
Perinodopril, an angiotensin converting enzyme inhibitor, attenuates experimental hepatic 
fibrosis 

Heba Shawky•, Samar Marzouk••, Eman Obaia•• 

and Amira Hassouna•• 

Departments of Physiology• and Medical Biochemistry•• 

Faculty of Medicine, Cairo University 

                                          

Abstract: Liver fibrosis is considered as a progressive pathological process involving multiple 
cellular and molecular events that lead to deposition of excess matrix proteins in the extracellular 
space. When that process is combined with ineffective regeneration and repair, there is increasing 
distortion of the normal liver architecture, and the end result is cirrhosis.  Emerging anti-fibrotic 
therapies are aimed at inhibiting the accumulation of fibrogenic cells and/or preventing the 
deposition of extracellular matrix proteins. Although many therapeutic interventions are effective in 
experimental models of liver fibrosis, the mechanisms underlying the anti-fibrotic effect on liver 
fibrosis remain unclear. The aim of the present study was to investigate the underlying mechanisms 
of anti-fibrotic effect of angiotensin converting enzyme inhibitor (ACEI) on experimental liver 
fibrosis induced by carbon tetrachloride (CCl4). Thirty five white albino male rats of 150-200g 
average weight were randomly divided into three groups, Group I: The control group (n = 10), 
Group II: CCl4 injected rats without any treatment (n = 10) and Group III: CCl4 injected rats that 
received an ACEI, perinodopril , dissolved in distilled water, 6mg/kg/day for 4 weeks (n = 15).  
Venous blood was collected from retro orbital vein for serum separation for assessment of liver 
functions. Liver tissue was subdivided into three portions for: pathological examination, estimation 
of transforming growth factor-β1 (TGF-β1) and matrix metalloproteinase-9 (MMP-9) by ELISA and 
expression of nuclear factor- kappa beta (NF-κB) in a trial to understand the mechanism underlying 
the anti-fibrotic effect of ACEI. Tissue TGF-β1, MMP-9 and NF-κB   were significantly higher in 
CCl4 group (group II) compared with control group (group I) and they were decreased significantly 
with administration of ACEI with CCl4 (group III). In conclusion, ACEI attenuates the progression 
of hepatic fibrosis induced by CCl4 by reducing expression of NF-κB, TGF-β1, and MMP- 9. 
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 Introduction: 

       Chronic liver injury is caused by a variety of insults, including viral hepatitis, alcohol, drug 
abuse and autoimmune hepatitis. It is associated with increased inflammatory cell infiltration and 
may involve the interplay of different inflammatory mediators, which is a common stage in most of 
chronic liver diseases. If treated properly in that stage, hepatic fibrosis can be reversed and its 
progression to irreversible cirrhosis, which leads to lethal complications and high mortality, may be 
prevented. Currently, there is no established therapy to delay or reverse the progression of liver 
fibrosis (1).  Once cirrhosis develops, liver transplantation is the only therapy to avoid a fatal 
condition (2) .Therefore, an accurate assessment of liver fibrosis is very important in order to predict 
the prognosis and start the appropriate prophylactic therapy to prevent disease progression. Liver 
biopsy (LB) is still the gold-standard method for assessing liver fibrosis (3, 4,  5). However, it is 
difficult to perform LB for all patients who need to be assessed repeatedly due to its invasiveness 
and prohibitive cost. In addition, biopsy samples are usually too small to diagnose the disease 
accurately and diagnostic opinions often differ among pathologists (6, 7). As a result, a pathological 



examination does not always provide an accurate diagnosis. Recent studies work hard to assess a 
noninvasive method for the diagnosis and evaluation of the prognosis of liver fibrosis (8). 

         Recently, several lines of evidence have suggested that the rennin-angiotensin system (RAS) 
plays an important role in the pathogenesis of organ fibrosis (9). Angiotensin II (Ang II) plays a 
central role in the regulation of systemic blood pressure and fluid homeostasis. Its action is 
mediated mainly by two subtypes of receptors, Ang II type 1(AT1) and Ang II type 2 (AT2) 
receptors (10).  

