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Abstract 

Ethanol-induced liver injury is an aggravated liver disease with a diverse spectrum from steatosis to 
hepatitis, fibrosis, and cirrhosis. Epidemiological studies reveal that ethanol-induced liver injury has 
become one of the most intense threats to global health. Therefore, this study investigated the 
hepatoprotective property of Allium ascalonicum extract against ethanol-induced liver injury in mice. 
Aqueous crude extract of A. ascalonicum bulbs was prepared, and acute toxicity was, then, carried out in 
mice. The results indicated that A. ascalonicum extract at the dose up to 2,000 mg/kg/day did not cause 
mortality and liver injury as indicated by non-significant differences in AST, ALT, GGT, and ALP levels, 
compared to healthy control within the monitoring period. For in vivo efficacy test, the experimental mice 
were orally administered with 50 % (v/v) ethanol for 14 consecutive days, then further treated with the 
extract (50, 100, and 200 mg/kg) once a day for another 7 consecutive days. Significant, dose-dependent 
decrease of AST, ALT, GGT, and ALP levels was observed in ethanol-induced liver injury mice treated 
with A. ascalonicum extract. The present study clearly demonstrated that the aqueous crude extract of A. 
ascalonicum bulbs exert a hepatoprotective effect against ethanol-induced liver injury in the mice model. 
A. ascalonicum extract might be a promising remedy to treat alcoholic liver disease. 
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Introduction 

Due to drinking behavior and alcohol abuse, the morbidity and mortality of alcoholic liver disease 
are increasing in the world today. Approximately 3.3 million people die annually from the 
overconsumption of ethanol, and it can also lead to many metabolic diseases [1]. In Thailand, the health 
costs of alcohol consumption was estimated at about US$5 billion in 2006, representing 2 % of GDP [2]. 
With the loss of 5.3 % of disability adjusted life years attributed to its consumption, alcohol is now the 3rd  
most significant health risk for Thai men [3]. Alcohol consumption was also associated with increased 
risks for non-communicable diseases outcomes, for example, hypercholesterolemia, hypertension, and 
liver diseases [4]. In the present, oxidative stress and inflammation are considered to be the 2 major 
mechanisms involved in the pathogenesis of ethanol-induced liver injury [5-8]. Three pathologically life-
threatening liver diseases induced by ethanol abuse are fatty liver (steatosis), hepatitis, and cirrhosis [9]. 
Currently, some antioxidant and anti-inflammatory drugs such as glutathione, corticosteroids, colchicine, 
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and S-adenosyl methionine have been use for treatment in patients with ethanol-induced liver injury. 
However, these drug treatments are accompanied by the side effects, such as jaundice and kidney 
impairment [10]. In this respect, herbal plant extracts and their active ingredients are potential targets as 
new drugs against ethanol-induced liver injury due to their potent efficiency, safety, and relative low costs 
[11-13]. Allium ascalonicum (shallot) is 1 of the most important agricultural product in Thailand, 
especially in the North and Northeast areas [14]. The major activities of A. ascalonicum are believed to be 
mediated via redox-dependent mechanisms and numerous pharmacological properties including 
antioxidant, anti-inflammation, anti-microbials, anti-cancer, anti-hyperglycemia, and protective effects on 
several vital organs [15-19]. The plant elements include various phytochemicals and phytonutrients, such 
as flavonoid glycosides including quercetin and allicin [20]. It has been reported that the biological 
properties of Allium sativum (garlic) confer hepatoprotection on ethanol-induced hepatotoxicity [21]. 
However, there is no report yet on the protective activity of A. ascalonicum against ethanol-induced liver 
injury. Hence, this present study investigates the hepatoprotective activity of A. ascalonicum extract 
against ethanol-induced liver injury in mice. 
 
Materials and methods 

Chemicals 
Silymarin and ethanol were obtained from Sigma-Aldrich (St. Louis, MO, USA). All reagents were 

of analytical grade. The chosen doses of silymarin were prepared in distilled water (DW). 
 

Preparation of aqueous crude extract 
Fresh bulbs of A. ascalonicum were purchased from the local market at Suphanburi province, 

Thailand. The plant bulbs were peeled, washed, and cut into small pieces. The juice was subsequently 
prepared by blending the bulbs in distilled water (DW) at the ratio of 1:10 in an electric blender for 5 min, 
and incubated at room temperature for 72 h. The filtrate was, then, collected by filtering through gauze, 
and lyophilization was subsequently carried out to obtain dried crude extract powder. The extract was 
stored at -20 °C until further usage. 
 

