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Original article

Hepatoprotective properties of red betel (Piper 

crocatum Ruiz and Pav) leaves extract towards H
2
O

2
-

induced HepG2 cells via anti-inflammatory, 

antinecrotic, antioxidant potency

Abstract

Background : Prolonged exposure of free radicals, or known as reactive oxygen species (ROS), in 

hepatic cells may cause oxidative stress. Without proper treatment, it can induce liver injury and fatal 

hepatic disease, including cirrhosis. Red betel (Piper crocatum  Ruiz and Pav) is one of Indonesia’s 

medicinal plants that has been known to exhibit antioxidant, anti-inflammatory activities. This study 

aims to determine hepatoprotective effect of red betel leaves extract (RBLE) towards liver injury.

Method : Hydrogen peroxide-induced HepG2 cells were used as liver injury model·H
2
O

2
-induced 

HepG2 cells were treated with 25 µg/mL and 100 µg/mL RBLE. Several parameters were observed, 

including TNF-α level through ELISA; apoptosis and ROS level through flow cytometry analysis; 

and GPX gene expression through qPCR.

Result : The study showed that treatment with RBLE were able to decrease TNF-α level; necrotic 

and death cells percentage; as well as ROS level. On the other hand, it were able to increase 

apoptotic and live cells percentage; as well as GPX gene expression. Low concentration (25 µg/mL) 
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of RBLE treatment exhibited stronger anti-inflammatory activity as it was resulted in the lower TNF-

α level and were able to switched hepatic cell death pathway from necrosis to apoptosis as shown by 

the shifted of apoptotic cells and necrotic cells percentage. This lead to lower death cells and 

ultimately improve live cells percentage. Meanwhile high concentration of RBLE (100  µg/mL) 

exhibited stronger antioxidant properties as indicated by lower ROS level and higher GPX gene 

expression.

Conclusion : Overall, this study was able to demonstrate hepatoprotective effect of RBLE towards 

liver injury model through its anti-inflammatory and antioxidant activities.

Keywords: Anti-inflammatory; Antinecrotic; Antioxidant; Hepatoprotective; HepG2; Red betel

1 Introduction

Liver is an important organ involved in maintaining homeostasis of the body. It plays a major role in metabolism 

by processing both endogenous (e.g, cholesterol, fatty acid, proteins, etc.) and exogenous substances (e.g, 

drugs), convert them into a less-harmful chemicals or eliminate them completely (Ilyas et al., 2016). Prolonged 

exposure to exogenous substance, such as drugs and alcohol, might causing liver injury. It has been shown that 

long term or overdose drugs intake could lead to serious liver problems as a result of increased reactive oxygen 

species (ROS) in hepatic cells, causing oxidative stress (Yoon et al., 2016).

Drugs metabolism has been reported to increase ROS production in hepatic cells. As an unstable atom/molecule, 

ROS may oxidize important macromolecules resulting in DNA damage, protein damage, and lipid peroxidation; 

a state referred to as oxidative stress (Pu et al., 2016). ROS has been reported to be involved in many signaling 

pathway, including inflammation. ROS induce the production of Tumor Necrosis Factor Alpha (TNF-α), a pro-

inflammatory cytokine known for its importance as master regulator in balancing between cell survival and cell 

death. On the other hand, the engagement of TNF-α and its receptor (TNFR) seemed to induce mitochondrial 

ROS production (Blaser et al., 2016). Oxidative stress-induced inflammation could lead to apoptosis. Under 

normal condition, endogenous antioxidant enzymes act to balance ROS level, by transforming those free radicals 

into a less-harmful chemical. Gluthatione peroxidase (GPX) is one of important antioxidant enzymes that 

transform hydrogen peroxide (H
2
O

2
) into water (Ighodaro and Akinloye, 2018).

Untreated liver injury could lead to many fatal diseases. Liver diseases account for 2 million deaths per year 

worldwide, half of it accounted for cirrhosis. Drug-induced liver injuries are also continue to increase as a major 

cause of liver disease (Asrani et al., 2019). Many studies has been done to find antioxidant properties in 

medicinal plants that could be used as a potent candidate for liver injury medication (Jeyadevi et al., 2019; Aara 

et al., 2020). Red betel (Piper crocatum  Ruiz and Pav) is one of Indonesia’s medicinal plants that has been 

extensively used and known for its antioxidant activity (Kusuma et al., 2017; Lister et al., 2019a, 2019b).

