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ABSTRACT

This study aimed to evaluate the hepatoprotective potential of aqueous and methanolic extracts of Vitex negundo and
Hygrophila auriculata using in-vitro and in-vivo models. Phytochemical analysis revealed that V. negundo contains
carbohydrates, glycosides, tannins, and saponins, while H. auriculata contains carbohydrates, alkaloids, glycosides, and
proteins—compounds known for their therapeutic properties. Antioxidant activity was assessed using DPPH and Nitric
Oxide radical inhibition assays. The methanolic extract of V. negundo demonstrated the strongest DPPH radical scavenging
activity with an ICso of 28.1 + 0.425 pug/ml, while the methanolic extract of H. auriculata showed the highest nitric oxide
scavenging activity with an ICso of 117.55 + 0.6708 pg/ml. These results were compared to standard antioxidants like
Ascorbic acid and Rutin. In-vitro cytoprotective studies were carried out on BRL-3A liver cells subjected to oxidative stress.
The aqueous and methanolic extracts of V. negundo provided 50% cytoprotection at 140 pg/ml and 570 pg/ml, respectively,
whereas H. auriculata extracts achieved similar protection at 220 pg/ml (aqueous) and 337.5 pg/ml (methanolic).
Hepatoprotective activity was further evaluated in isolated rat hepatocytes exposed to D-Galactosamine-induced toxicity.
All extracts significantly restored biochemical markers such as liver enzymes, total protein, and albumin. Among the extracts,
the aqueous extract of H. auriculata showed the most potent hepatoprotective effect. In-vivo studies in rats confirmed these
findings. Rats treated with D-GalN alone showed elevated liver enzymes and markers of liver damage, while co-treatment
with plant extracts significantly reversed these changes. The aqueous extract of H. auriculata again showed the most notable
hepatoprotection, followed by its methanolic extract. Extracts of V. negundo also demonstrated hepatoprotective effects,
though to a lesser extent. Histopathological examination of liver tissues supported the biochemical results, showing reduced
liver damage in extract-treated groups. Overall, the findings highlight the significant antioxidant and hepatoprotective
activities of both plants, particularly the aqueous extract of H. auriculata, suggesting their potential for liver disorder
therapies.

Keywords: Hepatoprotective activity, Vitex negundo, Hygrophila auriculata, Antioxidant assays, DPPH, Cytoprotection, D-
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1. INTRODUCTION

The liver is a central organ in metabolic regulation, detoxification, and the maintenance of systemic homeostasis [1-2]. Due
to its critical role in processing xenobiotics, pharmaceuticals, and environmental toxins, it is particularly susceptible to injury.
Unchecked hepatic damage can progress to advanced pathological states such as fibrosis, cirrhosis, and liver failure—
conditions that contribute significantly to global morbidity and mortality [3]. Hepatic insults are primarily driven by toxic
agents, infections, and metabolic dysregulation, with oxidative stress and inflammation serving as key mechanisms in disease
progression [4-5].

In recent years, interest in plant-based therapeutics for liver diseases has grown, driven by the need for safer alternatives to
synthetic drugs [6-8]. Herbal medicines often contain bioactive phytochemicals with antioxidant, anti-inflammatory, and
hepatoprotective properties. Among these, Vitex negundo Linn. and Hygrophila auriculata have shown promising activity
[9-10].

Vitex negundo, commonly known as the five-leaved chaste tree, has been traditionally used in Ayurvedic medicine for its
anti-inflammatory, analgesic, and hepatoprotective effects. It is rich in flavonoids, terpenoids, and phenolics—compounds
known for their potent antioxidant and anti-inflammatory properties [11-12].
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Hygrophila auriculata (syn. Asteracantha longifolia), an aquatic herb used in traditional medicine, is recognized for its
hepatoprotective, diuretic, and antioxidant activities. Its pharmacological efficacy is attributed to the presence of flavonoids,
alkaloids, and saponins [13-14].

Despite widespread traditional use, there is limited scientific validation of the hepatoprotective effects of these plants in
rigorous experimental models [15]. This study seeks to bridge this gap by evaluating the efficacy of Vitex negundo and
Hygrophila auriculata in a D-GalN-induced liver injury model. The findings aim to elucidate their mechanisms of action
and support their potential integration into therapeutic strategies for liver disease management [16].