Experimental mice 
Pathogen-free, male ICR (Imprinting Control Region) mice (6 - 8 weeks old, 25 - 30 g) purchased 

from the National Laboratory Animal Center, Mahidol University, Thailand were used in this study. They 
were kept in the animal room at a temperature range of 22 - 25 °C, 12 h light-dark cycle, and were given a 
standard diet pellet CP082 and clean water ad libitum. All experiments involving animal were ratified and 
approved by the Animal Ethic Committee, Western University (WTU-AEC-002/2018). 
 

Acute toxicity test of A. ascalonicum extract 
The acute toxicity test of the extract in mice was carried out by using the method previously 

described [22]. Experimental mice (5 mice) were administered orally by gavage with a single dose of 
2,000 mg/kg of the extract once a day for 7 consecutive days. The mice were observed for signs of 
toxicity (paw licking, salivation, stretching of the entire body, weakness, respiratory distress, coma, and 
death) in the first four hours and subsequently daily for further 14 days. Lastly, mouse blood was 
collected by cardiac puncture for liver function test. 

 
Efficacy test of A. ascalonicum extract in mice 
Experimental mice were divided into 6 groups (5 mice per group). Group 1 was healthy control and 

administered orally with 10 ml/kg of DW. Group 2 - 6 were administered orally by gavage with 10 ml/kg 
of 50 % (v/v) ethanol for 14 consecutive days followed by DW, silymarin (10 mg/kg), or extracts (50, 
100, and 200 mg/kg), respectively by oral gavage once a day for 7 consecutive days. At the end of the 
experiment, mouse blood was collected by cardiac puncture for determination of liver function. 
Additionally, the body weight of each mice in these groups was also measured. 
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Determination of liver injury 
Mouse blood was collected by cardiac puncture into heparinized vacuum tubes. Centrifugation was 

subsequently performed at 1,500 g for 10 min, and the resulting supernatant (plasma) was separated for 
determination of liver injury. The liver enzymes, namely plasma aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT) and alkaline phosphatase (ALP) 
levels, were measured by using Cobas c311 Clinical Chemistry Automated Analyzer. 
 

Statistics 
All the results were presented as mean±standard error of mean (SEM) using GraphPad Prism 

(GraphPad Software version 5.01, Inc., USA). Data were analyzed by using 1-way ANOVA followed by 
Tukey’s post-hoc test at the 95 % confidence level. 
 
Results and discussion 

Acute toxicity of A. ascalonicum extract in mice 
In this study, the effect of aqueous crude extract of A. ascalonicum bulbs on ethanol-induced liver 

injury in mice was carried out. Hence, the acute toxicity of the extract in mice was performed before the 
main investigation. The extract administered orally by gavage in a single dose of 2,000 mg/kg did not 
show any indication of physical or behavioral changes such as hair erection, reduction in feeding and 
motor activities, weight loss, lacrimation, diarrhea, or depression within the monitoring period. No 
mortality occurred within the observation period of 21 days. Additionally, 2,000 mg/kg of the extract had 
shown no significant deviation in liver enzyme activities namely AST, ALT, GGT, and ALP when 
compared between healthy and extract treated groups (Figure 1). The lethal dose (LD50) of A. 
ascalonicum extract was estimated to be higher than 2,000 mg/kg. Therefore, if a test compound has a 
LD50 higher than 3 times the minimum effective dose (100 mg/kg), it can be considered safe and is good 
candidate for further studies according to the OECD (Organization for Economic Cooperation and 
Development) guideline [23]. 
 

 
 

Figure 1 Effect of aqueous crude extract of A. ascalonicum bulbs on liver injury. Groups of mice were 
administered orally by gavage with a single dose of 2,000 mg/kg of extract once a day for 7 consecutive 
days. Liver enzyme activities including AST, ALT, GGT, and ALP levels were measured. Normal mice 
were given only DW and acted as healthy control. The results were expressed as mean±SEM. 
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Effect of A. ascalonicum extract on ethanol-induced liver injury in mice 
After 14 days of ethanol administration, AST, ALT, GGT, and ALP levels significantly increased, 

compared to healthy group (Figure 2; p < 0.001), which indicated ethanol-induced liver injury in mice. 
Interestingly, ethanol-induced increase in liver enzymes was improved by A. ascalonicum extract 
supplementation. AST, ALT, GGT, and ALP are sensitive indicators of alcohol-induced liver injury and 
are the most important parameters in routine clinical liver function tests. The results indicated the increase 
of these liver enzyme among alcohol-induced mice, and that the extract significantly ameliorated 
enzymatic activities at the doses of 100 and 200 mg/kg (p < 0.05). These mentioned doses of the extract 
brought back these liver enzymes to normal levels. 

