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ABSTRACT The hepatoprotective potential of Euphorbia hirta ethanol leaf extract was studied in this research. The
leaves that were collected were washed followed by drying then powdered and extracted with ethanol. The findings
revealed that phenolics, flavonoids, and tannins, which have significant antioxidant activity, may inhibit oxidative
stress and free radical damage in liver cells. Gas chromatography study revealed various bioactive compounds in the
extract. Molecular docking studies showed that some ligands had good binding affinity for the Hepatitis B virus X
protein, which is associated with liver disease. Based on the findings, Euphorbia hirta could be a hepatoprotective and
therapeutic option. Based on the study results, the plant can be viewed as a potential natural source for the development
of liver-protective agents after further studies through in vitro, in vivo and clinical studies.

INTRODUCTION

Chronic viral hepatitis, particularly Hepatitis B
virus (HBV) infection, remains a major cause of
liver-related illness and death in various communi-
ties, making liver toxicity a significant global health
issue (World Health Organisation 2023). The Hep-
atitis B virus X protein (HBx) plays a crucial role in
HBV’s ability to cause disease. It regulates viral
replication, alters immune signalling in the host,
and begins liver cell damage, leading to conditions
like cirrhosis and liver cancer (Bouchard and
Schneider 2004; Rawat and Bouchard 2015). Prob-
lems like drug resistance and side effects from cur-
rent treatments, such as nucleoside analogues and
type-linterferons, limit their effectiveness despite
providing notable antiviral effects (Liang et al. 2015;
Terrault et al. 2018).

As aresult, interest in plant-derived compounds
as alternative or complementary treatment options

has grown (Newman and Cragg 2020). Medicinal
plants contain a range of different phytochemicals
that can provide antioxidant and liver-protective ef-
fects through various pathways. These natural com-
pounds often have better safety profiles than syn-
thetic drugs (Salleret al. 2001; Singh et al. 2016). Plant
secondary metabolites are particularly intriguing for
treating liver disease since they can target multiple
issues at once, including oxidative stress, inflammation,
and viral proteins (Manikandan et al. 2017).
Euphorbia hirta L. (Euphorbiaceae), common-
ly known as snakeweed or asthma weed, is a herb
found worldwide and has been used in traditional
medicine in Africa, Asia, and the Americas to treat
various conditions like digestive, skin, and respi-
ratory issues (Kumar et al. 2010). Phytochemical
studies have identified numerous bioactive com-
pounds in this plant, including flavonoids, tan-
nins, phenolic acids, triterpenoids, and alkaloids
(Basmaetal. 2011; Johnson et al. 1999). Preclinical
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studies have confirmed its anti-inflammatory, anti-
bacterial, and pain-relieving properties (Lanhers et
al. 1991; Galvez et al. 1993). However, a systematic
evaluation of its potential to protect the liver, espe-
cially regarding HB V-related diseases, is still lacking.
In viral hepatitis, oxidative stress plays a cen-
tral role in the disease’s development. The exces-
sive production of reactive oxygen species (ROS)
can overwhelm the body’s natural antioxidant de-
fenses, leading to DNA breaks, protein damage,
and lipid oxidation (Sharmaet al. 2012; Cicho; -Lach
and Michalak 2014; Li et al. 2022; Ivanov et al.
2023). Disruption of this balance results in more
liver cell damage and faster fibrotic growth. There-
fore, antioxidant phytochemicals that can restore
this balance are promising candidates for liver pro-
tection (Valko et al. 2007; Rehman et al. 2023). Com-
bining in vitro antioxidant profiling with in silico
molecular docking offers a thorough and efficient
way to evaluate plant-derived bioactives (Mukher-
jeeetal. 2019; Kandasamy et al. 2024). Computa-
tional docking allows for precise predictions of
how well compounds will bind to relevant protein
targets (Kitchen et al. 2004; Meng et al. 2011).

Objectives

This study examines the antioxidant and liver-
protective properties of E. hirta leaves. The objec-
tives were to build a substantial foundation of evi-
dence supporting the use of E. hirta in developing
plant-based liver-protective medications.

MATERIAL AND METHODS

Plant Material Procurement and Botanical
Authentication

Fresh leaves of Euphorbia hirta L. were collect-
ed locally in Trichy. The leaves were washed under
running tap water and then rinsed with distilled water
to remove any contaminants.

Extract Preparation

To preserve temperature-sensitive bioactive
components, the cleaned leaves were shade-dried
for 14 days at room temperature. The dried leaves
were ground and passed through a 40-mesh screen
to obtain uniform particle size. Using a Soxhlet ap-
paratus, 100 g of the powdered leaves was contin-
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uously hot extracted with 500 mL of 99.9 percent
ethanol for 72 hours at 60-65°C until the solvent in
the siphon tube was clear, indicating complete ex-
traction (Azwanida 2015). A rotary evaporator set
at 45°C concentrated the extract under low pres-
sure, and a vacuum desiccator was used to remove
the solvent. The dry extract was stored in amber
glass vials at 4°C until needed for experiments. Ex-
traction efficiency was calculated as:

Yield (%) = (Mass of dried extract - Mass of
dried plant powder) x 100

Qualitative Phytochemical Profiling

Standard qualitative tests were performed on
the ethanolic extract to identify major classes of
secondary metabolites such as alkaloids, fla-
vonoids, tannins, saponins, terpenoids, phenols,
glycosides, and steroids, following established
methods (Harborne 1998; Trease and Evans 2002).

Quantitative Phytochemical Analysis
Total Phenolic Content (TPC)

The Folin-Ciocalteu method was used to de-
termine TPC (Singleton etal. 1999). In brief, 2.5 mL
of Folin-Ciocalteu reagent (1:10 dilution) was mixed
with 0.5 mL of 1 mg/mL extract solution. After let-
ting it sit at room temperature for five minutes, 2
mL of 7.5 percent sodium carbonate was added.
Absorbance was measured at 765 nm after 90 min-
utes of dark incubation. Results were expressed in
milligrams of gallic acid equivalents per gram of
dry extract (mg GAE/g) using a standard curve of
gallic acid.

