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Abstrak 

Hepar merupakan organ utama dalam proses metabolisme etanol. Jumlah intake etanol berlebihan dapat meningkatkan 

resiko hepatotoksisitas. Pemberian antioksidan vitamin C atau quercetin tunggal diketahui dapat bersifat 

hepatoprotektor dengan memperbaiki kadar AST dan ALT hepar yang terpapar etanol. Tujuan dari penelitian ini adalah 

mencari dosis efektif kombinasi vitamin C dan quercetin untuk pencegahan kerusakan hepar akibat etanol dan 

mengetahui toksisitasnya. Penelitian ini menggunakan rancangan Post-test with control group design dengan 30 ekor 

mencit swiss-webster jantan yang dibagi dalam lima kelompok: Non-treatment group (NTG), kontrol negatif (CG) 
diberi etanol 20% (4 gr/KgBB), perlakuain 1 (T1) kombinasi vitamin C 50 mg/KgBB dan quercetin 20 mg/KgBB serta 

induksi etanol 20% (4 gr/KgBB), (T2) kombinasi vitamin C 100 mg/KgBB dan quercetin 40 mg/KgBB serta induksi 

etanol 20% (4 gr/KgBB), dan (T3) kombinasi vitamin C 200 mg/KgBB dan quercetin 80 mg/KgBB serta induksi etanol 

20% (4 gr/KgBB). Setelah 28 hari perlakuan, perbedaan kadar AST dan ALT antar kelompok diuji statistik Kruskal 

Wallis yang dilanjutkan dengan uji post-hoc Games-Howell. Toksisitas diamati dari kematian 24 jam awal perlakuan, 

perubahan perilaku, dan perubahan fisik mencit saat perlakuan. Kadar AST dan ALT kelompok kontrol negatif (CG) 

meningkat signifikan dibanding kelompok tanpa perlakuan (NGT) (p<0,05). Semua dosis kombinasi vitamin C dan 

quercetin dapat menurunkan kadar AST signifikan pada mencit yang diinduksi etanol, dan tidak ada perbedaan aktivitas 

diantara ketiga kelompok dosis tersebut. Namun ketiga dosis kombinasi vitamin C dan quercetin tidak mampu 

menurunkan kadar ALT mencit yang diinduksi etanol. Tidak terdapat kematian mencit pada 24 jam awal perlakuan, 

selain itu tidak ada perubahan perilaku dan fisik mencit selama perlakuan. Dosis efektif kombinasi untuk menurunkan 

kadar AST adalah dosis vitamin C 50 mg/kgBB dan quercetin 20 mg/KgBB. Dosis tersebut tidak menyebabkan efek 
toksik terhadap mencit. 

Kata Kunci: Antioksidan, hepatoprotektor, quercetin, toksisitas etanol, vitamin C. 

Abstract 

The liver is the main organ in the process of ethanol metabolism. Excessive amounts of ethanol intake can increase the 

risk of hepatotoxicity. Administration of the antioxidant vitamin C or quercetin alone is known to act as a 

hepatoprotector by improving AST and ALT levels in livers exposed to ethanol. The purpose of this study was to find an 

effective dose combination of vitamin C and quercetin to prevent ethanol-induced liver damage and to determine its 

toxicity. This study used a post-test with control group design with 30 male swiss-webster mice divided into five groups: 

Non-treatment group (NTG), negative control group (CG) were given 20% ethanol (4 gr/KgBW), treatment 1 (T1) a 

combination of vitamin C 50 mg/KgBW and quercetin 20 mg/KgBW and 20% ethanol (4 gr/KgBW), (T2) a combination 
of 100 mg/KgBW vitamin C and 40 mg/KgBW quercetin and 20% ethanol (4 gr/KgBW), and (T3) a combination of 200 

mg/KgBW vitamin C and 80 mg/KgBW quercetin and 20% (4 gr/kgBW). After 28 days of treatment, the differences in 

AST and ALT levels between groups were statistically tested by Kruskal Wallis, followed by the Games-Howell post-hoc 

test. Toxicity was observed from death 24 hours early in the treatment, changes in behavior, and physical changes in 

the mice during treatment. AST and ALT levels in the negative control group (CG) increased significantly compared to 

the non-treatment group (NGT) (p<0.05). All doses of the combination of vitamin C and quercetin significantly reduced 

AST levels in ethanol-induced mice, and there was no difference in activity between the three dose combinations. 

