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ABSTRACT 

Purpose: This study was designed to investigate the effectiveness of protamine sulphate as an apelin receptor 

blocker on cholestatic liver fibrosis persuaded by common bile duct ligation (BDL) in experimental rats and 

examine some related mechanisms. Methods: Three groups of adult male Wistar rats were included: control 

(sham-operated), BDL and BDL+ protamine sulphate groups. All groups were examined after 4 weeks for 

serum apelin, total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline 

phosphatase (ALP), hepatic interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), superoxide dismutase 

(SOD), glutathione peroxidase, (GPx) malondialdehyde (MDA), transforming growth factor-β (TGF-β) and 

hydroxyproline content and for extracted livers histopathological studies. Results: BDL significantly increased 

serum apelin, total bilirubin, AST, ALT, ALP, hepatic IL-6, TNF-α, MDA, TGF-β and hydroxyproline content, 

but it significantly reduced serum albumin level and hepatic GPx and SOD activities. Serum level of apelin 

significantly revealed positive correlations with TNF-α, MDA, TGF-β and hydroxyproline content. On the other 

hand, protamine sulphate significantly attenuated these changes, with no effect on either serum apelin or 

bilirubin levels, in treated group. It also improved the hepatic histopathological changes. Conclusion: Protamine 

sulphate, may be through its apelin receptor blockade, ameliorated cholestatic liver injury, inflammation, and 

fibrosis induced by BDL. 

Key words: cholestasis, cirrhosis, apelin, inflammation.  
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 INTRODUCTION 

Hepatic cirrhosis is commonly the terminal pathology of chronic liver maladies.  Pathologically, 

hepatic cirrhosis is characterized by sustained fibrillar deposition of extracellular matrix, parenchymal 

remodeling and formation of regenerative nodules, angiogenesis, and sinusoidal remodeling, inducing portal 

hypertension that eventually lead to liver failure (Ernández-Iglesias and Gracia-Sancho 2017).  

Patients with liver cirrhosis develop   a series multiple organ derangement which include renal failure, 

variceal hemorrhage, and spontaneous bacterial peritonitis making prognosis of hepatic cirrhosis is frustrating 

unless those patients benefit from liver transplant. (Russo et al. 2012). Among the various causes of liver 

fibrogenesis and cirrhosis, the incidence associated with hepatic cholestasis has been increasing globally in 

recent years, becoming a major public health concern (Li et al. 2018).  

Cholestasis is the impairment of bile flow that can be classified upon the level 

of obstruction into intrahepatic or extrahepatic cholestasis and triggers nonspecific cellular damage, which 

provokes inflammation and a progressive hepatic fibrogenic disorders with cirrhosis and hepatocellular 

carcinoma in the advanced stage (Abshagen et al. 2015). Bile duct ligation (BDL) is the most used 

model, induced experimentally, for cholestatic liver injury, which leads to a similar phenotype as in human 

cholestasis (Bosoi et al. 2017). 

There is an urgent requirement for more effective treatments to protect against liver cholestasis 

especially for patients unfavorably respond to ursodeoxycholic acid (the primary typical treatment for liver 

cholestasis for example obstructive cholestasis and primary biliary cirrhosis) (Sánchez-Salgado et al. 2019; 

Samant et al. 2019). 

Apelin is a small peptide and endogenous ligand for the orphan G protein-linked receptor APJ, which is 

structurally correlated to angiotensin II type 1 receptor (AT1) (O’Carroll et al. 2013). The apelin/APJ is 

broadly distributed in heart, kidney, gastrointestinal tract, pancreas and hepatic parenchymal, endothelial, 

Stellate and Kupffer cells (Kwon et al. 2013).  

Melgar-Lesmes et al.  (2011) stated that apelin play a role in inflammation and angiogenesis. Apelin 

could provoke vascular growth in absence of vascular endothelial growth factor (VEGF) and its expression is 

controlled by TNF-α. Moreover, apelin and APJ have an extensive distribution in hepatocytes of both rat and 

human cirrhotic liver that may produce important effects on liver function (Principe et al. 2008). Furthermore, 

Chen et al. (2013) has reported that the liver apelin/APJ system is also stimulated in biliary atresia progression, 

particularly in terminal stage of cirrhosis and the apelin mRNA expression significantly correlates with the 

degree of hepatic fibrosis.  