Red betel leaves extract (RBLE) has been reported to contain active compounds, mainly flavonoids, steroids, 

tannins, saponins, alkaloids, polyphenolics, quinones, and essential oil groups (Wulandari et al., 2018). It has 

been reported RLBE contain eugenol and hydroxychavicol, a phenolic compound that has antioxidant and anti-

inflammatory activities (Dervis et al., 2017). From previous studies, RLBE shown can exhibit antioxidant 

activities (Lister et al., 2019a); anti-inflammatory and antifungal properties (Misra et al., 2009); and show to have 

antimigration activity towards metastatic breast cancer (Zulharini et al., 2018), anticancer towards cervical cancer 

(Widowati et al., 2013).



Therefore, this study aims to determine red betel leaves extract hepatoprotective effect towards liver injury, 

modeled by H
2
O

2
-induced HepG2 cells in vitro. The observed parameters of this study include Tumor Necrosis 

Factor Alpha (TNF-α) level; apoptotic cells, necrotic cells, death cells, and live cells percentage; ROS level; and 

GPX gene expression.

2 Materials and method

2.1 Piper crocatum extract

Red betel plants (Piper crocatum  Ruiz and Pav) were obtained from Pabuaran Cilendek Timur, Bogor, West 

Java, Indonesia. It was then identified by Herbarium Bogoriense, Botanical Field Research Center for Biology-

Indonesian Institute of Science, Bogor, Indonesia. The extraction of red betel leaves was carried out using 

maceration method. The leaves were dried and mashed (160 g), continued by maceration using distilled ethanol 

70% as much as 500 mL. The filtrate was collected every 24 h and the maceration process were repeated until 

the filtrate became colorless. Then, the collected filtrate was concentrated using evaporator at 50 °C (Zhengzhou 

Well-known, RE 201D) until red betel leaves extract (RBLE) was obtained and stored at −20 °C (Widowati et 

al., 2017; Lister et al., 2019a).

2.2 Cell culture and H2O2-induced HepG2

The human hepatocellular carcinoma cells (HepG2, ATCC, HB-8065™) was obtained from Biomolecular and 

Biomedical Research Center, Aretha Medika Utama, Bandung, Indonesia. It was cultured in Modified Eagle 

Medium (MEM) (L0416-500, Biowest, Nuaillé, France) that supplemented with 10% (v/v) fetal bovine serum 

(FBS) (S1810, Biowest, Nuaillé, France), 1% (v/v) nanomycopulitine (LX16, Biowest, Nuaillé, France), and 

1% (v/v) antibiotic–antimycotic (15240062, Gibco, Massachusetts, USA). The cells were incubated at 37 °C and 

5% CO
2
 condition. The growth medium were changed every three days. The hepatotoxic model was generated 

in vitro using H
2
O

2
-induced HepG2. Confluent cells are rinsed with PBS and trypsin EDTA is added and 

incubated at 37  °C. Then cells were counted with hemocytometer and seeded in 6 well plates (5  ×  10
5
 

cells/well). The cells were then incubated in previously described condition for 24  h. The cells, except for 

negative control group, were induced by 15 mM H
2
O

2
 (8.22287.100, Merck, Massachusetts, USA). The cells 

were divided into several groups, which were: (I) Control (HepG2 without H
2
O

2
 induction); (II) Vehicle control 

(HepG2 cells  +  DMSO 1%); (III) Liver Injury model (H
2
O

2
-induced HepG2); (IV) H

2
O

2
-induced 

HepG2 + RBLE 25 μg/mL; and (V) H
2
O

2
-induced HepG2 + RBLE 100 μg/mL. After the addition of each 

treatment, the cells were again incubated for 24  h. The conditioned medium (CM) were collected and 

centrifuged at 1600 rpm for 10 min. It was then store at −80 °C for TNF-α level quantification. Cells were also 

harvested using 0.25% trypsin EDTA (25200072, Gibco, Massachusetts, USA) and stored at −80 °C for further 

analysis (Lister et al., 2019b; Widowati et al., 2019).