2. MATERIALS AND METHODS
Materials

Fresh Vitex negundo leaves and aerial parts of Hygrophila auriculata were collected from Kerala, India. The plant materials
were taxonomically authenticated, and voucher specimens were deposited in the Department of Pharmacognosy, Oriental
University, Indore, for future reference. D-Galactosamine hydrochloride was obtained from Ranbaxy Chemicals, while
disodium hydrogen phosphate was sourced from Himedia Laboratories Pvt. Ltd., Mumbai, India. Analytical grade ethyl
acetate, tannic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), sodium nitroprusside, sulfanilamide, naphthyl ethylenediamine
dihydrochloride, hydrogen peroxide, phosphate buffer, and phosphoric acid were procured from S.D. Fine Chemicals Ltd.,
India.

Animals

Male Wistar rats (150-170 g) were procured from PBRI, Bhopal, and acclimatized under standard laboratory conditions:
temperature 25 + 3°C, relative humidity 50 £ 5%, and a 12-hour light/dark cycle. Animals were housed in polypropylene
cages with free access to a standard pellet diet and water ad libitum. All experimental procedures were performed in
accordance with the guidelines of the Committee for the Purpose of Control and Supervision of Experiments on Animals
(CPCSEA) and were approved by the Institutional Animal Ethics Committee (IAEC) of the Department of Pharmacy, AIPS,
Sagar (M.P.), India with CPCSEA Registration No: 01546/PO./E./S/11/CPCSEA.

Extraction Process

Freshly collected leaves of Vitex negundo and the aerial parts of Hygrophila auriculata were thoroughly washed with distilled
water to eliminate surface contaminants such as dust and soil particles. The plant materials were then shade-dried at ambient
temperature (25-30°C) for 10-14 days to preserve thermolabile bioactive constituents. Once completely dried, the materials
were coarsely powdered using a mechanical grinder and stored in airtight containers under desiccated conditions to prevent
moisture uptake until further use.

Soxhlet Extraction

Approximately 100 g of the powdered plant material from each species was packed into a cellulose extraction thimble and
subjected to Soxhlet extraction using 500 mL of 95% ethanol as the solvent. The extraction was carried out for 8—10 hours,
allowing continuous reflux and efficient solubilization of the phytoconstituents. Ethanol was chosen due to its amphiphilic
nature, which enables the extraction of a broad spectrum of phytochemicals including flavonoids, alkaloids, saponins,
tannins, and phenolic compounds [17-19].

The extraction process was monitored and considered complete when the solvent in the siphon tube appeared colorless,
indicating the exhaustion of extractable compounds. The resulting ethanolic extract was filtered through Whatman No. 1
filter paper to remove insoluble residues [20-21]. The clear filtrate was then concentrated under reduced pressure using a
rotary vacuum evaporator at 40-50°C to remove the ethanol, yielding a thick, semi-solid crude extract.

To ensure complete removal of residual moisture, the concentrated extract was further dried in a vacuum desiccator. After
drying, the extracts were accurately weighed, and the percentage yield was calculated relative to the initial dry weight of the
plant material using the following formula:

Percentage Yield (%) = (Weight of Crude Extract/Weight of Plant Material)x100

The dried extracts were stored in sterile, amber-colored glass vials at 4°C to protect them from light-induced degradation
and oxidative damage [22—23].

Phytochemical Characterization

The ethanol extracts of Vitex negundo and Hygrophila auriculata were subjected to preliminary phytochemical screening to
identify the presence of major classes of bioactive compounds. Standard qualitative chemical tests were employed to detect
alkaloids, flavonoids, phenolic compounds, saponins, tannins, glycosides, and terpenoids, following established protocols
[24-26].

e Alkaloids were detected using Mayer’s, Wagner’s, and Dragendorff’s reagents. A cream, reddish-brown, or orange
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precipitate was considered indicative of a positive result.

o Flavonoids were identified using the alkaline reagent test and lead acetate test. A yellow coloration that disappeared
upon acidification confirmed the presence of flavonoids.

