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Chinese betel herb (Peperomia pellucida) contains secondary metabolites, such as alkaloids,
flavonoids, phenolics, tannins, saponins, and terpenoids with pharmacological potential.
Therefore, this study aims to evaluate the hepatoprotective effect of ethanol extract of P. pelluica
herb (EPP) on liver damage caused by CCl4 toxicity. The test was conducted for twenty-one days
on 30 male Wistar rats divided into six groups, namely normal control (Na CMC 0.5%), negative
control (CCls 1 mL/kg BW), positive control (Silymarin 100 mg/kg BW), EPP test treatment
group with doses of 100, 200, and 400 mg/kg BW. The protective effect of the extract was
evaluated based on liver biochemical parameters, macroscopic analysis, and histopathology. The
study showed that the EPP group experienced a significant decrease in SGPT, SGOT, ALP, and
Total Bilirubin levels. Macroscopic observations and liver organ indices showed liver criteria that
resembled normal. Meanwhile, histopathology analysis showed a linear improvement in liver
tissue structure with increasing doses. EPP herb can potentially protect the liver from damage
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caused by CCl4 hepatotoxicity.
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Introduction

The liver is the center of metabolism and the main organ responsible for
detoxifying various toxins that enter the body. Due to its complex
functions, the liver has been reported to be highly susceptible to
damage. Many risk factors can trigger oxidative stress, such as chemical
compounds, biological agents, radiation, alcohol, and environmental
pollutants. Untreated oxidative stress can trigger various types of liver
diseases, including fatty liver, cirrhosis, fibrosis, and cancer, which
cause community health problems worldwide.*® In addition, liver
dysfunction is a prevalent issue in the world of health. Based on World
Health Statistics (2024), it is estimated that approximately 304 million
people in the world suffer from chronic hepatitis B and C. In 2022, there
were 2.2 million new cases of hepatitis, of which 1.2 million were
hepatitis B and 1 million were hepatitis C.# In Indonesia, data from the
2023 Indonesian Health Survey showed that the prevalence of hepatitis
was 0.12% or 877.531 people.® This figure is relatively large,
demonstrating the need for preventive measures against diseases related
to liver function.In recent years, several hepatoprotective agents have
been developed from natural products to prevent and treat various
diseases.® Medicinal plants and their secondary metabolite content,
including lignans, alkaloids, phenolics, and flavonoids, play an essential
role as hepatoprotective agents.
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The use of products from medicinal plants in treating liver injury is
increasingly popular due to their effectiveness, efficacy, and safety.
Several in vitro and clinical studies have shown that medicinal plant
extracts can reduce liver damage caused by chemicals.® A plant that has
the potential to protect liver function or serve as a hepatoprotector is
Peperomia pellucida L. (Piperaceae), also known as sirih cina in
Indonesia. P. pellucida is traditionally used by various cultures
worldwide to treat various diseases, such as conjunctivitis, seizures,
fatigue, fever, headache, gout, rheumatoid arthritis, skin diseases, high
blood cholesterol levels, and breast cancer.”® In addition, the plant is an
annual weed that is widespread in tropical and subtropical regions,
including Central and South America, Africa, Southeast Asia, and
Australia. Due to its wide distribution, this species is not threatened with
extinction. P. pellucida has been reported to contain diverse
phytochemicals, namely terpenes, polyphenols, flavonoids, and
alkaloids. These phytochemicals contain various pharmacological
potentials that produce different pharmacological activities, such as
antibacterial, antihypertensive, antioxidant, anti-inflammatory,
antihyperglycemic, antihypercholesterolemic, and antiangiogenic.”°
Therefore, this study aims to evaluate the protective effect of P.
pellucida on test animals induced with hepatotoxicity using carbon
tetrachloride (CCla).

