD68 expression

Histogram 6: The mean percentage area of CD31 expression
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Fig. 1: Photomicrographs showing macroscopic picture of liver 
lobes from animals of: (a) group IA, (b) group II, (c) group III. (d)
Body weight and liver weight coefficient 

Fig. 2: Photomicrographs of liver sections from animals of 
group IA (a,d). group II (b,e).  group III (c,f). H&E (a,b,c). 
Masson's trichrome stain (d,e,f).(a) control liver with normal 
architecture and hepatocytes radiating from the central vein with 
acidophilic cytoplasm and central roundedvesicular nucleus.
(b) loss of architecture with formation of  cirrhotic nodules 
(NO), cell infiltration and degenerative changes in the form of 
apoptotic hepatocytes (thin arrow), vacuolated hepatocytes (thick 
arrow), ballooning (B) and fatty degeneration (F) in group II. (c) 
hepatocytes more or less normal with some cellular infiltration 
and mitotic figure in the metaphase (M) in group III. (d) few 
collagen fibers in the portal area and around the central vein in the 
control. (e) thick fibrous septa completely surround the cirrhotic 
nodule (NO). (f) incomplete septa  (x200, scale bar=200um).

Fig. 3: Photomicrographs of liver sections from an animal of 
group IA (a, d), group II (b, e), group III (c,f). Cleaved caspase-3 
antibody (a, b, c). PCNA antibody (d, e, f). (a) caspase-3 
positivity in few hepatocytes(b) increased caspase-3 expression 
in groupII. Nuclear caspase-3  immunopositivity (arrow). (c) 
decreased caspase-3 expression in groupIII compared to groupII. 
(f) increased PCNA expression in hepatocytes in groupIII. Note 
PCNA cytoplasmic immunostaining in mitotic dividing cells. 
PCNA positive  spindle shaped cells within the septa (double 
headed arrow). (x400, scale bar=50um ).

Fig. 4: Photomicrographs of liver sections from an animal of group 
IA (a,d). group II (b,e). group III(c,f). α-SMA antibody (a.b,c). 
TIMP-1 antibody (d,e,f). (a) α-SMA positivity only in blood 
vessels of the portal area (b) α-SMA positivity in perisinusoidal 
spaces and within fibrous septa in groupII. (c) within fibrous 
septa in groupIII. α-SMA positive cells within the perisinusoidal 
space(double headed arrow), (a) TIMP-1 positive Kupffer cells, 
no positive hepatocytes (e) TIMP-1 positivity appeared in many 
hepatocytes in groupII. (f) TIMP-1 positivity appeared in few 
hepatocytes in group III. TIMP-1 positive Kupffer cells (arrow). 
(x400, scale bar=50um ).



68

EFFECT OF  OMEGA-3 ON LIVER CIRRHOSIS 

Fig. 6: Photomicrographs of liver sections from an animal 
of  groupIA (a). groupII (b). groupIII (c) (CD31antibody).(a) 
positivity only in endothelial lining of blood vessels in the portal 
area (b) Sinusoidal endothelium positivity ; capillarized sinusoids. 
(c) Positivity only in endothelial lining of large blood vessels, 
disappeared in most of the sinusoids. (x400, scale bar=50um ). 

Fig. 5: Photomicrographs of liver sections from an animal of 
groupIA (a). groupII(b). groupIII(c). (a) kupffer cells are positive 
with no connective tissue macrophages .(b) macrophages 
increased in connective tissue and Kupffer cells decreased 
in groupII..(C) macrophages decreased in connective tissue 
and Kupffer cells increased in groupIII. Kupffer cells (arrow). 
Connective tissue macrophages (double headed arrow) (CD68 
antibody) (X400, scale bar=50um).

DISCUSSION                                                                   

Liver cirrhosis is the final outcome of chronic liver 
diseases. It represents a worldwide challenge, because no 
effective treatment is present for it up till now except liver 
transplantation. There is an urgent need to find an available 
and effective treatment for liver cirrhosis. Omega-3 
polyunsaturated fatty acids are strong antioxidant, anti-
inflammatory, and antifibrotic agents[12], which can be used 
for treatment of liver cirrhosis. 

CCl4 induced liver cirrhosis is a good model to study 
antifibrotic drugs. The current study revealed that CCl4 
injection for 16 weeks caused a significant decrease in 
the animals' weights and increase in liver coefficient as 
compared to the control with macroscopic nodular surface 
of the liver. The histopathological changes were in the form 
of ballooning degeneration and vacuolation extending 
in most of the nodule (HAI= 3) consistent withprevious                    
studies[17]. Most of the hepatocytes exhibited apoptotic 
changes which were confirmed by immunohistochemistry. 
There was significant increase in cleaved caspase-3 

expression in the cytoplasm of hepatocytes with nuclear 
staining in some of them due to translocation of the 
activated caspase to the nucleus after its cleavage.

Furthermore, the decrease in PCNA expression 
indicates decreased hepatocyte proliferation as a result 
of severe hepatocyte degeneration. These results are 
consistent with previous reports[18]. On the other hand, 
some studies reported increased hepatocyte proliferation 
and decreased apoptosis in thioacetamide model of liver 
cirrhosis[19].

