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ABSTRACT 

  
Hepatic fibrogenesis is a consequence of hepatic stellate cells that become activated 
and transdifferentiated into a myofibroblastic phenotype with the ability to proliferate 
and synthesize large quantities of extracellular matrix components.  Aim: The aim of 
the present study was to investigate plasma levels of tumor necrosis factor alpha 
(TNF-α) and interleukin-6 (IL-6) as proinflammatory and profibrogenic cytokines in 
cirrhotic rats and relate them with the level of plasminogen activator inhibitor-1(PAI-
1) as a marker of fibrinolytic activity. In addition, these cytokines were correlated 
with hepatic nitric oxide synthase activity (NOS). Subjects and methods: The study 
included 31 cirrhotic rats and 10 healthy controls. Induction of cirrhosis; Hepatic 
injury and fibrosis were done in rats by intraperitoneal injection (IP) of 
dimethylnitrosamine.(DMN). That were divided into 5 groups. Group I: as a control, 
group II were 8 cirrhotic rats, while group III were 7 cirrhotic ones with ascites. 
Group IV and V (n=8 rats) were cirrhotic rats injected with Ng nitro L-arginine 
methylester (L-NAME). Group V were ascitic in addition.  Plasma TNF-α, IL-6 and 
PAI-1 and nitric oxide (NO) metabolites were measured. Hepatic nitrite level and 
NOS activity were also estimated. Results: Plasma TNF-α was significantly increased 
in all studied groups compared to control group. Plasma IL-6 was significantly 
higher in cirrhotic group with ascites and L-NAME administered groups compared to 
control one. Levels of plasma IL-6 were increased progressively with evolution of the 
disease. There was no statistically significant difference in plasma levels of PAI-1 
between cirrhotic rats and control group, whereas, it was significantly increased in 
cirrhotic group with ascites upon L-NAME administration compared to control 
group. NOS activity is positively correlated with hepatic nitrite level. A positive 
significant correlation, also, existed between plasma TNF-α, IL-6 and NOS activity 
and hepatic nitrite in cirrhotic rats. Conclusion: The present study revealed that in 
cirrhotic rats; plasma levels of TNF-α and IL-6 were significantly elevated, and the 
elevation was more with progression of fibrosis. Plasma PAI-1 was increased in 
severe fibrotic liver with other injury. It could be suggested that the profibrogenic 
cytokines TNF-α and IL-6 are implicated in fibrogenesis in cirrhotic rats and are 
correlated with NOS activity which functions as an adaptive mechanism. They could 
be used clinically as indicators for occurrence and progression of fibrosis.  
Key Words:  Hepatic fibrosis, cirrhosis, tumor necrosis factor-α, interleukin-6, 
plasminogen activator inhibitor-1, nitric oxide, nitric oxide synthase.  
Abbreviations: TNF-α: Tumor necrosis factor-α, IL-6: Interleukin-6, PAI-1: 
Plasminogen activator inhibitor-1, DMN: dimethylnitrosamine, NOS: Nitric oxide 
synthase, t- PA: tissue plasminogen activator. NO: nitric oxide, HSCs: hepatic stellate 
cells, LPS: lipopolysaccharides. 
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INTRODUCTION 
 

Hepatic fibrosis is a proliferative 
disease that might be initiated by a 
variety of factors including chronic 
viral hepatitis, alcohol abuse, drug-
induced lesions, heritable metabolic 
alterations, or exceptional functional 
disorders. Following liver injury of 
any etiology, hepatic stellate cells 
(HSC) become activated and 
transdifferentiate into proliferative, 
fibrogenic, and contractile 
myofibroblasts. The perpetuation of 
the activated phenotype involves key 
phenotypic responses mediated by 
increased cytokine effects and 
remodeling of extracellular matrix(1). 
However, the immunological 
mechanisms underlying hepatic 
fibrosis due to chronic inflammation 
are not well defined.(2) Cytokines are 
synthesized and secreted in the liver 
mostly by kupffer cells and play a key 
role in inflammatory processes and 
immunological response related to 
liver diseases which are initiated by 
hepatocyte damage(3). That type of 
signaling between different types of 
liver cells could produce contrary 
lesions. Loss of balance between these 
stimuli seems to be responsible for 
activation of the non-parenchymal 
cells, that result in accumulation of 
extracellular matrix proteins including 
collagen with liver cirrhosis as a 
clinical effect.(4) The underlying 
mechanism of cytokine action is still 
unknown. 

