Journal of Biomedical and Pharmaceutical Research | ISSN (Online): 2279-0594
Available Online at www.jbpr.in | ISSN (Print): 2589-8752
CODEN: - JBPRAU (Source: - American Chemical Society) ﬁ
NLM (National Library of Medicine): ID: (101671502) @
Index Copernicus Value 2022: 83.058 L
Volume 13, Issue 2; 2024, 39-50

Original Research Article

Hepatoprotective Activity of Piper crocatum (Ruiz &Pav.) Leaves
Against Monosodium Glutamate -Induced Hepatotoxicity in Rats

Sri Endarti Rahayu', Bayu Kharisma', and Suprihatin’

Faculty of Biology and Agriculture, Universitas Nasional Jakarta, JI. Sawo Manila No. 61, Pejaten,
Pasar Minggu, Jakarta Selatan, Indonesia.

Article Info: Received: 14-01-2024 / Revised: 18-02-2024 / Accepted: 28-03-2024
Address for correspondence: Sri Endarti Rahayu
DOI: https://doi.org/10.32553/jbpr.v13i2.1070
Conflict of interest statement: No conflict of interest
Abstract:
Monosodium glutamate (MSG) is widely used as additive in food. Excess consumption of MSG was
reported to cause oxidative stress on liver resulted increased production of reactive oxygen species
(ROS). Without proper treatment, it can induce liver injury and fatal hepatic diseases, including
cirrhosis. Red betel (Piper crocatum Ruis and Pav.) is one of Indonesia’s medicinal plants that has been
known to exhibit antioxidant activity. The current study evaluated hepatoprotective effect of red betel
leaves extract (RBLE) towards liver injury. Animals (n=5 per group) were randomly divided into five
groups as follows: Group 1, control (distilled water); group 2, negative control, receive 7 mg/kg bw of
MSG; group 3, receive oral 7g/kg b.w of MSG plus 200 mg/kg bw RBLE; group 4, receive oral 7g/kg
b.w of MSG plus 400 mg/kg b.w RBLE and group 5, receive oral 7g/kg b.w of MSG plus 600 mg/kg
b.w RBLE. The rats were sacrificed on twenty-ninth day of the experiment. Measuring serum levels of
aspartate aminotransferase (AST) and alanin aminotransferase (ALT) was done. Histopathological
examination of liver was performed by calculated necrosis cell percentage. RBLE treatment (200
mg/kg b.w) decrease alanin aminotransferase and aspartate aminotransferase demonstrated increased
compare to negative control. The histological findings revealed RBLE treatment were also able to
decrease necrosis cells percentage. The study was able to demonstrate that RBLE treatment could
decrease necrotic cell percentage. Low concentration of RBLE (200 mg/kg b.w) exhibit best anti-
inflammatory properties and had the lowest ALT enzyme and increased live cell percentage by shifting
cell death pathway from necrosis to apoptosis, and these indicating its antioxidant properties. These
results could be used as a baseline in the purification of red betel bioactive components to be used for
liver injury medication.
Key words: Antioxidant, hepatoprotective, histopathology, liver enzymes, MSG, red betel.

Introduction

Food additives have been used to keep the
quality, texture, consistency, taste, colour,
alkalinity or acidity of foods to make them more
acceptable to the users. Their use has reached
alarming proportions and humans are daily
exposed to these chemical substances in their

foods without defining the exact and safe limit.
Glutamate is found in wide variety of foods and
as a result of its flavour enhancing effects,
glutamate is often deliberately added to foods
usually as purified monosodium salt called as
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monosodium glutamate or MSG (Zia et al.,
2014).

Monosodium L-Glutamate (MSG) is a white
crystal-like substance that contains 78% of
glutamic acid, 22% of sodium and water
(Alalwani, 2014). The Majority, MSG used as a
food additive in everyday life. MSG can increase
the taste of umami in food and stimulated of
appetite (Henry, 2017). Monosodium glutamate
(MSG) is common marketed under such trade
name as Ajinomoto, Vetsin (Beyreuther ef al.,
2007).

Glutamate, when bound to proteins, is tasteless.
When free glutamate dissociates from proteins;
during the processes of fermentation, ripening
and cooking, the sweet umami taste and flavor
becomes perceptible. Large quantity of
glutamate are present in cheese, mushrooms and
tomatoes and thus used to enrich the flavor and
taste of foods (Oyetunji, 2013).