         Moreover, the expression of TGF-β1, the key cytokine in the development of organ fibrosis, is 
increased by Ang II and the blockade of the (RAS) by ACEI or by AT1 antagonists has been shown 
to reduce the progression of organ fibrosis. However, the mechanisms underlying the anti-fibrotic 
effect of ACEI on liver fibrosis remain unclear (11). 

           It should be noted that, upon liver injury, hepatic stellate cells (HSCs) undergo 
morphological trans-differentiation to myofibroblast-like cells having a proliferative, fibrogenic and 
contractile phenotype; this process is known as activation. Activated HSCs express smooth muscle 
actin (SMA) and produce an excess of collagen and other ECM components (2).  

        In addition, activated HSCs secrete transforming growth factor- beta1 (TGF-β1), which is a key 
mediator in human fibrogenesis leading to a fibrotic response and proliferation of connective tissue. 
Furthermore, HSCs disturb the balance between matrix metalloproteinases (MMPs) and the 
naturally occurring tissue inhibitors of metalloproteinases (TIMP 1 and 2), leading to matrix 
breakdown and replacement by connective tissue-secreted matrix (12). 

          Nuclear factor-κB (NF-κB) is a transcriptional factor, which binds to specific DNA motifs to 
regulate transcriptional activity of its target genes involved in HSCs activation (13) and releasing of 
pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), 
which are involved in the process of fibrogenesis (14). 

        

         Therefore, the aim of the present work is to further evaluate the anti-fibrotic effect of ACEI in 
rat liver fibrosis induced by CCl4, and to study its relationship with the expression of NF-κB, TGF-
β1 and MMP-9. 

 

Materials and methods: 

Thirty five white albino male rats of 150-200g average weight were included in the study .They 

were bred in the animal house of kasr Al-Aini Hospital, Cairo University. Rats were randomly 

divided into three groups: 

 Group I:  (n = 10) control group, fed with regular rat chaw. 

Group II:( n = 10)fibrotic model, they received 0.2 ml CCl4 subcutaneously twice weekly for 6 

weeks. 



Group III: (n = 15) model of liver fibrosis that received an ACE inhibitor, perinodopril, dissolved 

in distilled water, 6mg/kg/day for 4 weeks by oral feeding. 

Sample collection and preparation: At the time of sacrifying the rats, venous blood was collected 

from retro orbital vein for serum separation for assessment of liver functions. Liver tissue was 

subdivided into three portions: The first portion was stored in formaldehyde for pathological 

examination. The second portion was stored at -70oC in lysis buffer that contains guanidinium 

thiocyanate and B-mercaptoethanol for RNA extraction. The third portion, also, was stored at -70oC 

in phosphate buffer saline for TGF-β1 and MMP-9 assay by ELISA. 

Liver functions: 

 Serum ALT and albumin were estimated by using conventional laboratory methods. 

Measurement of TGF- β1 and MMP-9: 

About 19 mg of liver tissue was homogenized in one ml lysis buffer for protein extraction which 

contained 0.06 mol/l Tris buffer (pH 6.8), 2% SDS (sodium dodecyl sulphate), 100 mmol/l sodium 

fluoride and one mmol/l phenyl methyl sulfonyl fluoride (PMSF), supplied by sigma, St Louis, 

USA. After cell lysis, the homogenate was centrifuged at 10.000 rpm for 20 minutes at 4oC and the 

supernatant was examined for detection of TGF-β1 and MMP-9 using the quantitative sandwich 

enzyme linked immuno-sorbent assay (ELISA). The kits were supplied by Ray Biotch, Inc. 

Detection of NF-κB by RT-PCR: 

RNA extraction: 

Total RNA was extracted from liver tissue samples using the SV total RNA isolation system kit 

(Promega, Madison, USA) according to the manufacturer's recommendations.  