In the liver, TNF-α plays a central 
role in both proinflammatory and 
apoptotic response to endotoxin. That 
cytokine could transduce its signal by 
binding to one of two cellular 
receptors type I (p55) and type II 

(p75).(5) It is typically associated with 
acute phase reaction, oxidant stress 
and it is implicated in fibrogenesis.(6) 

IL-6 production is readily 
stimulated by viral, bacterial infection, 
upon exposure to lipopolysaccharides 
(LPS) released by intestinal bacteria 
into the portal system and in response 
to tissue damage. (7) TNF-α, in 
addition to other cytokines, can induce 
IL-6 biosynthesis. IL-6 acts as a co-
stimulant that synergistically 
augments the mitogenic effects of IL-
1 and TNF-α on T helper cells.(8) IL-6 
might play a role in the cirrhotic 
transformation of the liver. Aldeguer 
et al.(9), demonstrated a paracrine 
mechanism by which Kupffer cells 
regulate the regenerative capacity of 
the hepatocyte through IL-6 
expression. 

Liver cirrhosis is known to have 
abnormal fibrinolysis. The plasma 
PAI-1 activity was altered with the 
progression of hepatic fibrosis. As the 
localization of PAI-1 is not only in 
interstitial cells but also in 
hepatocytes, it was suggested that an 
intense relationship between PAI-1 
and hepatic fibrosis existed.(10) 

There is evidence that both 
hepatocytes and infiltrating hepatic T 
cells have inducible NOS (iNOS) 
activity.(11) However, the role of NO 
in cirrhosis induced inflammation 
remains unclear. 

NO is a potent biologic mediator 
produced by hepatocytes following 
exposure to cytokines and endotoxins 
as LPS. (12) It potentially exerts 
antifibrotic activity by down 
regulation of connective tissue growth 
factor (CTGF). It has antithrombotic 
properties as well. (13)  Expression of 
the prothrombotic protein PAI-1 is 
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known to be regulated by NO.(14) The 
influence of NO on cytokine 
production is gaining increased 
attention. However, literature provides 
contradictory informations. Inhibitors 
of NOS have potent prophylactic 
activity or injurious effect in several 
animal models of inflammatory 
diseases. (15) Therefore, it is of great 
interest to establish the role of 
cytokines and NOS activity in 
cirrhosis.  
     

AIM OF THE STUDY 
 

The present study aimed to 
evaluate the role of some 
proinflammatory and profibrogenic 
mediators implicated in the 
pathogenesis of endothelial 
dysfunction in cirrhotic liver namely 
TNF-α and IL-6, that would be 
correlated with the severity of liver 
cirrhosis and the level of PAI-1 
antigen as a marker of fibrinolytic 
activity. In addition, a trial will be 
made to investigate the possible role 
of induction of NOS synthesis and the 
effect of NOS inhibitor (L-NAME). 
 
MATERIAL AND METHODS 
 

40 male Sprague Dawley rats 
(350-400 g) were housed in a 
controlled environment. Induction of 
cirrhosis: Hepatic injury and fibrosis 
were induced by intraperitoneal 
injection (IP) of dimethylnitrosamine 
(DMN), (Sigma) on the first 3 
consecutive days of each week over a 
period of 21 days. DMN doses were 
adjusted weekly according to body 
weight (BW). The dose was 1 ul 
(diluted 1: 100 with 0.15 M NaCl) 
/100g body weight. Controls (10 rats) 

received NaCl on the same schedule 
as experimental animals. Two groups 
of cirrhotic rats were studied: 20 rats 
without ascites (between the 1st and 
2nd week treatment) and 20 rats after 
ascites was developed (3rd week). 
Cirrhosis was confirmed by 
histological examination and ascites 
was confirmed in 15 rats by visual 
examination at labaratomy. In the 
cirrhotic rats, the study was performed 
9-11 days after last dose of DMN (16). 
Nine rats died during induction. A 
group of cirrhotic rats without ascites 
(8 rats) and another group with ascites 
(8 rats) were treated during 7 days 
with Ng nitro-L-arginine methyl ester 
(L-NAME), (Sigma) at a dose of 
1mg/kg/day by gavage twice a day. 
The last dose of L-NAME was given 
12 hour before sacrifice. (17) 
Finally; the groups were classified as 
follows: 
Group I: 10 normal rats as a control 
group. 
Group II: 8 cirrhotic rats without 
ascites 
Group III: 7 cirrhotic rats with ascites. 
Group IV: 8 cirrhotic rats without 
ascites received L-NAME. 
Group V: 8 cirrhotic rats with ascites 
received L-NAME. 

Blood samples were obtained 
from the abdominal aorta under ether 
anesthesia (at 8:00 AM). Serum and 
plasma were preserved at–70°C until 
analysis. 

