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Abstract  

Background:  Cholestasis is the obstruction or the reduction  

in bile flow that results in intrahepatic accumulation of bile  

constituents, which progresses to develop liver pathology.  

Common bile duct ligation (BDL) in rodents is an experimental  

model of cholestasis that has been carried out in research for  

many years. BDL model of cholestatic liver injury involves  
other mechanisms, including oxidative stress, inflammation,  

and fibrogenesis. Antioxidant, anti-inflammatory or antiapop-
totic properties gained much interest for the amelioration of  

liver dysfunction.  

Aim of Study:  The aim of this study is to assess the possible  
protective effects of onion supplementation on hepatic struc-
tural and functional alterations induced by BDL in rats, which  
reflect the effects of cholestasis resulting from intrahepatic  

accumulation of bile.  

Material and Methods:  Thirty adult female Wistar albino  
rats were randomly and equally allocated into three groups:  
(1) Control group, (2) BDL group; subjected to ligation of  
the common bile duct and (3) Onion-supplemented BDL  

groups (O-BDL). Both control and BDL groups received  

distilled water (solvent for onion powder) daily by gavage  

for 4 weeks. Onion-supplemented BDL group (O-BDL);  

subjected to ligation of the common bile duct and then received  

500mg/kg of onion powder dissolved in distilled water, daily  

by gavage for 4 weeks. At the end of the experimental period,  

plasma levels of alanine aminotransferase (ALT), aspartate  

aminotransferase (AST), alkaline phosphatase (ALP), direct  
bilirubin, total proteins, total antioxidant capacity (TAC),  
tumor necrosis factor-α  (TNF-α), and hepatic tissue level of  
malondialdehyde (MDA) and transforming growth factor- β 1  
(TGF-β 1) were measured for all groups. In addition, his-
topathological examination of liver tissue samples was per-
formed for the three groups.  

Results:  Plasma levels of ALT, AST, ALP, direct bilirubin,  
TNF-α  and hepatic tissue levels of MDA and TGF- β 1 were  
significantly increased and TAC was significantly decreased  

in the BDL group compared to the control group. In addition,  
altered architecture was detected in hepatic tissue samples of  

BDL group. Onion supplementation significantly decreased  
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the plasma levels of ALT, AST, ALP, direct bilirubin, TNF-
α and hepatic tissue levels of MDA and TGF- β 1 in the O-
BDL group when compared to the BDL group. Total proteins  

level was not significantly different among all the studied  

groups. In addition in O-BDL group, histopathological exam-
ination of liver revealed near normal structure of hepatic  

tissue.  

Conclusion:  BDL induces hepatic structural alterations  

and functional disturbances. Onion supplementation inhibits  
inflammation and oxidative insults that associate BDL, and  

subsequently protects against BDL-induced liver injury.  

Key Words: Bile duct ligation, Cholestasis – Hepatic structural  
and functional disturbances – Oxidative stress –  
Onion supplementation.  

Introduction  

CHOLESTASIS  is the obstruction or the reduction  
in bile flow that results in intrahepatic accumulation  
of bile constituents, that progresses to develop  

liver pathology [1] . Untreated cholestasis was  
reported to progress to liver fibrosis and cirrhosis,  

and finally results in liver failure [2] . Bile duct  
ligation (BDL) has been used as an animal model  

of chronic liver injury as it is a very good way to  
mimic the hepatocyte damage and liver fibrosis  

observed in human liver diseases [3] . Cholestasis  
was reported to induce hepatic inflammation, which  

contributes to liver injury during cholestasis, and  

bile acids were accused of directly activating the  

production of pro-inflammatory mediators in the  

liver [4] . Also, oxidative stress was considered to  

represent a primary cause and/or an aggravating  

factor in hepatic injury in cholestasis induced by  

bile duct ligation [5] .  

Onion has the potential properties in ameliora-
tion of health in many aspects as it has anti-
inflammatory, anti-hyperglycemic and antihyper-
lipidemic properties [6,7]  as well as antimicrobial  
activity [8]  90% of onion is water, with high content  
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of dietary fiber, sugar, vitamins, anthocyanins  
mineral and flavonols [9]  Flavonols are the onion  
pigments of which quercetin derivatives are the  
most important ones [10] . Quercetin flavonoid  
possesses multiple beneficial effects, including  
anti-inflammatory and anti-apoptotic properties.  

