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Gnetum ula is used to cure several disorders, whereas stem is used for treating jaundice. The goal of this study
is to assess the ethanolic extract of stems of G. ula for in vivo hepatoprotective and antioxidant efficacy against
hepatotoxicity caused by carbon tetrachloride. Wistar rats were employed in the investigation, and silymarin was

used as the reference drug to assess liver function tests in CCl -treated and untreated groups. Antioxidant enzyme
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systems involving CAT, GSH, SOD, and malondialdehyde levels were examined. Histopathology studies were
carried out. Ethanolic stem extract of G. ula (200 mg/kg) blocked the CCl -induced elevation of biochemical markers
levels of AST (154.5 +24.0 TU/1), ALT (125.9 + 3.5 TU/1), alkaline phosphatase (177.1 + 3.81U/1), and total bilirubin
(1.06 = 0.1 g/dl). Total protein (6.86 + 0.1 g/dl) and albumin (4.23 + 0.7 g/dl) was also increased in ethanolic stem

extract-treated animals. A significant decline in the CAT, SOD, GSH, and elevation in MDA levels was observed in
CCl -intoxicated animals. Antioxidant enzyme levels in plant extract-treated groups were comparable to standard
and normal. The present report of ethanolic stem extract of G. ula in shielding the liver from adverse effects of CCl,
supports the traditional use to cure liver disease and has been reported foremost.

INTRODUCTION

Liver ailment is one among the foremost causes for
death, distressing humans of all ages [1]. New Global Burden
of Disease has estimated annual mortality levels, patterns, and
temporal trends in liver cirrhosis between 1980 and 2010 in
187 countries covering 99.7% of the global population, which
says cirrhosis has led to millions of deaths [2]. Irrespective
of advancements in current medicine, the hepatic disorder
remains as a worldwide health issue. Hence research for new
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drugs to treat this illness is carried out. Herbal medicines are
important as hepatoprotective drugs and participate as the most
important in curing several ailments with minimum information
of their scientific mechanisms. The usage of synthetic drugs
causes adverse reactions and are also of high cost. Therefore,
treating liver complications with plant-based drugs is of utmost
importance now [3].

Gnetum ula belongs to the family Gnetaceae. It is a
woody climber and G. ula is believed by Kodavas Karnataka,
India, as a sacred plant. Gnetum ula is an important indigenous
plant aided for medication. Stem extracts are used in treating
jaundice [4—6] and leaf extracts are used in the treatment of
liver enlargement. Stem and root used are used as antiperiodic
[7]. Stem is also administered for piles, hemicranias, and
piercing wounds brought on by horn thrust [8]. Rheumatism

© 2025 Sharath Rajshekarappa et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.7324/JAPS.2025.157972&domain=pdf

200 Rajshekarappa et al. / Journal of Applied Pharmaceutical Science 2025;15(08):199-205

is treated with seed oil and roasted fruit [9—11]. The fruits of
G. ula are edible. Additionally, the seeds yield an oil that can
be applied to burns and used as medicine [12,13]. Stem yields
gnetol characterized as 2, 6, 11, 13-tetrahydroxy-trans stilbene
[14], 3, 4, methylenedioxy-4- methoxy -trans-stilbene [15], and
gnetulin, a dimer of 3, 4, 5”- trihydroxy -3- methoxystilbene
[16,17]. Based on the usage of stem extracts by tribes and
medical practitioners to treat jaundice and other ailments we
have selected G. ula to investigate antihepatotoxic activity by
using in vivo parameters.

MATERIALS AND METHODS

Chemicals

Petroleum ether, chloroform, and ethanol were
procured (Ranbaxy Fine Chemicals New Delhi, India). Carbon
tetrachloride and Silymarin from Sigma-Aldrich (USA).
Biochemical analysis kit was procured from ERBA Diagnostics
Inc. Transasia Bio-Medicals Ltd. Other chemicals were
analytical grade (Sigma-Aldrich, USA and E-Merck, Mumbai).

Plant material and extraction

Stem of G. ula was collected from Biligirirangana
Hills (B.R. Hills) of Chamarajanagar district, Karnataka, India,
and authenticated at the Department of AYUSH, Govt. of
India Bangalore by Dr. Shiddamallayya. N. (Ref No: RRCBI-
MUS-0107).