Commercially MSG is produced by molasses
fermentation and it is used in home cooking,
restaurants and for industrial food production
(Farombi & Onyema, 2006). In general, the
natural glutamic acid in food is not harmful,
while the synthetic free glutamic acid is toxic
(Geha et al., 1998). Although MSG has been
classified by FDA that’s generally recognized as
safe, its use remains controversy (Ortiz et al.,
2006).

The interest in adverse reaction of MSG is
Chinese restaurant syndrome which is
characterized by headache, flushing, numbness,
muscle tightness, generalized weakness and
bronchoconstriction in asthmatics (Cortese &
Phan, 2005). In high doses, MSG can produce
neuroendocrine abnormalities, neuronal
degeneration (Moreno et al., 2005) and
oxidative damage in different organs (Farombi
& Onyema, 2006; Pavlovic et al., 2007). Also,
retinal degeneration, stroke, epilepsy, brain
trauma, neuropathic pain, schizophrenia anxiety,
depression, Parkinson’s disease, Alzheimer’s
disease, Huntington’s disease and amyotrophic
lateral sclerosis are reported (Samuels, 1999).
Despite of all the above reported adverse
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outcome associated with use of MSG, the safe
concentration of MSG in food and its toxicity in
human is still controversial issue.

The liver plays a major role in metabolism of
xenobiotics including glutamate. The by-
product of such metabolism could lead to liver
injury and emergence of liver diseases (Ishak,
1991). Prolonged exposure to exogenous
substance, such as drugs 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). ROS have
oxygen content and can react easily with other
molecules, and ROS can cause damage to DNA,
RNA and protein, and even cause cell death.
Thus, they can affect the functioning of the liver,
especially in biotransformation and eliminating
toxic substances (Noh et al., 2015).

Free radicals can trigger a liver metabolism
imbalance. The generation of ROS within the
hepatocytes causes cell metabolism disorder,
cell necrosis and cell death (Hiraganahalli, et al.,
2012). Continuous exposure to ROS can cause
serious damage to the liver, including cirrhosis
(Pareek et al., 2013). The World Health
Organization (WHO) states that cirrhosis causes
about 800,000 of the 2.4 million liver-related
deaths each year (Delgado et al., 2015]. The
incidence of liver disease does not decrease in
spite of the many modern drugs available today
(Abdallah et al., 2013).

Many studies have been done to find antioxidant
properties in medicinal plants that could be used
as a potent candidate for liver injury medication
(Aara et al., 2020). Red betel (Piper crocatum
Ruiz and Pav) is one of Indonesia’s medicinal
plants has medicinal function and used as
medicine since it introduces as medicinal plants
producer in Blunyahrejo (Rinanda and Alga,
2012).

Red betel leaves extract (RBLE) has been
reported to contain active compounds, mainly
flavonoids,  steroids, tannins,  saponins,
alkaloids, polyphenolics, quinones, and essential
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oil groups (Wulandari ef 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
have anticancer activity especially cervical
cancer (Widowati et al., 2013) and breast cancer
(Zulharini et al., 2018).

Despite the fact that the above species have
already been evaluated in various studies
abroad, local analysis needs to be conducted
because secondary metabolites vary depending
on geographical location and environmental
conditions (Yang et al. 2018; Labarrere et al.
2019; Recuenco et al. 2020). Thus, the aim of
this study is to screen the phytochemicals from
red betel extracts collected from Kasomalang
District, West Java, Indonesia as well as
evaluate their antioxidant activities, and efficacy
as hepatoprotective against MSG induced
hepatotoxicity in rats.

Previous studies have shown the effect of MSG
treatment at high doses (200, 600 and 4000
mg/kg) and at low dose (60 and 120 mg/kg) to
cause the increment of AST and ALT enzymes
in rats (Onyema et al., 2006; Masre et al., 2019;
Onyema & Farombi, 2006). This study differs
from previous studies because it uses a very low
doses of MSG, i.e 7Tmg/kg bw. The study aims
to evaluate possible negative effect of MSG (7
mg/kg bw) and to investigate putative healing of
red betel leaf extract (at an oral dose of 200, 400
and 600 mg/kg) on liver tissue. The parameters
that observed in this study was phytochemical
screening, antioxidant activity, biochemical
markers of hepatic damage and necrotic cells
percentage.

