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ABSTRACT 

The overdose of paracetamol utility may increase N-acetyl-p-benzoqui-noneimine 

(NAPQI) and produce the free radicals, which will cause liver cell damage. Propolis 

contains antioxidants which have the ability to capture free radicals The aim of this study 

is to identify the hepatoprotective effect of propolis doses of 0.4 ml and 0.8 ml on the 

histopathological appearance of the liver of mice induced by paracetamol. This research 

was an experimental research using the Post Test Only Control Group Design method. The 

sample of this study were 24 Swiss Webster mice divided into 4 groups: group (K-) not 

given propolis and paracetamol; group (K+) was given paracetamol at a dose of 338 

mg/kgBB; group (P1) was given a dose of 0.4 ml of propolis and group (P2) 0.8 ml and 

then induced by paracetamol at a dose of 338 mg/kgBB. This research was conducted for 

14 days and on the 15th day termination was carried out to observe the histopathological 

picture of the liver tissue. There was a statistically significant hepatoprotective effect of 

propolis in the histopathological picture of the liver in the K- group under normal 

circumstances (score 1), the K+ group was dominated by necrosis (score 4), the P1 group 

was dominated by normal cells (score 1) and the P2 group was dominated by hydropic 

degeneration (score 3). The Kruskal-Wallis test showed a significant difference in all 

treatment groups with p<0.001. The results of the Mann-Whitney test showed that between 

the K– group and the K+ group and the P2 group there was a significant difference, 

between the K+ group and the P1 and P2 groups there was a significant difference, and 

between the P1 group and the P2 group there was a significant difference with p<0,05. 

There was a hepatoprotective effect of propolis on the histopathological of the liver of 

mice induced paracetamol. Propolis dose of 0.4ml was more optimal in preventing damage 

to the liver of mice than a dose of 0.8ml. 
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INTRODUCTION 

Acetaminophen or paracetamol is a non-opioid antipyretic and analgesic drug that 

has been used since 1893 (Gunawan, Setiabudy, 2011). The Food and Drug Administration 

states that the safe dosage of paracetamol for adults and children over 12 years of age is a 

maximum of 4 grams per day and should not be used for more than 10 days (Setyo, 2013). 

Paracetamol is the most widely consumed drug in Indonesia, with a demand of 9,000 tons 

per year (Directorate General of Pharmaceuticals, 2022). Inappropriate use of 

acetaminophen can lead to overdose. A single dose of 10-15 grams of paracetamol per day 

can cause symptoms of hepatotoxicity (Sin, Billy, 2017). The United States Regional 

Poisons Center states that paracetamol poisoning is the second most common cause of liver 

transplantation (Caparrotta, 2018).  This results in 56,000 emergency room visits, 2,600 

cases requiring intensive care, and 500 deaths per year due to paracetamol poisoning. Fifty 

percent of these cases are accidental overdoses (Caparrotta, 2018; Amirudin R, 2007). 

Paracetamol is the primary cause of acute liver failure (Bunchorntavakul, 2013). The 

Indonesian Food and Drug Administration (BPOM) recorded 201 cases of paracetamol 

poisoning in Indonesia from 2002 to 2005, 175 of which were suicide attempts (Corey, 

2010; Zulizar, 2013; Sa'diyah, 2020). 

Paracetamol metabolism occurs in two phases, where most paracetamol is 

conjugated by phase II enzymes to form glucuronides and sulfa derivatives. A small 

portion of paracetamol undergoes oxidation by phase I enzymes, namely cytochrome P450, 

to form free radicals, namely the toxic and reactive metabolite NAPQI (N-acetyl-p-

benzoquinonemine). NAPQI binds with endogenous antioxidants in the form of 

glutathione (GSH) in the liver to form a non-toxic substance. If the amount of paracetamol 

consumed exceeds the therapeutic dose, the reserves of glucuronide and sulfate derivatives 

in the liver will be depleted, resulting in the formation of excessive amounts of the reactive 

metabolite NAPQI. As long as glutathione is available, NAPQI will be detoxified, 

preventing hepatotoxicity. However, if glutathione continues to be used up, it will 

eventually be depleted, leading to the accumulation of toxic and reactive NAPQI 

metabolites. These metabolites will react with nucleophilic groups found in liver cell 

macromolecules, such as proteins, causing hepatotoxicity that leads to liver necrosis. 

NAPQI accumulated in the body will bind to cells and mitochondrial proteins, which will 

then damage the mitochondrial structure and produce oxidative stress. Oxidative stress and 

mitochondrial damage cause hepatocellular damage. To overcome this, exogenous 

antioxidants in the form of propolis are needed (Huang, 2014; Suseno, 2009; Anindyaguna, 

2022). 