2.3 Total protein measurements

The quantification of total protein was performed to determine TNF-α level by mg protein. Total protein 

measurement was conducted using Quick Start Bradford 1x Dye Reagent (5000205, Biorad, California, US) 

according to manufacturer’s protocol with BSA as standard. The result was read at at 595  nm using 

spectrophotometer (Multiskan™ GO Micro plate Spectrophotometer, Thermo Fisher Scientific, Waltham, USA) 

(Ernst and Zor, 2010Earnst and Zor, 2010).

2.4 Quantification of TNF-α level



TNF-α level quantification was performed using ELISA assay according to the manufacturer’s protocol 

(430204, BioLegend, California, US). Optical density (OD) were measured at 450  nm and 570  nm using 

spectrophotometer (Widowati et al., 2018a).

2.5 Apoptotic, necrotic, death, and live cells assay

PBS was used to wash the cells from each group, then it was harvested using trypsin EDTA (0.25%; 25200072, 

Gibco, Massachusetts, USA). Then it was centrifuged and counted using hemacytometer. To 5 × 10
5
 accounted 

cells, Annexin V binding buffer (130-092-820, Miltenyi Biotec, Bergisch Gladbach, Germany) as much as 

500  μL, Anti-FITC (130-048-701, Miltenyi Biotec, Bergisch Gladbach, Germany) as much as 5  μL, and 

Propidium Iodide (130-093-233, Miltenyi Biotec, Bergisch Gladbach, Germany) as much as 5 μL were added 

and continued by incubation in the dark at 4 °C. The HepG2 cells apoptotic, necrotic, death, and live cells 

percentage were measured by MACSquant Analyzer 10 (Miltenyi Biotec, Bergisch Gladbach, Germany) (

Widowati et al., 2018a).

2.6 Reactive oxygen species assay

Flow cytometry using a DCF-DA fluorescent probe (invitrogen) were used for detection of the intracellular ROS 

levels. Four different groups were prepared, which were: (I) Negative control (untreated HepG2 cells); (II) Liver 

injury model (H
2
O

2
-induced HepG2 cells); (III) H

2
O

2
-induced HepG2 cells  +  RBLE 25  µg/mL; and IV) 

HepG2 cells + RBLE 100 µg/mL. HepG2 cells at density of 25 × 10
4
 cells/0.5 mL Facs buffer (2.5% FBS in 

PBS) were incubated with 20 µM DCF-DA at 37 °C for 45 min. After that, group III and group IV were treated 

with 25 and 100 µg/mL, respectively, and were incubated for 4 h. The intracellular ROS levels were analyzed 

using Miltenyi Flow Cytometer (MAQS quant). The analyzed fluorescence values were expressed as a 

percentage relative to control group (Widowati et al., 2014).

2.7 GPX gene expression level

The harvested HepG2 cells were processed for RNA isolation for further assay. RNA isolation was conducted 

using Aurum™ Total RNA mini Kit Bio-Rad 732-6820, according to manufacturer’s protocol, continued by 

cDNA synthesis using iScript Reverse Transcription Supermix for RT-PCR (170-8841, Biorad, California, US). 

The GPX gene expression level along with the constitutively expressed β-actin gene were analyzed using RT-

qPCR (Thermo Scientific, PikoReal 96), with SsoFast Evagreen Supermix (172-5200, Biorad, California, US). 

The qPCR process were carried out through 7 min pre-denaturation at 95 °C; continued by 40 cycles of 30 sec 

of denaturation at 95 °C, 40 sec of annealing at 60 °C, and 60 sec of elongation at 72 °C. Gene expression was 

measured as relative copy number compared to control using ΔΔCT method (Widowati et al., 2018a, 2018b; 

Afifah et al., 2019). The primer sequences of GPX and β-actin gene used in this study can be seen at Table 1 

also the concentration and purity of RNA can be seen at Table 2.

Table 1

Primer sequences.

i The table layout displayed in this section is not how it will appear in the final version. The representation below is 

solely purposed for providing corrections to the table. To preview the actual presentation of the table, please view 

the Proof.