Materials and Methods

Plant Material and Chemicals

Samples were obtained in the Indralaya area, Ogan Ilir Regency, South
Sumatra. Plant identification was carried out at the Andalas University
Herbarium  with ~ voucher  number  407/K-1D/ANDA/2024.
Subsequently, the Chinese betel herb was sorted, washed, and dried in
indirect sunlight. The chemicals used included 96% ethanol
(Brataco®), silymarin (Hubei Nokete Pharmaceutical, Singapore), CCls
(Sigma Aldrich®), Carboxymethylcellulose Sodium, olive oil, kit
reagents for  aspartate  aminotransferase = (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP) and total
bilirubin; hematoxylin-eosin (HE) staining.
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Extract Preparation

P. pellucida powder was extracted using the maceration method with
96% ethanol solvent. A total of 500 g of P. pellucida powder was placed
into a vessel and 96% ethanol (3 L) was added. Furthermore, it was
filtered using filter paper, the residue was re-macerated (2 x 2 L). The
extract was concentrated with a rotary evaporator (Biobase®) to obtain
a thick P. pellucida extract (EPP).

Experimental animals

Thirty male Wistar rats (190-210 g) were acclimatized for one week to
adapt to the laboratory environment. The Ahmad Dahlan University
Ethics Committee approved the procedure for handling test animals
with No. 022410140. Animals were randomly divided into six groups
(n=5). The extract was tested at three levels of EPP doses, namely 100,
200, and 400 mg/kg BW. The hepatoprotective effect of EPP was
compared to normal control (Na-CMC 0.5% p.o), positive control
(silymarin 25 mg/kg BW p.0), and negative control-induced
hepatotoxic but not treated. This test was preventive; all test animals
were treated according to their group for 21 days. On the 22nd day, the
animals were induced using hepatotoxic with CCls 1 mL/kg BW (i.p),
except for the normal group. The following day, blood was obtained
through the retro-orbital vein to measure the levels of liver biochemical
parameters. Furthermore, the animal dissection was performed for
macroscopic observation and histopathology of the liver organ.t?

Measurement of Liver Biochemical Parameter Levels

The liver biochemical parameters (SGPT, SGOT, ALP, and Total
Bilirubin) were measured using a biochemical analyzer (BioSystem
BA200®). A total of 4 mL of blood was centrifuged for 10 minutes
(3000 rpm) until the serum was separated from the plasma. This serum
was taken and used to measure SGPT, SGOT, ALP, and Total Bilirubin
levels. A total of 100 pL of serum was added to 1000 pL of the reagent
kit. The absorbance of SGPT and SGOT was read at a wavelength of
365 nm, ALP at 405 nm, and total bilirubin at 546 nm.*3

Macroscopic Observation of the Liver

The liver sample was collected and washed using physiological NaCl
0.9% (b/v). Macroscopic observations of the liver were conducted on
the color, texture, and weight. The liver weight ratio (Liver Index) was
calculated using the equation: (liver weight)/(rats body weight) x
100%.

Histopathology Observation of the Liver

Histopathology observation was carried out using standard procedures
through several stages, namely fixation, dehydration and clearing,
embedding, sectioning, as well as mounting and staining. The liver
organ was fixed in 10% formalin buffer solution, then dehydrated using
alcohol with graded concentrations (70% to 10%), followed by clearing
using xylol. Furthermore, the process was continued by embedding the
liver into liquid paraffin and allowing it to harden. The sample was cut
using a microtome with a thickness of 4 to 5 um, then attached to a glass
object and stained with HE.*?

Data Analysis

The test result data was processed using SPSS 25.0 software, normality
was tested with Shapiro-Wilk, and the value was considered to represent
the population or normally distributed when p>0.05. This study's
analysis was continued with a one-way ANOVA test for normally
distributed data. Furthermore, the Post Hoc Tukey HSD test was used
to determine the significance of the data between treatment groups.

Results and Discussion
Extraction of 500 grams of Chinese betel herb simplicia produced 99.04
g of EPP extract, with a yield percentage of 19.81%.