However, the three combination doses of vitamin C and quercetin were unable to reduce the ALT levels of ethanol-

induced mice. There were no mice deaths in the first 24 hours of treatment, and also no behavioral and physical 

changes in mice during treatment. The effective combination dose to reduce AST levels is a dose of 50 mg/kgBB of 

vitamin C and 20 mg/KgBB of quercetin. These doses did not cause toxic effects on mice. 

Keywords: Antioxidants, ethanol toxicity, hepatoprotector, quercetin, vitamin C. 
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1. INTRODUCTION 

Excessive alcohol consumption is a global 

health problem. According to a survey by the 

World Health Organization (WHO), it has 

been reported that as many as 320,000 people 

(aged 15-29 years) in the world die from 

alcohol every year. Total alcohol consumption 

is expected to increase until 2025. The highest 

incidence of alcohol-related deaths occurs in 

the Southeast Asia region, especially in 

Indonesia. The proportion of consumption of 

alcoholic beverages in the Indonesian 

population aged over 10 years is 3.3% of the 

percentage of world alcohol consumption.1  

The amount of alcohol that enters the 

body greatly affects liver tissue injury, which 

can cause decreased liver function. This is 

because the liver is the main organ in the 

process of alcohol metabolism.2 To determine 

the presence of liver damage, several blood 

tests can be done. The most commonly blood 

test parameters are serum glutamic oxaloacetic 

transaminase/aspartate transaminase 

(SGOT/AST) and serum glutamic piruvic 

transaminase/alanine transaminase 

(SGPT/ALT) contained in liver cells. Damage 

of liver function will cause liver cells to 

excrete these enzymes in the blood, and causes 

an increases of both enzymes in the blood.3  

Ethanol is an alcoholic beverage that is 

commonly consumed daily.4 For alcohol 

intoxication research, animal models can be 

used as substitutes for human subjects. 

Rodents are one of the suitable animal models 

because alcohol intake can increase blood 

alcohol levels and signs of intoxication.5 For 

example, a study with ethanol induction of 100 

mg/kgBW for 14 days could significantly 

increase the levels of AST and ALT in mice.6  

To reduce the risk of hepatotoxicity due to 

ethanol use, antioxidants can be used. 

Antioxidants vitamin C and quercetin are 

known to improve AST and ALT levels in 

livers exposed to hepatotoxic compounds.7 

This was proven in a study that each vitamin C 

doses of 200 mg or quercetin doses of 50 mg 

could reduce the AST and ALT values of mice 

induced by ethanol.8 The hepatoprotective 

effect of vitamin C is reported to increase 

synergistically when given together with other 

antioxidants.9 Therefore, combination therapy 

of vitamin C with the antioxidant quercetin 

can be analyzed for its benefits as an agent to 

prevent ethanol-induced hepatotoxicity.  

Vitamin C and quercetin are drugs that are 

considered safe when used alone. Mega doses 

of vitamin C (5-20 g per day) in rats are 

declared safe for the liver and kidneys.10 

Meanwhile, single use of quercetin is stated to 

be safe for mice at doses up to 250 

mg/kgBB.11 However, the safety level of using 

vitamin C in combination with quercetin is not 

known. Therefore, this study aims to prove the 

effect of a combination of vitamin C and 

quercetin on the prevention of liver damage 

due to ethanol and find the effective 

combination dose. In addition, we observed 

the toxic effects of using a combination of 

vitamin C and quercetin, seen from acute death 

after 24 hours of treatment, as well as 

behavioral and physical changes in mice 

during treatment.  

 

2. METHOD 

This research is a true experimental 

research with a post-test only control group 

design. Determination of the sample using 

simple random sampling method, with a total 

sample of 30 swiss-webster mice. Samples 

must meet the inclusion criteria for healthy 

males and no morphological abnormalities, 4-8 

weeks of age, and approximately 20 grams of 

body weight. Exclusion criteria were mice that 

died during treatment. The sample was then 

divided into 5 groups with each group 

consisting of 6 mice, namely the Non 

Treatment Group (NTG), the negative control 

group (CG) which was only given 4 g/KgBB 

of 20% ethanol per day, the treatment group 1 

(T1) which was given a combination dose of 

50 mg/KgBB vitamin C and 20 mg/KgBB 

quercetin and 4 gr/KgBW of 20% ethanol per 

day, treatment group 2 (T2) which was given a 

combination dose of vitamin C 100 mg/KgBW 
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and quercetin 40 mg/KgBW and 4 gr/KgBW 

of 20% ethanol per day, and the group 

treatment 3 (T3) given a combination dose of 

vitamin C 200 mg/KgBW and quercetin 80 

mg/KgBW and 4 g/KgBW of 20% ethanol per 

day.  