Propolis is a substance that has hepatoprotective properties. Propolis contains 

compounds such as amino acids, terpenoids, and polyphenols (phenolic acids, esters, and 

flavonoids). Of these three substances, the flavonoids contained in propolis have the 

greatest benefit, namely their antioxidant properties. The antioxidants in propolis function 

as hepatoprotectors that inhibit the activity of hepatic stellate cells (HSC), prevent 

hepatocyte apoptosis, and reduce fibrosis. Propolis can also work as an immunoregulator 

that can improve immunity, thereby protecting liver cells from damage by suppressing the 

activity of Kupffer cells in producing reactive oxygen species (ROS) and cytokines that 

exacerbate inflammation (Krisnansari, 2014; Kumar, 2013; As'ari, 2009; Brown, 2009). 

Previous research conducted by Apriany in 2011 found that the least damage to 

liver cells occurred when a dose of 0.4 ml of propolis was administered, but the type of 
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liver cell damage that occurred was not explained in detail. In a study by Alviana, 2017, 

which used a 0.15 ml dose of propolis, it was shown that propolis has a function as an 

antioxidant that traps free radicals that cause damage to Mus musculus (mouse) liver cells 

due to exposure to 250 mg/kgBW of paracetamol. However, this study only used one dose 

of propolis (Darma, 2011; Price, 2012). Therefore, the researchers wanted to increase the 

propolis dose to 0.4 ml and 0.8 ml to identify the effect of propolis administration as a 

hepatoprotector in Mus musculus induced with 338 mg/kgBW paracetamol. The doses of 

0.4 ml and 0.8 ml were chosen to determine the differences in their effects as 

hepatoprotectors on the histopathological picture of the liver of mice that were then 

induced with paracetamol (Utami, 2017; Malar, 2012). 

 

RESEARCH METHODS 
This study was conducted in the biology laboratory and anatomical pathology 

laboratory in Semarang, Indonesia. The samples used in this study were Swiss Webster 

strain mice. The samples in this study were divided into four groups, namely K- (not given 

propolis or paracetamol), K+ (given paracetamol at a dose of 338mg/kgBW without 

propolis), P1 (given propolis at a dose of 0.4ml and paracetamol at a dose of 

338mg/kgBW)  and P2 (given propolis at a dose of 0.8ml and paracetamol at a dose of 

338mg/kgBW). Thus, the sample used consisted of 24 mice, with 6 mice per group. 

Sampling in this study was performed using simple random sampling. The inclusion 

criteria for this study were clinically healthy mice (active, undamaged, uninjured, and 

without defects), aged between 2 and 3 months, male, and weighing ± 20 grams. The 

exclusion criteria for this study were mice that died during the adaptation period, mice 

whose weight decreased from their previous weight, and mice that were not actively 

moving. The mice were then adapted for 7 days in a laboratory at a temperature of 30°C in 

dark conditions with standard feed in the form of pellets and water. 

The data collection was conducted in four stages, namely editing, coding, 

processing, and data cleaning, which were analyzed using SPSS (Statistical Package for 

Social Sciences) software in four stages, namely univariate analysis, normality test, 

homogeneity test, and bivariate analysis using the Kruskal Wallis test and Mann Whitney 

test. 

 

Tools and Materials 

The tools used in this study were experimental animal cages, stomach probes, 

electronic scales, surgical instruments (tweezers, scalpels, scissors, wax tables, and 

needles), hepatology histopathology observation tools (binocular microscope, object glass, 

and deck glass), histology preparation tools (paraffin molds, oven, and microtome), 

syringe. The materials used in this study were animal feed and drink, male mice, 

propolisKU, paracetamol, materials for making histological preparations (10% formalin 

buffer solution, xylol solution, paraffin, alcohol with levels of 50, 60, 70, 80, 96%, 100%), 

HE staining materials (xylol solution, absolute ethanol, 95% and 50% alcohol, Mayer's 

hematoxylin, Canada balsam), and aquadest. 

 

Research Procedures 

1. Preparation 
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The researchers prepared 24 mice that would be adapted for one week to a temperature 

of 30°C in dark conditions, fed a standard diet of pellets and water. 

2. Randomisasi 

The adapted mice were randomly grouped into four treatment groups, namely negative 

control (K-) consisting of 6 mice, positive control (K+) consisting of 6 mice, 

paracetamol 338mg/kgBW and propolis 0.4ml (P1) treatment consisting of 6 mice, 

paracetamol 338mg/kgBW and propolis 0.8ml treatment (P2) consisting of 6 mice. 