2.8 Statistical analysis

All the experiment was done in triplicate and the data were presented as mean ± standard deviation. Statistical 

analysis was conducted using SPSS software (version 23.0) (IBM Corp, 2015). The significant differences 

between treatments and controls were determined using the Student’s T-Test or Mann Whitney U according to 

normality of the data at significance level 95% (α = 0.05).

3 Results

In this study, liver injury condition was modeled by H
2
O

2
-induced human hepatocellular carcinoma (HepG2) 

cells in vitro·H
2
O

2
 is one of the reactive oxygen species (ROS) molecules that in excess concentration could 

induced oxidative stress (Vilema-Enríquez et al., 2016). ROS are atoms or molecule that have unpair electrons, 

which usually unstable and highly reactive, that can initiate lipid peroxidation, cause trigger inflammation 

response, DNA damage, and induce apoptosis, resulting in injury (Li et al., 2015). Liver injury, caused by 

inflammation, could be detected by several indication, including TNF-α level; apoptotic, necrotic, death, and 

cells percentage; ROS level; and glutathione peroxidase (GPX) gene expression in cells.

3.1 TNF-α level

Gene Symbols Primer Sequences (5′ to –3′)

Upper strand: Sense

Lower strand: Antisense

Annealing (
0

C) Cycle Reference

Β-Actin

5′-TCTGGCACCACACCTTCTACAATG-3′

60 40 Widowati et al. (2018b)

5′-AGCACAGCCTGGATAGCAACG-3′

GPX

5′-CCAAGCTCATCACCTGGTCT-3′

60 40 Fang et al. (2010)

5′-TCGATGTCAATGGTCTGGAA-3′

Table 2

Concentration and Purity of RNA.

Sample RNA concentration (ng/µL)
RNA purity

(λ 260/λ 280 nm)

Negative control 775.70 2.3810

Positive control (H2O2-induced HepG2) 96.40 2.4264

H2O2-induced HepG2 + RBLE 25 µg/mL 67.20 2.4168

H2O2-induced HepG2 + RBLE 100 µg/mL 88.65 2.4068

i The table layout displayed in this section is not how it will appear in the final version. The representation below is 

solely purposed for providing corrections to the table. To preview the actual presentation of the table, please view 

the Proof.



TNF-α is one of the most important cytokines that plays a major role in the pro-inflammatory cytokines cascade 

production (Laksmitawati et al., 2016). It is rapidly released in time of trauma, wound, oxidative stress, or after 

bacterial infection (Parameswaran & Patial, 2010). The concentration of TNF-α level in hepatic cells determined 

its damaging or protective effect on liver injury. Previous study has also shown that TNF-α is involved in 

regulating proliferation and cell death of hepatocytes (Zhao et al., 2020).

Based on the result, DMSO as extract solvent didn’t increase or decrease the TNF-α level significantly 

(P > 0.05) compare to normal cell without any inducer. It means DMSO wasn’t hepatotoxicity to HepG2 cells. 

The effect of RBLE towards TNF-α level of H
2
O

2
-induced HepG2 cells are shown in Fig. 1. The highest 

TNF-α level was exhibited by liver injury model, indicating that inflammation took place and liver damage was 

successfully induced by H
2
O

2
 in HepG2 cells. Treatment with RBLE resulting in a relatively lower TNF-α 

level compared to liver injury model. TNF-α level was reduced significantly in H
2
O

2
-induced HepG2 cells 

treated with 25 μg/mL RBLE. This result shows that RBLE has potential in suppressing TNF-α production, thus 

can be beneficial in liver damage treatment.

3.2 Apoptotic, necrotic, live cells percentage

Apoptotic activities of RBLE towards H
2
O

2
-induced HepG2 cells were analyzed using flow cytometry. The 

analysis reveals the percentage of live cells, apoptotic cells, dead cells, as well as necrotic cells. Results of flow 

cytometry analysis are shown in Fig. 2.