The research has received research ethics 

approval from Politeknik Kesehatan Negeri 

Semarang with number 046/EA/KEPK/2023. 

Prior to treatment, the test animals were 

adapted for 3 days. Administration of 20% 

ethanol, vitamin C, and quercetin was carried 

out orally using a sonde. After calculating the 

doses of vitamin C and quercetin with 

reference to the mice's body weight, the doses 

were dissolved with 0.1 ml of distilled water. 

Administration of a combination of vitamin C 

and quercetin was given 45-60 minutes after 

the ethanol induction. During the treatment, 

behavioral and physical observations were 

made to identify any toxic effects due to the 

treatment given. In addition, to see the effects 

of acute toxicity, mortality was observed after 

24 hours of treatment.  

For the assessment of hepatotoprotective 

effect of a combination of vitamin C and 

quercetin, all groups were treated for 28 days. 

Blood was taken from the mice through the 

orbital sinus, then be prepared into serum. 

Serum was analyzed for examination of AST 

and ALT levels by enzymatic kinetic method 

according to the recommendations of the 

International Federation of Clinical 

Chemistry.12  

AST and ALT levels in all treatment 

groups were tested for normality and 

homogeneity tests. Because the data were 

normal but not homogeneous, the differences 

in the values of AST and ALT levels in all 

treatment groups were analyzed using the 

Kruskall-Walis test with a result of p<0.05. 

Then the Post-Hoc Games-Howell test was 

carried out to find out the significant 

differences in each treatment group. 

 

3. RESULTS 

Toxicity effects were observed for 28 days 

of treatment using the criteria stated in the 

Regulation of the Food and Drug Supervisory 

Agency Number 10 of 2022.13 Based on 

behavioral observations, none of the rats 

experienced seizures, tremors, weakness, and 

hypersalivation during the treatment. 

However, in some mice that died in the NTG, 

T1, and T3 groups, their activity decreased 12 

hours before death (Table 1). All mice deaths 

did not occur within the first 24 hours after 

treatment. While based on physical 

observations, in general there were no 

abnormalities except on the skin. In all groups 

there was at least 1 mouse that had an injury to 

the skin of the back (Table 2). 

Table 1. The results of toxicity observations on 

the behavior of mice in all treatment groups 
 NTG CG T1 T2 T3 

a 
100% 

active 

100% 

active* 

100% 

active* 

100% 

active 

100% 

active* 

b 0% 0% 0% 0% 0% 
c 0% 0% 0% 0% 0% 
d 0% 0% 0% 0% 0% 
e 0% 0% 0% 0% 0% 

Notes: (a) liveliness; (b) seizure; (c) tremor; (d) 

weakness; (e) hipersalivation 

* Decreased activity occurred 12 hours before death 

occurred in mice that died. 

 

Table 2. The results of the observation of the 

physical toxicity of mice in all treatment 

groups 
 NTG CG T1 T2 T3 

1 83% 

normal 
(wound 

in 1 

mice) 

50% 

normal 
(wound 

in 3 

mice) 

83% 

normal 
(wound 

in 1 

mice) 

83% 

normal 
(wound 

in 1 

mice) 

66% 

normal 
(wound 

in 2 

mice) 

2 100% 

normal 

100% 

normal 

100% 

normal 

100% 

normal 

100% 

normal 

3 100% 

clear 

100% 

clear 

100% 

clear 

100% 

clear 

100% 

clear 

4 100% 

normal 

100% 

normal 

100% 

normal 

100% 

normal 

100% 

normal 

5 100% 

normal 

100% 

normal 

100% 

normal 

100% 

normal 

100% 

normal 

6 100% 
normal 

100% 
normal 

100% 
normal 

100% 
normal 

100% 
normal 

7 100% 

normal 

100% 

normal 

100% 

normal 

100% 

normal 

100% 

normal 

Notes: (1) wound in skin; (2) hair loss; (3) eye 

abnormalities; (4) faeces consistency; (5) mucous 

membrane; (6) motoric function; (7) sensory function 
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For the results of the analysis of AST and 

ALT levels using the Kruskal-Wallis statistical 

test, it was seen that there was a significant 

difference in the AST and ALT values in all 

treatment groups (p <0.05). In the analysis of 

AST levels, significant results were obtained 

between the untreated group (NTG) (171.06 

U/L) and the negative control group (CG) 

(334.69 U/L). All treatments T1, T2, and T3 

were able to significantly reduce AST levels 

compared to the average AST levels in the CG 

group. Statistically, there was no significant 

difference in reducing AST levels between all 

treatment groups, both T1, T2 and T3 (Figure 

1). 