Collagen fibers significantly increased in group II 
with disturbed architecture and formation of cirrhotic 
nodules completely surrounded by fibrous septa (F4). 
Similar findings were observed in previous studies[20]. 
Two mechanisms contribute to liver fibrosis; increased 
synthesis of collagen fibers by activated HSCs and 
decreased degradation (21). Upon injury, HSCs trans-
differentiate into myofibroblasts and express α-SMA[13]. 
In the current study, group II animals exhibited significant 
increase in α-SMA expression within the fibrous septa 
and in the prisinusoidal space which indicates activation 
and migration of HSCs. Furthermore, accumulation of 
the matrix due to decreased collagen degradation was 
indicated by a significant increase in TIMP-1, an inhibitor 
of matrix metalloproteases (MMPs). Similar findings were 
demonstrated in cirrhosis models and in human HSCs 
culture[13, 22] 

The role of macrophages in liver fibrogenesis cannot 
be neglected. Inflammation stimulates Kupffer cells to 
produce proinflammatory and fibrogenic mediators which 
stimulate both hepatocyte apoptosis and HSCs activation. 
In the present study inflammatory cellular infiltrations were 
obviously seen in group II. CD68 immunohistochemical 
staining revealed a significant increase of connective 
tissue macrophages with decreased number of Kupffer 
cells (CD68 positive cells in between parenchymal cells) 
compared to the control. In agreement with Mori et al 
2009 and Beljaars et al 2014, whereas macrophages were 
prominently present in the fibrous septa.

MacPhee et al. 1992[25] attributed the decreased number 
of Kupffer's cells in the livers of cirrhotic mice to their 
migration along the sinusoids.

In the present study, vascular changes in H&E 
stained sections were prominent in group II in the form 
of congestion and dilatation of portal veins due to portal 
hypertension. Apparent sinusoidal narrowing was seen 
due myofibroblastic contraction and collagen deposition in 
the sinusoidal wall[13]. Neoangiogenesis was found within 
the fibrous septa confirmed by immunohistochemistry in 
which there was significant increase in CD31 expression. 
These results are in accordance with Bocca and          
colleagues, 201526). HSCs produce VEGF; an angiogenic 
growth factor upregulated by hepatic tissue hypoxia[13]. 
Furthermore, CD31 positive endothelial cells in hepatic 
sinusoids were found in group II. CD31 is a transmembrane 
glycoprotein only expressed in continuous endothelium. 
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Capillarization of the sinusoids in which they lose their 
fenestrae and develop a complete basement membrane 
occurs in cirrhotic liver due to increased collagen synthesis 
by HSCs, which agree with previous studies[13, 27] 

Liver cirrhosis induced by CCl4 is reversible[5, 20]. So 
that, we administrated omega-3 fatty acids concomitant 
with CCl4 after cirrhosis has been developed. The present 
study revealed that omega-3 fatty acids administration 
attenuated liver cirrhosis induced by CCl4. They 
significantly increased body weight, and decreased liver 
weight coefficient as compared to that in group II. They 
caused a decrease in the extent of degenerative changes, 
HAI score decreased to 1. Noteworthy, liver cells appeared 
more or less similar to the control in H&E stained sections 
with frequent mitotic figures. A significant increase in 
PCNA expression in hepatocytes nuclei with cytoplasmic 
staining in cells with mitotic figures due to disruption of the 
nuclear envelop during cell division and translocation of 
the nuclear proteins to the cytoplasm. This can be explained 
by the antioxidant role of omega-3 fatty acids. Oxidative 
stress in CCl4 leads to oxidation of membrane unsaturated 
fatty acids with generation of lipid peroxides which leads 
to tissue injury[28]. In a similar research,Uygur et al. 2014 
stated that omega-3 fatty acids decreased doxorubicin-
induced oxidative damage and increased PCNA in rat 
testis. In contrast, they reduced hepatocyte proliferation 
induced in liver injury caused by lipopolysaccharide[30].

In our study, omega-3 fatty acids administration 
decreased the CCl4 induced apoptotic cell death. 
This was demonstrated by the significantly decreased 
immunoexpression of cleaved caspase-3 as compared 
to that in the cirrhotic group. Similarily, other                                            
researchers[31] observed their antiapoptotic effect on the 
degenerating neurons in perinatal hypothyroidism model. 
They act on mitochondrial pathway via maintaining the 
anti-apoptotic balance of Bcl-2 family proteins. In addition, 
omega-3 fatty acids  down-regulate phosphorylation 
of Jun-NH2 terminal kinase JNK; the direct targets for 
caspases in the induction and execution of apoptosis[32]. 
Morover, they regulates cell survival signaling proteins[33]. 
Besides, the antiapoptotic effect of omega-3 fatty acids 
proven to ameliorate formaldehyde stress effects on various                                                                                           
tissues [34]. However, others[35] demonstrated that omega-3 
fatty acids induced apoptosis in cancer via Bax-dependent 
mitochondrial pathway. Thus, the antiapoptotic effect 
of omega-3 fatty acids is dependent on the surrounding 
microenvironmental condition.