e Phenolic compounds were tested using the ferric chloride test. A deep blue or green coloration indicated their
presence.

e Saponins were determined via the froth test. Persistent frothing upon vigorous shaking indicated saponin content.

e Tannins were detected using the ferric chloride test, with a blue-black or greenish precipitate signifying a positive
reaction.

e  Glycosides were tested using the Keller-Kiliani test. A brown ring at the interface confirmed the presence of cardiac
glycosides.

e Terpenoids were identified by the Salkowski test, in which a reddish-brown coloration at the interface indicated a
positive result.

These qualitative analyses confirmed the presence of several pharmacologically relevant phytochemical groups in both plant
extracts, supporting their traditional use in hepatoprotective and antioxidant therapies.

In Vivo Hepatoprotective Activity
Experimental Design and Grouping

Following a period of acclimatization under standard laboratory conditions, male Wistar rats were randomly assigned to six
experimental groups (n = 6 per group) to ensure unbiased allocation and reproducibility of results:

e Group I (Normal Control): Received normal saline (vehicle) only.
e Group Il (Toxic Control): Administered D-galactosamine (D-GalN) to induce acute hepatotoxicity.

e Group Il (Reference Control): Administered D-GalN + silymarin (100 mg/kg, p.o.), a well-established
hepatoprotective agent.

e Group IV: Administered D-GalN + Vitex negundo ethanolic extract (200 mg/kg, p.o.).
e Group V: Administered D-GalN + Hygrophila auriculata ethanolic extract (200 mg/kg, p.o.).

e Group VI: Administered D-GalN + combination of V. negundo (200 mg/kg) and H. auriculata (200 mg/kg), both
orally.

All treatments were administered once daily via oral gavage for a period of 14 days. To induce hepatotoxicity, D-
galactosamine was administered intraperitoneally at a dose of 400 mg/kg on specified days during the experimental protocol
[24].

Biochemical Assessment

To evaluate the hepatoprotective potential of Vitex negundo and Hygrophila auriculata, both serum liver function biomarkers
and oxidative stress parameters in hepatic tissues were analyzed.

Serum Biochemical Parameters

At the end of the treatment period, blood samples were collected from the retro-orbital plexus under light anesthesia. Samples
were allowed to clot at room temperature and centrifuged at 3000 rpm for 15 minutes to separate the serum, which was stored
at —20°C for subsequent biochemical analysis [26].

The following parameters were quantified using standardized diagnostic kits:

e Alanine Aminotransferase (ALT): A marker of hepatocellular injury, ALT activity was measured based on the
enzymatic conversion of alanine and a-ketoglutarate to pyruvate and glutamate, with results expressed in U/L [27].

e Aspartate Aminotransferase (AST): AST activity, indicative of hepatocellular and mitochondrial integrity, was
estimated enzymatically using aspartate and a-ketoglutarate as substrates [28].

e Alkaline Phosphatase (ALP): ALP levels were determined through the hydrolysis of p-nitrophenyl phosphate at
an alkaline pH, yielding a colored product measurable at 405 nm [29].

e Total Bilirubin: Measured using the diazo reaction, bilirubin serves as a critical indicator of hepatic clearance and
conjugation efficiency [30].

e Serum Albumin: Albumin concentration was estimated using the bromocresol green dye-binding method,
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providing insight into the liver’s synthetic function [31-32].
Hepatic Oxidative Stress Markers

Liver tissues were excised, rinsed with ice-cold saline, and homogenized in 0.1 M phosphate buffer (pH 7.4). The
homogenates were centrifuged at 10,000 rpm for 10 minutes at 4°C, and the resulting supernatants were used for the analysis
of antioxidant and oxidative stress markers [33].

e Superoxide Dismutase (SOD): SOD activity was determined based on its ability to inhibit the auto-oxidation of
pyrogallol, with results expressed in U/mg protein [34].

o Catalase (CAT): CAT activity was assessed by monitoring the rate of decomposition of hydrogen peroxide (H20-)
at 240 nm. Activity was expressed as pmol H20: decomposed/min/mg protein [35].