RT-PCR: 

cDNA was generated from 5mg of total RNA extracted with 20 pmol oligo dt primer and 

was denaturated at 70oC for 2min. then a transcription mixture containing 50 mmol KCl, dNTPs 

and 200 units of MMLV reverse transcriptase were added, the reaction was placed at 42oC for one 

hour then at 95oC for 5 min. to stop the reaction. Then PCR reaction was performed by adding the 

PCR mix which contained 10mmol /l  tris HCL pH 8.3, 2.3 units of taq polymerase, 100 mmol of  

NTPs and 100 mmol of each specific NF-κB primer with the following sequence, 

 forward: CAGCCTCTTGAGTAGCTGGG. Reverse:GTCAGGAGTTCGAGACCAGC. 

      Then the reaction mixture was subjected to 40 cycles of 95oC for one min., 55oC for one min. 

and 72oC for 2min. after the last cycle a final extension at 72oC for 10 min was done. 

 



Agarose gel electrophoresis: 

All PCR products were electrophoresed on 2% agarose stained with ethidium bromide and 

visualized by UV Trans-illuminator. Fragment sizes were 113 pb. 

Gel documentation: 

 The PCR products were semi-quantitated using the gel documentation system (BioDO, Analyser) 

supplied by Biometra. 

Statistical analysis: 

Numerical data was presented as mean ± SD. Differences between the three group parameters were 
compared by one way ANOVA. To study the relationship between the variables, Pearsons 
correlation coefficient was calculated. The results were considered statistically significant at 
P≤0.05. 

 

Results: 

 Pathological assay : 
Liver tissue samples from control rats (group I) showed normal lobular architecture with central 
veins and radiating hepatic cords (Figure 1A). Liver tissue samples from model group (group II) 
showed that more fibrous tissues were formed extending into the hepatic lobules to separate them 
completely. A large number of inflammatory cells infiltrated the intra-lobular and inter-lobular 
regions. The liver structure was disordered and there were more necrotic and fatty degenerated liver 
cells compared with the controls (Figure 1B). In the AC treated group (group III), hepatocyte 
degeneration, necrosis and infiltration of inflammatory cells were all apparently ameliorated and 
collagen deposition was, also, markedly reduced (Figure 1C). 

  

                       1A                                                   1B                                            1C 

 Figure( 1 ) Light microscopy showing normal liver tissue in control group (1A) (HE × 100), 
degenerated and necrotic liver cells associated with inflammatory cells in model group (1B) (HE × 
40), attenuated necrosis and infiltration of inflammatory cells after ACEI treatment (1C) (HE × 40). 

Liver function  (table 1): 

 1- Serum albumin level is significantly lower in CCl4 group (group II)                                                                  

compared with control group (group I) (p 0.05) and it increased significantly when treated 

with ACEI (group III). 



 2- Serum ALT increased significantly in CCl4 group (group II) in comparison to control group 

(group I) (p 0.05) and it decreased significantly when treated with ACEI (group III). 

 

Table (1): Mean values and  SD of serum Albumin and ALT 

Parameters 

            Group 

Control  

n = (10)   I 

CCl4 group 

n  = (10) II 

CCl4 + ACEI 

n = (15)  III 

Serum Albumin 
(g/ml) 5.003 0.556b 2.500  0.549a 3.3987 0.408ab 

Serum ALT     (U/l) 62.610  10.76b 90.270  21.214a 74.193 11.910b 

      a: significant difference in comparison to control group. 

      b: significant difference in comparison to CCl4 group. 

 

 

TGF- β1 and MMP-9 assay (table 2): 

    Tissue TGF- β1 is significantly higher in CCl4 group (group II) compared     with control group                       
(group I) and it decreased significantly with administration of ACEI with CCl4 (group III) 
(Figure 2).  

    Tissue MMP-9 increased significantly in CCl4 (group II) when compared with control group                           
(group I). It decreased significantly with administration of ACEI with CCl4 (group III) (Figure3). 