Serum electrolytes; (sodium and 
potassium) were measured using 
flame photometer. (18) Serum 
creatinine, urea, albumin and bilirubin 
were estimated by colorimetric 
methods.(19) Blood samples were 
collected in EDTA tubes containing 
aprotinine at O° C, centrifuged at 
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1600 g for 15 minutes. Plasma was 
stored at –70° C till assay. 
Determination of plasma TNF-α(20) 
and IL-6 :(21) 

The kits for TNF-α and IL-6 were 
purchased from Diaclone Research 
Laboratories (France). They are a 
solid phase sandwich enzyme linked 
immunosorbent assay (ELISA). A 
monoclonal antibody specific for 
TNF-α and IL-6 respectively has been 
coated on the wells of the microtiter 
strips provided. Samples including 
standards of known TNF-α and IL-6 
concentrations, control specimens and 
unknown were pipetted into the wells 
respectively. During the first 
incubation, the TNF-α and IL-6 
antigen and a biotinylated monoclonal 
antibody specific for both of them 
respectively were simultaneously 
incubated. After washing, the enzyme 
streptavidin-peroxidase was added. 
After incubation and washing to 
remove the entire unbound enzyme, a 
substrate solution was added to induce 
a colored reaction product. The 
intensity of that colored product was 
directly proportional to the 
concentration of TNF-α and IL-6 
present in the samples respectively. 
Determination of plasma PAI-1: (22) 

PAI-1 determination was done by 
enzyme immunoassay (EIA). The 
wells of polystyrene microplate strips 
have been coated with a monoclonal 
anti-PAI-1, which constitute the solid 
phase antibody. After incubation of 
the tested samples, PAI-1 if present in 
the sample or standard solution, would 
bind to the solid phase antibody. 
Subsequently, a monoclonal anti PAI-
1 which has been labeled with the 
enzyme horse-radish peroxidase 
(HRP) was added. With a positive 

reaction, that labeled antibody became 
bound to any solid-phase 
antibody/PAI-1 complex previously 
formed. The amount of color 
produced in the well was proportional 
to the amount of PAI-1 originally 
present in the sample or standard 
solution. 
Determination of plasma nitric 
oxide metabolites (plasma total 
nitrite): (23) 

The kit for total nitric oxide assay 
(ELISA) was purchased from R & D 
systems (USA) based on the 
conversion of nitrate to nitrite. Since 
most of NO in plasma was oxidized to 
nitrite (NO2) and nitrate (NO3), the 
concentrations of these anions have 
been used as a quantitative 
measurement of NO production. The 
spectrophotometric measurement of 
(NO2) was accomplished by using the 
Griess reaction that absorbs light at 
540 nm. Plasma was diluted 3 folds, 
ultrafiltered through a 10,000 
molecular weight cut off filter 
(Sigma) to get rid of proteins. Stock 
standard equal to 1000 μmol/l was 
diluted to give a series of standards 
ranging from 12 to 100 μmol/l.  
Determination of hepatic NOS 
activity: (24) 

The liver was homogenized in 
buffer A for determination of NOS 
activity using hemoglobin method. (24) 
Homogenates were prepared in buffer 
A containing 0.32 M sucrose, 20 mM 
N-2 hydroxyethylpiperazine –N’ –2-
ethanesulfonic acid (pH 7.2), 0.5 μM 
EDTA, 1 mM dithiothreitol, and 
protease inhibitors (3 M leupeptin, 
1mM phenylmethylsulfonyl fluoride, 
and 1 μM pepstatin A), using glass 
homogenizer. The cytosolic and 
particulate fractions were separated by 
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centrifugation.(25) Nitric oxide 
production was measured in the 
supernatant by following 
spectrophotometrically the oxidation 
of oxyhaemoglobin to met 
haemoglobin at 37° C in a reaction 
medium containing 50 mM phosphate 
buffer, 1mM CaCl2, 1mM L-arginine, 
100 μM NADPH, 10 μM 
dithiothreitol, 4 μM superoxide 
dismutase, 0.1 μM catalase, sample 
and 5 μM oxyhaemoglobin. 
Measurements were carried out using 
a reference cuvette in which all the 
reactants were added except the 
oxyhaemoglobin. The kinetics was 
followed at 577 nm (ε= 11.2mM-1cm-

1) and the absorbance changes were 
expressed as nmol NO/min/mg 
protein. (24) Protein was assayed by the 
method of Lowry et al.(26), using 
bovine serum albumin as standard.   
Determination of hepatic nitric 
oxide metabolites (hepatic total 
nitrite): (27) 

Total nitrite levels which 
represent the sum of nitrite and nitrate 
levels were estimated in the 
supernatant of hepatic homogenate 
using Griess reaction after enzymatic 
conversion by nitrate reductase(27). 
The results were expressed as 
nmol/mg protein. 
Statistical analysis: 

Data analysis and tabulation were 
done using SPSS version 9 computer 
software. The statistical tests used 
were F (ANOVA) test for comparison 
between more than two group means, 
and Correlation Coefficient (r) to find 
the strength of correlation between 
quantitative variables. Values of p < 
0.05 were considered statistically 
significant. Data were expressed as 
mean ± SD. 

