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In this study, phytochemical analysis of Anisomeles malabarica (L.) led to the identification of 25 bioactive compounds. The presence of
key secondary metabolites including flavonoids, alkaloids, terpenoids, tannins, steroids, anthraquinones and phenols was confirmed,
highlighting the plant’s rich pharmacological profile. Among various extracts tested, the ethanol extract exhibited the most significant
anti-inflammatory activity, suggesting its potential for further pharmacological and therapeutic exploration. The bioactive compounds
that satisfied Lipinski's rule of five were isolated and subjected to further evaluation. Their physico-chemical properties, toxicity profiles,
and drug-likeness were predicted using in silico ADMET analysis tools. Molecular docking studies demonstrated strong binding affinities
of several compounds toward Interleukin-6 (IL-6), a key pro-inflammatory cytokine implicated in the pathogenesis of rheumatoid arthritis,
suggesting their potential as therapeutic agents for inflammatory disorders. When compared to control tofacitinib (-6.17 Kcal/mol), bioactive
compounds such as dinaphthofuran (-9.48 Kcal/mol) and isoxazole[4,3-a]phenazine,1-phenyl (-9.07 Kcal/mol) have shown a substantial
binding affinity to Interleukin-6, making them potentially useful for anti-inflammatory therapeutics. RBC membrane stabilization assays
showed concentration-dependent protection against hypotonic-induced haemolysis, supporting the extract’s ability to prevent cellular
damage and inflammation. Overall, A. malabarica leaf extracts demonstrated significant anti-inflammatory potential, with dinaphthofuran
and isoxazolo[4,3-a]phenazine,1-phenyl identified as lead candidates for further drug development targeting rheumatoid arthritis.
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INTRODUCTION

Herbal plants have historically served as the primary source
of medicine and continue to play a significant role in traditional
healthcare systems worldwide [1,2]. The plant compounds that
have therapeutic value or that serve as building blocks for the
production of helpful medications are considered medicinal plants
[3]. Anti-inflammatory drugs play a crucial role in managing
rheumatoid arthritis (RA) by alleviating joint inflammation,
pain and tissue damage [4], a chronic autoimmune disorder
characterized by the immune system’s erroneous attack on
synovial joints that leads to persistent inflammation, swelling
and progressive joint degeneration [5]. Now-days, the devel-
opment of new anti-inflammatory drugs is essential to address
the adverse effects, resistance and limited selectivity associa-
ted with current treatments. In this context, plants-based drugs
can provide targeted modulation of specific molecular path-
ways involved in the chronic inflammation [6,7].

Anisomeles malabarica (L.) is considered one of the most
promising medicinal plants, traditionally passed down through
generations for its therapeutic uses [1,8]. Recent studies have
supported the efficacy of bioactive compounds isolated from
A. malabarica, confirming its potential in modern medicinal
applications [8-10]. The aim of this study was to investigate the
phytochemical composition and anti-inflammatory potential of
A. malabarica (L.) leaf extracts, identify bioactive compounds
with drug-like properties and evaluate their therapeutic poten-
tial against inflammatory disorders, particularly rheumatoid
arthritis through in vitro assays and in silico approaches inclu-
ding ADMET analysis and molecular docking against Inter-
leukin-6.

EXPERIMENTAL

Plant collection and extraction sample: The plant
Anisomeles malabarica was sourced from reclaimed lands and
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forest areas located in Mazhavanthangal, India. A plant speci-
men was authenticated by Dr. Prabhakaran, a taxonomist,
Department of Botany, Ramakrishna Mission Vivekananda
College (Autonomous), Chennai, India. The dried leaf powder
of A. malabarica was extracted using ethanol as solvent
through the maceration method, where the sample was kept at
32 °C for 24 h in an orbital shaker. Then the samples were
filtered by Whattman No. 1 paper and dried the sample [11].

Preliminary analysis: A. malabarica leaf extract was sub-
jected to the phytochemical screening to identify the biologi-
cally active components including flavonoids, phenols, steroids,
terpenoids, anthraquinones and alkaloids using GC-MS [12].