Fig. 1

Effect of RBLE towards TNF-α Level of H2O2-induced HepG2 cells. (A) TNF-α level (pg/mg protein) on H2O2-induced 

HepG2 cells. (B) TNF-α level (pg/mL) on H2O2-induced HepG2 cells. *Data is presented as mean ± standard deviation. (I): 

Control (untreated HepG2 cells); (II): Vehicle control (HepG2 cells + DMSO 1%); (III) LI model (Liver Injury model: H2O2-

induced HepG2 cells); (IV) RBLE25 (H2O2-induced HepG2 cells + RBLE 25 μg/mL); (V) RBLE100 (H2O2-induced HepG2 

cells + RBLE 100 μg/mL). Single star sign (*) marks statistical difference between control group and Liver Injury (LI) model 

group at 0.05 significance level, while single hashtag symbol (#) marks statistical difference for the treatments groups 

compared to Liver Injury (LI) model group at 0.05 significance level.

Fig. 2



Based on the result, DMSO didn’t increase or decrease the percentage of live cells, apoptotic cells, dead cells, as 

well as necrotic cells significantly (P > 0.05) compare to normal cell without any inducer. It means DMSO 

wasn’t hepatotoxicity to HepG2 cells. Based on the result presented in Fig. 2, it is shown that treatment with 

RBLE significantly reduced necrosis, switched the cell death pathway to apoptosis instead. It is evident that 

apoptotic cells in the RBLE treatment groups were significantly higher than the liver injury model, with the 

highest concentration of RBLE resulted in a higher apoptotic index. Overall, treatment with RBLE were able to 

increased live cells percentage and reduced dead cells percentage in the liver injury model.

3.3 Reactive oxygen species assay

The effect of RBLE towards ROS level of H
2
O

2
-induced HepG2 cells are shown in Fig. 3. It was evident that 

liver injury model exhibited the highest level of ROS (24.1  ±  2.54%), indicating that liver damage was 

successfully induced. Treatment with RBLE, both 25 μg/mL and 100 μg/mL, were able to significantly reduce 

ROS level compared to liver injury model (19.9 ± 0.14% and 17.49 ± 0.52%, respectively). It was shown that 

Effect of RBLE towards apoptosis inducing activity of H2O2-induced HepG2 cells. (A) Live cells (%); (B) Apoptotic cells 

(%); (C) Dead cells (%); (D) Necrotic cells (%). *Data is presented as mean ± standard deviation. (I): Control (untreated HepG2 

cells); (II): Vehicle control (HepG2 cells + DMSO 1%); (III) LI model (Liver Injury model; H2O2-induced HepG2 cells); (IV) 

RBLE25 (H2O2-induced HepG2 cells + RBLE 25 μg/mL); (V) RBLE100 (H2O2-induced HepG2 cells + RBLE 100 μg/mL). 

Single star sign (*) marks statistical difference between control and Liver Injury (LI) model group at 0.05 significance level, 

single hashtag (#) marks statistical difference for treatment groups compared to Liver Injury (LI) model group at 0.05 

significance level.



ROS level was gradually decreased along with the increase of RBLE concentration. Even though it was still far 

from the normal cells condition, which is shown by the control group, this result indicates that RBLE has a 

potential as ROS scavenger.

3.4 GPX gene expression level

The effect of RBLE towards GPX gene expression in H
2
O

2
-induced HepG2 cells are shown in Fig. 4. Based 

on this study, it was shown that induction of H
2
O

2
 were resulting in GPX gene expression decrease, as an 

oxidative damage result. Treatment with RBLE 100  μg/mL was could significantly increased GPX gene 

expression (1.55 ± 0.10) relative to liver injury model. However, treatment with 25 μg/mL were not able to 

increase GPX gene expression (0.66 ± 0.11).

Fig. 3

Effect of RBLE towards ROS percentage of H2O2-induced HepG2 cells. *Data is presented as mean ± standard deviation. 

(I): Control (untreated HepG2 cells); (II) LI model (Liver Injury model; H2O2-induced HepG2 cells); (III) RBLE25 (H2O2-

induced HepG2 cells + RBLE 25 μg/mL); (IV) RBLE100 (H2O2-induced HepG2 cells + RBLE 100 μg/mL). Single star sign 

(*) marks statistical difference between control group and Liver Injury (LI) model group and at 0.05 significance level, single 

hashtag (#) marks statistical difference in treatment groups compared to Liver Injury (LI) model group at 0.05 significance 

level.