Total Flavonoid Content (TFC)

The aluminum chloride method was used to
assess TFC (Chang et al. 2002). One milliliter of 1
mg/mL extract was diluted with four milliliters of
distilled water. After five minutes, the mixture re-
ceived 0.3 mL of 5 percent sodium nitrite, followed
by 0.3 mL of 10percentaluminum chloride, and fi-
nally two milliliters of 1 M sodium hydroxide. The
volume was adjusted to 10 mL, and absorbance
was measured at 510 nm against a reagent blank.
Results were reported in milligrams of quercetin
equivalents per gram of dry extract (mg QE/g).
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Total Tannin Content (TTC)

The Folin-Denis method was utilised to mea-
sure TTC (Schanderl 1970). The mixture of 0.5 mL.
of extract, 3.75 mL of distilled water, and 0.25 mL of
Folin-Denis reagent was incubated for three min-
utes before adding 0.5 mL of saturated sodium car-
bonate. Absorbance was taken at 760 nm after 90
minutes at room temperature, reporting results in
milligrams of tannic acid equivalents per gram of
dry extract (mg TAE/g).

In Vitro Antioxidant A ctivity Assessment

DPPH Free Radical Scavenging Assay (Brand-
Williams et al. 1995), Hydrogen Peroxide Scaveng-
ing Assay (Ruch et al. 1989), Ferric Reducing Anti-
oxidant Power (FRAP) Assay (Benzie and Strain
1996) and Total Antioxidant Capacity (TAC) (Prie-
toetal. 1999).

GC-MS Chemical Profiling

The ethanolic extract’s volatile and semi-vola-
tile chemical composition was analysed using GC-
MS with an Agilent 7890B GC system connected
to a 5977A mass-selective detector. The chromato-
graphic separation used a DB-5MS capillary col-
umn (30 m x 0.25 mmi.d. x 0.25 im film thickness) at
a flow rate of 1 mL/min with helium as the carrier
gas. The injection volume was 1 iL at a 10:1 split
ratio and the injector temperature was set at 280°C.
The oven program started at 60°C (holding for 2
minutes), ramping at 5°C/min to 280°C, which was
held for 10 minutes. Electron ionisation (EI) mode
at 70 eV was used, with source and interface tem-
peratures at 230°C and 280°C, respectively. Mass
spectra were acquired over the range of m/z 50-
600. Compound identification was based on reten-
tion indices and mass spectral data compared
againstNIST and Wiley libraries, with relative abundance
given as a percentage of peak area.

In Silico Molecular Docking Analysis
Macromolecular and Ligand Preparation

The crystallographic structure of the HBx pro-
tein was obtained from the RCSB Protein Data Bank

(PDB ID: 6HT4) (Berman et al. 2000). Protein pre-
processing was done in AutoDock Tools 1.5.6. This
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included removing crystallographic water mole-
cules, adding polar hydrogen atoms, and assign-
ing Kollman partial charges before converting to
PDBQT format (Morris et al. 2009). Ligand struc-
tures for compounds identified by GC-MS were
retrieved from the PubChem database in SDF for-
mat. They were geometry-optimised using the
MM2 force field in ChemDraw, converted to PD-
BQT format via Open Babel, and assigned Gasteiger
charges.

Docking Protocol

Molecular docking was performed in AutoDock
Vina 1.1.2 (Trott and Olson 2010). The docking grid
box measured 60 x 60 x 60 A with a spacing of
0.375 A and was centred on the HBx active site
cavity. An exhaustiveness parameter of 8 was used
to ensure thorough sampling of conformations.
The best binding pose for each ligand was chosen
based on the most negative binding free energy
value.

Binding Interaction Visualisation

Ligand-protein docked complexes were ren-
dered and analysed in PyMOL 2.5 and Discovery
Studio Visualiser 2021. Non-covalent interaction
profiles were documented. This included hydro-
gen bonds, hydrophobic contacts, 8-8 stacking,
and van der Waals forces, along with binding en-
ergies, inhibition constants, and the identities of
interacting residues.

Statistical Methods

All experimental determinations were conduct-
ed in triplicate and expressed as mean + standard
deviation (SD). Statistical comparisons were made
using GraphPad Prism v9.0, with one-way analysis
of variance (ANOVA) followed by Tukey’s honest
significant difference post hoc test. Significance
was set at p < 0.05.

RESULTS AND DISCUSSION

Extraction Efficiency and Preliminary Phytochem-
ical Screening

Soxhlet extraction of E. hirta leaves using ab-
solute ethanol produced a dark greenish-brown
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solid with a characteristic aromatic smell. The
percentage yield was 14.8 percentage (w/w). This
result aligns with previously reported yields for
ethanolic Euphorbia extracts, which range from 10
percentage to 18 percentage. This confirms etha-
nol’s effectiveness as a solvent for extracting both
polar and moderately polar compounds, including
polyphenols, alkaloids, and glycosides (Kumar et
al. 2010; Basma et al. 2011; Sulaiman et al. 2022;
Rehman etal. 2023).

Qualitative phytochemical profiling of the eth-
anolic extract showed a wide variety of secondary
metabolites (Table 1). Strongly positive reactions
were observed for alkaloids, flavonoids, tannins,
terpenoids, and phenols. There was moderate ev-
idence for saponins, cardiac glycosides, and ste-
roids. A weakly positive result was found for an-
thraquinone glycosides. This phytochemical pro-
file matches reports on the species from previous
studies (Lanhers et al. 1991; Johnson et al. 1999;
Al-Shehri et al. 2021; Manikandan et al. 2023).

Table 1: Qualitative phytochemical screening of
ethanolic extract of E. hirtaleaves

Phytochemical constituent Results
Alkaloids +++
Flavonoids +++
Tannins +++
Saponins ++
Terpenoids +++
Phenols +++
Cardiac glycosides ++
Anthraquinone glycosides +
Steroids ++

+++ = abundantly present; ++ = moderately present; + =
trace presence

Since flavonoids, tannins, and phenolic com-
pounds are well-known mediators of antioxidant
and hepatoprotective activity, their detection is
especially important from a pharmacological stand-
point (Nijveldtet al. 2001; Zhang et al. 2022). While

saponins and glycosides have additional immu-
nomodulatory and cardioprotective potential
(Hostettmann and Marston 1995; Singh et al. 2023),
alkaloids and terpenoids provide complementary
anti-inflammatory and antimicrobial qualities (Cush-
nie etal. 2014; Wink 2015; Elansary et al. 2024).