3. Administration of parasetamol and propolis 

Group K- mice were fed a standard diet ad libitum for 7 consecutive days. Group K+ 

mice were fed a standard diet ad libitum and administered 338 mg/kg body weight of 

paracetamol via a feeding tube for 3 days, namely on days 12, 13, and 14. Group P1: 

Mice were fed standard chow ad libitum and administered paracetamol at 338 mg/kg 

body weight for 3 days, specifically on days 12, 13, and 14, 60 minutes after receiving 

0.4 ml of propolis via a feeding tube. Group P2: Mice were given standard feed ad 

libitum and paracetamol 338 mg/kgBW for 3 days, namely on days 12, 13, and 14, 

administered 60 minutes after the administration of 0.8 ml of propolis using a feeding 

tube. Propolis administration in treatments 1 and 2 was given for 14 consecutive days. 

4. Organ procurement procedure 

After treatment was completed on day 15, all experimental animals were euthanized 

using ketamine anesthesia and cervical vertebral dislocation. The right lobe of the liver 

was then removed to be prepared for histology using paraffin blocks and HE staining. 

This process was carried out on day 15 so that the effects of the treatment would be 

clearly visible. 

5. Procedure for preparing specimens with staining HE 

In this stage, the liver is fixed for up to 4 hours in a 10% formalin solution, then 

repeated twice with a new solution. The preparation is then stained using hematoxylin 

and eosin. 

6. Scoring System with Scoring Histopathology Manja Roenigk 

Scoring Histopathology Manja Roenigk with a score of 1 (normal cells), score 2 

(parenchymal degeneration cells), score 3 (hydropic degeneration), and score 4 

(necrosis cells). 

 

Data Analysis 

The data obtained were processed using SPSS (Statistical Package for Social 

Sciences) software with a significance value of 0.05 in univariate and bivariate analyses. 

Univariate analysis was intended to obtain an overview of the histopathology of the mouse 

liver. Univariate analysis in this study was obtained from calculating the damage value of 

liver cell samples. Bivariate analysis was used to understand the significant differences 

between the entire treatment group and between the two treatment groups. This study used 

the Kruskal Wallis test, followed by the Mann Whitney test.  

 

RESULTS AND DISCUSSION 

This study was conducted in the biology laboratory and anatomical pathology 

laboratory in Semarang, Indonesia. The samples used in this study were 24 Swiss Webster 

strain mice. Sampling was conducted using simple random sampling. This study was 

conducted over a period of 14 days and there were no dropouts, meaning that no mice died 
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during the study period. In this study, all samples met the inclusion and exclusion criteria, 

so all samples could be used. 

Table 1. Hepatic Damage Degree Results 

Group N Normal Parenchymal 

degeneration 

Hydropic 

degeneration 

Nekrotic Score Total 

field 

area 

  K- 6 18* 10 1 1 1 30 

  K+ 6 0 3 8 19* 4 30 

  P1 6 16* 5 7 2 1 30 

  P2 6 0 2 21* 7 3 30 

Description: *The number of damage scores that dominate each group. 

 

Based on these data, Manja Roenigk histopathology scores were obtained for each 

group based on the number of cells that dominated or were most numerous in each 

treatment group. Group K- obtained a score of 1 (normal cells), group K+ obtained a score 

of 4 (necrosis), group P1 obtained a score of 1 (normal cells), and group P2 obtained a 

score of 3 (hydropic degeneration) (Guyton, 2012; Eroschenko, 2012). 
 

 
Figure 1. Histopathological image of mouse liver at 400x magnification in the negative control 

group (K-), dominated by normal cells (thick arrows). 

 

 
Figure 2. Histopathological image of mouse liver magnified 400x in the positive control group 

(K+). Cells undergoing hydropic degeneration (thick arrows) and necrosis (thin arrows) are visible. 
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Figure 3. Histopathological image of mouse liver at 400x magnification  treatment group 1 (P1). 

The tissue is dominated by normal cells (thick arrows), cells undergoing parenchymal degeneration 

(thick arrows), and hydropic degeneration (thin arrows). 

 

 
Figure 4. Histopathological image of mouse liver at 400x magnification in treatment group 2 (P2). 

The tissue is dominated by hydropic degeneration (thick arrows) and necrosis (thin arrows). 

 

Table 2. Descriptive table and Kruskal-Wallis test results of histopathological findings in 

paracetamol-induced mouse livers 

Group 

Hepatic Mice Histophatology 

p 
Normal 

Parenchymal 

degeneration 

Hydropic 

degeneration 
Nekrotic 

K– 5 1 0 0 <0,001* 

K+ 0 0 1 5  

P1 5 0 1 0  

P2 0 0 5 1  

 

Note: * Significant (p< 0.05)  

 

Table 2 shows the results of microscopic observations tested with data analysis 

using the Kruskal Wallis and Mann Whitney statistical tests. In the statistical calculation 

using the Kruskal Wallis test, a p-value of <0.001 was obtained, so it can be concluded that 

there are significant differences between all groups. 