Materials and Methods
Plant sampling and extraction

Red betel plants (Piper crocatum Ruiz and Pav.)
were obtained from farms in Kasomalang
District, West Java, Indonesia. It was then
identified and authenticated by the Botanical
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laboratory of Universitas Nasional Jakarta,
Indonesia. Samples were air dried for about two
weeks and manually chopped before grinding
into a a fine powder using a mechanical grinder.
Extraction was carried out using maceration
method. 900 g of powdered red betel leaves were
macerated with the solvent of ethanol for 5 days.
The filtrate was collected every 24 h and
maceration process were repeated until the
filtrate become colorless. Then the collected
filtrate was concentrated using evaporator at
50°C until RBLE was obtained and stored at -
20°C (Lister et al., 2019).

Qualitative Phytochemical screening

Phytochemical screening was conducted using
the tube test, and chemical compounds tested for
included flavonoids, tannins, saponins, and
alkaloids (Abiodun et al., 2011).

DPPH (2,2-diphenyl1-1-picrylhydrazyl)

The capacity of extract to scavenge the free
radical 2,2-diphenyll-1picrylhydrazyl (DPPH)
can be used to measure their antioxidant activity.
The DPPH assay is acommonly employed
method for assessing the ability of natural
substances to scavenge radicals. In this
investigation, the antioxidant potentials of
extracts was evaluated using the DPPH assay, as
reported by (Lister et al, 2019). 0.1 mM DPPH
solution was prepared in methanol. Throughout
the experiment, the solution was kept dark to
prevent light from compromising its integrity.
To measure the antioxidant activity, standards
and extracts at various concentration were
prepared 22ul  samples with different
concentration were incubated with 200ul of 0.1
mM DPPH solution. After 30 minutes of
incubation, the reaction mixture was measured
at 517 nm. The amount of DPPH radical
scavenging was assessed by observing change in
the color of the DPPH solution, which suggests
that the antioxidants components in the extracts
were reducing the free radical.

Animals and treatment

A total of 25 male Sprague-Dawley rats
weighing between 170 to 200 g were obtained
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from Laboratory Animal Resource Unit,
Agricultural University, Bogor were used for
experiment. Animals were handled and
maintained follow research ethics permission
from Universitas Muhammadiyah Purwokerto,
Indonesia , number KEPK/UMP/60/X/2019.
The rats were randomly divided into 5 groups (1-
5) of 5 rats each. They were kept in separate
cages and left for 1 week to acclimatize. The
animals were fed with standard pellet foods,
with access to water ad libitum.

G 1 (Control): Five mL distilled water was
given orally for 28 days — Group |

G 2 (MSG): 7 mg/kg MSG was given daily by
oral gavage for 28 days - Group II

G3 (MSG): 7 mg/kg MSG was given and after
8 hours of treatment with ethanolic extract of red
betel at a dose of 200 mg/kg daily by oral gavage
for 28 days. — Group III

G4 (MSG): 7 mg/kg MSG was given and after
8 hours of treatment with ethanolic extract of red
betel at a dose of 400 mg/kg daily by oral gavage
for 28 days. — Group IV

G5 (MSG): 7 mg/kg MSG was given and after 8
hours of treatment with ethanolic extract of red
betel at a dose of 600 mg/kg daily by oral gavage
for 28 days — Group V

During 28 days experiment  period,
environmental conditions were controlled; the
humidity was 55 to 60% and the room
temperature was 22 +2°C with 12-h light
exposure.

The animals were sacrificed 24 h after 28 days
of administration by cervical dislocation. The
blood was taken by heart puncture in dry tubes
without anticoagulant to measure liver enzymes
(Alanine Transaminase (ALT) and Aspartate
Amino Transaminase (AST). After sacrificing
the rats, the liver tissue was dissected, cut into
small pieces and dropped in formalin in which
they were kept for appropriate time. After
fixation, they were subjected to the usual
procedure for paraffin embedding. Sections
were cut at the thickness of 5 microns and
stained with Haematoxyline-Eosin (HE) and
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then tissue section were investigated using light
microscope according to Drury and Wallington
(1980). Histological changes including necrosis
were evaluated in all samples.