Fig. 4

Effect of RBLE towards GPX gene expression of H2O2-induced HepG2 cells. *Data is presented as mean ±  standard 

deviation. (I): Control (untreated HepG2 cells); (II): LI model (Liver Injury model; H2O2-induced HepG2 cells); (III) RBLE25 

(H2O2-induced HepG2 cells + RBLE 25 μg/mL); (IV): RBLE100 (H2O2-induced HepG2 cells + RBLE 100 μg/mL). Single 

star sign (*) marks statistical difference for control group compared to Liver Injury (LI) model group 0.05 significance level, 

single hashtag (#) marks statistical difference for treatment groups compared to Liver Injury (LI) model group at 0.05 

significance level.



4 Discussion

RBLE mainly contains flavonoids, tannins, saponins, and alkaloid (Maslikah et al., 2016). Ethanolic extract of 

red betel leaves that obtained by Soxhlet extraction has been reported to contain neophytadiene, propionic acid, 

and elemicin (Anugrahwati et al., 2016). Based on Gas Chromatography-Mass Spectrometry (GCMS) analysis 

on several varieties of piper betel plants, it has been known that piper betel leaves extract possess at least 10 

different phytochemicals, mainly eugenol and hydroxychavicol (Begam et al., 2018). A study from Lister et al. 

(2019a) has demonstrated that RBLE along with its compound, hydroxychavicol and eugenol, have antioxidant 

activity as indicated by their ability in scavenging DPPH and H
2
O

2
; as well as reducing ABTS and FRAP.

The production of ROS inside of cells are tightly regulated by enzymes, and are usually produced in 

low/moderate concentration. Excess ROS and failure decomposition of free radicals by antioxidant enzymes 

may lead to liver injury (Ismail et al., 2010; Kaur et al., 2019). The hydrogen peroxide induction clearly induced 

oxidative stress in hepatic cells as the result shown an increase in ROS level of H
2
O

2
-induced HepG2 cells 

(24.10  ±  2.54%). Hydrogen peroxide could passes freely through the plasma membrane and act as an 

intracellular ROS major source. In normal condition, H
2
O

2
 would be transformed into water by glutathione 

peroxidases by using it to oxidize reduce GSH into gluthatione disulfide (GSSG). In case of excessive ROS 

level, the hydrogen peroxide could be transformed into a highly reactive hydroxyl radical (HO
−

) with the 

presence of transition metals such as iron (Fe
2+

) and copper (Cu
+

). These free radicals could directly induce 

DNA damage and lipid peroxidation resulting in oxidative stress (Shimizu et al., 2012; Zhang et al., 2018). Our 

study revealed that RBLE treatment were able to significantly decreased ROS level, even though it was still far 

from normal condition (Fig. 3). This result supported previous study which stated that RBLE possess antioxidant 

activities that might be beneficial for liver injury medication. It seemed that RBLE affects ROS level in a dose-

dependent manner, as higher concentration resulted in lower ROS level (Lister et al., 2019a, 2019b).

ROS are tightly regulated by various enzymes and proteins, such as superoxide dismutase (SOD), catalase 

(CAT), and GPX under normal conditions (Shehat and Tigno-Aranjuez, 2019). Glutathione peroxidase is an 

enzyme family responsible in converting hydrogen peroxide (H
2
O

2
) into less harmful chemicals, mainly water. 

There are at least 8 isoforms of GPX, 1 to –8, present in cells. GPX1 is the most abundant form of the enzyme 

and present virtually in cells. GPX is also referred to as selenocysteine peroxidases as most of it depends on 

selenium for its activity (Ighodaro and Akinloye, 2018). The production of GPX enzymes are controlled by 

GPX gene family expressions that have been known to be regulated by several mechanisms, including oxidative 

stress (Lubos et al., 2011). The oxidative stress caused by excessive intracellular H
2
O

2
 has been well 

documented resulted in decrease of GPX enzymes activity and increase gene expression as a consequent of ROS 

activity (Bak et al., 2014). However, H
2
O

2
 exposure at very high concentration (15 mM) resulted in decrease of 

GPX gene expression as exhibited by the liver injury model in this study (Fig. 4). Miguel et al. (20082009) had 

reported that acute liver injury condition, caused by exposure of H
2
O

2
 at high concentration in HeLa cells, 

decreased Se:GPx enzymes activity. Our results suggested that acute liver injury condition might also play role in 

down-regulating GPX gene expression. Treatment with RBLE at high concentration (100 μg/mL) resulted in a 

significant increase of GPX gene expression, even higher than the normal cells. It seemed the antioxidants 

properties of RBLE helped in decreasing free radicals level inside of cells to a tolerable level and thus inducing 

the normal antioxidant response.