Quantitative Phytochemical Composition

Spectrophotometric quantification of principal
phytochemical classes in the ethanolic extract is
presented in Table 2.

A significant reservoir of electron-donating
phenolic hydroxyl groups that can chelate pro-
oxidant metal ions and neutralise free radicals is
indicated by the total phenolic content of 187.4 +
5.8 mg GAE/g (Shahidi and Ambigaipalan 2015). A
rich pool of structurally diverse polyphenols known
to inhibit ROS-generating enzymes and modulate
oxidative stress signalling cascades is reflected in
the total flavonoid content of 94.6 + 3.2 mg QE/g
(Panche et al. 2016). Given the well-established free
radical scavenging, antimicrobial, and anti-inflam-
matory properties of condensed and hydrolysable
tannins, the total tannin content of 112.3 +4.5 mg
TAE/g further supports the antioxidant capacity
(Chung et al. 1998). The concurrent abundance of
these three phytochemical categories provides a
mechanistic rationale for the plant’s traditional
hepatoprotective reputation and offers a basis for
the in vitro antioxidant findings reported below.

In Vitro Antioxidant Evaluation
DPPH Radical Scavenging Activity

Throughout the tested concentration range,
the ethanolic extract showed progressive, concen-
tration-dependent DPPH radical scavenging ac-
tivity (Table 3). With an IC_ of 42.8 + 1.5 ig/mL,
scavenging efficiency rose from 28.4 + 1.8 percent-

Table 2: Quantitative phytochemical composition of ethanolic extract of E. hirtaleaves

Parameter

Measured value

Standard

Total Phenolic Content
Total Flavonoid Content
Total Tannin Content

187.4 £ 5.8 mg GAE/g
94.6 + 3.2 mg QE/g
112.3 + 4.5 mg TAE/g

Gallic acid
Quercetin
Tannic acid

Values are expressed as mean = SD (n = 3). GAE = gallic acid equivalents; QE = quercetin equivalents; TAE =

tannic acid equivalents

Int J Hum Genet, 26(3): 206-223 (2026)
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Table 3: In Vitroantioxidant activities of ethanolic extract of E. hirta leaves

Concentration (ig/mL)

DPPH scavenging (%)

H,0,scavenging (%) FRAP (imol Fe’z /g)

10

20

40

60

80

100

IC,, (extract)
Ascorbic acid IC,;

i BN N )

90 N0 O 00 O\ = o
NN~ oo

HHH+H+HEF+

247 £ 1.5 1453 + 6.2
38.9 £ 2.0 268.7 + 8.4
524 + 1.8 412.5 + 9.6
65.1 +23 586.4 + 11.3
76.8 £ 2.1 724.8 + 10.7
854 £ 25 891.2 + 12.8
46.3 £ 1.8 ig/mL -

21.4 + 1.1 ig/mL -

Values are expressed as mean = SD (n = 3). IC, values represent the concentration (ig/mL) required to achieve 50%

inhibition.

age at 10ig/mL to 89.6 + 2.3 percentage at 100 ig/
mL. The extract’s scavenging potency is still phar-
macologically significant even though this value
is higher than that of ascorbic acid (IC_ =18.6 0.9
ig/mL). The ability of phenolic hydroxyl groups to
transfer hydrogen atoms to DPPH radicals and re-
duce them to stable diamagnetic species is consis-
tent with the concentration-response relationship
(Kedare and Singh 2011).

Hydrogen Peroxide Scavenging Activity

Despite not being a radical oxidant, hydrogen
peroxide is a biologically significant ROS that can
pass through cellular membranes and produce ex-
tremely harmful hydroxyl radicals through Fenton-
type chemistry, which can cause macromolecular
oxidative damage (Halliwell and Gutteridge 2015).
With an inhibition of 85.4 + 2.5 percent at 100ig/mL
(IC,,=46.3 £ 1.81g/mL; ascorbic acid reference:
21.4+ 1.11g/mL), the extract attenuated H,O, in a
dose-responsive manner. Electron donation from
phenolic components to H,0, is most likely the
mechanistic basis, preventing the subsequent for-
mation of hydroxyl radicals (Gulcin 2012). This ac-
tivity directly relates to hepatoprotection because
the liver is exposed to prolonged oxidative stress
during metabolic and inflammatory processes.

Ferric Reducing Antioxidant Power (FRAP)

FRAP values increased from 145.3+6.2t0 891.2
+ 12.8 imol Fe?z /g over the 10-100 ig/mL range,
indicating a strong concentration-dependent fer-
ric reducing capacity in the extract (Table 3). Ac-
cording to Prior et al. (2005) and Apak et al. (2016),
polyphenolic compounds with multiple free hy-
droxyl groups exhibit an electron-donating pro-
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pensity that is well-positioned to reduce Fe3z to
Fe?z and thus disrupt oxidative chain reactions.

Total Antioxidant Capacity (TAC)

ATAC 0f 342.7 £9.4 mg AAE/g was obtained
from phosphomolybdenum reduction, indicating
the extract’s cumulative electron-transfer antioxi-
dant capacity. This high value is consistent with
the concurrent abundance of phenolics, flavonoids,
and tannins supporting the multimechanistic anti-
oxidant activity shown by the DPPH, H,O,, and
FRAP assays (Prieto et al. 1999). A complete pic-
ture of the extract’s antioxidant potential is provid-
ed by the complementary nature of these four an-
tioxidant platforms, each of which probes unique
mechanistic aspects of radical neutralisation and
reducing power. Importantly, given the critical role
of oxidative stress in HB V-associated hepatocellu-
lar injury, this strong antioxidant activity directly
supports hepatoprotective function (Cichoz-Lach
and Michalak 2014).

GC-MS Chemical Composition Analysis

GC-MS profiling of the ethanolic E. hirta leaf
extract resolved 20 discrete chromatographic peaks,
collectively accounting for 92.8 percent of total
ion current (Table 4). Identified constituents
spanned six chemical classes for saturated and
unsaturated fatty acids and their methyl esters,
diterpene alcohols, triterpene hydrocarbons,
phytosterols, pentacyclic triterpenoids, and
polyphenolic flavonoids and phenolic acids.