Biochemical Parameters

The test results showed that liver biochemical parameter data were
normally and homogeneously distributed (p > 0.05) in all groups. The
results of the one-way ANOVA test, data on ALT, AST, ALP, and total
bilirubin levels showed a p-value <0.05, showing a significant
difference between treatment groups. As shown in Figure 1, CCL4
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induction significantly caused hepatotoxic effects, marked by increased
transaminase and ALP enzymes. The diseased group (CCL4) showed
high levels of ALT, AST, ALP, and total bilirubin, significantly
different from the normal control and silymarin groups (p <0.05). EPP
administration could not reach the same level as the silymarin group (0
<0.05), but at a dose of 400 mg/kg BW, it could reduce ALT levels by
up to 50% (p <0.05). Meanwhile, EPP significantly reduced AST levels
at a dose of 400 mg/kg, there was no difference from the silymarin
control group (p>0.05), as well as ALP levels.
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o
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ALP (UIL)

Billirubin Total (mg/dK)

Figure 1: Effect of P. pellucida extract on changes in liver
biochemical parameters. Description: Small letters above the
graph showed significant differences (p<0.05) in (a) the normal
group; (b) the negative control group; and (c) the positive
control group.

The liver was the primary organ for the metabolism of several types of
xenobiotics, involving various biochemical processes such as oxidation,
reduction, hydrolysis, hydroxylation, sulfonation, acylation, and
conjugation. In this study, the liver's metabolic function could be
disrupted due to injury caused by various hepatotoxins such as CCla,
acetaminophen, thioacetamide, and ethanol.** Among hepatotoxic
compounds, CCls is a common toxin used to evaluate the
hepatoprotective properties of a substance, because it produces damage
similar to the pathology involved in human liver disease.? Furthermore,
CCL4 hepatotoxicity produced metabolic and morphological changes
with high reproducibility.'*15 CCLa4 is metabolized in the liver
endoplasmic reticulum by cytochrome P450 to trichloromethyl radical
(CCLyY), then forming trichloromethyl peroxyl radical (CCls02").1416
This radical is highly reactive; as a result, it causes lipid peroxidation
and inhibits antioxidant enzymes, leading to oxidative stress,
inflammation, apoptosis, and necrosis.*® Lipid peroxidation is
characterized by leakage of liver enzymes such as transaminase and
ALP into the blood. This study proved that CCL4 caused an increase in
ALT, AST, and ALP enzyme levels in the negative control group
(Figure 1). An increase in these enzyme levels was a sign of liver injury
due to loss of hepatocyte membrane integrity.'619 A significant decrease
(p <0.05) in transaminase levels observed in mice treated with EPP
doses of 200 and 400 mg/kg showed the inhibitory effect of
hepatocellular injury by P. pellucida extract. Although unable to reach
normal levels or effects equivalent to silymarin control, EPP,
specifically at a dose of 400 mg/kg BW, could significantly reduce ALT
and AST levels, reaching half to a quarter of the CCL4 control values.
The results of this study strengthened the report that P. pellucida extract
did not cause hepatotoxic effects, although, in the study, there were no
hepatotoxic inducing agents other than distilled water.?’ The AST and
ALT values from this study were smaller when compared to the
reported AST and ALT values,® but were within the normal range of
AST and ALT values ?* and the changes shown were consistent with the
previously reported hepatoprotective effects.’® Therefore, the
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significant decrease (p < 0.05) in ALP observed in EPP-treated rats
could be a clinical indication of cholestasis inhibition by extract.'!??
At 200 and 400 mg/kg doses, EPP also reduced total bilirubin levels,
although it could not reach values like the normal group (p<0.05), the
effect was no different from the silymarin group (p>0.05) (Figure 1).
Total bilirubin is the sum of conjugated and unconjugated bilirubin in
the blood.*® In hepatotoxic conditions, serum bilirubin levels increase
due to inadequate absorption of bilirubin by the liver.!* This study
showed high bilirubin levels in negative control rats compared to
normal controls. In contrast, groups treated with EPP extract at 200 and
400 mg/kg doses showed a significant decrease in bilirubin levels (p <
0.05). These results were similar to other studies showing that
administration of plant extracts decreased bilirubin after hepatotoxic
induction with CCla.2® The decrease in the value of these biochemical
parameters was attributed to the presence of phytoconstituents in the
extract, such as phenolic, flavonoids, terpenes, and alkaloids, that could
protect the hepatocyte membrane.!*°