Apelin/APJ axis may act as a novel probable therapy for hepatic diseases (Lv et al. 2017). 

Reichenbach et al. (2012) reported that Apelin/APJ system blockade has been shown to prevent progression of 

fibrosis in carbon tetrachloride treated rats. However, up to our knowledge, there is no information about the 

effectiveness in hepatic cholestasis. 



4 

 

Few antagonists of apelin receptor have been recognized at this time. The peptide analog; apelin F13A 

was firstly exhibited inhibition of apelin 13 induced reduction in splanchnic neovascularization and blood 

pressure (Lee et al. 2005). Recently, the United States Food and Drug Administration (FDA) approved 

protamine as an antagonist for the APJ receptor (Le Gonidec et al. 2017). 

Protamine is a basic protein which reverses the anticoagulant effect of heparin after invasive vascular 

procedures. Protamine also behaves as a full antagonist for apelin receptor and completely blocks apelin induced 

activation of G-protein and recruitment of β-arrestin and can represent a hopeful drug for treatment of various 

diseases that are accompanied with neo-angiogenesis (Le Gonidec et al. 2017).  

So, the current study was designed to determine the level of apelin and the effects of protamine 

sulphate administration as an apelin receptor blocker on hepatic injury and fibrosis induced experimentally by 

bile duct ligation in rats.  

MATERIAL & METHODS 

 Ethical Approval 

All experimental procedures were reviewed and approved according to the guiding standard for the handling of 

research animals by means of ZU-IACUC committee, (protocol No: ZU-IACUC/ 3/ F/ 26/ 2021, 25th 

February 2021. The animals care was consistent with the Guide for the Care and Use of Laboratory Animals 

(8th edition, National Academies Press).   

 Animal welfare 

 The study was carried out in Faculty of Medicine, Zagazig University and implied thirty adult healthy male 

Wistar rats weighing 211-232 gm, 8-10 weeks old, obtained from the animal house at Faculty of Veterinary 

Medicine. Rats were housed under hygienic conditions in wired cages (5/cage) and kept on a natural light-dark 

cycle with free access to standard diet and water. Rats were subjected to one week of acclimatization to the new 

environment before the experiment was conducted. 

Rats were randomly and equally assigned to three groups: group (I): sham-operated control group, group 

(II): bile duct ligation (BDL) group, and group (III): BDL treated group received a daily intravenous protamine 

sulphate (PROTAM vial 10mg/ml, Eipico Co, Egypt) diluted in saline, at a dose of 1.6 mg/kg (Liu et al. 2009). 

The administration of protamine sulphate started from the first day of BDL and continued for 4 weeks. Both 

group I and group II received saline (1 ml/kg/day) as a vehicle.  

 Bile duct ligation procedure  

Each rat was weighed and anesthetized by administration of sodium thiopental (50 mg/kg) intraperitoneally. A 

midline laparotomy was done after the area was shaved and prepared by 10 % povidone iodine solution. 

Exposure of the common bile duct by carefully dissecting it from the surrounding tissue was performed and then 

subjected to double ligation with 4-0 silk suture and transected between the ligatures.  After that, abdominal 

layers were carefully closed by suturing the peritoneum, muscle layers and the skin wound. In the control sham 

operated rats, the common bile ducts were subjected to similar dissection and manipulation, but without any 
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ligation (Zhou et al. 2014; Liu et al. 2017). Rats were injected with penicillin G (100,000 units I.M.) for 3 days 

postoperatively and Ketoprofen (Ketofen®) 5 mg/kg SC once every 24 hours.  

 Sample collection:  

Four weeks after BDL, retro-orbital venous plexus blood samples were obtained after an overnight fasting under 

anesthesia with 50 mg/kg sodium thiopental i.p by the procedures described by Slododa et al. (1981).then 

serum was separated by allowing the blood samples to clot then centrifuged 20 minutes at 3,000 revolutions per 

minute, kept at (-20o c) and used to measure the serum levels of apelin, AST, ALT, ALP, albumin and total 

bilirubin.   