Twenty compounds were identified in plant
extract by GC-MS analysis. The active principles
with their retention time, molecular formula, molec-
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Table 4: Chemical composition of ethanolic extract of E. hirtaleaves determined byGC-MS analysis

Peak RT (min) Area % Compound

1 5.287 0.48 2(3h)-Furanone, Dihydro-

2 6.092 2.20 2-Furancarboxaldehyde, 5-Methyl-

3 6.315 1.00 2,4-Dihydroxy-2,5-Dimethyl-3 (2H)-Furnal-3-one
4 7.493 0.38 Pentanoic Acid, 4-Oxo-

5 7.992 4.29 Cyclopentane, 1-Acetyl-1,2-Epoxy

6 8.148 1.47 2-Heptanone, 3-Methyl-

7 8.958 0.41 2-Acetyl-2-Hydroxy-.Gamma.-Butyro

8 9.123 9.65 4H-Pyran-4-One, 2,3-Dihydro-3,5-Dihydroxy-6-Me
9 10.405 54.02 Furan, 2,3-Dihydro-4-(1-Methylpropul)-, (S)-
10 12.690 3.18 DL-Proline, 5-Oxo-, Methyl Ester

11 13.705 0.26 3-O-Benzyl-D-Glucose

12 14.414 0.43 D-Gluco-Heptulosan

13 15.817 18.35 Asarone

14 16.553 0.45 1-Allyl-2,4,5-Trimethoxy-Benzene

15 17.399 0.28 Tetracosanoic Acid, 23-Oxo-, Methyl

16 18.744 0.39 2-Tridecenal, (Z)-

17 19.194 0.28 Octadecanoic Acid, Methyl Ester

18 19.574 1.64 9-Octadecenoic Acid (Z)-

19 19.757 0.33 1,2-Benzenedicarboxylic Acid, Dibut

20 20.861 0.52 1-Octadecanol

ular weight and concentration (%) are presented in
Table 5 and Figure 1.

The prevailing compounds are 2-heptanone,
3-methyl, 4H-pyran-4-one, 2,3-dihydro-3,5-dihy-
droxy-6-methyl, asarone, 1-allyl-2,4,5-trimethoxy-
benzene, tetracosanoic acid, 23-oxo-methyl, 2-tride-
cenal, (Z), octadecanoic acid methyl ester, 9-octa-
decenoic acid (Z), 1,2-benzenedicarboxylic acid and
the compounds such as benzene dicarboxylic acid
and heptanone, which contains the anti-microbial
activity, octadecanoic acid, 4H-pyran 4-one, which
contains the anti-inflammatory activity. Octade-
cenoic acid contains the anti-hypertensive and
hyper cholesterolemic activity (Dr. Duke’s phy-
tochemical and ethano-botanical database).

The presence of various bioactive compounds
justifies the use of the plant for various ailments
by traditional practitioners (Manikandan et al.
2017). However isolation of individual phytochem-
ical constituents and subjecting its biological ac-
tivity will definitely give fruitful results. Both plant
leaves extracts contain octadecanoic acid as a com-
ponent. It may be the reason for the various medic-
inal activities among these that the further study is
planned to find hepatoprotective activity by bind-
ing properties of the mediator called HBx protein
of hepatitis B virus with octadecanoic acid.d 1-
octadecanol were found in this plant.

The compositional diversity of the extract span-
ning lipophilic terpenoids and sterols alongside

Table 5: Docking results of phytoconstituents against the Hepatitis-B virus protein

Protein Compounds

Hepatitis-B virus X protein

1. PentanoicAcid:CCCCC(=0)O

2.Cyclopentane:C1CCCC1

3.2-Heptanone:CCCCCC(=0)C

4.TetracosanoicAcid: CCCCCCCCCCCCCCCCCCCCCCCC(=0)0
5.Asarone:COC1=CC=C(C=C10C)C=C
6.0ctadecanoicAcid:CCCCCCCCCCCCCCCCCC(=0)0
7.1,2-BenzenedicarboxylicAcid:OC(=0)C1=CC=CC=C1C(=0)0O
8.1-Octadecanol: CCCCCCCCCCCCCCCCCCO

Int J Hum Genet, 26(3): 206-223 (2026)
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Fig. 1. GC-MS results of Ethanolic extract of E. hirta

hydrophilic polyphenols supports a multi-mecha-
nistic hepatoprotective model in which compounds
with differing physicochemical properties act syn-
ergistically across aqueous and lipid compartments.

TIC*1.00

ing AutoDock Vina and expressed as Vina scores
(kcal/mol), where stronger ligand-receptor interac-
tions are indicated by more negative values. The
macromolecular target was the three-dimensional

crystal structure of HBx (PDB ID: 7VIF). Before

Molecular Docking Analysis

docking, all ligands underwent energy minimisa-

tion, and the ideal docking grid was identified us-

Eight phytocompounds derived from E. hirta
were tested for their ability to bind to the Hepatitis
B virus X protein (HBx) using molecular docking
simulations. Binding affinities were calculated us-

Fig. 2. 3D structure and Actisite of HBX1

Int J Hum Genet, 26(3): 206-223 (2026)

ing calculated cavity volumes and centre coordi-
nates. Figure 2 represent the structure of HBX-1
protein. The molecular interactions are shown in
the Figures 3 - 10.



HEPATOPROTECTIVE ACTIVITY OF EUPHORBIA HIRTA 213

i Posisnsicend

fT TSR P ——

B bmicracionoii 1L s ibifnianokoud

¥ cth
U
=:-w- - £~y
£ ne

ChuiwCLEUSALAS | ASPSALEUSSLEUSSY AL TH ELTRASFHIFROMSEREARGEIVALR TYRE VAL Valik
Tl AL FTRPSAS P FLAENFTATHRAT]ELSEALAGV AN TIEFL TRASF PRI SFRE|ARGAD VAL RS TVEEE VLIS VALSE | Y56 FHEST