¢ Malondialdehyde (MDA): Lipid peroxidation levels were measured using the thiobarbituric acid reactive
substances (TBARS) method. The MDA-TBA adduct was quantified spectrophotometrically at 532 nm, and results
were expressed in nmol MDA/mg protein [36-38].

3. RESULTS

The extraction yield was calculated for each plant material based on the dry weight of the powdered raw material. The
ethanolic extract of Vitex negundo yielded 26.52% w/w, indicating a high concentration of extractable phytochemicals,
whereas Hygrophila auriculata yielded 8.00% wi/w, reflecting a moderate phytochemical recovery. These yields are
consistent with the differential phytochemical composition and solvent affinity of the respective plant species (Table 1-2).

Table 1. Phytochemical Studies on V.Negundo and H.auriculata.

Test V.Negu-ndo H.auriculata
ethanolic ethanolic

Carbohydrates

- molish + +

- Fehlings + +

- Benedicts + +

- Barfoeds + +

Lipids

- Libermann Burchard i -

- Salkowski - -

Alkaloids

- mayers - n

- Dragendroff - +

- Hagers - +

Glycosides

- Killer Kiliani + +

- Legal test + +

- Baljet test + +

- Born trayer + +

Tannins
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-Potassium dichromate

- Ferric Chloride + -

-Potassium ferricyanide

-Potassium cyanide + -
Saponins

- Foam test + -
Flavanoids

- Shinoda test - -

Proteins

- Biuret - +
- Ninhydrin - +
- xanthoprotein - +

Table 2. Rf values found in TLC of methanolic and aqueous extracts of Vitex negundo

Extracts Rf values

ethanolic of Vitex negundo 0.26, 0.33, 0.39, 0.44, 0.74, 0.57,
0.94

ethanolic of H. auriculata 0.18, 0.28, 0.36, 0.41, 0.53, 0.69,
0.8,0.93

The hepatoprotective efficacy of both plant extracts was evaluated using a well-established D-galactosamine (D-GalN)-
induced hepatotoxicity model in rats. This model effectively mimics human viral hepatitis by inducing oxidative stress,
inflammation, and hepatocellular necrosis. The therapeutic potential of Vitex negundo and Hygrophila auriculata was
assessed through a combination of serum biochemical markers of liver function and histopathological examination of liver
tissues.

Biochemical and Oxidative Stress Marker Analysis

ALT is a sensitive marker for hepatocellular injury, released into the bloodstream following damage to liver parenchymal
cells. In the D-GalN-treated group (Group 1), a significant elevation in serum ALT levels was observed (p < 0.001) compared
to the normal control, confirming liver injury. Treatment with Vitex negundo (Group V) and Hygrophila auriculata (Group
V) significantly reduced ALT levels by 40% and 35%, respectively, compared to the toxic control (p < 0.05). The
combination treatment group (Group V1) demonstrated the greatest reduction, with ALT levels decreased by 48%, suggesting
a synergistic hepatoprotective effect. Silymarin-treated rats (Group 111) showed a 50% reduction, serving as the positive
control and further validating the efficacy of the plant extracts (Figure 1).

AST, another transaminase indicative of hepatic and mitochondrial damage, was significantly elevated in the D-GalN group
(p <0.001). Administration of V. negundo and H. auriculata significantly reduced AST levels by 38% and 32%, respectively
(p < 0.05). The combined extract (Group VI) led to a 50.5% reduction, comparable to the 52% decrease observed in the
silymarin group, indicating potent hepatoprotection and likely synergistic activity.

Elevated ALP levels reflect cholestasis and biliary dysfunction. In the toxic control group, ALP levels were significantly
increased (p < 0.001). Treatment with V. negundo and H. auriculata resulted in significant reductions of 36% and 30%,
respectively (p < 0.05). The combination group (Group V1) showed a 45.6% decrease, while silymarin-treated rats exhibited
the highest reduction at 48%, indicating improvement in hepatic and biliary function.
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Total bilirubin serves as a critical index of liver detoxification and bile excretion capacity. D-GalN treatment markedly
increased bilirubin levels (p < 0.001), consistent with impaired hepatic clearance. Treatment with V. negundo and H.
auriculata reduced bilirubin by 41% and 36%, respectively (p < 0.05), while combination therapy achieved a 47.8%
reduction. Silymarin showed the highest effect, reducing bilirubin by 50%, suggesting that the extracts help restore normal
hepatic excretory function.