This study shows the results of the Mann Whitney test to determine the differences 

between research groups by looking at the greater values of each group. From the results of 

the Mann-Whitney test, the histopathological description of paracetamol-induced liver in 

mice showed that there was a significant difference between group K– and groups K+ and 

P2, between group K– group and the P1 group, there was no significant difference between 
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the K+ group and the P1 and P2 groups, and there was a significant difference between the 

P1 group and the P2 group. 
 

Table 3. Mann-Whitney test results for histopathological findings in paracetamol-induced  

mouse livers 

Group 
p 

I II 

K– K+ 0,002* 

 P1 0,902 

 P2 0,002* 

K+ P1 0,002* 

 P2 0,027* 

P1 P2 0,006* 

 

Note: * Significant (p< 0.05)  
 

The results of this study show that there is a statistically significant difference in the 

number of liver cell damages between the K- group (not given propolis and paracetamol) 

and the K+ group (given paracetamol at a dose of 338mg/kgBW without propolis) in the 

microscopic image of the liver. Administration of a 338 mg/kg body weight dose of 

paracetamol to the K+ group for 3 days on days 12, 13, and 14 can damage liver cells 

without causing death in mice (Aman, 2017; Widjaja, 2007). These results prove that 

paracetamol is effective in damaging mouse liver cells (Darma, 2011; Bunchorntavakul, 

2013; Al, 2018). 

In the K-group (not given propolis and paracetamol) and the P2-group (group given 

0.8 ml of propolis followed by 338 mg/kgBW of paracetamol), there were statistically 

significant differences. In the K-group, microscopic observations of the liver showed that 

most cells were normal, but there was also parenchymal degeneration, hydropic 

degeneration, and necrosis, resulting in a score of 1 for the K-group. Group P2 was 

dominated by a score of 3 (hydropic degeneration), indicating that a 0.8 ml dose of 

propolis is not the optimal dose for preventing damage to mouse liver cells. There was no 

statistically significant difference between the K- group (not given propolis and 

paracetamol) and the P1 group (given a 0.4 ml dose of propolis followed by a 338 mg/kg 

body weight dose of paracetamol). The administration of a 0.4 ml dose of propolis 

provided more optimal protection in preventing liver cell damage, with the P1 group 

dominated by normal cells, indicating that this dose is optimal for preventing liver cell 

damage in mice as it can restore liver cells to their normal condition (Darma, 2011; 

Toprakci, 2013). 

There were also significant differences between the K+ group (given 338 mg/kg 

body weight of paracetamol) and the P1 group (given 0.4 ml of propolis followed by 338 

mg/kg body weight of paracetamol) and the P2 group (given 0.8 ml of propolis followed 

by 338 mg/kg body weight of paracetamol). . Group P1 was able to provide protection and 

was more optimal in preventing liver cell damage caused by paracetamol compared to 

group P2, which used a 0.8 ml dose of propolis. This is in line with the results of a 

previous study by Monika Bhadauria (2012), which showed that the normal dose of 

propolis for adults is 5-6 drops/day or 0.335-0.402 ml/day, which is safe for consumption. 
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Therefore, administering a propolis dose of 0.8 ml caused an overdose in mouse liver cells 

because the liver cells did not return to their normal state (Monika, 2012). Furthermore, 

previous research by Diah Krisnansari (2014) showed that propolis doses of 0.054 ml and 

0.108 ml exhibited hepatoprotective activity against liver damage. Based on these research 

results, propolis doses of 0.054 ml and 0.108 ml were able to prevent liver damage caused 

by carbon tetrachloride induction, and propolis could be used as an alternative to prevent 

the liver fibrosis process (Krisnansari, 2014; Wilmana, 2007). 

The results of this study show that group P1 (the group given a 0.4 ml dose of 

propolis followed by a 338 mg/kg body weight dose of paracetamol) and group P2 (the 

group given a 0.8 ml dose of propolis followed by a 338 mg/kg body weight dose of 

paracetamol) had statistically significant differences and different amounts of liver cell 

damage. Group P1 was dominated by a score of 1 (normal cells), while group P2 was 

dominated by a score of 3 (hydropic degeneration). These results are consistent with 

previous research by Apriany Darma (2011), which showed that administering 0.2 ml and 

0.4 ml doses of propolis can have a hepatoprotective effect against paracetamol. In that 

study, normal cells were more dominant in the group given a 0.4 ml dose of propolis. This 

indicates that a 0.4 ml dose of propolis is more optimal in preventing liver cell damage 

caused by paracetamol. 
 

CONCLUSION 

This study has limitations in that no research was conducted on the biochemical 

content of propolis and only an assessment was made using histopathological parameters.  

This study concluded that propolis can act as a hepatoprotector by reducing liver cell 

damage and improving the histological structure of the liver lobules. Histopathological 

damage in the form of liver cell necrosis decreased significantly in group P1. This is 

consistent with Apriany's 2011 study, which found a reduction in liver cell damage when 

administering a 0.4 ml dose of propolis.  
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