Moreover, its anti-oxidative effects are remarkable  

and demonstrated in many experimental studies  
against a wide range of hepatic ailments. [11,12] .  

However, the detailed comprehensive evaluation  
of the role of these antioxidant and anti–inflamma-
tory effects of onion powder in cholestasis – in-
duced hepatic injury was poorly evaluated.  

Aim of the work:  

To  evaluate the effect of bile duct ligation on  

the hepatic structure and function and to evaluate  

the possible role of onion in amelioration of hepatic  
structural and functional alteration caused by bile  

duct ligation, and the subsequent cholestasis.  

Patients and Methods  

Experimental Animals:  
The present study was performed at Physiology  

Department, Faculty of Medicine, Ain Shams Uni-
versity, from April, 2018 to August, 2018. In this  
study we used thirty adult female Wistar albino  

rats initially weighing from 150-250 grams. Rats  
were purchased from the experimental animal farm  
of ophthalmology research center (Giza).  

Rats were kept in the medical research center  

of Ain Shams University (MASRI), with free access  

to water and food ad libitum. Rats were left to be  

acclimatized to the new environments for 7 days  

prior to experiments.  

All animal experiments performed according  
to the Ethics Committee of Faculty of Medicine,  

Ain Shams University and according to the National  

Institutes of Health guide for the care and use of  
Laboratory animals (NIH publication No. 8023,  
revised 1978) [13] .  

Drugs:  

Dehydrated white onion powder was supplied  
by City Foods Egypt Company (Giza, Egypt).  

Experimental design:  

Thirty adult female albino rats were randomly  
allocated into three equal groups:  

Group 1 : Sham-operated control group (C,  
n=10 rats): Rats in this group were subjected to  
the same surgical steps as for common bile duct  

ligation except for ligation of the common bile  

duct. These rats received a single daily dose of  
distilled water (1 ml) orally by gavage for 4 weeks.  

Group 2:  Bile duct ligation group (BDL, n=10  
rats): Rats in this group were subjected to the  
surgical operation of bile duct ligation. These rats,  

then received a single daily dose of distilled water  

(1ml) orally by gavage for 4 weeks.  

Group 3:  Bile duct ligation-onion powder-
supplemented group (O-BDL, n=10 rats): Rats in  

this group were subjected to the surgical operation  

of bile duct ligation and then received 500mg/Kg  
body weight of onion powder dissolved in 1ml  
distilled water, in a single daily dose, orally by  

gavage for 4 weeks [14] .  

After 4 weeks, animals were sacrificed and  

blood and liver samples were collected for bio-
chemical analysis and histopathological examina-
tion.  

Bile duct ligation:  Surgical steps of bile duct  
ligation were performed according to the method  

described by Tag et al., [15] . Cefotaxime (100mg/  
Kg/day) was given by IM injection preoperatively  
and continued for 3 days after surgery. Rats were  

anesthetized by IM ketamine injection (40mg/kg).  

The abdomen was opened with a midline incision,  
liver was exposed and lifted with a moisturized  
cotton swab (soaked with 0.9% NaCl solution).  
The bile duct was exposed by caudal movement  

of the gut, placing the 5-0 mersilk suture around  
the bile duct and securing it with two surgical  
knots, then, adding a second cranial ligation in the  
same manner. The abdominal organs were replaced  

back, and abdominal layers were closed with chro-
mic and 6-0 mersilk sutures.  

Sampling:  4 weeks after the operation, rats  

were anaesthetized with intraperitoneal injection  

of thiopental sodium (EIPICO, Egypt), in a dose  
of 40mg/kg B.W. The abdominal aorta was then  
exposed and cannulated with a polyethylene cath-
eter for blood sampling.  