 
RESULTS 

 
I- Some liver function tests and 
electrolytes (Table I): 
1- Serum albumin: 

A significant decline of serum 
albumin level was noticed in all 
cirrhotic groups as compared to 
control group. Also, it was 
significantly declined in group III 
versus group II. Significant elevation 
was noticed upon L-NAME 
administration i.e. group IV vs. group 
II and group V vs. group III. 
2- Serum bilirubin: 

Serum bilirubin was significantly 
elevated in cirrhotic rats with ascites 
as compared to control ones, i.e. 
group III and V vs. group I. In group 
V, bilirubin was significantly lower 
compared to group III. In both 
cirrhotic groups with ascites III and V, 
bilirubin levels were significantly 
higher compared to non-ascitic groups 
II and IV respectively. 
3- Serum Na+: 

Compared to control group, there 
was significant elevation of serum Na+ 
level in group III and significant 
decline at group IV. There was no 
significant change at group II and V. 
Ascitic groups had higher serum Na+ 
levels (group III vs. II and group V vs. 
IV). On L-NAME administration, 
there was no significant change in 
comparing group IV to group II. 
However, serum Na+ was significantly 
declined when comparing group V 
with group III. 
4- Serum K+: 

Serum K+ levels were 
insignificantly changed in comparing 
the studied groups with the control. 
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However, it was significantly elevated 
as group V compared with group IV. 
II- Plasma TNF-α, IL-6 and PAI-1: 
(table II, Figure 1) 
1- Plasma TNF-α: 

Plasma TNF-α was found to be 
significantly elevated in all fibrotic 
groups even upon L-NAME 
administration. It was, also, 
significantly elevated in cirrhotic 
group with ascites with L-NAME 
relative to without i.e. group V vs. III. 
2- Plasma IL-6: 

It was found to be significantly 
elevated in fibrotic groups with ascites 
and upon L-NAME administration i.e. 
groups III, IV and V vs. I. Also, in 
cirrhotic group with ascites upon L-
NAME administration i.e. group V vs. 
III. 
3- Plasma PAI-1: 

It was found to be insignificantly 
changed except in cirrhotic group with 
ascites upon L-NAME administration, 
i.e. group V was significantly 
increased relative to group I. 
III- Plasma nitrite and hepatic 
nitrite and nitric oxide synthase 
activity: (table III, Figure 2) 
1- Plasma nitrite: 

A significant increase of plasma 
nitrite levels were detected in groups 
II, III and V as compared to group I. 
Group IV was insignificantly 
changed. plasma nitrite levels were 
significantly elevated at ascitic 
groups; III and V as compared to non-
ascitic groups II and IV respectively. 
Upon L-NAME administration; 

plasma nitrite levels were significantly 
declined i.e. group IV vs. group II and 
group V vs. group III. 
2- Hepatic nitrite: 

It was found to be significantly 
elevated at cirrhotic groups II and III, 
while it was significantly declined 
upon L-NAME administration i.e. 
group IV and V relative to control and 
cirrhotic groups II and III 
respectively. 
3- Hepatic NOS activity: 

It was found to be significantly 
increased with hepatic fibrosis i.e. 
group II and III relative to control. It 
returned to control levels upon L-
NAME administration i.e. 
insignificantly changed. Group IV and 
V showed significant decrease against 
their fibrotic groups II and III 
respectively. 
Correlations:  

Among all studied cases; plasma 
levels of TNF-α were found to be 
positively correlated with plasma 
levels of IL-6 and PAI-1. Plasma IL-6 
levels were positively correlated to 
PAI-1, moreover, Hepatic NOS 
activity was positively correlated to 
hepatic nitrite level (Table IV, Figure 
3). In the control group, plasma levels 
of PAI-1 were negatively correlated to 
IL-6 and positively correlated to 
hepatic nitrite levels (Table V). While, 
in cirrhotic groups; both plasmaTNF-
α  and IL-6 were positively correlated 
to each other and to both hepatic NOS 
activity and nitrite levels (Table VI, 
Figure 4). 
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Table I: Some liver function tests and electrolytes in all studied groups: 
Group 

Number 
I 

10 
II 
8 

III 
7 

IV 
8 

V 
8 

F test 
P value 

Scheff 

Serum 
Albumin (g/dl) 

4.73± 
0.08 

3.41± 
0.13 

2.72±  
0.08 

3.89± 
0.19 

3.65±  
0.22 

196.94* 
0.001 

1#2,3,4,5 
2#3,4 
3#4,5 

Serum 
Bilirubin 
(mg/dl) 

0.71± 
0.08 

1.67± 
0.15 

6.67±  
1.17 

1.16± 
0.28 

3.27±  
0.95 

104.59* 
0.0001 

1#3,5 
2#3,5 
3#4,5 
4#5 

Serum Na+ 
(mEq/l) 

136.5
± 1.58 

134.5± 
1.6 

145.71
± 2.69 

132± 
3.89 

136.13
± 1.46 

34.59* 
0.0001 

1#3,4 
2#3 

3#4,5 
4#5 

Serum K+ 
(mEq/l) 

4.16± 
0.21 

4.27± 
0.13 

4.22±  
0.07 

3.95± 
0.35 

4.38±  
0.22 

4.09* 
0.008 

4#5 

* Significant at p < 0.05 level. 
 