 Biochemical Analysis 

Serum apelin was assessed consistent with the manufacturer’s directions using rat apelin ELISA kit (Shanghai 

Crystal Day Biotech Co., Ltd., Catalog Number E0813Ra). 

Alanine aminotransferase and aspartate aminotransferase serum levels were assessed consistent with Rec 

(1970), using rat ALT & AST ELISA kits (Shanghai Sunred biological technology, China). 

Serum Alkaline Phosphatase level was estimated as described by Belfield and Goldberg (1971), using 

alkaline phosphatase assay kit (Sigma-Aldrich Co).  

Serum albumin level was estimated as described by Stoskopf (1993). 

Total bilirubin: was measured as described by Walters and Gerarde (1970). 

 Tissue sampling: 

Following blood samples collection, rats were euthanized immediately via cervical dislocation, then total 

hepatectomies were performed and livers were divided into right, median and caudate lobes and left lobes then 

washed with phosphate buffered saline (pH 7.4) and portions of the livers (right, median and caudate lobes) 

were homogenized as described by Firat et al. (2017) and stored at –70°C for biochemical estimations of IL-6, 

TNF-α, MDA, SOD and GPx activities, also estimation of TGF-β and hydroxyproline content. The other 

portions (left lobes) were used for histopathological studies.  

Hepatic TNF-α and IL-6 levels were estimated as described by Engvall and Perlmann (1971) and Fernando 

et al. (1998) using specific rat TNF-α and IL-6 ELISA Kits (Cat. No RAB0312 and RAB0480 respectively, 

Sigma-Aldrich Co.) following their manufacturers’ recommendations.  

Hepatic MDA were calculated using Lipid peroxidation -586 Colorimetric Assay kit (BIOXYTECH, OXIS 

Research, USA) consistent with the method of Gerard-Monnier et al. (1998). 

Hepatic SOD and GPx: These markers of oxidative stress were measured using specific kits (BIOXYTECH, 

OXIS Research, USA) according to Nebot et al. (1993), and Ursini et al. (1982) methods, respectively. 

Hepatic TGF-β was estimated by a commercial ELISA kit (Sigma Chemical Co.) as described by the 

manufacturer’s instructions. 

Hepatic Hydroxyproline content was assessed by means of hydroxyproline colorimetric assay kit (Sigma 

Chemical Co.) as described by Jamal et al. (1981). 
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 Histopathological examination 

The left lobes of the excised livers were preserved in 10% formalin for 24 hours, dehydrated by putting them in 

increasing concentrations of ethanol baths and then infiltrated with paraffin wax. Parallel sections were 

cut with 5-μm thickness and mounted on glass slides. Sections were dewaxed in xylene, hydrated through 

descending grades of ethanol to water and stained with Hematoxylin and Eosin (H&E) and Masson’s trichrome 

stains (Altunkayna 2005). Histopathological examination was done by an expert pathologist who had not 

known any information about animal grouping. 

 Morphometric analyses 

Ten rats for each group were used for morphometric study using Image J software.  

H&E-stained sections of rat liver of the various studied groups was analysed to evaluate the inflammation of the 

portal tract that graded as none, mild, moderate, and severe (0–3). None: no portal inflammation, mild: 

(sprinkling of inflammatory cells in 1/3 of portal tracts), moderate: (increased inflammatory cells in 1/3–2/3 of 

portal tracts) or marked (dense packing of inflammatory cells in >2/3 of portal tracts) (Alsemeh et al. 2019). 

Masson’s Trichrome -stained slides of liver sections of different studied groups were analysed for calculation of 

the % area of collagen fibres distribution for periportal fibrosis that scored as 0: 2.1%, 1: 2.8%, 2: 4.3%, 3: 

4.8%, 4: 12.3%) (Alsemeh et al. 2019).  

 Statistical Analysis: 

Results were handed out as mean  standard deviation (SD). Data were compared using  one-way analysis of 

variance (ANOVA) followed by least significant differences (LSD) post Hoc test to compare statistical differences 

between groups using SPSS program version 19 (SPSS Inc, Chicago, IL). Pearson's correlation coefficient test was 

performed to measure the statistical correlation between apelin level and other parameters. A p-value ≤ 0.05 was 

addressed as statistically  significant. Statistical analysis by Chi square test was done to evaluate the 

histopathological scoring of inflammation in the different studied groups. 