Molecular properties and drug-likeness prediction: The
study investigated the molecular characteristics of bioactive
compounds identified in the ethanolic extract of A. malabarica
(L.). To evaluate their drug-likeness, physico-chemical prop-
erties and ADMET profiles, in silico tools including the Swiss-
Dock platform and Lipinski’s rule of five were employed.
The Lipinski criteria serve as a predictive model for assessing
oral bioavailability and include the following parameters: (i) no
more than 5 hydrogen bond donors (—OH and —NH groups),
(i) no more than 10 hydrogen bond acceptors (N and O atoms),
(iif) molecular weight less than 500 Da, (iv) calculated LogP
not exceeding 5 and (v) a molar refractivity range between 40
and 130 [13,14].

Molecular docking: AutoDock4 was employed as the
computational tool for protein-ligand docking simulations. A
total of 25 predominant bioactive compounds, identified through
GC-MS analysis of the ethanolic extract, were selected for mole-
cular docking studies. These simulations aimed to evaluate the
potential interactions between the selected phytochemicals
and key therapeutic target proteins involved in inflammatory
pathways. The docking procedures were carried out using Auto-
Dock4 and the resulting protein-ligand complexes were anal-
yzed and visualized using BIOVIA Discovery Studio Visua-
lizer v21.1.0.20298 (BIOVIA, San Diego, CA, USA) [15].

Ligand preparation: The selected major bioactive com-
pounds identified in the ethanolic extract, along with the refer-
ence drug tofacitinib (PubChem ID: 9926791), were retrieved
from the PubChem database for further analysis. The corresp-
onding 2D chemical structures of the compounds (PubChem
IDs: 192762, 550070, 622697, 626689, 248040, 550401 and
550198) were utilized for molecular docking studies [16].

Protein preparation: The crystal structure of the target
inflammatory protein, Interleukin-6 (1L-6), was also obtained
from the Protein Data Bank (PDB ID: 00001ALU) via the
RCSB PDB database [17]. The protein structure was prep-
ared using the Protein Preparation Wizard integrated within
AutoDock4, involving standard steps of preprocessing, optimi-
zation, and energy minimization based on established protocols.
Docking simulations were conducted using Glide (version 4),
a module of AutoDock, where receptor grids were generated
with default parameters for each prepared protein structure.
Flexible ligand docking was performed using the Glide-Stan-
dard Precision scoring method. This approach allowed assess-
ment of potential interactions between the target protein and
selected ligands without imposing rigid constraints, making
it well-suited for virtual screening applications. Tofacitinib, an
FDA-approved anti-inflammatory agent, was used as a refer-

ence ligand. Compounds were ranked based on their docking
scores, with the most favourable interactions identified by the
highest negative binding energy values [18].

RBC membrane stabilization assay: The membrane-
stabilizing potential of the samples was evaluated using the
human red blood cell (RBC) membrane stabilization assay.
Fresh blood collected in Alsever’s solution was centrifuged
at 3000 rpm for 10 min and the packed RBCs were washed
thrice with isotonic phosphate buffer (10 mM, pH 7.4). A
10% RBC suspension was prepared in the same buffer. The
assay mixture consisted of 1 mL of RBC suspension, 1 mL of
extract at various concentrations and 1 mL of hypotonic solu-
tion (distilled water). After incubation at 37 °C for 1 h, the
mixture was centrifuged at 3000 rpm for 10 min. The extent of
hemolysis was determined by measuring the absorbance of
the supernatant at 540 nm. The percentage of membrane stab-
ilization was calculated by comparing the absorbance values
of treated and control samples (egn. 1) [19].

A
Stabilization (%) = [1—&"'9}100 1)

control

RESULTS AND DISCUSSION

Preliminary results: Phytochemical analysis of the etha-
nolic leaf extract of A. malabarica confirmed the presence of
alkaloids, steroids, glycosides, saponins and flavonoids, all
of which possess significant pharmacological activities (Table-
1). Moreover, integration of modern extraction and analytical
technologies can facilitate the efficient isolation and charact-
erization of these bioactive constituents, supporting the
development of novel therapeutic agents and drug lead
compounds.

TABLE-1
IDENTIFICATION OF THE PHYTOCHEMICAL
CONSTITUENTS FROM THE EXTRACTED MATERIALS

Name of the compound Hexane Acetone Ethanol

Saponin - - -
Terpenoids - - ++

Tannins + + +
Steroids - - ++

Glycosides - - -
Alkaloids + + ++
Flavonoids - + +++
Anthraquinones + - ++
Phenol + + ++

(Presence indicates + and Absences indicate —)

GC-MS analysis: On the basis of comparison of the mass
spectra with the NIST library, a total of 25 compounds were
identified from the ethanolic extract of A. malabarica. Each
compound was quantified according to its peak area percen-
tage in the total ion chromatogram (Fig. 1). The major bio-
active constituents identified, along with their relative abund-
ances, are summarized in Table-2.