 

Figure 1. The results of the Post-Hoc Games-

Howell analysis of AST levels in all treatment 

groups. Notes: Significance of AST levels to NTG 

(p<0.05); *Significance of AST levels to CG (p<0.05) 
 

For the analysis of ALT levels, it was 

found that there was a significant increase in 

ALT levels in the CG group (124.65 U/L) 

compared to the non-treatment group (NTG) 

(29.54 IU/L) (p<0.05). In all treatment groups, 

both T1, T2, and T3 could not reduce ALT 

levels back to normal. Even though there was 

a significant decrease in the T2 group 

compared to the T1 and T3 groups, the 

decrease in ALT had not been able to restore 

normal ALT values (Figure 2). 
 

 

Figure 2. The results of the Post-Hoc Games-

Howell analysis of ALT levels in all treatment 

groups. Notes:  Significance of ALT levels to NTG 

(p<0.05); *Significance of ALT level to T1 and T3 
(p<0.05) 

4. DISCUSSION 

During the 28 day treatment there was a 

death of 1 mice each from the CG, T1, and T3 

groups. Mice from the three groups probably 

died due to infection from deep wounds found 

on the backs of each mouse (Figure 3). The 

wound on the back was caused by the activity 

of mice trying to mate. The mice used in this 

study were adult male mice that were entering 

the mating period, which due to alcohol 

induction caused changes in mood, memory 

and behavior that tended to be aggressive.14  

The death of mice in the CG, T1, and T3 

groups did not occur during the initial 24 hours 

of treatment. Information on mortality in the 

first 24 hours of treatment can be used for 

acute toxicity analysis to determine LD50 

(Median Lethal Oral Dose).13  So it can be 

concluded that the combined dose of vitamin 

C and quercetin at T1, T2, and T3 as well as 

the 20% ethanol induction dose of 4 g/kgBW 

were not LD50. This is in line with the results 

of the study that rats that had been given 

natural ethanol only showed clinical signs of 

toxicity but without mortality in the subjects.15  
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Figure 3. Description of wounds on the back 

skin of dead mice (group T1) 

From the results of physical toxicity 

observations during the 28 days of treatment, 

no other abnormalities were found, such as 

changes in skin color and texture, hair loss, 

changes in eye color clarity, faeces 

consistency, lesions and color of mucous 

membranes (Table 2). During behavioral 

observations, no changes in sensory and 

motoric activity, tremors, seizures, salivation 

or weakness were found (Table 1). Other signs 

of behavioral abnormalities indicating toxicity 

include walking backwards, tummy tuck 

walking, and tail tension (straub)16, also not 

found. Therefore, it can be interpreted that 

either giving only 4 g/kgBW of 20% ethanol 

or a combination of vitamin C dose of 50 

mg/KgBW-20 mg/kgBW quercetin, 

combination of vitamin C dose of 100 

mg/KgBW-quercetin 40 mg/KgBW, and 

combination vitamin C dose of 200 mg/kgBW-

quercetin 80 mg/KgBW did not cause toxic 

effects on mice. For information, vitamin C 

which is used as a single drug has an LD50 

value of more than 5.2 gram/KgBW.17 

Meanwhile, single use of quercetin doses of 2, 

4, 8, and 16 gram/KgBW is known not causing 

the death of mice within 24 hours, but known 

to affect liver histopathological changes 

including lysis, necrosis, dilation, and bleeding 

in the sinusoids.18 The combination doses of 

vitamin C-quercetin in the T1, T2, and T3 

treatments were lower than the known toxic 

doses of vitamin C and quercetin. 

To evaluate the toxic effects of ethanol 

induction, organ analysis can be performed. 

The liver is the main metabolic organ which 

also has the ability to eliminate toxins. To 

determine the presence of liver damage, 

several blood enzyme analyzes can be done. 

The most commonly used test is the Aspartate 

Aminotransferase (AST) and Alanine 

Aminotransferase (ALT) enzyme level which 

is synthesized by liver cells. 