A plant specimen of 500 gm was dried and powered
using a mechanical blender, defatted with petroleum ether, and
extracted using ethanol using a soxhlet apparatus. The extracts
of G. ula were filtered and the solvent was evaporated by using
a rotary evaporator [18]. For the present study, ethanol extract
was used to evaluate its hepatoprotective potential.

In vivo studies of Gnetum ula.

A Wistar strain rat of both sex and female Swiss
albino mice was procured from Sri Raghavendra Enterprises,
Bangalore, Karnataka, India. The animals were granted by
the Institutional Animal Ethics Committee (DSCBS/Ph.D./
IAEC/01/14-15) and were nursed with a standard pellet diet
and water ad libitum, accustomed prior to the experimentation.

Determination of acute toxicity

Acute oral toxicity studies were conducted for
ethanolic extract of G. ula as per the OECD guidelines 423 [19].
Female Swiss albino mice weighing 20-30 g were used for the
study. These mice were fasted for 4 hours providing only water.
Later GUE was administered orally at a limited dose of 2,000
mg/kg body weight. The animals were monitored continuously
for 4 hours for gross behavioral changes and finally for 48 hours
and then daily for 14 days for any signs of toxicity including
death.

Evaluation of Hepatoprotective activity of G. ula

Hepatoprotective activity was conducted using both
the sex of Wistar albino rats (150—-180 g) and were divided
into five groups with six animals each. Group 1 was provided
with 0.5% Carboxymethyl cellulose (CMC) (10 ml/kg body

weight) functioned as normal control and Group 2 with 0.5%
CMC (10 ml/kg body weight) as toxicant control. Group 3 as
positive control served with the standard silymarin (200 mg/
kg). Groups 4 and 5 were treated with ethanolic extracts of G.
ula at doses of 100 and 200 mg/kg body weight, respectively.
As mentioned, all the drugs were dispensed orally using
gavage for 7 days. On the eighth day, apart from group 1,
all other groups were treated with CCI, intraperitoneally (1
ml/kg body weight in olive oil). On the ninth day, blood was
collected by retro-orbital puncturing under mild anesthetic
conditions (diethyl ether) followed by separation of serum by
centrifugation at 2 000g for 10 minutes. Serum was preserved
in vials at 4°C, and soon used for the estimation of biochemical
markers. The animals were sacrificed after 24 hours of CCI,
treatment by overdosing with diethyl ether. The liver was taken
off all animals, perfused with phosphate buffer, homogenized
with 10% potassium chloride (KCl) solution, and centrifuged
for 10 minutes at 2,000 rpm. The supernatant was used for the
estimation of antioxidant assays. A portion of liver tissue was
preserved in a 10% formalin solution for histopathological
studies to observe gross necrosis, fatty acid changes, and
inflammatory cells [20,21].

Lipid Peroxidation assay

Breaking of polyunsaturated fatty acids gives
malondialdehyde and forms a pink-colored compound upon
reaction with thiobarbituric acid, which is measured at 532 nm
[22]. Its concentration in the test can be calculated using an
extinction coefficient of 1.6 x 10°M-'em™.

Effect of GUE on serum biochemical parameters

Serum was subjected to biochemical investigations like
serum glutamic pyruvic transaminase or ALT, serum glutamic-
oxaloacetic transaminase or AST, alkaline phosphatase (ALP),
total bilirubin, total protein, and albumin by kit methods as per
instructions provided by the company (Erba diagnostics inc).

Effect of GUE on liver endogenous antioxidant enzymes

Superoxide dismutase activity assay (SOD)

SOD inhibits auto-oxidation of epinephrine to
adrenochrome at alkaline pH [23]. SOD activity was expressed
as unit/mg protein. One unit of the enzyme is defined as the
amount of enzyme required to inhibit 50% of the rate of
epinephrine auto-oxidation.

Catalase assay (CAT)

Catalase activity was approached by Aebi methodology
[24]. The decrease in optical density at 0 time and 1 minute
time is read at 240 nm. Units of catalase were expressed as
the amount of enzyme that decomposes 1 mM H,O,/minute
at 25°C. Catalase activity was expressed as U/mg of protein.
Estimation of Glutathione (GSH)

GSH is a sulthydryl-containing non-protein substance.
DTNB (5.5’ di thio bis (2-nitrobenzoic acid) is a disulphide
chromagen reduced by sulfhydryl compounds to a yellow
color compound and is measured at 412 nm. This is directly
proportional to the GSH concentration [25].
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Histopathological studies

Liver samples were used to study the effect of GUE
on the CCl,-induced rats. Phosphate phosphate-buffered 10%
formaldehyde solution was used to fix the liver sample of
different groups. It was then embedded in paraffin wax to cut
thin sections of 5 pm thickness and stained with hematoxylin—
eosin. Treated sections were observed by using a high-resolution
microscope and photomicrographs were captured [26].