Liver Organ Macroscopic

The results of macroscopic observations of the liver are shown in Figure
2. The normal group generally showed normal liver conditions with a
reddish-brown color, smooth surface, no spots, and no nodules on the
surface. In contrast, the liver organ of the negative control group
showed abnormal liver architecture, namely a paler color, a spotted
surface, and nodules were found. The formed nodules showed necrosis
or cell death in the liver tissue. Meanwhile, the EPP and silymarin
groups showed macroscopic images of the liver organ that were similar
to the normal group (Figure 2).

V<D

Silymarin + CCl4

Normal Control Negative Control

299

EPP 400 mg/kg + CCl4

EPP 100 mglkg + CCl4 EPP 200 mg/kg + CCL4

Figure 2: The effect of P. pellucida extract on the macroscopic
profile of the liver induced by CCl, hepatotoxicity. In the
negative control group, nodules were found (yellow circles).

The relative weight of the liver (Liver Index) is presented in Table 1.
The results of the normality and homogeneity tests of the liver index
showed that the data were normally distributed and homogeneous
(p>0.05). The analysis results with one-way ANOVA showed that the
liver index data exhibited significant differences between groups
(p<0.05). Tukey HSD analysis showed that the negative control group
was significantly different from the normal group, positive control, and
treatment group (p<0.05). The administration of EPP showed a change
in the value of the liver organ ratio approaching normal, consistent with
the increase in dose. Although it could not reach the equivalent of the
normal group and silymarin control (p<0.05), the administration of EPP
showed a significant decrease and was different from the negative
control group (p<0.05), as presented in Table 1. The organ index was a
more sensitive value than organ weight.?* The large liver index value in
the CCL4 control group (Table 1) showed an increase in liver mass,
which was associated with fat accumulation and liver tissue
disintegration.®> Animals treated with EPP showed a liver organ profile
that was similar to normal, and an organ index that decreased with
increasing dose.
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Table 1: Effect of P. pellucida extract on liver index

Groups Liver Index (%)
Normal control 2.33£0.05°
Negative control 3.53 £0.142¢
Silymarin + CCls 2.38 £0.07°
EPP 100 mg + CCl4 3.09 + 0.052b¢
EPP 200 mg + CCl4 2.85 +0.0720¢
EPP 400 mg + CCl4 2.58 +0.1180¢

Description: Data were presented as mean (n =5) + SD. The lower-case
letters of the liver index values showed significant differences (p <0.05)
among (a) the normal group, (b) the negative control group, and (c) the
positive control group.

Liver Microscopy

Histopathological examination was conducted to confirm the results of
biochemical analysis and macroscopic observations. CCL4 is a liver
toxin that could cause direct damage to hepatocytes, causing necrosis,
inflammation to cirrhosis, and carcinoma.?®?® In this study, the
administration of EPP extract significantly improved the structure of
liver tissue induced by CCla. The higher the extract concentration, the
better the liver architecture. Figure 3 shows the results of histological
observations on the liver, and the results of the analysis of the level of
tissue damage are presented in Table 2.

Table 2: Assessment of the analysis results of the level of liver
organ damage

Groups Steatosis Inflammation Necrosis
Normal control 0 0 0
Negative control 3 3
Silymarin + CCls 0 0 0
EPP 100 mg + CCl4 2 1 2
EPP 200 mg + CCl4 1 1 0
EPP 400 mg + CCl4 0 1 0

Figure 3: Histopathological image of the liver of animals
induced by hepatotoxicity and treated with EPP (H&E;
magnification 400 times (a) Normal Control, (b) Negative
Control, (c) Positive Control, (d) EPP 100 mg/kg, () EPP 200
mg/kg, (f) EPP 400 mg/kg.