Blood samples were collected into plastic tubes  

and centrifuged at 3000rpm for 15 minutes. Then  
the separated plasma was pipetted in aliquots into  
clean tubes and stored at –80ºC. Livers were im-
mediately dissected out. A portion of the liver  

tissue (obtained from median lobe) was homoge-
nized in ice-cooled phosphate buffer saline, using  
IKA-WERK, Ultra-Turrax, West Germany to obtain  

10% homogenate. Aliquots of the liver homogenate  

were stored at –80 ° C prior to biochemical analysis.  
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Assessment of biochemical parameters: ALT,  
AST, ALP and direct bilirubin were quantitatively  
assessed according to Burtis A. et al., [16] . Color-
imetric method was used to assess plasma level of  
total proteins and total antioxidant capacity accord-
ing to Koracevic et a1., [17]. Malondialdehyde  
(MDA) level was measured in the liver tissue  
homogenate according to Yagi, K. [18 ]  Kits of  
previous parameters were supplied by Bio Diag-
nostic Company (Cairo, Egypt). ELIZA technique  
was used to measure plasma level of tumor necrosis  
factor alpha (TNF-a) and level of transforming  
growth factor beta 1 (TGF- ј' 1) in liver tissue.  
ELIZA kits were purchased from Fine test-Wuhan,  
Hubei, China. All assays were performed according  
to the manufacturer's instruction.  

Histopathological examination: A part of the  
median lobe of the liver was placed in 10% formalin  
for 48 hours, stained with hematoxylin and eosin  
and then examined with a light microscope for  
pathological changes. The histopathological reports  

were performed blindly.  

Statistical analysis: Data were presented as  
mean SEM. Statistical analysis of the data was  
carried out using one way analysis of variance  
(ANOVA). Statistical significance was acceptable  
to a level of p<0.05. Data analysis was accom-
plished using the Statistical Package for Social  
Sciences (SPSS) software program (version 20).  

Results  

Both body weight and body mass index were  
insignificantly changed among all studied groups.  
On the other hand, liver weight and hepatosomatic  
index were both significantly increased in BDL  
group compared to control one. In O-BDL group,  
liver weight and hepatosomatic index were signif-
icantly increased compared to control group but  
wre insignificantly changed in respect to BDL  
group (Table 1).  

In comparison to control group, plasma levels  
of ALT, AST, ALP and direct bilirubin significantly  
increased in the BDL rats and were non—signifi-
cantly different in O-ВDL rats. These parameters  
were significantly decreased in O-BDL rats com-
pared to the BDL group. Total proteins level was  
not significantly different amongst all the studied  

groups (Table 2).  

Plasma ТАС significantly decreased and liver  
tissue MDA level significantly increased in in BDL  
rats compared to the control group. Upon onion  
supplementation ТАС level was significantly in- 

creased and MDA level was significantly decreased  
in O-BDL rats compared to BDL group. On the  
other hand, the level of both TAC and MDA were  
not significantly changed in the  0-BDL group  
compared to the control group (Table 3).  

The plasma level of TNF-a and level of liver  
TGF-(31 were both significantly increased in the  
BDL rats compared to control one. Onion supple-
mentation resulted in a significant decrease in their  
levels compared to the BDL group, although their  
levels still remained significantly higher than the  

control group (Table 3).  

Table (1): Anthropometriс studies; body weight (BW), Length, 
body mass index (BMI), liver weight (Liver wt) 
and hepatosomatic index (HS index) in the different 
studied groups. 

Control  
group  
(c)  

Bile duct 
ligation group 

(BDL) 

Onion-supplemented 
bile duct ligated 
group (O-BDL) 

BW (g):  
Meant SEM 186.55.7 197.5± 15.6 1 б8.9± 8.8  

Length (cm): 
Mean ± SEM 

вмт (g/ст2):  

19.4±0.2 19.1 ±0 .4 18 .2±0.2а,Ъ  

Mean  ± SEM  0 .49±0.01 0.53±0.02 0.51±0.01  

Liver wt (g):  
Mean ± SEM  5.8±0.2 9.1±0.8а 8.5±0.7а  

HS index (gig):  
Mean ± SEM  о.оз±о.оо1 о.о5±о.ооза о.о5±о.ооза  

a: Significance by LSD atр<0.05 from the control group.  
b: Significance by LSD at p<0.05 from the BDL group.  

Table (2): Plasma level of alanine aminotransferase (ALT),  

aspartate aminotransferase (AST), alkaline phos-
phatase (ALP), total proteins and direct bilirubin  
in the different studied groups.  