Serum albumin levels, indicative of hepatic protein synthesis, were significantly reduced in the toxic control group (p <
0.001). Treatment with V. negundo and H. auriculata significantly improved albumin levels by 30% and 25%, respectively
(p < 0.05). The combination group (Group VI) demonstrated a 32% increase, while silymarin administration resulted in the
most substantial improvement, with a 35% increase, supporting the restorative effect of the treatments on liver synthetic
activity.
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Figure 1: Effect of plant extracts on the ASAT levels in D-GalN intoxicated rats

Oxidative Stress Markers in Liver Tissue

SOD plays a crucial role in cellular antioxidant defense by neutralizing superoxide radicals. The D-GalN group showed
significantly decreased SOD activity (p < 0.001), reflecting oxidative stress-induced impairment. Treatment with V. negundo
and H. auriculata significantly increased SOD activity by 28% and 25%, respectively (p < 0.05), while the combination
group (Group V1) showed a 36% increase. The silymarin group displayed the highest enhancement in SOD levels at 40%,
indicating strong antioxidant capacity.

CAT enzymatically decomposes hydrogen peroxide, a major reactive oxygen species. The toxic control group exhibited
significantly suppressed CAT activity (p < 0.001). Administration of V. negundo and H. auriculata improved CAT activity
by 32% and 28%, respectively (p < 0.05). Combination treatment led to a 37% increase, while silymarin-treated rats showed
a 40% enhancement, signifying effective neutralization of oxidative stress.

MDA is a biomarker of lipid peroxidation and oxidative membrane damage. MDA levels were significantly elevated in the
D-GalN group (p < 0.001), indicating extensive oxidative injury. Treatment with V. negundo and H. auriculata significantly
reduced MDA levels by 35% and 30%, respectively (p < 0.05), while the combination group achieved a 40% reduction. The
silymarin group exhibited the most notable effect, with a 45% decrease, highlighting the protective efficacy of the plant
extracts against oxidative damage and lipid peroxidation.

Statistical Analysis

All data are presented as mean + standard deviation (SD). Statistical analysis was performed using one-way analysis of
variance (ANOVA), followed by Tukey's post-hoc test for pairwise comparisons. A p-value of < 0.05 was considered
statistically significant. The plant extracts consistently showed improvements in all assessed parameters when compared to
the toxic control group, thereby further supporting their hepatoprotective potential.
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4. DISCUSSION

Liver injury induced by D-galactosamine (D-GalN) is a well-established experimental model to study acute hepatotoxicity.
In this study, we evaluated the hepatoprotective potential of Vitex negundo Linn (VN) and Hygrophila auriculata (HA) in a
D-GalN-induced liver damage model in rats. Our findings suggest that both plant extracts exhibit significant protective
effects against liver injury, as evidenced by improvements in various biochemical and oxidative stress markers.

The elevated levels of serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST), commonly used
indicators of hepatocellular injury, were significantly reduced upon treatment with Vitex negundo and Hygrophila auriculata.
In the D-GalN-treated rats, a marked increase in ALT and AST levels was observed, indicating substantial hepatocellular
damage. However, treatment with VN and HA extracts led to a significant reduction in these enzymes, which is indicative of
hepatocyte membrane stabilization and prevention of cell damage. The combination of both plant extracts demonstrated the
most potent effect, with ALT and AST levels reduced by 48% and 50.5%, respectively, reflecting a synergistic effect. This
is consistent with previous reports, where plant-derived antioxidants have been shown to reduce liver enzyme levels by
mitigating cellular damage and inflammation.

The decrease in alkaline phosphatase (ALP) levels further supports the liver-protective effects of the extracts. ALP is
typically elevated in conditions associated with cholestasis or biliary dysfunction. In our study, the reduction of ALP levels
in rats treated with VN and HA suggests that the extracts may also protect against bile duct obstruction or facilitate biliary
flow. The combination group exhibited the most significant reduction in ALP, emphasizing the enhanced protective potential
of the two plant extracts when used together.