Description: == Steatosis; == Inflammation; Necrosis

The histopathological analysis of the liver showed no morphological
changes in the normal group, indicating no steatosis, inflammation, or
necrosis. The liver architecture appeared intact, and hepatocytes,
sinusoids, central veins, and portal veins were in normal condition
(Figure 3a). The negative control group showed damage to the liver
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tissue in the form of steatosis, inflammation, and necrosis (Figure 3b).
Steatosis formed in the tissue exceeded 60%, and necrosis was more
than 50% of the tissue. These results were consistent with the study of,?
that CCls triggered the formation of steatosis in liver tissue. Steatosis
refers to a condition in which more than five percent of hepatocytes
experience fat accumulation.'! Although it was reversible, but when the
damage was severe enough and lasted a long time, it became
irreversible in the form of necrosis.!® In the negative control,
inflammatory cells were also found to spread throughout the liver tissue
(diffuse) with grade 3. This inflammation was characterized by the
accumulation and activation of Kupffer cells in the sinusoid area and
could be due to the entry of CCls into liver cells, activating Kupffer
cells, which then release pro-inflammatory cytokines such as TNF-a
and nitric oxide. Untreated inflammation progressed to necrosis.*®
However, no inflammation and necrosis were found in the positive
control group; hepatocyte cells in this group were similar to normal
(Figure 3c). Meanwhile, in the EPP group with a dose of 100 mg/kg
BW (Figure 3d), steatosis, inflammation, and necrosis were found,
ranging from 31 to 60% steatosis, mild inflammation, and less than 10%
necrosis. In the EPP group with a dose of 200 mg/kg BW, steatosis and
inflammation were found with a mild grade, and no necrosis (Figure
3e). Histopathological observations showed that inflammation and
steatosis were significantly reduced in rats treated with 400 mg/kg BW
EPP (Figure 3f); this group showed normal hepatocyte cells and were
polygonal in shape with extensive granular cytoplasm, no steatosis or
necrosis was found, but there was still inflammation with a mild grade.
These changes were consistent with the improvement in liver cell
structure due to CCls, which was produced by date fruit extract.*

The protective effect produced by EPP was associated with extract's
antioxidant and anti-inflammatory activities. The underlying
mechanisms of its efficacy were antioxidant, anti-inflammatory, free
radical scavenging, and the ability to block oxidative stress, cytokine
production, and stabilize liver cell membranes.® EPP had been reported
to increase levels of catalase, SOD, and glutathione enzymes and
decrease levels of IL-6 and TNFa in mice exposed to aluminium
chloride toxicants.”?® The main phytoconstituents of P. pellucida that
produced effects were alkaloids, flavonoids, sterols, triterpenoids,
phenols, and quinones.®?” Flavonoid compounds, vitexin, isovitexin,
isoswertisin, pellucidatin, and caryatin rhamnoside, as well as various
lignan compounds such as sesamin, piperomine A-E from P. pellucida
extract, contributed to antioxidant and anti-inflammatory effects to
extract.?® Vitexin and isovitexin showed anti-inflammatory activity
through activation of the MAPK signaling pathway and inhibited the
secretion of COX-2, IL-1B, IL-6, MCP-1, and TNF-a.2° Furthermore,
Dillapiole and apiole isolated from P. pellucida were anti-
inflammatory, and benzodioxol was the group that played a role in the
activity.%® The main terpenes in P. pellucida, such as a-terpineol and
phytol, could attenuate the expression of IL-6 receptors, and suppress
the secretion of TNF-a and IL-1B, which led to reduced leukocyte
migration.®3!  Suppression of inflammatory marker expression
attenuated the activation of the JAK-STAT and NF-jB signaling
pathways. The antioxidant and anti-inflammatory mechanisms that had
been reported could explain the protective mechanism shown by P.
pellucida extract against liver injury caused by CCLa.

Conclusion

In conclusion, the results of this study show that the ethanol extract of
P. pellucida had the potential to protect the liver organs of rats induced
by hepatotoxicity with CCls. The results suggested that P. pellucida
extract may be used as a new hepatoprotective herb and had the
potential to be used as a functional food.
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