 

 

Table (2): Mean values and  SD of Tissue TGF- β1 and MMP-9 

Parameters 

            Group 

Control  

n = (10)   I 

CCl4 group 

n  = (10) II 

CCl4 + ACEI 

n = (15)  III 

Tissue TGF- β1    
(pg/ml) 38.518  7.637b 61.490  14.525a 49.053 7.617ab 

Tissue MMP-9   
(ng/ml) 200.950  14.452b 291.86041.110a 233.513 28.976ab 

       a: significant difference in comparison to control group. 

       b: significant difference in comparison to CCl4 group. 
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Figure (2) Tissue TGF-β1 (pg/ml) mean among the studied groups  
Figure (3) Tissue MMP-9 (ng/ml) mean among the studied groups   

 

 

 

NF-κB  expression: 

Tissue NF-κB   increased significantly in CCl4 group (group II) compared with control (group I) and 
it decreased significantly with administration of ACEI with CCl4 (group III) (Figures 4, 5). 



                             

NF Kappa Beta ( ug/mg tissue ) mean among
the studied groups

a means significant difference from control
b means significant difference from CCL4

a

ab

b

CCL4 ACE CONTROL

groups

25

50

75

100

125

150

175

200

225

250

N
F

K
B

(u
g

/m
g

 t
is

s
u

e
)m

ea
n







 

                                            

Figure(4)Tissue NF-κB (ug/mg tissue) mean among the studied groups  
 

                     

 

Figure (5): Agarose gel electrophoresis of PCR product of NF kappa beta gene.100 bp 
molecular weight marker(Lane1).PCR product of NF kappa beta (113 bp) in control group 

(Lane 2), second rat group (Lanes 3,4&5),third rat group (Lane 6). 

 

Discussion: 

       Liver fibrosis is characterized by the excessive accumulation of extra cellular matrix proteins, 
including collagen, which occurs in most types of chronic liver diseases. The knowledge about the 
cellular and molecular mechanisms of liver fibrosis has been greatly advanced. Activated hepatic 
stellate cells, portal fibroblasts and myofibroblasts of bone marrow origin have been identified as 
major collagen-producing cells in the injured liver. These cells are activated by NF- kB and 
fibrogenic cytokines such as TGF- β1 

  , TNF-α and IL-6 (13, 15, 16).  

 CCl4-induced liver cirrhosis in rats exhibits several features of human liver diseases, including 
excessive fibrosis with uniform micronodular transformation, portal hypertension, ascites, and 
hyperdynamic circulation. Liver cirrhosis has been extensively investigated in terms of the 
biochemical and molecular mechanisms of its development and complications (17).  



 

          As regards liver function tests, the current study showed increased serum activity of ALT and 
decreased serum level of albumin in fibrotic model (group II), compared to controls( group I), 
indicating liver damage. But, after 6 weeks of treatment with perinodopril, (group III), there was 
less liver damage indicated by lower ALT activity and higher albumin levels, suggesting that ACEI 
may attenuate CCl4-induced liver fibrosis by down regulation of the inflammatory response in the 
liver ( 18).                                                                                                                                                                     

Histological examination, also, demonstrated a significant correlation with the liver 
function assessment indicated by the infiltration of a large number of inflammatory cells in the 
intra-lobular and interlobular regions, formation of more fibrous tissue, also, the liver margin was 
uneven in the fibrotic model group (II) compared with the control group. In contrast, perinodopril 
(group III) had obviously attenuated the extent of necrosis and reduced the immigration of 
inflammatory cells compared with the fibrotic model group. 

       In the present work, TGF-β1 levels were increased significantly in the fibrotic model group (p 

0.05) and were decreased significantly (p0.05) after treatment with ACEI, but they did not return 

to the values of the control group. 