Moreover, the significant reduction in total bilirubin levels in the treated groups indicates improved liver detoxification and
bile excretion. Elevated bilirubin levels are indicative of liver dysfunction, and the observed reductions suggest that the plant
extracts might have facilitated the restoration of liver function, which is a vital aspect of hepatoprotection. Similar findings
have been reported with various plant extracts known to promote liver regeneration and detoxification.

Albumin, synthesized by the liver, is a marker of hepatic synthetic function. In the present study, VN and HA treatments
significantly elevated serum albumin levels, which were reduced in the D-GalN group, further indicating the restorative
effect of the extracts on liver function. The combination of both extracts led to the highest increase in albumin levels,
underscoring their synergistic action in improving liver synthetic capacity.

Oxidative stress plays a crucial role in the pathogenesis of liver injury, and markers such as superoxide dismutase (SOD),
catalase (CAT), and malondialdehyde (MDA) provide insight into the antioxidant status of the liver. In our study, the
significant decrease in SOD and CAT activities and the elevated MDA levels in the D-GalN group were indicative of
oxidative damage and lipid peroxidation. However, Vitex negundo and Hygrophila auriculata extracts significantly improved
antioxidant enzyme activities (SOD and CAT) and reduced MDA levels, highlighting their ability to counteract oxidative
stress.

The combination treatment (Group V1) exhibited the most pronounced effects, with 36% and 37% increases in SOD and
CAT activities, respectively, and a 40% reduction in MDA levels. This suggests that the combination of VN and HA extracts
may exert a synergistic antioxidant effect, effectively neutralizing free radicals and protecting against lipid peroxidation. The
reduction in MDA levels further supports the hypothesis that these plant extracts protect cellular membranes from oxidative
damage, a common feature in liver diseases.

Our results are in agreement with several studies demonstrating the antioxidant and hepatoprotective properties of Vitex
negundo and Hygrophila auriculata. For instance, Vitex negundo has been shown to possess potent antioxidant activity due
to its rich content of flavonoids, phenolic compounds, and terpenoids, which are known to scavenge free radicals and enhance
the liver’s endogenous antioxidant defense mechanisms. Similarly, Hygrophila auriculata has demonstrated significant
hepatoprotective and antioxidant effects in various studies, which may be attributed to its alkaloids, flavonoids, and saponins,
all of which contribute to its ability to mitigate oxidative stress and inflammation.

The combination of Vitex negundo and Hygrophila auriculata extracts (Group VI) demonstrated superior hepatoprotective
activity compared to individual treatments. The combination therapy not only showed the highest reductions in liver enzyme
levels (ALT, AST, and ALP) and bilirubin, but also exhibited the most significant improvements in oxidative stress markers
(SOD, CAT, and MDA). This suggests that the two plant extracts may act synergistically, potentially offering a more
comprehensive hepatoprotective effect through their combined antioxidant, anti-inflammatory, and liver regenerative
properties.

The synergistic effect could be attributed to the complementary actions of the bioactive compounds present in both plants.
For example, while Vitex negundo is rich in flavonoids and terpenoids with potent antioxidant and anti-inflammatory
properties, Hygrophila auriculata contains alkaloids and saponins known for their hepatoprotective and diuretic actions.
These compounds might work together to enhance liver function, reduce oxidative damage, and promote liver cell
regeneration.
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5. CONCLUSION

In conclusion, the findings of this study provide strong evidence of the hepatoprotective effects of Vitex negundo and
Hygrophila auriculata in a D-GalN-induced liver injury model. Both plant extracts exhibited significant antioxidant and
anti-inflammatory activities, which contributed to the reduction of liver enzyme levels, bilirubin, and oxidative stress
markers. The combination of both extracts showed enhanced hepatoprotective effects, suggesting a potential therapeutic
strategy for the management of liver diseases. Further studies, including clinical trials, are warranted to confirm these
findings and explore the mechanisms underlying their synergistic action.
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