Statistical analysis

The results were provided as the mean + S.E.M. of six
animals that were employed in each group. One-way analysis
of variance was used to do a statistical analysis of the data.
Followed by Tukey’s multiple comparison test using Graph pad
Prism 6.0 software at the level of p < 0.05.

RESULTS

Extraction of G. ula

Soxhlet extraction of the stem (500 gm) of G. ula
with ethanol yielded 4.45%w/w. During this extraction process,
plant material was defatted with petroleum ether first and
extraction with ethanol led to the accumulation of highly polar

molecules with an increase in the yield, which may result in
good hepatoprotective activity. Ethanol extract was studied for
hepatoprotective activity GUE.

In vivo studies of G. ula.

In recent years, several findings have been supported
by traditional medicines in an attempt to find new drugs for
liver disorders. In the present study, ethanol extract of the stem
of G. ula was evaluated for hepatoprotective activity against
CCl,-induced hepatotoxicity to find out the therapeutic efficacy
of the extract.

Acute toxicity studies

Ethanol extract of G. ula GUE did not show symptoms
of mortality or toxicity at the dose of 2,000 mg/kg body weight.
Therefore, 110 (200 mg/kg) and 120 (100 mg/kg) of GUE were
chosen as high dose and low dose, respectively.

Effect of GUE on hepatic biochemical markers

The hepatoprotective effect of GUE (Groups 4
and 5) is summarised in Table 1. CCl,-induced elevation of
serum AST, ALT, ALP, total bilirubin, and demotion of total
protein, albumin was observed in the toxicant group. GUE in

Table 1. Biochemical parameters of ethanolic extract G.ula in CCl, treated animals.

Groups ASTIUN) ALT{UN) ALPIU/) Al(lg’;‘d‘;‘)i“ TP (g/dl) TB (mg/dl)
Normal—1 56.1+4.1 60.1+63 89.48 +4.5 579+0.8 8.44 +0.41 0.52 +0.05
Toxicant-CCl, - 2 300 + 56.6 249.8 +35.4 279.23 +40.6 0.89+0.8 255+1.2 2.76 0.6
Silymarin+ CCI, (200 mg/kg)—3  102.4 +4.07" 95.48 + 6.28" 146.8 + 5,320 503+0.82° 7.66+027° 0.90 + 0.06°
GUE (100 mg/kg) + CCl,—4 169.5 + 13.8® 134.7 £ 1.6° 190.76 + 6.8 3.02+1.1% 589+1.18% 1474007
GUE (200 mg/kg) + CCl,—5 154.5 + 24.0 125.9 + 3.5 177.1 4 3.5 423 +0.7% 6.86+0.1% 1.06 % 0.1

GUE- Ethanol extract of G.ula;
AST-Aspartate aminotransferase;

ALT-Alanine amino transaminase;

ALP-Alkaline phosphatase;
TP-Total protein;
TB-Total bilirubin

Values are expressed as mean £SD; n = 6.
“Significance level: p < 0.05, compared to Normal group.
"Significance Level: p < 0.05, compared to Toxicant group.

Table 2. In vivo antioxidant assays of ethanolic extract of G. ula in CCl, treated animals.

Groups SOD (U/mg protein) CAT (U/mg protein) MDA (nmol/mg protein) GSH (nmol/mg protein)
Normal—1 9.40 + 0.46 23.3+1.09 2.14+0.74 9.26 £0.37
Toxicant (CCl4)—2 3.45+£0.74 9.84+0.29 7.60 +0.64 4.17+0.60
Silymarin (200 mg/kg) + CCl4 -3 8.56 £ 0.48° 21.24+0.73" 3.97+0.27%° 8.06 +0.83"°

GUE (100 mg/kg) + CCl4- 4 4.50+£0.76 17.57+3.01° 6.12+0.96¢ 7.03 +£0.70°

GUE (200 mg/kg) + CCl4-5 7.88 £0.93° 19.81+£0.79° 4.59+045° 7.54+0.85°

GUE —Ethanol extract of G.ula;

SOD- Superoxide dismutase;

CAT- Catalase;
MDA-Malondialdehyde;
GSH-Glutathione

Values are expressed as mean +SD; n = 6.
*Significance Level: p < 0.05, compared to Normal group.
"Significance Level: p < 0.05, compared to Toxicant group.
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Normal GP [Fig.1, H&E, x400]

Figure 1. Normal group shows normal architecture of liver.