 
 
 
Table II: Plasma TNF-α, IL-6 and PAI-1 in the all studied groups: 

Group 
Numbe

r 

I 
10 

II 
8 

III 
7 

IV 
8 

V 
8 

F test 
P value 

Scheff 

Plasma 
TNF-α  
pg/ml 

3.35± 
1.25 

29.19± 
12.09 

36.24± 
10.57 

41.13± 
15.72 

57.84± 
19.95 

20.84* 
0.0001 

1#2,3,4,5 
2#5 
3#5 
4#5 

Plasma 
IL-6 

pg/ml 

5.78± 
1.66 

12.24± 
3.05 

66.14± 
32.56 

32.77± 
17.59 

104.94± 
48.13 

20.53* 
0.0001 

1#3,4,5 
2#5 

3#4,5 
4#5 

PlasmaP
AI-1 
pg/ml 

29.11
± 1.46 

35.21± 
7.32 

34.33± 
11.2 

34.99± 
10.39 

38.86± 
8.75 

1.65 
NS 

1#5 

* Significant at p < 0.05 level. 
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Table III: Plasma nitrites and hepatic nitrites and nitric oxide synthase activity 
in the all studied groups: 
 
Group 

Number 
I 

10 
II 
8 

III 
7 

IV 
8 

V 
8 

F test 
P value 

Scheff 

Plasma 
nitrite 

(mmol/l) 
 

8.68± 
0.6 

14.48± 
1.28 

17.39± 
1.36 

9.76± 
0.67 

12.36± 
0.84 

106.29* 
0.0001 

1#2,3,5 
2#3,4,5 
3#4,5 
4#5 

Hepatic 
nitrite 

(nmol/mg 
protein) 

299.12± 
34.21 

330.53± 
20.27 

346.54± 
38.81 

254.19± 
30.47 

253.98± 
24.5 

15.1* 
0.0001 

1#2,3,4,5 
2#4,5 
3#4,5 

Hepatic 
NOS 

(nmol/min
/mg 

protein) 

2.04± 
0.93 

3.54± 
1.33 

4.99± 
1.33 

2.17± 
0.83 

2.7± 
0.55 

10.88* 
0.0001 

1#2,3 
2#3,4 
3#4,5 

* Significant at p < 0.05 level. 
 
 
 
 
Table IV: Correlation studies between different parameters among all studied 
groups (n=41 rats) : 
 

 TNF-α IL-6 PAI-1 NOS Hepatic nitrite 
TNF-α 

r 
p 

 
1 

 
0.478** 
0.002 

 
0.336* 
0.032 

 
0.172 
0.282 

 
-0.258 
0.103 

IL-6 
r 
p 

 
0.478** 
0.002 

 
1 

 
0.407** 
0.008 

 
0.172 
0.283 

 
-0.296 
0.060 

PAI-1 
r 
p 

 
0.336* 
0.032 

 
0.407** 
0.008 

 
1 

 
-0.046 
0.777 

 
-0.056 
0.729 

Hepatic NOS 
r 
p 

 
0.172 
0.282 

 
0.172 
0.283 

 
-0.046 
0.777 

 
1 

 
0.346* 
0.027 

Hepatic nitrite 
r 
p 

 
-0.258 
0.103 

 
-0.296 
0.060 

 
-0.056 
0.729 

 
0.346* 
0.027 

 
1 

* Significant at p < 0.05 level. 
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Table V: correlation studies between plasma PAI-1 and other parameters among 
control group (n= 10 rats): 

 TNF-
α 

IL-6 PAI-1 NOS Hepatic nitrite 

Plasma PAI-1 
r 
p 

 
-0.57 
0.086 

 
-0.653* 
0.041 

 
1 

 
0.013 
0.973 

 
0.801** 
0.005 

  * Significant at p < 0.05 level. 
 