In the current study, combined with the significant 
decrease in collagen fibers demonstrated in Masson 
trichrome stain (F2), there was a significant reduction in 
α-SMA and TIMP-1 expression in group III as compared 
to that in group II. In line with our results, Zhang et al. 
2016[36] reported that omega-3 fatty acids down-regulate 
the expression of profibrogenic genes in activated HSCs 
by inducing degradation of their transcriptional regulator; 
Yes-associated protein (YAP) in a proteasome dependent 
manner. In addition, omega-3 fatty acids exerted a potent 

anti-fibrotic effect in the models of cardiac and pulmonary 
fibrosis[37, 38]. 

In our current research, a significant reduction of 
CD68 positive macrophages in the connective tissue 
with significant increase in Kupffer cells were observed 
in group III as compared to that in group II. However, 
connective tissue macrophages significantly increased as 
compared to that in the control. Macrophages have a role 
both in liver fibrogenesis and fibrinolysis by acquiring 
different phenotypes. The most important phenotypes 
of macrophages are M1 (classically activated) and M2 
(alternatively activated)[39]. Alike, Beljaars et al, 2014 
found that during resolution of fibrosis macrophages, 
predominantly of M1 phenotype, increased matrix 
degradation via increased secretion of MMP-13[24]. 
Furthermore, omega-3 fatty acids reduce inflammatory 
cytokines production by macrophages[40].

In the present study, omega-3 fatty acids led to 
reduction of neoangiogenesis and loss of capillarization 
with significant decrease in CD31 expression as compared 
to that in group II. Previous reports[41] confirmed the role 
of omega-3 in decreasing neoangeogenesis in tumors. 
This could be attributed to the anti-fibrotic and anti-
inflammatory roles of omega 3 fatty acids. In addition to 
the role of activated HSCs in collagen deposition in the 
basement membrane of the capillarized sinusoids, they 
release signals which stimulate dedifferentiation and 
loss of fenestrae in sinusoidal endothelium, vice versa, 
HSCs quiescence is promoted by differentiated sinusoidal 
endothelial cells[42].

CONCLUSION                                                                  

Omega-3 fatty acids may be a promise for the treat-
ment of liver cirrhosis. Further studies are recommended 
to prove the efficiency of omega-3 in clinical improve-
ment of cirrhotic patients.
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الملخص العربى

تأثير الأحماض الدهنية أوميجا- 3 على تطور التليف الكبدى المسبب برباعى كلوريد الكربون فى 
الفئران : دراسة هستولوجية وهستوكيميائية مناعية

ايمان السيد ابوضيف1، ضحى صابر محمد1، نسرين جمال الدين عبد الحليم1، شيرين أحمد محمد1، 
أشرف محمد البدرى2

1قسم الهستولوجى،2قسم الجراحة كلية طب سوهاج، سوهاج، مصر

المقدمة: يعتبر تليف الكبد نتيجة نهائية لالتهابات الكبد المزمنة ويظهر في صورة تزايد في النسيج الليفى بالكبد وتغير الهيكل 
مضادات  بمثابة  اوميغا3  المشبعة  غير  الدهنية  وتعتبرالأحماض  طبيعية  غير  عقيدات  لتظهر  الكبدية  للفصيصات  الطبيعي 

أكسدة,ذات فاعلية ضد الالتهاب وضدالتليف,كما أن لها اهمية كبيرة في علاج أمراض الكبد.
الهدف من البحث:  تقييم تاثير أوميغا3 على تطور حالة تليف الكبد المسبب برباعى كلوريد الكربون.

مواد وطرق البحث:قد استخدمت الفئران البيضاء وقسمت الى ثلاثة مجموعات منهم مجموعة ضابطة والثانية تم حقنها برباعى 
كلوريد الكربون الجلد % 20 بجرعة1مللى/كجم مرتين أسبوعيا لمدة ستة عشر أسبوعا والثالثة حقنت بنفس الجرعة برباعى 
كلوريد لمدة ستة عشر أسبوعا ثم حقنت بالتزامن معه أوميغا3 بجرعة 4. 0 جم/كجم يوميا لمدة أسبوعين اخرين ثم تم التشريح 

للحصول على عينة الكبد بعد 48 ساعة. 
النتائج :قد استخدمت الفئران البيضاء وقسمت الى ثلاثة مجموعات منهم مجموعة ضابطة والثانية تم حقنها برباعى كلوريد 
الكربون الجلد % 20بجرعة 1مللى/كجم مرتين أسبوعيا لمدة ستة عشر أسبوعا والثالثة حقنت بنفس الجرعة برباعى كلوريد 
لمدة ستة عشر أسبوعا ثم حقنت بالتزامن معه أوميغا3 بجرعة 4. 0 جم/كجم يوميا لمدة أسبوعين اخرين ثم تم التشريح للحصول 

على عينة الكبد بعد 48 ساعة.
الإستنتاج : لاستخدام أوميغا3 تأثير ملحوظ فى تحسن التليف الكبدي فى الفئران البيضاء ومن ثم يمكن دراسته اكلينيكيا على 

بعض حالات التليف الكبدى فى الانسان.