It has been reported that oxidative stress by ethanol induction might play a critical role in the 
mechanisms leading to ethanol-induced liver injury [7]. During ethanol consumption, the generation of 
oxidative stress through excess reactive oxygen species (ROS) produced by CYP2E1 and 
malondialdehyde (MDA) with decrease mitochondrial glutathione (GSH) and superoxide dismutase 
(SOD) levels can cause tissue damage in liver [24,25]. In addition, this oxidative damage induced 
mitochondrial dysfunction and cell apoptosis [26]. In addition to oxidative stress, NF-κB and 
inflammation have been reported to play a key role in the pathogenesis and are related to pathological 
liver changes of ethanol-induced liver injury [27,28]. From our results, the A. ascalonicum extract 
presented hepatoprotective properties against ethanol-induced liver injury in mice. This property of the 
plant might be due to the presence of active compounds in this extract. Basically, quercetin and allicin 
have been reported to be active compounds of A. ascalonicum extract [20]. Quercetin has been described 
to have hepatoprotective property against ethanol-induced liver injury through antioxidant, anti-
inflammation, down-regulation of CYP2E1 and CYP3A, and increase glutathione levels [29-33]. 
Moreover, it has been reported that allicin has effectively shown hepatoprotective effect on ethanol-
induced liver injury, which is related to its selective effect on the glutathione-related enzyme system [34]. 
Therefore, hepatoprotective activity observed in the aqueous crude extract of A. ascalonicum bulbs could 
have resulted from single compound or a combination of the above active compounds. However, at a 
comparatively low dose (50 mg/kg), the extract has no ability to significantly decrease liver enzyme 
activities. This could be due to the presence of active compounds at low level whose activity might not be 
detected at the lower dose.  

 
Figure 2 Effect of aqueous crude extract of A. ascalonicum bulbs on ethanol-induced liver injury in mice. 
Groups of mice were administered with 50 % (v/v) ethanol for 14 consecutive days followed by treatment 
with silymarin (10 mg/kg), and extracts (50, 100, and 200 mg/kg), by oral gavage once a day for 7 
consecutive days. Liver enzyme activities namely AST, ALT, GGT, and ALP were measured. Normal 
mice were given only DW and acted as healthy control. The results were expressed as mean + SEM. *** 
p < 0.001, compared to healthy group. a p < 0.05, b p < 0.01, and c p < 0.001, compared to ethanol treated 
group. EtOH; ethanol. 
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 Moreover, body weight loss was observed in ethanol treated group with significant (p < 0.05) as 
compared to health control. Interestingly, mice administered with 100 and 200 mg/kg of A. ascalonicum 
extract showed dose-dependent protective effect on body weight loss (Figure 3). This might be due to the 
hepatoprotective effect of active compounds in the extract against ethanol-induced liver injury in mice.  
 

 
Figure 3 Effect of aqueous crude extract of A. ascalonicum bulbs on body weight of ethanol-induced 
liver injury in mice. Groups of mice were administered with 50 % (v/v) ethanol for 14 consecutive days 
followed by treatment with silymarin (10 mg/kg), and extracts (50, 100, and 200 mg/kg), by oral gavage 
once a day for 7 consecutive days. Body weight of mice in these groups were measured. Normal mice 
were given only DW and acted as healthy control. The results were expressed as mean + SEM. * p < 0.05, 
compared to healthy group. EtOH; ethanol. 
 
 
Conclusions 

From this study, it could be concluded that the aqueous crude extract of A. ascalonicum bulbs 
showed hepatoprotective effect on ethanol-induced liver injury in mice with lack of toxicity. However, 
further studies are recommended to confirm the mode of actions as well as safety profiles of the extract. 
These results strongly emphasize that aqueous crude extract of A. ascalonicum bulbs appear to be an 
attractive complementary drug candidate for the treatment and prevention of ethanol-induced liver injury. 
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