 
 
 
 
 
Table VI: Correlation studies between plasma TNF-α and IL-6 and different 
parameters among cirrhotic groups (n=25 rats): 

 TNF-α IL-6 PAI-1 Hepatic NOS Hepatic nitrite 
TNF-α 

r 
p 

 
1 

 
0.496* 
0.012 

 
0.297 
0.15 

 
0.605** 

0.001 

 
0.473* 
0.017 

IL-6 
r 
p 

 
0.496* 
0.012 

 
1 

 
0.365 
0.073 

 
0.568** 

0.003 

 
0.369 
0.069 

*   Significant at p < 0.05 level. 
** Significant at p < 0.01 level. 
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Figure (1): Plasma TNF-a, IL-6 and PAI-1 in the studied groups. 
*  : Significant compared to group I (control). 
#  : Significant compared to group II. 
$  : Significant compared to group III. 
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Figure (2): Hepatic nitrite and nitric oxide synthase activity in the studied 

groups. 
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Fig. 3: Correlation between different parameters among all studied groups. 
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Fig. 4: Correlation between different parameters among cirrhotic groups. 
 
 

DISCUSSION 
 

Liver cirrhosis is characterized by 
hepatic dysfunction with extensive 
accumulation of fibrous tissue in the 
liver.(28)  It is a wounding and 
repairing response, and could be 
initiated in different ways. It has been 
shown that hepatic stellate cells 
(HSCs) were the main source of 

extracellular matrix in fibrosis. 
Certain cytokines could modulate the 
proliferation and collagen synthesis of  
HSCs.(29)  

In accordance with many 
investigations,(6,7,30) the present study 
showed a highly significant increase 
in the level of plasma TNF-α  
concentration in cirrhotic rats 
compared to controls. TNF-α is a 
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mediator of inflammation and cellular 
immune response. In liver cirrhosis, 
impaired clearance of endotoxin 
together with increased secretion of 
TNF-α by extrahepatic macrophages 
might play an important role in the 
progression of hepatic and renal 
disturbances.(31) High levels of TNF-α  
could suggest the presence of 
immunological mechanism, including 
activation of TNF system. (32) 
However, another study showed that 
TNF-α is not strongly implicated in 
fibrogenesis, as it stimulates 
interstitial collagenase, and it 
selectively augments matrix 
degradation.(33) Simeonova et al.(34), 
indicated that TNF-α  is responsible 
for regulating products that induce 
both inflammation and fibrosis. TNF-
α  increases proliferation and collagen 
synthesis of HSCs. 

In the current study, a statistically 
significant increase in the plasma 
levels of IL-6 were present in cirrhotic 
rats compared to controls. These 
results were in accordance with many 
previous studies,(35,36) and in contrast 
to a study conducted by Yamashiki et 
al.(37), in which the plasma levels of 
IL-6 were similar in both cases with 
biliary cirrhosis and controls. The 
present results showed significantly 
higher levels of IL-6 in advanced 
stages of liver dysfunction as well i.e. 
with ascites (group III and V) 
compared to early stages of the 
disease i.e. without ascites (group II 
and IV respectively). Such finding 
was in agreement with several reports 
indicating that the plasma levels of IL-
6 were higher with worsening of liver 
functions.(38,39) This could be 
explained by the fact that not only the 
liver represents an important site of 

synthesis of cytokines, but, also, it is a 
major clearance organ for several 
extrahepatically produced cytokines. 
So, increased endogenous cytokines 
might be a consequence of impaired 
clearance due to hepatocyte 
dysfunction and/or presence of 
portosystemic collaterals.(40)  

Elevated cytokines as a cause or 
as a consequence of chronic liver 
diseases, play an important role in the 
cirrhotic transformation of the liver. 
Intrahepatically produced cytokines 
act in an autocrine and/or paracrine 
manner with other hepatic cells such 
as fibroblasts.(41) Moreover, 
inflammatory cytokines such as IL-6 
regulate metalloproteinases and their 
specific inhibitors, which were 
believed to play a role in the 
extracellular matrix metabolism and 
fibrogenesis.(42) So, in  liver cirrhosis, 
there were both increased production 
and decreased metabolism of TNF-α 
and IL-6. A significant correlation 
was observed between TNF-α and IL-
6 in all studied rats and in fibrotic 
groups. Such result was consistent 
with that found by Zhang et al.(43). 
These cytokines work in concert in 
many ways; TNF-α stimulates IL-6 
production, and IL-6 augments the 
effect of TNF-α on T helper cells. A 
specific pattern of altered cytokines 
IL-6 and TNF-α gene expression in 
advanced stages of severe liver 
diseases, was reported to be 
characteristic for them.(44)     

In the present study, there was no 
statistically significant difference 
between plasma PAI-1 antigen levels 
in cirrhotic rats and controls except 
the fibrotic group with L-NAME. That 
finding was consistent with that 
reported by Hayashi et al.(45)  who 
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suggested that if any increased PAI-1 
release, it was probably an indirect 
response to an increase of t-PA or as a 
result of impaired hepatic clearance. 
Patients with liver cirrhosis have 
hyperfibrinolysis, the mechanism is 
mainly due to increased 
concentrations of t-PA relative to 
normal activity PAI-1 levels. (46) 
Normal activity of PAI-1 was 
demonstrated by many previous 
studies.(46,47) Moreover, Li et al.(48), 
showed a decrease in plasma PAI-1 
activity with progression of  hepatic 
fibrosis, despite a significant increase 
in the level of PAI-1 antigen. PAI-1 
might contribute to development of 
fibrosis after chemical or ionizing 
injury (49); which could explain their 
significantly increased levels in 
cirrhotic rats with NO inhibition.  