Previous studies have shown that inflammation and oxidative stress are interconnected process and involved in 

many pathological conditions including liver injury, cardiovascular, and kidney, as well as cancer (Biswas et al., 

2007; Reuter et al., 2010; Ambade & Mandrekar, 2012; García et al., 2017). Cross-talk between ROS and TNF-



α seemed to be the key factors on how these phenomenon could be interconnected. Li et al. (2015) was reported 

that the pro-inflammatory cytokine shown to play a major role in liver damage initiation. Intracellular ROS 

activate NF-kB protein and subsequently increase TNF-α expression. On the other hand, TNF/TNFR 

engagement induce JNK signaling pathway that lead to mitochondrial ROS production through its binding with 

SAB protein. TNF-α also activates Caspase 8, ROMO1, and BclXl proteins that reduce mitochondrial 

membrane potential, inducing more ROS production. This mitochondrial ROS induce intrinsic signaling 

pathway of apoptosis (Sabio and Davis, 2014Sabio and Davis, 2014; Blaser et al., 2016). In this study, RBLE 

treatment showed its potential as anti-inflammatory agent by successfully decreased TNF-α level in H
2
O

2
-

induced HepG2 cells. Lower RBLE concentration showed stronger anti-inflammatory effect as it was resulting 

in significantly lower TNF-α level (163.51  ±  30.54  pg/mg protein) compared to higher concentration 

(176.80 ± 30.96 pg/mg protein) (Fig. 1).

Hepatocellular death is considered as an important process involved in the liver injury progression. Several types 

of cell deaths, whether controlled or not, have been reported to take place side by side in the development of the 

injury. Apoptosis, necrosis, and necroptosis are the types of cell deaths that involved in the process (Luedde et 

al., 2014; Weng et al., 2015).

Apoptosis is one of programmed cell death phenomenon known by several characteristics including cells 

shrinkage and DNA fragmentation. The generation of ROS is one of the effective mechanism which leads to 

apoptosis (Kaur et al., 2020a). Apoptotic cells are engulfed by macrophage to prevent intercellular component 

leakage, thus not affecting neighbor cells. There are two possible pathway of apoptosis that has been identified 

in mammalian cells, which are intrinsic and extrinsic pathways. Intrinsic pathways, also known as mitochondrial 

pathway, is regulated mainly by Bcl2 proteins family. Bcl2 inhibits Bac/Bax activation that responsible in 

inducing cytochrome c release from mitochondria. In case of apoptotic stimulus, such as oxidative stress, Bac 

and Bax are activated resulting in cytochrome c release. Cytochrome c together with Apaf-1 and Caspase9 

assembling an apoptosome which then activates caspase 3 who act as the executioner. It has been reported, 

caspases play a crucial role in maintaining the homeostasis through the regulation of inflammation and cell death 

(Kaur et al., 2020b). Meanwhile, extrinsic pathway is triggered by the binding between death factors (such as 

TNF-α and FasL) to its receptor. In hepatic cells, this interaction activates caspase 8 and inhibits Bcl 2 protein, 

subsequently inducing intrinsic cell death pathway as described previously (Nagata, 2018).

In this study, it was shown that induction of H
2
O

2
 was causing cell deaths through necrosis (26.15 ± 0.31%) 

rather than apoptosis (1.81 ± 0.12%) in liver injury model (Fig. 2). This seemed to be the case as the induction 

of H
2
O

2
 was conducted in high concentration, thus triggered acute liver injury instead of chronic condition. 

Many studies have revealed that necrosis is an important process involved in acute liver injury cases (Weng et 

al., 2015; Luedde et al., 2014). High amount of free radicals might induce mitochondrial permeability transition 

(MPT) and thus opening mitochondrial pore that lead to mitochondrial swelling. This condition affects adenosine 

triphosphate (ATP) availability, as the amount of functional mitochondria were also decrease. It has been known 

that lack of energy source, in this case ATP, could switch apoptosis pathway to necrosis. Depletion of ATP 

subsequently causing failure of ATP-dependent ion pumps, thus triggering cell and organelles swelling and 

induce the formation of membrane “blebs” leading to cell rupture (Duprez et al., 2009; Luedde et al., 2014).