ACEI (perinodopril) could prevent hepatic fibrosis by down regulation of TGF- β1 which leads to 
suppression of the activation of hepatic stellate cells (19). These results agreed with those of Powell 
et al. (20) who reported that the inheritance of polymorphisms in the TGF-β1 and angiotensinogen 
genes and the influence of genotypes on the stage of hepatic fibrosis in patients with chronic 
hepatitis C. Patients who inherit neither of the pro-fibrogenic genotypes have no or only minimal 
fibrosis. The documentation raises the novel suggestion that Ang-II may be a mediator of fibrosis in 
the liver, and since a strong interaction between Ang II and TGF-β1 has been clearly demonstrated, 
these results will open several ways for the use of ACEI in anti-fibrotic strategies in the future. 

Matrix metalloproteinases (MMPs) are Zn-dependant endopeptidases. They are capable of 
degrading all kinds of extracellular matrix proteins, but, also, can process a number of bioactive 
molecules (21).  

MMPs are initially synthesized as inactive zymogens with a pro-peptide domain that must be 
removed before the enzyme is active. The pro-peptide domain  contains a conserved cysteine 
residue which interacts with the zinc in the active site and prevents binding and cleavage of the 
substrate keeping the enzyme in an inactive form. MMPs are activated by other MMPs, plasmin as 
well as other factors (22).  

The activities of MMPs are inhibited by TIMPs
 (23)

. They are capable of inhibiting the activities of 
all known MMPs and play a key role in maintaining the balance between ECM deposition and 

degradation in different physiological processes, including liver fibrosis development
 (24)

.  

   In the present study, the level of MMP-9 was measured and was found to be increased 

significantly in the fibrotic model group (group II) (p0.05) and decreased significantly (p0.05) 

with administration of ACEI (group III). These data are in accordance with those of Senties et al. 
(25) who explained the suppressive effect of ACEI by its interaction with zinc at the active site of 
MMP-9 leading to its inactivation and   thus relief fibrosis. 



        The associated increase in the levels of MMP-9 and TGF-β1 in fibrotic model group (group II)  
and the decrease in their levels after treatment with ACEI (group III) could explain the partial role 
of TGF-β1 in increasing the level of MMP-9  that lead to deposition of an excess of extra cellular 
matrix proteins in liver fibrosis (26).      
 

        Nuclear factor –Kappa Beta (NF-κB) is involved in the control of a large number of normal 
cellular processes such as inflammatory and immune responses, developmental processes, cell 
growth and apoptosis. Also, it is involved in several pathological conditions like arthritis, asthma, 
neuro-degenerative diseases, heart diseases, cancer and liver fibrosis (27).   NF-κB, also, regulates 
expression and activation of matrix metalloproteinases (MMPs) (28). 

 In the current study NF-κB increased significantly in fibrotic model group (p <0.05) and decreased 
significantly in ACEI treated group (p<0.05) but did not reach the control group levels. These 
results are in agreement with those of Jonsson et al. (29), who reported that the dual effects of ACEI 
to inhibit the activity of NF-kB and MMP-2/9, in addition to reducing protein expression of TGF-
β1, are likely to contribute to the anti-fibrotic actions of these agents. 

 

 Conclusion:  

       The present study demonstrated a significant relationship between angiotensin II and liver 
fibrosis. ACEI attenuates the progression of hepatic fibrosis induced by CCl4 by reducing 
expression of TGF-β1, NF-κB   and MMP- 9.  

 These results suggest that NF-κB, TGF-β1 and MMP-9 may be helpful as fibrosis markers but 
further studies are needed to discriminate accurately the stage of fibrosis as accurately as liver 
biopsy. This can limit the number of liver biopsies to patients whose clinical findings conflict with 
the biomarker results.      
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  الملخص العربي

من التھاب النسيج الليفي  خففي -مثبط الانزيم المحول للأنجيوتنسين - بريلنودوبيري

  الكبدي التجريبي

  ••، ايمان عبية••، سمر مرزوق•ھبة شوقى

  ••وأميرة حسونة

  ••والكيمياء الحيوية الطبية •قسمى الفسيولوجيا

  كلية الطب ، جامعة القاھرة

  