The present data showed positive 
correlation between plasma PAI-1 and 
both TNF-α and IL-6 levels. These 
results were in agreement with that 
found by Zhang et al (50) who 
suggested that high levels of TNF-α 
and IL-6 might contribute to 
hypofibrinolysis and intravascular 
coagulation in patients with liver 
cirrhosis. 

An enhanced production of NO in 
the studied cirrhotic groups is an 
important factor contributing to the 
renal Na+ and water retention. The 
plasma cytokines TNF-α  and IL-6 are 
positively correlated with hepatic 
NOS in cirrhotic groups. They 
activate iNOS expression in the liver 
through the transcription factor 
nuclear factor Kappa B.(51) Hepatic 
iNOS expression functions as an 
adaptive response to minimize 
inflammatory injury. Therefore, NOS 

inhibitors increased hepatic 
damage.(52) 

NO exerts its protective effect 
through its ability to prevent 
intravascular thrombosis by inhibiting 
platelet adhesion and neutralizing 
toxic oxygen radicals. Also, by 
blocking TNF-α induced apoptosis 
and hepatotoxicity, in part by a thiol-
dependent inhibition of caspase-3 like 
protease activity.(53) It is suggested 
that inhibitors of NOS activity leads to 
a decrease in the NO/ROS ratio 
thereby favoring the development of 
fibrosis. In addition, they block tonic 
inhibitory action of constitutively 
produced NO on TNF-α production(54)  

NO affects PAI-1 expression in 
endothelial cells. Endogenously 
generated NO in a pathway induced 
by TNF-α activates  mitogen activated 
protein kinases (MAPKs) and induces 
upregulation of PAI-1.(55) 
Vasoprotective function of endothelial 
cells is associated with biosynthesis 
and release of NO and t-PA. These 
endothelial mediators calm down 
activated platelets and leukocytes, 
prevent occurrence of thrombotic 
events and promote thrombolysis. 
Endothelial dysfunction in cirrhosis is 
associated with suppression in release 
of t-PA and deleterious discharge of 
PAI-1.(56)         

It could be concluded that 
measurement of plasma cytokines: 
TNF-α and IL-6 levels as clinical 
immunological tests are highly useful. 
They might be used as indicators for 
the progression of fibrosis in cirrhotic 
patients. They were correlated with 
hepatic NOS activity which functions 
as an adaptive response to minimize 
inflammatory injury. PAI-1 increased 
at severe fibrotic liver with other 
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injury. Further studies are needed to 
evaluate the use of inhibitors of 
profibrogenic cytokines and 
precursors of NOS expression as 
novel therapeutic agents in 
controlling fibrosis.    
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نزيم مكون أكسيد النتريك  فى إبعض عوامل التليف بالبالزما و  ياتمستو 

 الكبد المتليفة المستحثة تجريبيا فى الفئران

  )٣(، إحسان محمد حسن عبد الرحمن)٢(، محمد سامى جاد)١(إيمان محمد عبد اهللا فوزى

  ، ) ٣(و الكيمياء الحيوية الطبية )٢(، األمراض الباطنة)١(وجىأقسام الفسيول
  كلية الطب، جامعة االسكندرية

 

الخاليا الكبدية نجمية الشكل والتى تتحـور إلـى خاليـا ليفيـة  عن تنشيط ينتج التليف الكبدى :مقدمة البحث
كميات كبيرة من مكونات النسيج هذه الخاليا لها القدرة على االنقسام وتصنيع . عضلية من حيث الشكل الظاهرى

  .الموجود خارج الخلية ومن ثم تؤدى إلى هذا التليف
كعوامــل  ٦-ألفــا و إنترلــوكين-دراســة المســتويات بالبالزمـا لكــل مــن عامــل تآكــل الــورم :الغــرض مــن البحــث

وبـين عامـل مـانع سيتوكينية لبداية االلتهـاب والتليـف فـى الفئـران المصـابة بتليـف الكبـد ، وهـل هنـاك عالقـة بيـنهم 
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وٕاضافة إلى ذلك، إيجاد عالقة بين هذه السيتوكينات و نشاط . كداللة لنشاط تآكل التليف ١منشط البالزمينوجين 
  .إنزيم مكون أكسيد النيتريك الكبدى