ADMET and drug likeness prediction: To evaluate the
oral bioavailability and drug-likeness of the identified bio-
active compounds from the ethanolic extract of A. malabarica,
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TABLE-2
ISOLATED MAJOR COMPOUNDS IN THE ETHANOL EXTRACT OF LEAF OF Anisomeles malabarica

l\?c'). Compound name m.f. (2;—]) Biological activity

1  S-Propylthio-I-cysteine CeH1sNO2S2  16.589  Blood pressure, antioxidant and anti-inflammatory

2 Methyl4-hydroxybutanoate CsH1003 16.589  Antiviral, antiallergic

3 Hexanoic acid, 2-methyl C7H1402 16.674  Perfumes, oil lubricants and friction agents

4 2,2,4-Trimethyl-3-hydroxy-n-valeronitrile CsH1003 16.674  No activity

6  N-Hexadecanoic acid CsH1sNO 17.080  No activity

7 9,15-Octadecadienoic acid, methyl ester, (z,z) C19H3402 18.240  Antioxidant, antimicrobial and anti-inflammatory

8 9,12-Octadecadienoic acid, methyl ester, (e,e) C19H3:02 18.335  Antioxidant, anticancer and anti-inflammatory

9 Methyl 11-o0x0-9 undecenoate C12H2003 18.400  Antifungal and antibacterial

10  Naphthalene, decahydro-1-pentadecyl C14H2802 18.645  Antibacterial

11  Tridecanoic acid, methyl ester C16H1204 22.662  Antioxidant, anticancer and anti-inflammatory

12  4H-1-Benzopyran-4-one,5-hydroxy-7-methoxy-2-phenyl C20H1200 22.662  Anticancer, anti-inflammatory, antibacterial, anti-
Alzheimer's disease, antioxidant,

13  Dinaphtho[2,1-b:1',2'-d]furan CoH11N3sO  22.992  Anticancer, anti-inflammatory, antibacterial, anti-
Alzheimer's disease, antioxidant, insecticidal
antifungal and antidiabetic

14  Isoxazolo[4,3-a]phenazine,1-phenyl C20H14N2O 22,992  Anticancer, anti-inflammatory,  antibacterial,
antioxidant

15  Quinazolin-4(3H)-one, 2,3-diphenyl C11H1902Clz  23.457  No activity

16  Acetic acid, trichloro-, nonyl ester C20H13NO2  23.522  Antiproliferative and anticancer

17  Benzamide, n-(9H-fluoren-9-on-1-yl) C17H360 24.963  Antimicrobial and anti-inflammatory

18  N-heptadecanol-1 C27H4602 25.268  Antimicrobial and anti-inflammatory

19  2H-1-Benzopyran-6-ol,3,4-dihydro-2,8-dimethyl-2- CasHae 26.353  Antimicrobial, antioxidant and anti-inflammatory

(4,8,12-trimethyltride

20  11-Tricosene Ca26Hs40 26.353  Anti-inflammatory, antioxidant, insecticidal

21  Hexacosanol CsH7NsO 26.503  Antiviral

22 2,4-Dimethyl-7-oxo-4,7-dihydro-triazolo(3,2-c)triazine Cs3oHa02 28.074  Anticancer

23  Ergosta-7,22-dien-3-ol, acetate, (3,5c1) CaoH1g0 28.499  Antioxidant, antimicrobial antiproliferative

24 4,4,6a,6b,8a,11,11,14b-Octamethyl- C17H3003 28.99  Anticancer, anti-inflammatory and antibacterial

1,4,4a,5,6,6a,6b,7,8,82,9,10,11,12,12a,14,14a

25  2r-Acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2-buten- Ci5H2603 28.99  Antibacterial, insecticidal and antioxidant