[Pigurs: ke 11 Prntassboincid Intoraciion

AD-Buermensono AN - Lwith | Ocnsdecanc] - Irteractionof -Octadoca nol

f\?
B B e 8
& .8

b Pa
254

[——
B vt et [ e
(=

Chadad 1, FLAILFLESALARSV AL T2 FUMSERRTARGRIVALASYALSS | YREEVALETYAL 5
ChainD ASPEILEVSSLEUSSVALTILELITEASPTAVALAS

HHN | T Hoplam

10 I meprmctiosnaed T TTLX - | wathd -1 hopranacs fry [T R TR T R
g
s O
Bk :

oo q 0B

e e,
B oot S 1 7

Chalnd LT EUS AL A M ALAMTYR ARG HLTEMIL CUS ARG AR EALELSOTRIAY LELIDS TLE 10 Chale T METE ALY

Figure & HEX-1-2-Hlcpatawase Intorsction

Int J Hum Genet, 26(3): 206-223 (2026)



214 JOHNSON GRITTO MICHAEL SOUNDARAJ ET AL.

HBX:1-1.2-BenzenedicarbongicAcid

A Fritermctstn [HEX | w i) 2 Bhetiesd boafte y it s Dumeractionol] 2 Botuotacdiarte:

- ®

i O VAL N2 SERIZI PHEII2 VALIZ4 TRPIZS ILE
ChalalB:PHED PROISTHRIFLEU XTTYRISTRF| 0ZILE | 05SSER 05T

Figons 6 X1+ BlkonscnadicaronylicAcd

TIER |28 PROF 29 TYRIJZARGIEI PROIM
OOPHETHOTYRUISILE LM LEURO SERTSN THRIAY

HBX1-Asarone

2imtoractioaotAumn:

INeAnteraetionet BN | wish A sarome

ChalaC ASPOILEUGSM ETHADUSSALASSTRITIVAL T
Okl R TRIEILELGSME TEALELSRALASSTRPTIVA|

TASPTRPROTISERE | ARGEIVALSS VALES TYREE WALERASNS VALS)
LTS SPTREERADARGRIV ALSSV ALSE TVHIR VALSS A SRS VALI]

HEX]-Cyelopemans

ID-Iesractionall IR - bwithayckpeatass Ihinterscboanfilopalang
m
¥
o @ &8
o Lok
i s o
i 5
e &

ChalmC:LELUISPHEISLELE IGLFL L9V AL I T0SFR I21VALIHTRPITSARGIITTHRIZETYRIZ2
ARGEEIFRO
ChalnB-PHEDIFROZIASPZILELSITIIRGALASELEUATTRF IOZILE 1O3SER LOGTIIRIOY PIIETIO TYR 1R ILELI9 LEU140

Figure ©:HAX 1 -Cyslopmiane Intoracion

Int J Hum Genet, 26(3): 206-223 (2026)



HEPATOPROTECTIVE ACTIVITY OF EUPHORBIA HIRTA 215

B |- Cyelopesmn:

ID-ltersctionafl X - lwitheyclopoatane MDintersctona foyclopentans
#h
2]
L @B )
] I S
a o ™
[ %

Chalnd LELESPHEIRLEL IBLEL L I9VALMSFR ] ZIVALIMTRPIESARGIZTTHRIZETYRIZD
ARG EIPRO114
Chainli-PHEXPROZIASPIOLEU S0TIR SALASLEUSTTRPIOZILE 105SER L06TIERIOY PLIET IO TYR 112 ILELS LEVI40

Figure 8:HRX 1 -Cyclopentane nioraction

HEX ] -Octadecancicacd

I T N | R, i Nricracimmoicisdocmmica]

g S g

Cloabail®- AL A8 1 AR DUGSME Trad FLSEALAATTRITIVAL 1L PUMASFOSMUOMSERE] ARGE? VALSS Vales TV VAL Valas
Chain A Las P TRPAASPSILDUEETESL CUSS AL ASTIEFT | VAL LU TEAS O™ ST ARGE? VALSITYRER VaLEs VaLad LYS6 FHire?

s ¥ ] O e o I 200,

1_Tetragasaals Acid

3D ImercuenofHIBN: | with Towscowasox Ackd
Iinteractioned Totraoe:
wanc Aced

a iR = -
[ pe—— C
w

Chalal ALABI TRPS2AS PSILEUSSMETSSL FLGIA L ASITRPTIVALT2LEUTEASPTAFROTISERRI ARGA? VALRS WVALSS
TYRER VALROASNGO VALY
ChalaleALAG) TRPGIASPAELEUGSMETEAL EUSSALASSTRIT | VALTILEUTOASP TRPROTISERS | ARGEIVALES
VALSETYRESWALSSASNGD VALSS GLY S PHESY

Figure 1:HEXI_Tetracesancic veid

Int J Hum Genet, 26(3): 206-223 (2026)



216

Tetracosanoic acid had the highest binding
affinity of the eight compounds screened, with a
Vina score of -7.6 kcal/mol (Rank 1), followed by 1-
Octadecanol at -6.6 kcal/mol (Rank 3) and Octade-
canoic acid at -6.8 kcal/mol (Rank 2). When com-
pared to the other ligands, these long-chain fatty
acids and fatty alcohol showed noticeably better
binding. The phenylpropanoid component asarone
had a Vina score of -6.5 kcal/mol (Rank 4). Phthalic
acid, also known as 1,2-benzenedicarboxylic acid,
scored -6.0 kcal/mol (Rank 5). The compounds with
lower binding affinities were Pentanoic acid (-4.5
kcal/mol), Cyclopentane (-4.6 kcal/mol), and 2-Hep-
tanone (-4.8 kcal/mol). The full docking parame-
ters for each of the eight ligand-protein complexes
are compiled in Table 5. Summary of docking score
are given in Table 6.

Binding Interactions of Top-Ranked Compounds

Tetracosanoic Acid (Rank 1; Vina Score: -7.6
kcal/mol)

Among all the substances tested, tetracosanoic
acid (lignoceric acid) showed the highest binding

JOHNSON GRITTO MICHAEL SOUNDARAIJ ET AL.

affinity. Interactions with residues of Chains C and
D (ALA61, TRP62,ASP64,LEU65, MET66, LEU6S,
ALA69, TRP71, VAL72,LEU76,ASP78, PRO79,
SERS81,ARGS2, VALSS, VALS6, TYR88, VALR9,
ASN90, VAL93, GLY94, PHEY7). Tetracosanoic acid
occupies a broad cavity volume of 4541 A3, which
is consistent with its long acyl chain architecture,
according to the extensive involvement of hydro-
phobic and polar residues spanning both chains.
The participation of key residues such as ARG82,
TRP71, and TYRSS in the active binding pocket
implies strong hydrophobic contacts and possible
hydrogen bonding interactions that collectively sta-
bilise the complex.