In this study, treatment with RBLE successfully shifted hepatic cell death pathway from necrosis to apoptosis. It 

was shown that necrotic cells percentage were significantly decreased, while the apoptotic cells percentage of 

RBLE treatment groups were significantly higher than liver injury model. This result demonstrated RBLE 

properties as anti-inflammatory agent, as apoptosis has known to trigger lower inflammation response compared 



to necrosis (Luedde et al., 2014). RBLE treatment were also able to decrease dead cells percentage, and 

subsequently improve cells condition as shown by the significant increase of live cells percentage.

Based on this study, it was evident that RBLE demonstrated its hepatoprotective effect through its antioxidant 

and anti-inflammatory activities. RBLE has been proven to contain many phytochemicals that could be potential 

to be used for liver injury medication. RBLE compouds, Eugenol and hydroxychavicol, have been studied for 

their antioxidant activities. Eugenol (4-allyl-2-methoxyphenol) is a phenolic compound belongs to class of 

phenylpropanoids (Barboza et al., 2018). It is widely known for its pharmacological properties including 

antioxidant, anti-inflammatory, antitumor, and antibacterial activity (Kim et al., 2003; Hamed et al., 2012; Dervis 

et al., 2017). Hydroxychavicol has been suggested as antimutagenic, anticarcinogenic, antioxidant, anti-

inflammatory, and chemopreventive agent (Ali et al., 2010). As the most abundant compounds of RBLE, 

eugenol and hydroxychavicol, is suggested to be the reason of RBLE antioxidant and anti-inflammatory 

activities in this study. Their free radicals scavenging ability, as demonstrated by Lister et al. (2019a, 2019b) 

previously, seemed to neutralize HO
−

 in H
2
O

2
-HepG2 cells and thus improving cells condition under oxidative 

stress. Based on our study and literature review, we proposed a mechanism on how RBLE could act as 

hepatoprotective agent in liver injury (Fig. 5).

5 Conclusion

RBLE treatment could decrease TNF-α level, necrotic cells percentage, death cells percentage, and ROS level 

leading to higher apoptotic and live cells percentage; as well as increase GPX gene expression in H
2
O

2
-induced 

Fig. 5

Proposed mechanism on how RBLE could act as a hepatoprotective agent in liver injury model ·H2O2  is transformed into 

hydroxyl radical (HO*) through Fenton reaction with the presence of transition metal such as iron and copper. Under normal 

condition, H2O2  is neutralized by Glutathione Peroxidase (GPX) enzymes activity through oxidation of GSH into GSSG. It 

seemed that excessive H2O2  lead to down regulation of GPX gene expression. Hydroxyl radical activates NFkB that lead to 

TNF-α production. TNF/TNFR engagement induces production of catalase (CAT) and superoxide dismutase (SOD) and thus 

increasing extracellular H2O2 . Meanwhile, TNF-α also induced JNK signaling pathways, resulting in increased mitochondrial 

ROS and lead to activation of Caspase 9 and apoptosis executioner, Caspase3. On the other hand, high amount of HO*
−

 

triggers mitochondrial permeability transition (MPT), causing mitochondria to swell, and suppress ATP production. This 

pathway lead to unregulated cell death, necrosis; increase inflammation; and promote cell death. Lack of ATP also affects 

apoptosis pathway and switch it into necrosis instead. If this condition left untreated, liver injury could take place. Treatment 

with RBLE could neutralized HO* in cells and thus lowering necrosis, shifted the cells death pathway to apoptosis which 

induce lower inflammation response instead. Subsequently, RBLE treatment could increase the survival of hepatic cells.



liver injury model. Low concentration of RBLE (25 μg/mL) exhibited best anti-inflammatory properties as it had 

the lowest TNF-α level and increased live cells percentage by shifting cell death pathway from necrosis to 

apoptosis. While high concentration of RBLE resulted in lowest ROS level and highest GPX gene expression, 

indicating its antioxidant properties.
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