RESULTS 

Our study demonstrated that bile duct ligation (group-II) significantly elevated serum apelin, AST, ALT, 

ALP and total bilirubin, increased also hepatic IL-6, TNF- α, MDA, TGF-β and hydroxyproline content (P-value 

< 0.001), but reduced significantly serum albumin level and hepatic SOD and GPx activities when compared to 

control group (group I) (P-value < 0.001) (figures 1(A-F)). Furthermore, apelin level showed significant 

positive correlations with TNF-α, MDA, TGF-β and hydroxyproline content (figures 2 (A-D) respectively). 

Whereas, protamine sulphate significantly decreased serum AST, ALT, ALP and hepatic IL-6, TNF- α, 

MDA, hydroxyproline (P-value < 0.001) and TGF-β levels (P-value < 0.01), but it significantly increased serum 

albumin level, and hepatic SOD (P-value < 0.001) and GPx activities (P-value < 0.01) with no significant effect 

on serum total bilirubin or apelin levels (P-value > 0.05) when compared to BDL group (group II) (figures 1(A-

F).   
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H&E-stained sections of liver tissue from the control group revealed normal liver architecture (Figure 3 (A, B), 

Table (1)). Moreover, histopathological examination revealed hepatic injury in the BDL rats (group II) as 

indicated by the disturbed normal appearance of hepatocytes architecture with disruption of the continuity of its 

endothelial lining, heavy cellular infiltrations (marked inflammation) around the proliferated bile ducts and 

dilated congested portal vein (Figure 4 (A – C), Table (1)). All these changes were reduced by protamine 

sulphate administration in (group III) (Figure 5 (A, B), Table (1).  

Masson-stained liver sections detected a normal distribution of collagen fibers in the portal area in the 

control groups (Figure 6 a), abundant collagen fibers around portal vein, bile ducts and in between hepatocytes 

in BDL group (Figure 6 b); but these changes were ameliorated by protamine sulphate administration (Figure 6 

C). Statistical analysis of the % area of stained collagen fibres in the BDL group was significantly higher than 

the control group, in contrast, administration of protamine revealed a significant decrease in the % area of 

collagen distribution compared to BDL but still exhibited a significant difference compared to control group 

(P<0.05) as shown in (Figure 6 d, table 2). 

 

DISCUSSION 

        Liver fibrosis is a major hepatological outcome of most chronic hepatic injuries including cholestatic liver 

diseases. A rat model of bile duct ligation is an ideal model of biliary cholestasis in animals and commonly used to 

understand the pathogenesis of cholestatic liver fibrosis and to investigate the anti-hepatofibrotic therapies (Jüngst 

and Lammert 2013). 

The hepatic apelin/ APJ system is activated in cirrhosis suggesting the direct relationship between apelin 

expression and profibrogenic factors in hepatic stellate cells (HSCs) (Chen et al. 2013).  

Accordingly, the current study was planned to investigate the effect of protamine sulphate as an APJ receptor 

blocker on liver fibrosis induced by BDL in rats. 

       The results of our study revealed a significantly increased serum apelin level in BDL rats compared to normal 

one. This is in agree with the results of Chen et al. (2013) which reported activated apelin mRNA expression in 

hepatic fibrosis progression in biliary atresia. Principe et al. (2008) and Lim et al. (2016) also reported increased 

apelin circulating levels in cirrhotic patients. In contrast, Owen et al. (2020) found reduced apelin level in patients 

with both early-stage fibrosis and late-stage cirrhosis hepatic diseases. Moreover, protamine sulphate administration to 

BDL rats in group III produced no significant change in apelin level compared to BDL untreated rats.   

In the current study, liver injury is noticed by histopathological examination in BDL rats as indicated by 

disturbed liver cells architecture and wide inflammatory cells infiltration around the proliferated bile ducts. 

Collagenous bands also accumulated considerably in BDL rats (stained blue in Masson’s trichrome staining). The 

demonstrated histopathological changes were combined with significantly increased serum ALT, AST and ALP levels 

and a significant reduction in serum albumin level. In addition, serum total bilirubin level was significantly increased 

due to BDL. These results are in agree with the findings of Teixeira et al. (2013) and Kim et al. (2015). 