1-yl)-1t-cyclo

100, § ranging from 0.00 to 55.62 A2 and XLogP3 values between
4 0.90 and 4.67. The solubility (Log S) values ranged from
% -2.06 to -5.51, indicating moderate to low aqueous solubility.
© 2 : The fraction of sp3-hybridized carbon atoms (fraction Csp®)
5 | varied from 5% to 30%, and the number of rotatable bonds

Clsal, el & &8 ranged between 1 and 16.
g 3 388N lf e 38R |83 ) “Lﬁgwl Remarkably, a substantial number of these compounds

0 5 10 15 20 25 30 showed favourable gastrointestinal absorption and efficient

Time (min) blood-brain barrier (BBB) permeability [20]. A bioavailability

Fig. 1. GC-MS chromatogram ethanolic extract of Anisomeles malabarica

Lipinski’s rule of five was applied. Compounds fulfilling
these criteria are considered more likely to be effectively absor-
bed upon oral administration [12]. Compounds fulfilling the
Lipinski’s rule of five are more likely to be orally absorbed,
as shown in Table-3.

The ADMET properties of 12 selected compounds were
assessed in silico and the physico-chemical properties are shown
in Table-4. The remaining three compounds, e.g. methyl 4-
hydroxybutanoate, methyl 11-0x0-9-undecenoate and tridecanoic
acid methy! ester, were excluded, as their key physico-chemical
parameters, including Csp? atom count, number of rotatable
bonds, molar refractivity and the number of heavy and aromatic
atoms, fell outside the acceptable ranges. These compounds
exhibited topological polar surface area (TPSA) values

score of 0.55 was observed for most of the tested phytochemi-
cals. Among them, 2-dinaphthofuran and isoxazolo[4,3-a]-
phenazine,1-phenyl- demonstrated higher scores of 0.904
and 9.07, respectively, indicating strong oral bioavailability
potential [21]. Regarding metabolic interactions, several com-
pounds showed no significant inhibition of cytochrome P450
enzymes, particularly CYP2D6. However, compounds like
quinazolin-4(3H)-one, 5-hydroxy-7-methoxy-2-phenyl and
4-hydroxy-1-benzopyran-4-one were found to inhibit CYP2D6
and CYP-3A4 enzymes, respectively.

Drug-likeness was further supported by favourable physi-
cochemical parameters. Most of the compounds had molecular
weights below 500 g/mol, which supports the efficient absor-
ption, diffusion and transport across biological membranes
[22]. The lipophilic nature of these molecules contributes to
optimal solubility, selectivity and membrane permeability, all


https://pubchem.ncbi.nlm.nih.gov/#query=C5H10O3
https://pubchem.ncbi.nlm.nih.gov/#query=C5H10O3

2692 Surya et al.

Asian J. Chem.

TABLE-3
LIPINSKI RULE OF FIVE OF BIOACTIVE COMPOUNDS ISOLATED FROM ETHANOLIC EXTRACT OF A. malabarica
S. No. Compound name m.w. H-Donor ) LogP bl
Acceptor mass
1 S-Propylthio-I-cysteine 195 3 3 1.1897 50.818
2 Methyl 4-hydroxybutanoate 118 1 3 -0.0681 28.336
3 2,2,4-Trimethyl-3-hydroxy-n-valeronitrile 144 1 2 5.2874 40.941
4 Methyl 11-ox0-9-undecenoate 212 0 3 2.6452 59.538
5 Tridecanoic acid, methyl ester 284 0 2 4.8867 86.875
6 4H-1-Benzopyran-4-one,5-hydroxy-7-methoxy-2-phenyl 268 1 4 3.0169 74.036
7 Dinaphtho[2,1-b:1',2"-d]furan 268 0 1 4.4685 84.019
8 Isoxazolo[4,3-a]phenazine, 1-phenyl 297 0 4 4.5912 90.047
9 Quinazolin-4(3H)-one, 2,3-diphenyl 298 0 3 4.4253 92.332
10 Benzamide, n-(9H-fluoren-9-on-1-yl) 300 0 2 4.8894 93.501
11 2r-Acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2-buten-1-yl)-1t-cyclohexene 282 1 3 3.7092 81.299
12 1,3,3-Trimethyl-2-hydroxymethyl-3,3-dimethyl-4-(3-methylbut-2-enyl)- 222 1 1 4.0877 70.338