Control 
group 
(C) 

Bile duct 
ligation group 

(BDL) 

Onion-supplemented 
bile duct ligated 
group (O-BDL) 

ALT (UIL):  
Mean ± SEM  25.94±1.940 40.32±4.054а 22.80±2.663b 

AST (UlL):  
Mean ± SEM  2.05±0.128 103.60±0.349а 2.34±0.151b 

ALP (UIL):  
Mean ± SEM  3.56+_0.476 7.42i-0.64a 4.72±0.641b 

Total protein  
(g/L):  

Mean ± SEM 6.68+_0.274 6.27±0.364 633+_0.368 

Direct bilirubin 
(mgldL): 

Meant SEM 0.125±0.018 0.954±0.414а  0.178±0.050b 

a: Significance by LSD atр<0.05 from the control group. 
b: Significance by LSD at p<0.05 from the BDL group. 
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Results of histopathological examination:  
Examination of H&E-stained liver sections of  

control rats showed the general appearance of classic  
hepatic lobules formed of central vein and peripheral  
portal tracts (Fig. 1a). Cords of hepatocytes were  
seen radiating from the central vein in branching and  
anastomosing pattern. Hepatocytes appeared polyg-
onal in shape with acidophilic cytoplasm and central  
rounded vesicular nuclei, and some hepatocytes were  
seen binucleated. Blood sinusoids were slit like and  
were lined with flat endothelial cells (Fig. lb). Portal  

tracts contained bile duct, branches from hepatic  
artery, and portal vein.  

Examination of  Н  & E-stained liver sections from  
BDL group showed loss of normal hepatic architec-
ture. Most portal tract areas were seen expanded.  
Areas of mononuclear cellular infiltration were fre- 

quently seen between hepatocytes (Fig. 2a). Most 
hepatocytes were seen with deep acidophilic cyto-
plasm and dense pyknotic nuclei, others were seen 
with small shrunken deeply stained nuclei. Some 
hepatic sinusoids were seen dilated (Fig. 2b). Dilated 
congested portal vein branches and proliferated bile 
ducts were frequently seen in most portal tracts (Fig. 
2c & d). 

Examination of H&E-stained liver sections from 
onion-supplemented bile duct ligated group (O-BDL) 
showed few classic hepatic lobules with areas of 
mononuclear cellular infiltration (Fig. Зa). Few portal 
tracts were seen expanded with areas of mononuclear 
cellular infiltration and proliferation of bile ducts. 
Most hepatocytes were seen with acidophilic cyto-
plasm and central vesicular nuclei, like control group 
(Fig. Зb). 

Table (3): Plasma level of total antioxidant capacity (TAC), liver tissue level of malondialdehyde  
(MDA), plasma level of tumor necrosis factor a (TNF-a) and liver tissue level of  
transforming growth factor (31 (ТGF-(31) in the different studied groups.  

Control 
group  
(C)  

Bile duct 
ligation group 

(BDL) 

Onion-supplemented 
bile duct ligated 
group (O-BDL) 

ТАС (m,nol/L):  
Mean 1 SEM 4.6510.681 0.3310.041а  3.78t0.139ь 

MDA (umоl/g):  
Mean ± SEM 132.60±14.663 204.56±33.500а  102.62±7.149b 

TNF-a (pg/nd):  
Mean ± SEM 20.85±2.670 225  45ѓ42.698а  115.91±17.929а

,ь 

ТcF- 11 (pgig):  
Mean ± SEM 167.10±10.133 885.63 59.315а  432.2020.650а ,ь 

a: Significance by LSD atp<0.05 from the control group. 
b: Significance by LSD at p<0.05 from the BDL group. 