Hepatic cellular injury recruit inflammatory and immune cells with production of specific cytokine and growth 

factors that trigger trans-differentiation of quiescent hepatic stellate cells (HSC) to myofibroblast-like cells and 
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promote inflammatory response and angiogenesis (Tsuchida and Friedman 2017). Chronic liver injury, 

inflammation, and regenerative changes result in widespread distortion of normal hepatic architecture and perpetuate 

fibrosis of parenchyma that eventually leads to cirrhosis and hepatocellular carcinoma (Cordero-Espinoza and Huch 

2018). 

Noteworthy, the present study demonstrated that liver cell injury and fibrosis were significantly ameliorated by 

protamine sulphate administration as indicated by differences in the degree of hepatocytes disruption, inflammatory 

cellular infiltration, and collagen bands deposition in hepatic tissue in the treated group.  The significantly decreased 

ALT, AST and ALP serum levels and the significantly increased serum albumin level also indicate reduced 

hepatocytes injury, which is consistent with the histopathological analysis suggesting the beneficial effect of 

protamine sulphate administration. 

It has been notified that bile duct ligation decreases antioxidant defenses and elevates free radicals’ production that 

play a role in hepatic fibrogenesis either by reacting directly or via lipid peroxidation (Tahan et al. 2007). 

Obstruction of bile flow stimulate Kupffer cells and overwhelming activation of neutrophils that release ROS and 

proteases responsible for the induced oxidative stress damage (Datta et al. 2013).   

In agreement with the previous studies, significantly elevated liver MDA content (an end-product of lipid 

peroxidation) associated with significant decreases in liver SOD and GPx activities were demonstrated in BDL rats in 

our study. Our results also disseminated that BDL significantly increased hepatic TNF-α and IL-6. Inflammation has 

an important role in the development of obstructive jaundice induced hepatic injury. BDL prompted cell death and 

NFκB activation that led to proinflammatory cytokines release, leukocytes infiltration and additional spurt of 

oxidative stress (Zhou et al. 2014). 

Our study also showed significant positive correlations between serum apelin and hepatic TNF-α and MDA in 

the BDL group. García-Díaz et al. (2007) also revealed a significant direct correlation between liver MDA level and 

subcutaneous apelin gene expression in nonalcoholic fatty liver disease (NAFLD) rats. Apelin promotes expression 

and production of vascular cell adhesion molecule 1 (VCAM-1), monocyte chemoattractant protein 1 (MCP-1) and 

intercellular adhesion molecule 1 (ICAM-1) through NF-κB and c-jun N-terminal kinase (Jnk) signaling pathways 

(Lu et al. 2012). Lv et al. (2013) also reported the roles of apelin-APJ system in oxidative stress and endothelial 

inflammation associated atherosclerosis. Nevertheless, by contrast, apelin was able to attenuate ROS production in 

adipocytes (Than et al. 2014), cardiomyocytes (Foussal et al. 2010) and hepatic ischemia- reperfusion injury rats 

(Sagiroglu et al. 2014).  A possible explanation for these opposing effects could be the existence of diverse isoforms 

of apelin (Zhou et al. 2016). 

Results of the current study also demonstrated an increase in hepatic TGF-β and hydroxyproline content in the 

BDL rats. In biliary fibrosis, hepatic stellate cells (HSCs) transdifferentiate from a quiescent lipid and retinoid storing 

pericytes in the perisinusoidal space to a myofibroblast like phenotype secreting extracellular-matrix proteins via the 

release of fibro-genic cytokines, including TGF-β. TGF-β is a master profibrogenic cytokine that can promote direct 

activation of HSCs and induce platelet-derived growth factor β (PDGF-β) and connective tissue growth factor (CTGF) 

receptors expression in the liver resulting in extracellular matrix production (Kisseleva and Brenner 2007). 

Overabundant deposition of extracellular matrix proteins such as type I collagen distorts the normal hepatic 

architecture by forming a thick web of interconnecting fibrous scars (Erenoğlu et al. 2011).  