Toxicant GP [Fig.2, H&Ex400]

Figure 2. Distorted architecture of liver the perivenular region shows severe
necrosis [Short Arrow], the central veins and sinusoids appear distorted. [Long
Arrow].

comparison to group 2, reversed the condition significantly
(p < 0.05) decreasing the serum AST, ALT, ALP, and total
bilirubin and elevating total protein and albumin. Silymarin
treated group (200 mg/kg) revealed significant protection
against CCl, induced hepatic damage. Treatment with GUE
decreased the serum markers level at the dose of 100 mg/
kg and 200 mg/kg only, which is backed by histological
changes.

Effect of GUE on hepatic antioxidant markers

The antioxidant defense system in the liver (SOD,
CAT, and GSH) is affected by lipid peroxidative degradation
of bio membrane, the basis for hepatotoxicity [27]. CCl4
produced a significant reduction in the SOD, CAT, and GSH
activities and increases in the MDA level compared to the
normal group. GUE (100 mg/kg and 200 mg/kg) made a
significant (p < 0.05) increase in the enzyme activity of SOD,

Standard GP [Fig.3, H&Ex400]

Figure 3. Standard group liver shows undamaged architecture of liver
parenchyma [Long Arrow]. The perivenular region shows mild necrosis
consisting of degenerative hepatocytes [Green Arrow] and mixed inflammatory
cells. Veins appear congested [Short Arrow].

GUE-100mg/kg [Fig.4, H&Ex400]

Figure 4. GUE at 100 mg/kg treated group shows micro vesicular steatosis
[Green Arrow] with regeneration of hepatocytes. The perivenular region shows
moderate necrosis consisting of degenerative hepatocytes [Long Arrow] and
mixed inflammatory cells [Short Arrow].

CAT, and GSH and a decrease in MDA. Group III treated with
standard silymarin also showed comparable results. Results
are tabulated in Table 2.

Histopathological studies (Fig. 3)

Normal Group of rats studied shows intact
architecture of liver parenchyma (Fig. 1). Toxicant Group
showed distorted architecture of liver the perivenular region
shows severe necrosis (Fig. 2). The central veins and sinusoids
appear distorted(Fig. 2). Standard group liver Section studied
from shows undamaged architecture of liver parenchyme (Fig.
3). The perivenular region shows mild necrosis consisting of
degenerative hepatocytes (Fig. 3) and mixed inflammatory cells.
Few regenerative hepatocytes are also seen. Some of the veins
appear congested (Fig. 3). GUE at 100 mg/kg treated group
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GUE-200mg/kg [Fig5, H&Ex400]

Figure 5. Normal liver parenchyma architecture [Long Arrow]. The periportal
hepatocytes [Short Arrow] and midzonal hepatocytes appear unremarkable.

shows micro vesicular steatosis (Fig. 4) with the regeneration of
hepatocytes. The perivenular region shows moderate necrosis
consisting of degenerative hepatocytes (Fig. 5) and mixed
inflammatory cells (Fig. 5). GUE treated group (200 mg.kg)
directs the normal liver parenchyma architecture (Fig. 5). The
periportal hepatocytes (Fig. 4) and midzonal hepatocytes appear
unremarkable.