cyclohexene

TABLE-4
PHYSIO-CHEMICAL PROPERTIES OF BIOACTIVE COMPOUNDS ISOLATED FROM ETHANOLIC EXTRACT OF A. malabarica
No of Molar Bioavail-
l\?c;. Compound name heavy '::a?/;zlrt%r:]' Csp® Rgt:;gzle refract- ability
atom tivity score
1 S-Propylthio-I-cysteine 11 0 0.83 6 50.62 0.55
2 2,2,4-Trimethyl-3-hydroxy-n-valeronitrile 10 0 0.88 2 41.22 0.85
3 4H-1-Benzopyran-4-one,5-hydroxy-7-methoxy-2-phenyl 20 16 0.06 2 76.44 0.55
4 Dinaphtho[2,1-b:1',2'-d]furan 21 21 0.00 0 88.73 0.55
5 Isoxazolo[4,3-a]phenazine,1-phenyl 23 23 0.00 1 90.05 0.55
6 Quinazolin-4(3H)-one, 2,3-diphenyl 23 22 0.00 2 92.78 0.55
7 Benzamide, n-(9H-fluoren-9-on-1-yl) 23 18 0.00 3 89.52 0.55
8 2r-Acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2-buten- 20 0 0.82 5 83.72 0.55
1-yl)-1t-cyclohexene
9 1,3,3-Trimethyl-2-hydroxymethyl-3,3-dimethyl-4-(3- 16 0 0.73 3 72.06 0.55

methylbut-2-enyl)-cyclohexene

of which are essential for effective drug delivery. Toxicity pre-
dictions indicated that the majority of the compounds could
be safely administered orally, with minimal risk of adverse
gastrointestinal effects [22]. Furthermore, approximately 85%
of the compounds demonstrated the capability to cross the
BBB, suggesting potential action in the central nervous system
[23]. These results are presented in Table-5. Following the
screening of nine compounds, two compounds viz. 4H-1-
benzopyran-4-one,5-hydroxy-7-methoxy-2-phenyl and benza-
mide, N-(9H-fluoren-9-on-1-yl) were excluded due to failing

the AMES toxicity test (Table-6) [24]. The remaining seven
compounds were selected for docking studies. The skin, func-
tioning as a selective barrier, also plays a critical role in trans-
dermal delivery. Evaluation of skin permeability showed that
the compounds were generally not well-suited for transdermal
application. The predicted bioavailability values ranged bet-
ween 0.55 and 0.85, aligning with ADMET predictions gene-
rated using the SwissADME platform. These findings reflect
the overall pharmacokinetic behaviour the compounds includ-
ing absorption, distribution, metabolism, excretion and toxicity,

TABLE-5
DRUG-LIKENESS SCORE OF BIOACTIVE COMPOUNDS ISOLATED FROM ETHANOLIC EXTRACT OF A. malabarica
S Mol LogS in Volume Drug like
No. o DEe| FENLS G LRSS Log (mgI/L) (A3) nessgscore
1 S-Propylthio-I-cysteine 43.86 37.3 -2.84 262.08 4.25
2 2,2,4-Trimethyl-3-hydroxy-n-valeronitrile 33.25 44.02 -1.65 183.28 3.95
3 4H-1-Benzopyran-4-one,5-hydroxy-7-methoxy-2-phenyl 45.88 26.3 -4.13 270.89 4.27
4 Dinaphtho[2,1-b:1',2'-d]furan 37.61 25.63 -3.39 252.19 3.58
5 Isoxazolo[4,3-a]phenazine,1-phenyl 39.13 13.14 -5.28 273.37 3.90
6 Quinazolin-4(3H)-one, 2,3-diphenyl 24.74 34.89 -3.93 290.91 5.20
7 Benzamide, n-(9H-fluoren-9-on-1-yl) 35.79 46.63 -4.53 294.36 4.47
8 2r-Acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2-buten-1- 36.99 46.52 -4.05 360.18 4.09
yl)-1t-cyclohexene
9 1,3,3-Trimethyl-2-hydroxymethyl-3,3-dimethyl-4-(3- 17.55 20.23 -4.73 305.54 4.37

methylbut-2-enyl)-cyclohexene
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TABLE-6
ADSORPTION DISTRIBUTION METABOLISM EXCRETION TOXICITY-PREDICTION FOR
BIOACTIVE COMPOUNDS ISOLATED FROM ETHANOLIC EXTRACT OF A. malabarica