Hydroxyproline is a major constituent of fibrillar collagen formed by hydroxylation of proline by 4-prolyl 

hydroxylase enzyme. It plays a crucial role for collagen stability and its level in hepatic tissue, blood, and urine is 

linked to the rate of liver fibrosis progression (Gabr et al. 2016). The hepatic architectural changes 
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result from combined increased synthesis of   cytoskeletal proteins and failure of breaking down such proteins, 

leading to progressive fibrogenesis that ultimately progresses to cirrhosis (Svegliati-Baroni et al. 2008). 

Additionally, the current study showed significant positive correlations between liver TGF-β and 

hydroxyproline content and serum apelin level in the BDL group. Marei et al. (2020) also reported a significant 

positive correlation between the extent of fibrosis in chronic hepatitis C patients and apelin level and confirmed the 

apelin role in the disease progression.  

TNF-α increased the expression of apelin/APJ in hepatic cells that contribute to angiogenesis, HSCs activation, 

and ultimately, hepatic fibrosis (Ying et al. 2017). Apelin has revealed a great potential for promotion of hepatic 

fibrosis. It acts directly on LX-2 cells (a cell line has same characteristics of hepatic stellate cells) through 

extracellular signal-regulated kinases (Erk) signaling, enhancing its survival and PDGF-β-receptor and collagen 

synthesis in these cells. PDGF-β can also enhance apelin receptor expression and stimulate HSCs activation (Wang et 

al. 2019).  

Conversely, APJ blockade by F13A (an APJ antagonist) inhibited angiogenesis, cell infiltration and collagen 

deposition in CCl4-treated rats (Reichenbach et al. 2012). Similarly, treatment with protamine sulphate (as a full 

antagonist for APJ) significantly reduced oxidative stress, inflammatory markers, and hepatic levels of TGF-β and 

hydroxyproline content in the cholestatic injury model in our study.  Protamine has been noted to bind fibroblast 

growth factor (FGF) and PDGF tyrosine kinase receptors to attenuate fibroblasts mitogenesis and it also has anti-

angiogenic effects in different models of cancer (Le Gonidec et al. 2017).  

Conclusions 

In summary, It has been postulated that liver apelin/APJ system could play a major role in the perpetuation and 

progression of inflammation and fibrogenesis taking place in fibrotic liver and a new pharmacologic property of 

protamine sulphate has been demonstrated in this study, and seems to be an effective method to improve liver injury 

and fibrosis in cholestatic liver injury as settled by the significantly diminished ALT, AST and ALP  serum levels, 

increased serum albumin,  decreased hepatic profibrogenic markers (TGF-β and hydroxyproline) and the improved 

liver histopathology. 

Further studies to investigate the mechanisms implicated in the consequence of apelin-APJ signaling in hepatic 

diseases are essential to be examined and to determine whether apelin receptor antagonists (including protamine 

sulphate) could be used as a new therapeutic method in humans with liver diseases or undergoing surgery. 
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Table 1:   Scores for hepatic cellular infiltration in different groups

 

**Statistically highly significant difference (P ≤ 0.001), n: number (number of sacrificed rats in each group=10 rats), 

^= Chi-square test, %: Percent.  

 There are statistically highly significant differences between all groups regarding all grades of histopathological 

changes. 

 

Table 2:   Scores for hepatic periportal fibrosis in different groups. 

 

 (SD= standard deviation            a = versus control group         b = versus BDL group).  

 

Figure (1): showing A. Serum apelin level. B. Serum alanine aminotransferase (ALT), aspartate 

aminotransferase (AST) and alkaline phosphatase (ALP). C. Serum total bilirubin and albumin D. Liver 

transforming growth factor-β (TGF-β) and Hydroxyproline content E. Hepatic TNF-α and IL-6 .and F. Hepatic 

MDA, SOD and GPx of all studied groups. Values presented as mean ± SD (n = 10). P < 0.001. Table S1&S2 

Figure (2): Showing the correlation between serum Apelin and hepatic A. TNF-α level B. MDA 

        Group 

Cellular infiltration. 