Assessment of serum liver function tests

The biochemical markers of hepatic damage
including serum Alanine aminotransferase
(ALT) and Aspartate aminotransferase (AST)
were determined as reported previously
(Reitman & Frankel, 1957). For determination
of ALT activity, the serum sample was added to
the buffered solution containing DL-alanine and
2-ketoglutarate (pH 7.4) and incubated for 30
min at 37°C. After incubation, 1.0mM DNPH
was added, followed by the addition of 0.4 M
NaOH. The absorbance was read at 500 nm and
the ALT activity deduced. For determination of
AST activity, L-aspartic acid was used in place
of the DL-alanine and the incubation time was 1
hr.

Statistical Analysis

The results of the study are expressed as the
mean + standard error of the mean (S.E.M).
Statistical analysis of the data was performed
with one-way analysis of variance (ANOVA)
followed by Tukey post hoc multiple
comparison test. The differences in the test were
considered significant at p<0.05.

RESULT
Phytochemical Screening

A preliminary phytochemical examination of
Piper crocatum leaves has identified a number
of significant phytochemical substances,
including alkaloids, saponin, tannins, steroids,
terpenoids, and glycosides. These plant
components provides a wide variety of bioactive
compounds with a promise for the creation of
new pharmaceuticals.

Antioxidant Activity

The antioxidant activity of P. crocatum extract
was assessed by DPPH assay. Significant in
vitro DPPH (2,2-diphenyl-1- picrylhydrazyl)
radical scavenging activity was demonstrated by
the ethanolic extracts obtained from Piper
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crocatum in a dose-dependent manner. L-
ascorbic acid, a common antioxidant, on the
other hand, showed strong DPPH radical
scavenging ability. The IC50 values, or the
amounts of the examined plant extracts needed
to scavenge 50% of the DPPH radicals, was
determined as 196.10 +£0.01 mg/ml. These
findings underscore the robust DPPH radical
scavenging potential of the Piper crocatum
extract while highlighting the superior efficacy
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of L-ascorbic acid as a reference antioxidant in
this context as 73.61 mg/ml.

Effect of RBLE on the Serum Level of AST
and ALT

The serum marker enzymes (AST and ALT)
levels increased significantly in monosodium
glutamate treated rats compared to control
groups, as presented in Table 3.

Table 1: Effects of P. crocatum leaves extract on serum level AST and ALT of MSG induce

Group AST (U/L) ALT (U/L)

rol 43 +5,65% 5+26,45%

. Negative control (7g/kg bw of 69,2 £9,54° 4 +340,71¢
MSG)

[. Treatment (7g/kg bw of MSG + 200 mg/kg bw of 80 +14,76° £30,23%
RBLE

7. Treatment (7g/kg bw of MSG + 400 mg/kg bw of 79 +3,80° 373,8 £186,98 2
RBLE

". Treatment (7g/kg bw of MSG + 600 mg/kg 109,2 £4,20 ¢ 721,6 £299,03 ®

of RBLE

The data shown as mean:

Histopathological Examination

b considered as significantly different

The number of necrosis hepatocyte cells increased significantly in monosodium glutamate treated rats

than the control group of rats, as presented in Table 4.

Table 2: Effects of RBLE on necrotic of hepatocyte cells of MSG induced rats

Group

Necrosis hepatocyte cells

Control
ative control (7g/kg bw of MSG)

Treatment (7g/kg bw of MSG + 200 mg/kg bw of RBLE
Treatment (7g/kg bw of MSG + 400 mg/kg bw of RBLE
Treatment (7g/kg bw of MSG + 600 mg/kg bw of RBLE

0,000 £ 0,000 2
56,82 + 6,509 °
27,72 £ 6,795 ¢
54,82 +7,894 ¢
87,12+ 11,888 ¢

The data shown as mean:

Histopathology observation of the control group
in Figure 1 (A) showed normal liver architecture
of hepatic cells without histopathological
changes. In contrast, the liver section of
monosodium glutamate treated rats showed a
remarkable alteration, degeneration, and
necrosis of hepatic cells (Fig.1B). The rats' liver
section treated with monosodium glutamate and
200 mg/kg bw of RBLE revealed hepatocyte cell

b considered as significantly different

amelioration and regeneration and almost near-
normal liver architecture (Fig. 1C). This
indicates the hepatoprotective activity of RBLE
while liver section treated with monosodium
glutamate and 400mg/kg bw RBLE (Fig. 1D)
and liver section treated with monosodium
glutamate and 600 mg/kg bw RBLE (Fig. 1E)
showing cytoplasmic vacuolation of hepatocyte
and necrosis of sporadic hepatocyte.
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Figure 1: Sections of the livers of monosodium glutamate- treated rats indicating necrotic cells