. فئــران صــحيحة كعينــة ضــابطة١٠فــأرآ متليــف الكبــد و  ٣١اشــتملت الدراســة علــى  :المــواد وطــرق البحــث
ـــالتجويف البريتـــونىوقـــد اســـتحدث تليـــف ال ـــروزأمين ب ـــد بحقـــن دينت ـــد تـــم تقســـيمهم إلـــى مجموعـــات خمـــس. كب . ولق

فئران مصابة بتليف الكبـد بينمـا اشـتملت المجموعـة الثالثـة  ٨المجموعة األولى كعينة ضابطة، والمجموعة الثانية 
نهما بنيتـرو أرجينـين ميثيـل أما المجموعتين الرابعة والخامسة فقد تم حق. فئران مصابة بالتليف واالستسقاء ۷على 
فئـران مصـابة  ٨فئـران مصـابة بـالتليف بينمـا تكونـت المجموعـة الخامسـة مـن  ٨وشملت المجموعة الرابعـة . إستر

وعامـــل مـــانع منشـــط  ٦-وتـــم قيـــاس مســـتوى كـــل مـــن عامـــل تآكـــل الـــورم ألفـــا و إنترلـــوكين. بـــالتليف و االستســـقاء
كـذلك تـم قيـاس كـال مـن مسـتوى النيتريـت و نشـاط إنـزيم مكـون . لبالزمـاونواتج أكسـيد النيتريـك با ١البالزمينوجين 

  .أكسيد النيتريك بالكبد
ألفــا -أوضــحت النتــائج وجــود زيــادة ذات داللــة  إحصــائية ملموســة فــى مســتوى عامــل تآكــل الــورم: النتــائج

 ٦-ى اإلنترلــوكينكمــا زاد أيضــآ مســتو . بالبالزمــا فــى كــل المجموعــات تحــت الدراســة مقارنــة بالمجموعــة الضــابطة
بالبالزما زيادة ذات داللة  إحصائية ملموسة فـى كـل مـن المجموعـة المصـابة بـالتليف واالستسـقاء و المجمـوعتين 

و لقد ازداد مسـتوى إنترلـوكين . اللتين تم حقنهما  بنيترو أرجينين ميثيل إستر وذلك بالمقارنة بالمجموعة الضابطة
وال يوجــد اخــتالف ذو أهميــة إحصــائية فــى مســتوى عامــل مــانع منشــط . يآ مــع تقــدم المــرضبالبالزمــا تصــاعد ٦

بالبالزما بين المجموعات المصابة بالتليف والمجموعة الضابطة، بينما زاد مستواه فى المجموعة  ١البالزمينوجين 
إحصـائية ملموسـة بالمقارنـة المصابة بالتليف و االستسقاء بعد حقـن نيتـرو أرجينـين ميثيـل إسـتر زيـادة ذات داللـة 

ويوجـد أيضـآ . وتناسب نشاط إنزيم مكون أكسيد النيتريك طرديـآ مـع مسـتوى النيتريـت بالكبـد. بالمجموعة الضابطة
بالبالزما و نشاط إنزيم  ٦-ألفا و إنترلوكين-تناسبآ طرديآ ذا داللة إحصائية ملموسة بين كل من عامل تآكل الورم

  .ى النيتريت بالكبد فى الفئران المصابة بالتليفمكون أكسيد النيتريك و مستو 
 ٦-ألفـــا و إنترلـــوكين-كشـــفت الدراســـة عـــن زيـــادة فـــى مســـتويات كـــل مـــن عامـــل تآكـــل الـــورم  :االســـتنتاج

كمـا . وزادت بدرجة أكبرمـع تقـدم التليـف. بالبالزما زيادة ذات داللة إحصائية ملموسة فى الفئران المصابة بالتليف
بالبالزما زيادة ذات داللة إحصائية ملموسة فى الكبد المتليفة بشدة  ١-ع منشط البالزمينوجينأنه قد زاد عامل مان

ألفــــا و -ولهــــذا يمكننــــا االفتــــراض أن الســــيتوكينات بادئــــة التليــــف، عامــــل تآكــــل الــــورم. فــــى وجــــود إصــــابة أخــــرى
وتــرتبط بعالقــة متبادلــة مــع  ، هــذه الســيتوكينات لهــا دور فــى إحــداث التليــف فــى الفئــران المصــابة بــه،٦-إنترلـوكين

ومن الممكن استخدام هذه السيتوكينات إكلينيكيـآ . نشاط إنزيم مكون أكسيد النيتريك الذى يؤدى دوره كأداة للتكيف
  .  كمؤشرات لحدوث وكذلك تقدم التليف

 
 
 