Fig. (lA,B): (1A): A photomicrograph of liver of the control rats showing the general appearance  

of classic hepatic lobules formed of central vein (f) and peripheral portal tracts (A), (Н & E x100). 
(1B): Hepatocytes are polygonal in shape with acidophilic cytoplasm containing basophilic granules 
and central rounded vesicular nuclei (A). Some hepatocytes are seen binucleated. Blood sinusoids  
(S) are slit like spaces and are lined with flat endothelial cells (f ),  (H&  E x400).  
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Ligation of the common bile duct in rodents is  
an experimental model of cholestasis that has been  

carried out in research for many years [19] . The  
results of increased hepatic enzymes ALT, AST  

and ALP, and direct bilirubin detected in the BDL  

group of this study clearly demonstrate the hazard-
ous effects of BDL and the subsequent cholestasis  

on liver functions. These results are in agreement  

with previous literature indicating that BDL and  

the subsequent bile acid regurgitation to the liver  

induce toxic hepatic injury, hepatocellular necrosis,  
epithelial proliferation of bile ducts cells, and  

subsequently solubilize membrane phospholipids  
leading to the release of intracellular enzymes [20- 
22] .  

In the present study the results of BDL-induced  
liver injury could be explained by the accumulation  
of bile acids in the bile ducts and in the liver tissue,  

with the production of reactive oxygen species  

(ROS) in the liver of the BDL rats. This explanation  
is confirmed by the significant decrease in plasma  

TAC and the significant increase in liver tissue  
MDA that reflects the depletion of the antioxidant  

defenses and excessive production of reactive  

oxygen species. This state of imbalance between  
oxidative stress and antioxidant defenses lead to  
increased membrane lipid peroxidation and hepatic  
cell damage, which was detected by the increase  

in plasma levels of liver enzymes in the BDL group  
of the present study.  

These findings illustrate the primary role of  
oxidative stress in the pathophysiology of choles-
tatic liver injury, and are in accordance to results  

reported by other recent researches in mice and  

rats [23-25] .  

Further, the cholestatic- induced oxidative stress  

in the BDL rats of the present study is a major  

underlying factor in the production of inflammatory  

liver injury. The inflammatory state is confirmed  

by the significant increase in plasma levels of TNF-
α  in the BDL group compared to the control group.  

Parenchymal hepatic cells are the primary cells  

involved in oxidative hepatic injury [26] . The mi-
tochondria, microsomes and peroxisomes in paren-
chymal cells can produce ROS. Hepatic stellate  

cells, Kupffer cells, and endothelial cells of bile  
duct are very sensitive to oxidative stress-related  

molecules. Kupffer cells exposed to oxidative  

insults produce a variety of inflammatory cytokines  
like TNF-α , which increase hepatocellular inflam-
mation and apoptosis. BDL-induced cholestasis in  
the present study was associated with increased  

levels of proinflammatory cytokines. Thus, oxida-
tive injury and inflammatory necrosis are the major  

mechanisms involved in cholestatic liver injury.  

[27] .  

Further, significant increase in liver tissue level  
of TGF-β 1 detected in the BDL rats, reflects the  

increased liability to hepatic fibrosis secondary to  

BDL. Although the histological picture of the livers  

of BDL rats did not show excessive collagen dep-
osition or fibrotic changes in the hepatic tissue  

though, the increased liver TGF- β 1 in the BDL  
group indicate the profibrotic state of BDL rat's  

livers.  

The biliary obstruction by BDL causes hepato-
cellular necrosis, proliferation of bile ductular  

epithelial cells and activation of stellate cells [28]  
and subsequent release of cytokines and growth  
factors which stimulate the extracellular matrix  
deposition leading to hepatic fibrosis [29] .  

TGF-β 1 is a fibrogenic mediator play a critical  
role in activation, trans-differentiation of hepatic  

stellate cells (HSCs) and extracellular matrix dep-
osition producing liver fibrosis [23,31] . Several  
mechanisms are responsible for the increased liver  

tissue levels of TGF- β 1 in the BDL group. Accord-
ing to Seki and Schwabe [32] .  

Inflammation, demonstrated by the increased  

TNF-α , is commonly associated with hepatic fi-
brogenesis during chronic liver diseases. Moreover,  
El-Swefy et al., [33]  reported that oxidative stress  

and inflammation are major contributing factors  
in hepatic fibrogenesis during cholestasis.  