Absorption Distribution
Compound name Intestinal : VDss (human)
Caco2 perm absorption Skin perm p-gP (LogL/kg) BBB perm
S-Propylthio-I-cysteine 0.8661 High 0.380842 No 56.37844 Yes
2,2,4-Trimethyl-3-hydroxy-n-valeronitrile 0.6471 High 0.591886 No 50.05816 Yes
Dinaphtho[2,1-b:1',2"-d]furan 0.6839 Low 0.8954 Yes 98.06126 No
Isoxazolo[4,3-a]phenazine,1-phenyl 0.6024 High 0.823526 Yes 44.24195 Yes
Quinazolin-4(3H)-one, 2,3-diphenyl 0.8029 High 0.418309 No 38.1931 Yes
2r-Acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2- 0.6468 High 0.778283 No 11.12834 Yes
buten-1-yl)-1t-cyclohexene
1,3,3-Trimethyl-2-hydroxymethyl-3,3-dimethyl-4- 0.6594 High 0.848891 No 90.15122 Yes
(3-methylbut-2-enyl)-cyclohexene
Metabolism Excretion Toxicity
Compound name CYP2D6 CYP3A4 Renal oct2 Ames Her Rat hepato

substrate Substrate sub Tox g tox
S-Propylthio-I-cysteine 0.132 0.288 0.9259 No 0.028 2.0526
2,2,4-Trimethyl-3-hydroxy-n-valeronitrile 0.152 0.428 0.9349 No 0.058 2.0269
Dinaphtho[2,1-b:1',2"-d]furan 0.124 0.414 0.7550 No 0.676 2.3900
Isoxazolo[4,3-a]phenazine,1-phenyl 0.134 0.463 0.7761 No 0.68 1.9764
Quinazolin-4(3H)-one, 2,3-diphenyl 0.224 0.588 0.8253 No 0.593 2.8063
2r-Acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2- 0.37 0.786 0.8213 No 0.37 2.2424
buten-1-yl)-1t-cyclohexene
1,3,3-Trimethyl-2-hydroxymethyl-3,3-dimethyl-4- 0.47 0.595 0.7993 No 0.525 1.8322
(3-methylbut-2-enyl)-cyclohexene

which may influence their therapeutic efficacy and safety pro-
files [25].

Molecular docking: The anti-inflammatory effects of bio-
active compounds were analyzed computationally by docking.
For Interleukin-6 (PDB ID: 1ALU), molecular docking anal-
ysis revealed that several bioactive compounds exhibited signi-
ficant binding affinities and the results are shown in Table-7.
Tofacitinib, a well-known anti-inflammatory drug, was used
as a control. In rational drug design, the binding free energy
values lower than -6.0 kcal/mol are generally considered indi-
cative of strong binding affinity and are commonly used as a
threshold for identifying promising lead compounds [26]. In this
study, several compounds demonstrated binding energies below
-6.0 kcal/mol, suggesting a strong inhibitory potential against
IL-6. Among the screened compounds, dinaphtho[2,1-b:1’,2'-d]-
furan and isoxazolo[4,3-a]phenazine,1-phenyl exhibited the
most favorable binding affinities, outperforming the control
drug tofacitinib (5 mg), a known IL-6 inhibitor.

Fig. 2 shows the 2D and 3D structure of protein-ligand
interactions of bioactive compounds. The overall binding to
the receptor was further aided by hydrogen bonding inter-
actions with ARG40, ASN61, ARG168 and HIS164. The doc-
king result revealed two pi-sigma interactions with ASN61
and a pi-alkyl contact with ASN63, LYS66, LUS167 and
LYS171 also exhibited alkyl interactions [27]. These results
highlight the potential role of these two phytoconstituents in
contributing to the anti-inflammatory effects of the ethanolic
leaf extract. While a few compounds exhibited relatively lower
affinities, the majority of the docked ligands demonstrated
enhanced binding efficiency compared to tofacitinib. These
findings are consistent with previous studies reporting the IL-6
inhibitory activity of structurally similar phytochemicals [28].

To substantiate the observed experimental anti-inflammatory
activity, molecular docking was employed to elucidate the
underlying interaction mechanisms between the bioactive
compounds and IL-6. The computational outcomes reinforce
the potential of these natural compounds as lead candidates
for the development of novel anti-inflammatory therapeutics
[29,30].