Octadecanoic Acid (Rank 2; Vina Score:
-6.8 kcal/mol)

Chain C (ALAG61, TRP62, ASP64, LEU6S,
MET66, LEU68, ALA69, TRP71, VAL72, LEU76,
ASP78,PRO79, SER81, ARGS82, VALSS5, VALS6,
TYRSS, VAL89, VAL93) and Chain D (ALAG61,
TRP62, ASP64, LEU65, MET66, LEU68, PRO79,
SERS81,ARGS82, VALS8S, TYR88, PHE97). Octade-
canoic acid interacts with the same cavity (4541

Table 5: Docking results of phytoconstituents against the Hepatitis-B virus protein

Protein Compounds

Hepatitis-B virus X protein

1. PentanoicAcid:CCCCC(=0)0O

2.Cyclopentane:C1CCCC1

3.2-Heptanone:CCCCCC(=0)C
4.TetracosanoicAcid:CCCCCCCCCCCCCCCCCCCCeeee(=0)o
5.Asarone:COC1=CC=C(C=C10C)C=C
6.0ctadecanoicAcid:CCCCCCCCCCCCCCCCCC(=0)0
7.1,2-BenzenedicarboxylicAcid:OC(=0)C1=CC=CC=C1C(=0)0O
8.1-Octadecanol: CCCCCCCCCCCCCCcCcCcCCco

Table 6: Summary of molecular docking interactions of HBx protein with phytocompounds from E. hirta

Name of ligand Ranking Vina score Cavity Centre Docking

(kcal/mol) volume (A3) (x2) box size
Tetracosanoic acid 1 “7.6 4541 221, 89, 113 30, 30, 30
Octadecanoic acid 2 “6.8 4541 221, 89, 113 32, 26, 35
1-Octadecanol 3 “6.6 4541 221, 89, 113 32, 23, 35
Asarone 4 “6.5 4541 221, 89, 113 32, 25, 35
1,2-Benzenedicarboxylic acid 5 “6.0 951 198, 89, 139 17, 17, 32
2-Heptanone 6 “4.8 740 216, 74, 118 17, 17, 17
Cyclopentane 7 “4.6 951 198, 89, 139 17, 17, 32
Pentanoic acid 8 “4.5 4541 221, 89, 113 32, 25, 35

A3 = cubic angstroms, kcal/mol = kilocalories per mole

Int J Hum Genet, 26(3): 206-223 (2026)
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A3) as tetracosanoic acid, and the docking pose
shows significant hydrophobic surface comple-
mentarity along the fatty acid chain. Potential po-
lar and electrostatic contributions to complex sta-
bilisation are further implied by the presence of
ASP64, ARGS82, and LYS96 in the binding interface.

1-Octadecanol (Rank 3; Vina Score:
-6.6 kcal/mol)

1-Octadecanol, which is the fatty alcohol form
of stearic acid, had interactions with Chain C resi-
dues LEU65,LEU68, ALA69, VAL72, L EU76,SERS8I,
ARGS82, VALSS, VALS6, TYRSS, VALY, VAL93 and
Chain D residues ASP64, LEU65, LEU68, VAL72,
LEU76,ASP78, VALSS. The hydroxyl group at the
terminus of this compound can form hydrogen
bonds with polar residues SER81 and ARGS2,
which explains its high binding score. The slightly
reduced number of residues is probably due to
minor adjustment in position in the same binding
cavity.

Asarone (Rank 4; Vina Score: -6.5 kcal/mol)

Asarone, a phenylpropanoid ether compound
known to be linked with the pharmacological prop-
erties of Acorus calamus, showed promising bind-
ing affinities. The residues in contact with the com-
pound were Chain C (ASP64, LEU65, MET66,
LEUG68, ALA69, TRP71, VAL72, LEU76, ASP78,
PRO79, SER81,ARGS2, VALS5, VAL86, TYRSS,
VALS89, ASN90, VAL93) and Chain D (TRP62,
LEU65, MET66, LEU68, ALA69, TRP71, VAL72,
LEU76,ASP78, SER81, ARGS82, VALSS, VALSG6,
TYR88, VAL89, ASN90, VALI3). Interestingly, some
binding residues were common with the top-ranking
fatty acids, like TRP71, ARG82, and TYRSS.

1,2-Benzenedicarboxylic Acid (Rank 5; Vina
Score: -6.0 kcal/mol)

Phthalic acid had its own binding pocket with
a reduced cavity volume of 951 A3 and different
coordinates for the centre (198, 89, 139). This sug-
gests that it binds to an alternative site on the HBx
protein. The residues that contribute to its binding
are VAL120, SER121, PHE122, VAL124, TRP125,
ILE126, THR128, PRO129, TYR132, ARG133,
PRO134 from Chain C and PHE23, PRO25, THR33,
LEU37,TYR38, TRP102,ILE105, SER106, THR109,
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PHE110, TYR118, ILE139, LEU140, SER141,
THR 142 from Chain B. The aromatic dicarboxylic
acid structure can accommodate d-stacking with
TRP125 and TYR132 residues and hydrogen bonding
with THR128 and SER 121 residues at this secondary
binding site.

2-Heptanone, Cyclopentane, and Pentanoic Acid
(Ranks 6-8)

The remaining three compounds demonstrat-
ed moderate to low binding affinities. 2-Heptanone
bound to Chain C residues LEU30, LEU31, ALLA34,
ALA35, TYR38,ARG39, LEU42, LEUSS, ARG56,
ILES9, LEU60, TRP62, LEU101, and ILE105, and
Chain D residues MET1 and TLE3 in a relatively
compact space of 740 A"3. Cyclopentane is bound
to the same 951 A”3 space containing phthalic
acid with a moderate binding affinity of -4.6 kcal/
mol. This ligand also interacted with Chain C resi-
dues LEU15,PHEI18, LEU116,LEU119, VAL120,
SERI121, VAL124, TRP125, ARG127, THR128,
TYR132,ARG133, PRO134 and Chain B residues.
Finally, pentanoic acid is bound to the primary 4541
A73 space with a low binding affinity of -4.5 kcal/
mol. This ligand demonstrated poor interaction
with the protein due to the short length of the
ligand’s carbon chain. It interacted with Chain C
residues LEU60, ALA61, ASP64, LEU65, LEU68S,
VAL72,LEU76,ASP78,PRO79, SERS].