Onion supplementation to BDL rats was asso-
ciated with a significant decrease in plasma levels  

of liver enzymes; ALT, AST and ALP, and in level  
of direct bilirubin. These results are in accordance  
to previous findings regarding the protective effects  

of onion and its extracts on hepatic toxicity induced  

by different agents [34] . The bulbs of onion and its  
extract were studied for their hepatoprotective  

effects against carbon tetrachloride, ethyl acetate  

and paracetamol induced liver toxicity in Wistar  
rats. Paracetamol, ethyl acetate and carbon tetra-
chloride in high doses induced significantly ele-
vated serum levels of liver enzymes and bilirubin,  

with alterations in the structure and function of  

liver cells. In their study they have observed that  
the elevated levels of biochemical parameters were  

significantly got reduced by the treatment with  
onion and its extract interfere with cytochrome  

P450 monooxygenase, thus reducing the hepato-
toxic free radicals. In the present study, cholestatic  

damage to the liver resulted in increased plasma  

levels of these enzymes. Onion supplementation  
showed the ability to ameliorate cholestatic liver  
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damage and maintain the integrity of hepatocytes.  

Similar findings were detected by Ige et al., [3я ,  
and were attributed to the effect of onion in ROS  

scavenging.  

Further confirmation on the ROS scavenging  

effects of onion in the present study were apparent  

in the results of the significant decrease in liver  
tissue MDA and the significant increase in the  

plasma TAC activity in the onion supplemented  
BDL group compared to the BDL group. These  
antioxidant effects of onion were documented in  

many previous literature [35,36] .  

Moreover, onion supplemented group of the  
present study showed a significant decrease in  

plasma level of TNF- ot  and in liver tissue level of  
TGF-гз  compared to the BDL group, demonstrating  

the anti-inflammatory effects of onion and its  

constituents. These findings are in agreement with  

study demonstrating a potential anti-inflammatory  

and immunomodulatory effects of onion by de-
creasing TNF- ot and TGF- гз 1 [37] .  

Moreover, in the study of Anbu et al., [38] , on  
the beneficial effects of morin, which is a biofla-
vonoid found in different herbs and fruits including  

onion, it was concluded that flavonoids can alleviate  

ethanol-induced liver fibrosis, as evidenced by the  

decrease in hepatic enzyme levels and in TGF- гз .  

Histopathology of liver of onion supplemented  
rats also showed hepatoprotective effect, with  

regain of near normal architecture. Similar previous  

data demonstrated the hepatoprotective effect of  

onion on liver morphology [3я .  

Several literature clarified the beneficial effects  

of flavonoid constituents of onion on hepatic func-
tions. Kim et al., [39]  reported that 0.8g/kg quercetin  

for 8 weeks led to decrease in liver injury, liver  

enzymes and oxidative stress in rats fed a high fat  

diet. Charytoniuk et al.,  [40]  found that 50mg/kg  
quercetin for 2 weeks or 4 weeks decreased hepatic  

steatosis, TNF- ot  and TGF- гз 1 in mice with non-
alcoholic fatty liver disease.  

We herein demonstrated that BDL-induced  

hepatic oxidative stress, inflammation and injury.  
This was characterized by marked biochemical,  

morphological and pathophysiological abnormal-
ities induced by obstructed hepatic biliary tree,  
and subsequently retention of biliary constituents.  

The deleterious effect of BDL on liver function is  

emphasized by significant rise in plasma AST,  

ALT, ALP, direct bilirubin, TNF- ot , and hepatic  
tissue levels of MDA and TGF- гз , with concomitant  

decrease in plasma TAC in BDL group of rats as  

compared with the control group. In addition, the  
liver tissue of BDL rats revealed congested vessels,  

cellular infiltration and dilated bile duct system  
on histopathological examination.  

Moreover, results of the present study revealed  

the presence of considerable amounts of antioxi-
dants and anti-inflammatory effects of onion. The  

presence of such effects provides an evidence for  

the hepatoprotective effect and antioxidant capacity  

of onion, as revealed by significant reduction of  

hepatic enzymes, direct bilirubin, TNF- ot , and  
hepatic tissue levels of MDA and TGF- гз , with  
concomitant elevation in plasma TAC in the onion  
supplemented group as compared with BDL group.  

Conclusion:  
In Conclusion, BDL induces hepatic structural  

alterations and functional disturbances. Onion  
supplementation inhibits inflammation and oxida-
tive insults that associate BDL, and subsequently  

protects against BDL-induced liver injury.  
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