DISCUSSION

Carbon tetrachloride, a well-studied hepatotoxin
is used to induce liver damage in rats reported in 1936
[28], widely used and accepted by many researchers. The
cytochrome P450 activates CCl, to create the trichloromethyl
radical (CCl,°), which combines with a molecule of oxygen to
produce trichloromethylperoxyl radical (CC1,0,°) (Cameron
and Karunaratne, 1936).CC1,0, binds to macromolecules and
causes per oxidative degradation of lipid membranes, leading
to the formation of lipid peroxides like MDA causing loss
of integrity of cell membrane and hepatic damage [29,30].
Stress and injury caused by CCl,induce the activation of other
cells like natural killer cells, kupffer cells, and NKT cells,
progressing to liver injury by producing various inflammatory
cytokines like tumor necrosis factor—Alfa, Interferon-gamma,
and Interleukins-1betta [31]. However, interleukins (IL-10 and
IL-6) and prostaglandins exhibit a liver-protective role [32].
AST, ALT, ALP, and total bilirubin in plasma are sensitive
to liver injury [33] and cause leakage from cells due to the
altered permeability of the membrane. AST is normally found
in heart, liver, and kidney and in skeletal muscles. AST helps
in the conversion of L-aspartate and Alpha-ketoglutarate to
L-glutamate and oxaloacetate. ALT is found in liver disorders,
cirrhosis, mycocardial infraction, and high levels of liver
issues. It catalyzes the transamination of L-alanine and Alpa
—ketoglutarate to form pyruvate and L-glutamate. Serum ALP
is found in bone, liver, intestine placenta and excreted in bile.
An increased level is noted in the case of hepatobiliary and
bone diseases, [34]. The present investigation revealed that
ethanolic extract of G. ula has therapeutic values in treating

liver damage induced by CCl4 in rats. GUE attempted to
recover the damage caused by increased significantly serum
marker levels.

Bilirubin, metabolite from heme breakdown also
affects the hepatic cell [35]. A raised level of bilirubin is found
in hepatic diseases, hemolysis, and biliary excretion. GUE at
200 mg/kg b.wt dose was able to control from dropping down
of bilirubin levels. Total protein concentration will be deprived
in the hepatoxic condition by defective protein biosynthesis
[36,37]. Hepatotoxic CCl, causes disruption of polyribosomes
on the endoplasmic reticulum, thereby bringing down the
process of protein synthesis. In this study, ethanolic extract
of G. ula at 200 mg/kg significantly stabilizes the membrane,
repairs the hepatic tissue, protects the polyribosomes, and
restores protein synthesis.

Whenever the cellular capacity of removal of reactive
oxygen species diminishes then the cell gets injured [38,39].
Our results showed significant depletion of SOD, CAT, and
GSH levels in rat liver cells with CCl, induction. However,
antioxidants can inhibit CCI,-induced toxicity at various levels
by directly scavenging the CCl,, donating hydrogen to CCl,,
and donating hydrogen CC1,0,. Antioxidant enzymes include
SOD, CAT, and GSH are the first line of the defense system,
converting oxygen molecules its non-toxic compounds [27].

SOD eliminates superoxide radicals by turning them
into H202, which CAT and GSH can quickly convert into water.
Thus, CAT and GSH inhibit the formation of hydroxyl radicals.

MDA is one of the end products in the lipid peroxidation
process. An increase in MDA levels indicates the extent of
lipid peroxidation leading to tissue damage and preventing the
antioxidant system from working through [40]. GUE-treated
groups enhanced enzymatic activity thereby protecting the
hepatocytes and diminishing the lipid peroxidation.

Since their chemical structures are interrelated,
a direct connection between antioxidant activity and total
phenol concentration has been identified. Therefore, in
vivo antioxidant activity of the ethanolic extract of G. ula
is associated with the total phenol content present in the
extract. Hepatoprotective activity has been linked to the
antioxidant activity of the plant extracts. Most of the naturally
occurring phenolic compounds possess antioxidant activity
[41,42]. Stilbenes are a group of polyphenols and many of
them have been isolated from the genus Gnetum [43,44] and
also from the G. ula [14,15,16]. Stilbenes are a rich source
of lead phytoconstituent for newer drugs and treatments.
Many of the naturally occurring stilbenes exhibit uniqueness
by possessing strong antioxidant activity/radical scavenging
properties. Most recently isolated stilbene is known to possess
antioxidant, antimicrobial, and anti-inflammatory properties
and some of them have the potential to be developed as a new
drug [45]. In our present study, the stem of G. ula exhibited
antihepatotoxicity and the stilbenes content of the plant might
be contributing to the protection of hepatic cells, thereby
bringing back to normal functioning of liver cells.

CONCLUSION

Inthe present study, GUE possesses a strong antioxidant
activity. The antioxidant and free radical-scavenging properties
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of G. ula stem were found to be responsible for the plant’s
hepatoprotective effects. These reports, therefore, support the
tribal use of G. ula stem for liver problem treatment. For the
first time, G. ula has been studied for ant hepatoprotective
activity. A further study on the isolation and identification of
phytochemical compounds to correlate the antioxidant and
hepatoprotective activity has been obtained to support the
present study.
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