Based on the results of the Games-Howell 

Post-Hoc statistical test, it was found that there 

were significant differences in the levels of 

AST and ALT in NTG to CG (Figures 1 and 

2). This can be interpreted that induction of 

ethanol for 28 days can affect the occurrence 

of liver inflammation as indicated by increased 

levels of AST and ALT mice. Consumed 

ethanol undergoes oxidation in the hepatic cell 

microsomes. The oxidation process produces 

the acetaldehyde.19 Acetaldehyde is a highly 

reactive and toxic metabolic product that can 

cause damage to liver cells (hepatocytes) 

which can lead to liver inflammation.20 This 

condition causes changes in permeability 

which can affect the increase in both AST and 

ALT enzymes.21  

Meanwhile, for the analysis of AST 

levels, there were significant differences 

between CG to all treatment groups (T1, T2, 

T3), which means that the administration of 

vitamin C and quercetin in various dose 

combinations had a significant effect on 

reducing mice AST after ethanol induction. 

There was no significant difference in the AST 

levels between T1 to T2 group, T1 to T3 and 

T2 to T3 group. It can be concluded that 

statistically all combination doses of the 

treatment groups had the same effect in 

significantly reducing AST. Therefore, the 

smallest dose in T1 group (a combination of 

50 mg/KgBB vitamin C and 20 mg/KgBB 

quercetin) was considered the most effective in 

preventing alcohol-induced liver damage. 

Aspartate aminotransferase is a non-specific 

enzyme found in liver cells. This enzyme can 

also be found in heart cells, liver cells, skeletal 

muscles, kidneys, brain, pancreas, spleen and 
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lungs. The high activity of this enzyme is 

closely related to the amount of damage that 

occurs in organ cells.22 

Meanwhile, the ALT enzyme can be 

found in liver, heart, muscle and kidney cells. 

Among these organs, the greatest amount of 

ALT enzymes is found in liver cells which are 

located in the cytoplasm of liver cells or 

hepatocytes.23 ALT level is a marker of acute 

liver damage, while AST is a marker of 

chronic liver damage.24 In inflammatory liver 

conditions, ALT levels are a more specific 

indicator than AST. This could be due to the 

longer half-life for AST to respond due to its 

release from the mitochondria of the cell. 

While the release of ALT originates from the 

cytoplasm of cells that appear as a response to 

damage to liver cells due to alcohol. 

Stimulation of ALT release is due to the co-

existence of pyridoxal-6-phosphate deficiency 

in alcohol consumers, which is the main 

cofactor of ALT enzymatic activity.25  

In this study, there was no statistically 

significant difference between NTG in all 

treatment groups (T1, T2, and T3). In addition, 

even though there was a decrease in ALT 

levels in all treatment groups, ALT levels were 

not able to return to normal. So it can be 

interpreted that giving various doses of a 

combination of vitamin C and quercetin does 

not provide benefits for reducing ALT.  

This study is not in line with other studies 

which state that vitamin C and quercetin, 

which are flavonoids with antioxidant 

properties, can improve liver ALT levels 

exposed to hepatotoxic substances.26 

Antioxidants vitamin C and quercetin should 

be effective in reacting to cell damage due to 

superoxide anions, hydroxyl radicals, singlet 

oxygen and lipid peroxides, which can directly 

repair and enhance the integrity of cell 

membranes.27 The decrease in ALT levels due 

to ethanol tends to be slower than ALT levels 

in cases of hepatic cell disorders.28 After the 

liver cell membrane is damaged due to 

alcohol, the cytoplasm containing ALT as the 

main enzyme in the liver cells exits profusely, 

caused the amount of ALT contained in the 

blood counted more.29 The combination of 

vitamin C and quercetin is not enough to break 

the autocatalytic process of lipid peroxidation 

due to ethanol on cell membranes, so that the 

integrity of the liver cell membrane cannot 

return to its initial normal function. 
 

5. CONCLUSION 

As a hepatoprotective agent, the 

combination of vitamin C and quercetin can 

reduce AST levels but not ALT levels in 

ethanol-induced mice. The most effective dose 

for decreasing AST levels in mice after 

ethanol induction was a combination of 50 

mg/KgBB vitamin C and 20 mg/KgBB 

quercetin. This dose is safe because it does not 

cause death of mice in the first 24 hours of 

treatment, and also behavioral and physical 

changes in mice during treatment. 
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