Discussion

MSG is widely used as a flavor enhancer in the
processed food and drinks (Rundlett &
Armstrong, 1994). At the time of discovery,
MSG was thought to be safe since it was a
natural substance (an amino acid). Recently
considerable attention has been focused on its
unusual side effect (Reis et al., 2009). MSG may
have acted as toxins to the hepatocytes. One of
the ways for estimating of the extent of hepatic
damage is through the determination of the
serum level of cytoplasmic enzymes such as
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST).

The current study revealed significant elevation
of liver enzymes ALT and AST (in the group 2
and 5) in comparison with control group. These
results indicate that consumption of MSG may
lead to liver cell damage. These agree with
(Onyema et al., 2006; Masre et al., 2019;
Onyema & Farombi, 2006) studies who report
that the increase serum ALT in male rats which
were fed MSG is probably due to MSG induced
oxidative stress in the liver.

ALT is a type of metabolic enzyme that is
specifically located in the cytoplasm of
hepatocytes. Due to its specific locations, ALT
is considered a more valuable and accurate liver
damage biomarker compared to others (Novillia
et al., 2018). AST is another enzyme used in
conjunction with ALT to monitor various liver
diseases. AST is present not only in LDH-like
liver tissue but also in other damaged tissues,
such as tissues of heart, kidney, pancreas, brain,
skeletal muscles and lungs (Arika et al, 2016).

Serum ALT and AST activities were found to be
increased significantly in MSG Induced (Table
3), which might be due to oxidative stress and
damage to cell membrane. Co-administration of
red betel and MSG showed a significantly low
level of ALT. This could be attributed to overall
protective effect of red betel to hepatocytes.
Novilia et al. (2018) and Lister et al (2022) also
reported that RBLE could reduce ALT level
significantly. Administratipn of RBLE at 200
mg/kg bw along with MSG could offer a
complete protection against the oxidative stress
induced acceleration in membrane integrity,
which changed the permeability resulting in the
leakage of intracellular enzymes.
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RBLE contain phytochemicals constituent such
as alkaloids, saponins, tannins, steroids,
triterpenoids,  glycosides,  phenols  and
flavonoids (Table 1). It is probable that the
various phytoconstituents of the extracts are
involved in scavenging free radicals from
tissues, thus reducing oxidative stress. It is
reasonable to suggest that the phytochemicals
shown in Table 1 may act individually or
synergistically to produce the observed
hepatoprotective activity of red betel. For
example, flavonoids and tannins are phenolic
compounds, and plant phenolics are a major
group of compound that act as primary
antioxidants or free radical scavengers.
Similarly, terpenoids act as regulators of
metabolism and play a protective role as
antioxidants (Soetan, 2008). Possibly, flavonoid
and alkaloids present in crude leaf extract
exerted hepatoprotective effect by their free
radical scavenging activity, prevention of lipid
peroxidation and damage to cells as such an
action has been suggested for some other plants
(Cheedella et al., 2013). Besides, alkaloids and
flavonoids are known as natural antioxidants by
their free radical scavenging activity (Pietta,
2000).

As the liver is continuously exposed to oxidative
stress, the release of free radicals is the main
hepatotoxicity mechanism of toxicants. Free
radicals damage and oxidative stress are the
major reasons for liver tissue damage. In
oxidative stress, the balance between the
formation of reactive oxygen species and the
amount of antioxidants is disturbed. Oxidative
stress causes damage to cell components, such
as proteins, lipids and nuclei acid (Spahis ef al.,
2017). To confirm the antioxidant activity of the
plant extract, in vitro DPPH radical scavenging
assay was carried out. In this free radical
scavenging assay, 70% ethanol extract of RBLE
were observed (Table 2). The crude ethanol
extract of red betel had a calculated IC50 of
196.10 pg/mL, which is nearly similar to the
calculated IC50 value of the known antioxidant,
ascorbic acid, L,e 73.61 pug/mL (Oleszek and
Kozachok, 2018). Thus, the RBLE
hepatoprotective mechanism might result from
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their radical scavenging neutralization of the
free radicals and diminishing generation of
ROS. Antioxidants are required in the body as a
shield against ROS by physiological and
pathological processes.