In the present investigation, structure-based
molecular docking studies were conducted to in-
vestigate the inhibitory potential of eight different
phytoconstituents isolated from E. hirta against
the Hepatitis B virus X protein (HBx), which is a
multifunctional non-structural protein essential for
viral replication, transcriptional transactivation, and
oncogenic transformation of hepatocytes (An-
drisani and Barnabas 1999; Feitelson and Lee 2007).
HBx interferes with host cell processes such as the
ubiquitin-proteasome pathway, DNA repair pro-
cesses, and apoptosis. This protein is considered
a major target in the development of therapeutic
strategies to treat chronic hepatitis B infection and
HBx-positive hepatocellular carcinoma (HCC) (Lian
et al. 2019; Tang et al. 2023). Recent studies have
further reinforced the therapeutic importance of
HBx, identifying it as a promising target for achiev-
ing a functional cure of chronic HBV infection be-
cause HBx regulates viral transcription and pro-
motes degradation of host restriction factors such
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as the Smc5/6 complex (Kumar 2025; Giriand Ku-
mar 2026). Structural studies published recently
have also provided new insights into the interac-
tion of HBx with DDBI, further supporting the
structural and mechanistic relevance of HBx as a
druggable viral target (Tanaka et al. 2025).

Among all compounds tested, tetracosanoic
acid, or lignoceric acid, had the highest binding
affinity at -7.6 kcal/mol. This is consistent with the
known binding properties of saturated fatty acids,
which have been shown to have extensive hydro-
phobic binding pockets. In particular, saturated
fatty acids within this range have been shown to
play a role in viral replication complexes. These
compounds have been shown to have a high bind-
ing affinity to the hydrophobic regions of non-
structural viral proteins. This has been shown
through various in silico studies (Vijayakumar et
al. 2021; Shaik et al. 2022). Recent phytochemical
investigations of E. hirta have continued to dem-
onstrate the presence of fatty acids and other lip-
id-like constituents, supporting the relevance of
long-chain lipid compounds within the phytochem-
ical profile of this plant (Kaba et al. 2025; Mbwale
etal. 2025). The impressive role that ARG82, TRP71,
and TYR8S play among all ligands with high bind-
ing affinities indicates that these residues play a
critical role in HBx binding. These residues have
been shown to play arole in guanidinium-mediat-
ed hydrogen bonding or salt-bridge formation.
Tryptophan and tyrosine have been shown to play
arole in hydrophobic interactions that are critical
to ligand binding.

Octadecanoic acid (-6.8 kcal/mol) and 1-Octa-
decanol (-6.6 kcal/mol) also utilised the main 4541
A3 cavity in a similar fashion and also showed a
high overlap in their repertoire of binding residues,
as observed in tetracosanoic acid. This similarity
in structure is not surprising, as the carbon chain
length in both compounds is similar. The small
decrease in binding energy from tetracosanoic to
octadecanoic acid might be due to the four methyl-
ene groups in lignoceric acid, which provide a bet-
ter opportunity for increased van der Waals inter-
actions in the elongated hydrophobic channel.
Previous studies on the interactions between fatty
acids and viral capsid proteins have established a
positive correlation between fatty acid chain length
and binding free energy, up to a certain limit, after
which steric hindrance also plays a role in reduc-
ing the complementarity of the interactions (Bhatt
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etal. 2020). The presence of a hydroxyl groupin 1-
Octadecanol provides a hydrogen bonding site
not seen in the fatty acids, which might be a rea-
son for its retaining a high level of binding affinity
even in the absence of a carboxylate functional
group. Recent computational phytochemical stud-
ies similarly emphasize that hydrophobic contacts,
hydrogen bonding, ligand size, and the physico-
chemical characteristics of natural compounds can
substantially influence predicted protein—ligand
interactions and their ranking during virtual screening
(Ibrahim and Ayipo 2025; Ancuceanu et al. 2025).
Asarone, which has been most extensively in-
vestigated in terms of pharmacological activities,
had a calculated Vina score of -6.5 kcal/mol, which
again corroborated previous findings on the anti-
viral and hepatoprotective potentials of this com-
pound. Asarone has been shown to possess anti-
viral, anti-inflammatory, and hepatoprotective ac-
tivities, as reflected by the inhibition of lipid perox-
idation, production of inflammatory cytokines, and
markers of liver cell injury (Gilani et al. 2006; Mehta
etal. 2013). In terms of structural analysis, the tri-
methoxybenzene ring in the asarone molecule is
quite suitable to interact with TRP71 and TYR88
by d-stacking, while the vinyl side chain is likely to
contribute to hydrophobic interactions with the
viral protease enzyme. These results are in partial
agreement with those of Rai et al. (2021), which
showed asarone to be a potent inhibitor of viral
proteases by virtue of identical binding modes.
The presence of ASN90 in the interfaces of Chain
C and Chain D in the asarone complex is likely to
contribute to hydrogen bonding by the side-chain
amide, which may contribute to the selectivity of
the binding. The continued investigation of plant-
derived phenylpropanoids and other secondary
metabolites using molecular docking and comple-
mentary computational approaches supports the
potential of such compounds as lead structures
for antiviral drug discovery, although computa-
tional predictions require experimental confirmation
(Ancuceanu et al. 2025; Taha and Daoud 2026).
Phthalic acid (1,2-benzenedicarboxylic acid) had
aremarkably different binding profile that involved
a secondary binding cavity of 951 A3 at coordi-
nates (198, 89, 139), with a score of -6.0 kcal/mol.
The identification of a secondary binding site is of
interest from a mechanistic perspective because
allosteric inhibition has been shown to be a viable
strategy for targeting HBx, owing to the presence
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of intrinsically disordered regions of HBx and the
complex interaction network of multiple domains
(Kang and Shen 2023). The importance of identify-
ing alternative or non-canonical binding sites has
gained further attention in contemporary structure-
based drug discovery, particularly for targets ex-
hibiting conformational flexibility and complex pro-
tein—protein interactions (Giri and Kumar 2026;
Altharawi and Alqahtani 2026). The aromatic ring
of phthalic acid enables stacking interactions with
TRP125 and TYR132 residues, whereas both car-
boxylate groups enable hydrogen bond formation
with polar residues THR128 and SER121. Dicar-
boxylic aromatic compounds have been studied as
a potential scaffold for allosteric antiviral agents.
The current study provides a rationale for the po-
tential of phthalic acid derivatives to be further ex-
plored for their antiviral activity (Martelli et al. 2014).