ة التѧѧي تѧѧؤدي الѧѧى ايѧѧداع الكثيѧѧر  مѧѧن يѧѧئيالعديѧѧد مѧѧن التغيѧѧرات الخلويѧѧة والجز ي الكبѧѧدي التھѧѧاب النسѧѧيج الليفѧѧ يتضѧѧمن

  . البروتينات في المنطقة خارج الخلية 

ويھѧدف عѧلاج . صلاح فعالѧة سѧيؤدي ذلѧك فѧي النھايѧة الѧى تليѧف الكبѧد إوعندما لا تصاحب ھذه التغيرات عملية تجديد و

المسببة للتليف بالإضافة الى منع إيداع البروتينات في المنطقة خارج الخلايا إلا  لى تثبيط الخلاياإالتھاب النسيج الليفي 

  . أن الآليات التي يتم بھا منع التليف لا تزال غير معروفة 

  . الأنزيم المحول للأنجيوتنسين حدوث التليف  ليات التي يمنع بھا مثبطتھدف ھذه الدراسة بحث الا

جѧرام وقѧد  ٢٠٠،١٥٠ان البيضاء من نوع الѧرات ، تتѧراوح أوزانھѧا بѧين ذمن الجر ٣٥شتملت الدراسة على عدد وقد ا

  :قسمت الى ثلاث مجموعات 

  .جرذان  ١٠عددتحتوى على : المجموعة الأولى الضابطة *

 .جرذان تم حقنھا برابع كلوريد الكربون فقط  ١٠ عدد تحتوى على: المجموعة الثانية *

الكربѧون والتѧي تѧم علاجھѧا  جѧرذان تѧم حقنھѧا برابѧع كلوريѧدمѧن ال ١٥ عѧدد  تحتوى على: عة الثالثة المجمو*

وقѧѧد تѧѧم جمѧѧع ) أسѧѧابيع  ٤يѧѧوم لمѧѧدة / كѧѧج / مѧѧج ٦(  –بريѧѧل ينودوبير –الانѧѧزيم المحѧѧول للأنجيوتنسѧѧين  بمثѧѧبط

قسѧѧام للتحليѧѧل البѧѧاثولوجي عينѧѧات الѧѧدم لتحليѧѧل وظѧѧائف الكبѧѧد ، كمѧѧا تѧѧم تقسѧѧيم عينѧѧات نسѧѧيج الكبѧѧد الѧѧى ثلاثѧѧة أ

ومѧѧѧا تѧѧѧريكس  ١ –بيتѧѧѧا وقيѧѧѧاس عامѧѧѧل النمѧѧѧو المحѧѧѧول بيتѧѧѧا  للأنسѧѧѧجة والتعبيѧѧѧر الجينѧѧѧي للعامѧѧѧل النѧѧѧووي كابѧѧѧا

 .  ٩ -ميتالوبروتينيز

 اѧووي كابѧل النѧى للعامѧر الجينѧا  أوضحت نتائج الدراسة أن ھناك زيادة ذات دلالة إحصائية في التعبيѧا وايضѧبيت

ѧѧفѧѧل النمѧѧتويات عامѧѧول ي مسѧѧالوبروتينيز و المحѧѧاتريكس ميتѧѧا ومѧѧة  ٩-بيتѧѧة مقارنѧѧة الثانيѧѧجة المجموعѧѧي أنسѧѧف

بالمجموعة الأولى الضابطة كما وجد نقصا ذو دلالة احصائية في ھذه المسѧتويات عنѧد قياسѧھم فѧي المجموعѧة 

 .كعلاج  استخدم فيھا المثبط الثالثة التي

 خفف من التھاب النسيج الليفي الكبدي عن لأنجيوتنسين يونستخلص من ھذه النتائج أن مثبط الانزيم المحول ل

ѧѧووي كابѧѧل النѧѧي للعامѧѧر الجينѧѧل التعبيѧѧق تقليѧѧا ب اطريѧѧول بيتѧѧو المحѧѧل النمѧѧتويات عامѧѧا ومسѧѧاتريكس  ١-يتѧѧوم

 .    ٩ –ميتالوبروتينيز 