The mechanism of hepatoprotective is by
detoxifying toxic compounds, increasing the
regeneration of liver cells, 45nti-inflammatory
and as an immunomodulator (Balne ez al., 2013).
As the anti-inflammatory agent, flavonoids can
restore the permeability and increase the
resistance of the capillary of blood vessels
(Fitriyani et al., 2011).

Result of histological studies provide supported
evidence for biochemical analysis. In normal
control rats (belong to group I) liver sections
showed normal hepatic cells with normal
cellular architecture and normal hepatic lobulus
(Fig. 1A). In negative control animals (belong to
MSG intoxicated, Group II) the liver section
showed total loss of cellular architecture with
degeneration and necrotic hepatocyte (Fig. 1B).
These findings indicate liver cell injury. The
rats’ liver section treated with monosodium
glutamate and 200 mg/kg bw of RBLE which
return to about normal in the recovery group as
the liver enzymes and lipid peroxidation were
decreased with increased antioxidant enzymes
(Fig. 1C). This indicates the hepatoprotective
activity of RBLE, while liver section treated
with monosodium glutamate and 400mg/kg bw
RBLE (Fig. 1D) and liver section treated with
monosodium glutamate and 600 mgkg bw
RBLE (Fig. 1E) showing cytoplasmic
vacuolation of hepatocyte and necrosis of
sporadic hepatocyte. Necrosis can be attributed
to severe liver cell injury and degeneration. As
the centrilobular hepatocytes have more surface
receptors, so they are primary sites of toxins. As
a defense mechanism against toxic substance,
the hepatocytes tend to vacuolate. These
vacuoles are responsible for prevention of the
toxic substance for interfering with biological
activities of these cells (Kumar et al, 2015).
Improvement of MSG-induced hepatic
histopathological changes was observed in rats
after adding RBLE at dose 200 mg/kg bw to
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MSG-fed groups. This means that RBLE has
antioxidant effect and protective role against
liver cell injury. Egbuonu et al., (2009) indicated
that MSG induced hepatic necrosis and
degeneration of hepatocytes. Histological
changes to the liver in MSG group have similar
outcome to the data by Shresta et al. (2018),
where vacuolated hepatocytes and congested
central veins with blood cells were observed
after given MSG at 600 mg/kg.

Hepatocellular death is considered as an
important process involved in the liver injury
progression. Several types of cell deaths have
been reported to take place side by side in the
development of the injury. Apoptosis and
necrosis are the types of cell death that involved
in the process (Weng et al., 2015). Apoptosis is
one of programmed cell death phenomenon
known by several characteristic including cell
shrinkage and DNA fragmentation. The
generation of ROS is one the effective
mechanism which leads to apoptosis (Kaur et
al., 2020).

In this study, treatment with RBLE at dose 200
mg/kg b.w successfully shifted hepatic cell
death pathway from necrosis to apoptosis. It was
shown that necrotic cells percentage were
significantly decreased, while the apoptotic cell
percentage of RBLE treatment groups were
significantly higher than liver injury model
(Table 4). This result demonstrated RBLE act 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 cell
condition as shown by significant increase of
live cells percentage.

Based on this study, it was evident that RBLE at
dose 200 mg/kg b.w demonstrated its
hepatoprotective effect through its antioxidant
and inflammatory activities. RBLE has been
proven to contain many phytochemicals that
could be potential to be used for liver injury
medication.
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Conclusion

Administration of MSG significantly increased
the levels of AST, ALT, the markers of
hepatotoxicity. Supplementation with RBLE
decreased the markers of hepatotoxicity and
exerted significant protection against MSG-
induced toxicity by its ability to decrease the
lipid peroxidation and thus oxidative stress
through its free radical scavenging activity,
which improved the levels of antioxidant
defense system. RBLE at 200 mg/kg B.W
improved the hepatic  histopathological
damages, i.e decrease necrotic cells induced by
MSG. This study revealed the hepatoprotective
potential of RBLE against MSG-induced liver
damage. These results could be used as a
baseline in the purification of red betel bioactive
components to be used for liver injury
medication.
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