The low-affinity ligands 2-heptanone (-4.8 kcal/
mol), cyclopentane (-4.6 kcal/mol), and pentanoic
acid (-4.5 kcal/mol) possessed binding scores be-
low the empirical cutoff of -5.0 kcal/mol typically
employed to discriminate between biologically rel-
evant binders and non-specific interactions in vir-
tual screening exercises (Trott and Olson 2010).
The decreased affinity of pentanoic acid compared
to octadecanoic acid, which possess the same car-
boxylate-containing pharmacophore group, under-
scores the significant role played by hydrophobic
chain length in facilitating productive binding to
the large HBx ligand-binding cavity. Cyclopentane
lacks any functional groups and must rely on van
der Waals interactions alone to bind to the recep-
tor. This is clearly insufficient to facilitate high-
affinity binding to such a large ligand-binding cav-
ity. These data are in keeping with general SAR
considerations applicable to fatty acid analogs in
studies of enzyme inhibition (Dewick 2009). Re-
cent reviews of computer-aided drug discovery
have emphasized that docking scores should pri-
marily be interpreted as comparative computation-
al indicators rather than definitive measures of ex-
perimental binding affinity, particularly when di-
verse chemical classes are compared (Gogoi et al. 2026
Altharawi etal. 2026).

From a broader therapeutic point of view, the
prevalence of long-chain fatty acids and phenyl-
propanoids asarone among the top-ranked com-
pounds places E. hirta as a potential source for
developing antiviral phytochemicals against HBx.
Several studies have demonstrated the antiviral

Int J Hum Genet, 26(3): 206-223 (2026)

potential of E. hirta extracts against enveloped
viruses; however, HBx targeting molecular dock-
ing analysis has not been reported for this plant
previously (Negi et al. 2011; Rajput et al. 2014).
The current study adds novel mechanistic evi-
dence to existing ethnopharmacological literature
on this plant. Recent investigations continue to
demonstrate the chemical diversity and pharma-
cological potential of E. hirta, including the identi-
fication of fatty acids, terpenoids, coumarin-relat-
ed compounds, and other bioactive constituents
by chromatographic and phytochemical approach-
es (Kabaetal. 2025; Mbwale et al. 2025; Costa et al.
2025). Furthermore, recent computational studies
of E. hirta phytochemicals against viral targets
have demonstrated that compounds from this plant
can exhibit favorable predicted interactions with
viral proteins, providing additional support for the
use of E. hirta as a source of antiviral lead molecules
(Cayonaetal. 2022).

Itis, however, important to recognise the limi-
tations in the docking results, which may not serve
as the sole determinant in establishing biological
activity. The score, which is a measure of binding
free energy, is an approximation in static receptor
conditions, which does not include protein flexi-
bility, solvation, or off-target effects (Pagadala et
al. 2017). Recent computational drug-discovery lit-
erature similarly emphasizes that conventional
docking can be limited by receptor rigidity, scor-
ing-function approximations, incomplete treatment
of solvation, and the conformational flexibility of
protein-ligand systems (Ancuceanu et al. 2025;
Altharawi et al. 2026). Future studies should in-
volve the use of MD simulation to validate the
stability of the complex over time. In addition, bind-
ing free energy calculation, either by MM-GBSA
or MM-PBSA, would be important in establishing
the ranking order (Genheden and Ryde 2015). Re-
cent studies integrating molecular docking, molec-
ular dynamics, MM/PBSA or MM/GBSA calcula-
tions, and ADMET prediction demonstrate the
value of combining complementary computational
approaches to improve confidence in the prioriti-
zation of natural-product candidates (Ibrahim and
Ayipo 2025; Sindi et al. 2025). Moreover, pharma-
cokinetic analysis (ADMET) by computational
models like SwissADME and pkCSM would be
important in establishing the drug-likeness of the
top candidates, which would be important in fu-
ture experimental validation. Recent reviews spe-
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cifically highlight ADME prediction as an impor-
tant component of natural-product drug discov-
ery because promising phytochemicals can exhib-
it limitations related to absorption, distribution,
metabolism, excretion, solubility, and toxicity de-
spite favorable docking scores (Ancuceanu et al.
2025). The in silico study, however, offers a re-
producible, hypothesis-driven approach to the advance-
ment of E. hirta phytocompounds in the discovery
of anti-HBV drugs.

CONCLUSION

This research offers a scientific rationale to
validate the traditional use of E. hirta leaves in the
prevention and treatment of liver and hepatic dis-
orders. The ethanolic extract, which is rich in phy-
tochemicals, has shown substantial antioxidant
activities, which have been mechanistically vali-
dated in this study. The GC-MS analysis has re-
vealed the presence of 20 bioactive constituents,
which have shown substantial antioxidant activi-
ties in vitro, indicating a multi-targeted mechanism
of action in the prevention and treatment of liver
and hepatic disorders. Several limitations, which
are inherent in this study, need to be addressed. In
vitro antioxidant activities, although mechanisti-
cally validated, may not accurately reflect the in
vivo activities, where metabolism, pharmacokinet-
ics, and immunological responses may influence
the outcome. The substantial antioxidant activi-
ties, which have been supported by in silico stud-
ies on the interaction with the HBx protein, indi-
cate the potential utility of this plant in the preven-
tion and treatment of viral hepatitis and liver and
hepatic disorders. The therapeutic utility, however,
awaits in vivo and in vitro substantiation.

RECOMMENDATIONS

Euphorbia hirta leaves, which have shown
substantial antioxidant activities, are botanically
and pharmacologically validated to be developed
into a potential hepato-protective nutraceutical/
phytopharmaceutical agent in near future.
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