Control 

group 
BDL group 

BDL group treated by 

protamine sulfate 

p^ 

N % N % N % 

None (0) 10 100 0 0 4 40  

0.000** Mild (1) 0 0 4 40 6 60 

Moderate (2) 0 0 6 60 0 0 

Marked (3) 0 0 0 0 0 0 

                   Group 

Periportal fibrosis 

Control group 

   

BDL group 

 

BDL group treated by 

protamine sulfate 

Mean ± SD 

P value 

2.039± 0.7448 

 

12.34±1.333a 4.727±1.783a,b 

 P < 0.05  P < 0.05 

 

https://www.ncbi.nlm.nih.gov/pubmed/27035220
https://doi.org/10.3892/etm.2014.1697
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 Level C. TGF-β and D. hepatic hydroxyproline content in the BDL group. 

Figure (3): Photomicrographs of hepatic tissues stained with H&E of normal rats showing a. normal 

histoarchitecture of liver with closely packed polygonal hepatocytes cords having eosinophilic cytoplasm and 

round vesicular nuclei (arrowhead) with blood sinusoids (s) in between and radiated from the central vein (CV), 

b. portal area containing a thin-walled portal vein (PV), normal bile duct (Bd) and hepatic artery (Ha) and 

normal hepatic cells with eosinophilic cytoplasm and round vesicular nuclei (arrowhead) separated by blood 

sinusoids (S) (H&E X400).  

Figure (4): Photomicrographs of hepatic tissues stained with H&E of BDL rats showing a. disturbed liver cells 

histoarchitecture around the dilated central vein (CV) with disruption of the continuity of its endothelial lining 

but with intact most hepatocytes that have vesicular nuclei (arrowhead). Most blood sinusoids (S) are dilated, b. 

the portal vein (PV) and profuse proliferated bile ducts (Bd) surrounded by heavy cellular infiltrations (asterisk) 

with disturbed normal appearance of hepatocytes but still show vesicular nuclei (arrowhead), c. markedly 

dilated congested portal vein with thick endothelial lining (short arrow), Proliferated bile ducts can be observed, 

most hepatocytes are normal (arrow heads), and few hepatocytes have darkly staining nuclei (bifid arrows) 

(H&E X400).  

Figure (5): Photomicrographs of hepatic tissues stained with H&E of BDL rats treated with protamine sulphate 

showing a. nearly normal liver cells histoarchitecture around the dilated central vein (CV) with less disruption 

of the continuity of its endothelial lining and most hepatocytes are intact with vesicular nuclei (arrowhead). Few 

dilated blood sinusoids (S) can also be observed, b. normal caliber of portal vein (PV) and less proliferated bile 

ducts (Bd) with less cellular infiltrations (asterisk). Most hepatocytes have vesicular nuclei (arrowhead). (H&E 

X400).  

Figure (6): Photomicrograph of hepatic tissues stained with Masson’s tricrome showing a. fine collagen fibers 

distribution (arrow) around the bile duct (Bd) and portal vein (PV) in control rat. b. abundant collagen fibers 

distribution (arrow) around the portal vein, Bile duct and in between the hepatocytes in BDL rats C. Mild 

collagen fibers distribution (arrow) around the central vein and in between the hepatocytes in BDL rats treated 

with protamine sulphate. (Masson’s trichome X200). d. Bar chart shows scores for periportal fibrosis in 

different groups. Values expressed as mean ± SD (n = 10). P < 0.05 
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A: Serum apelin level of all studied groups. 

 

B: Serum ALT, AST and ALP of all studied groups. 

 

C: Serum total bilirubin and albumin of all studied groups. 
 

D: Liver TGF-β and Hydroxyproline content of all studied groups. 

 

E: Hepatic TNF-α and IL-6 of all studied groups. 

 

F: hepatic GPx, SOD and MDA of all studied groups.  

 

Figure (1): (Significant versus control group), # (significant versus BDL group) P < 0.001. 
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A: Correlation between serum Apelin and hepatic TNF-α 
levels in the BDL group. 

 

B: Correlation between serum Apelin and MDA levels in 

the BDL group. 

 

C: Correlation between apelin serum level and hepatic TGF-β 
in the BDL group. 

 

 

D: Correlation between apelin serum level and hepatic 

hydroxyproline content in the BDL group. 

 

 

Figure (2) 
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a. b. 

Figure (3) 

a. b. c. 

Figure (4)
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a. b. 

Figure (5) 
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d.  (Significant versus control group), # (significant versus BDL group) 

Figure (6). 
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