RBC membrane stabilization assay: Since the compo-
nents of lysosomal and red blood cell (RBC) membranes are
similar, the anti-inflammatory efficacy of A. malabarica (L.)
extract was evaluated by avoiding heat-induced hypotonicity
and RBC membrane lysis. The ethanol extract of A. malabarica
may help stabilize RBC membranes by preventing the release
of lytic enzymes and inflammatory mediators. Phytochemical
analysis revealed the presence of steroids, flavonoids, alkal-
oids and terpenoids, with flavonoids widely recognized for
their potent anti-inflammatory and antioxidant properties. The
haemolysis assay, a dose-dependent method for assessing anti-
inflammatory activity, showed that increasing concentrations
of diclofenac sodium generally reduced or maintained low levels
of haemolysis, indicating a membrane-stabilizing effect. How-
ever, at higher doses, some compounds may induce haemo-
lysis due to cytotoxicity [31].

In this study, diclofenac sodium was used as a reference
(Fig. 3) to evaluate the anti-inflammatory and safety profiles
of the plant extracts. Ethanol extract of A. malabarica demon-
strated a significant reduction in RBC haemolysis (upto 70-90%),
followed by ethyl acetate and aqueous extracts. At concentra-
tions of 10-100 ug/mL, haemolysis increased slightly likely
due to enhanced interaction with the RBC phospholipid bilayer.
These findings suggest that A. malabarica leaf extracts may have
therapeutic potential in managing inflammatory conditions [32].
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Fig. 2. 2D and 3D structure of the bioactive compounds (a) S-propylthio-I-cysteine, (b) 2,2,4-trimethyl-3-hydroxy-n-valeronitrile, (c) dinaphtho-
[2,1-b:1',2'-d]furan, (d) isoxazolo[4,3-a]phenazine,1-phenyl, (e) quinazolin-4(3H)-one, 2,3-diphenyl, (f) 2r-acetoxymethyl-1,3,3-
trimethyl-4t-(3-methyl-2-buten-1-yl)-1t-cyclohexene, (g) 1,3,3-trimethyl-2-hydroxymethyl-3,3-dimethyl-4-(3-methylbut-2-enyl)-

cyclohexene, (h) tofacitinib (control)
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Fig. 3. Percentage of RBC membrane stabilization assay

Conclusion

In this study, the phytochemical constituents and anti-
inflammatory properties of ethanol extracts from Anisomeles
malabarica leaves were investigated. GC-MS analysis identi-

fied isoxazolo[4,3-a]phenazine,1-phenyl and dinaphthofuran
as the major bioactive compounds. These molecules demons-
trated strong binding affinity toward Interleukin-6 (IL-6), a key
pro-inflammatory cytokine, comparable to the standard drug
Tofacitinib. Their interaction suggests potential to reduce syno-
vial inflammation in rheumatoid arthritis and support immune
modulation. Drug-likeness analysis and ADMET profiling
indicated that both compounds possess favourable pharmaco-
kinetic and safety properties, qualifying them as promising drug
candidates. Notably, isoxazolo[4,3-a]phen-azine,1-phenyl and
dinaphthofuran achieved the best docking scores, reinforcing
their potential as novel anti-inflammatory leads. The hemoly-
sis assay further supported these findings by demonstrating the
compounds’ ability to stabilize red blood cell membranes
under hypotonic and heat-induced stress, an indirect indicator of
lysosomal membrane stabilization and suppression of inflam-
matory mediator release. The observed reduction in hemolysis
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TABLE-7
MOLECULAR DOCKING AND INTERACTION OF BIOACTIVE COMPOUNDS ISOLATED FROM A. malabarica (L)
Binding
VIR Compound T Waals energy NG ) _Hydrog_en Total no. of residues
gene Interaction (KCal/mol) H bonds interaction
THR 89, GLY 90, GLU 93, THR 89, GLY 90, ASN 63, LEU
S-Propylthio-I-cysteine ASN 63, LEU 64, -4.51 3 LYS 86, LYS 64, LEU 62, PRO 65, GLU 93,
LEU 62, PRO 65 66 LYS 86, LYS 66
2,2,4-Trimethyl-3- THR 163, THR 43, -4.52 3 GLU 42, THR 163, THR 43, ARG 104,
hydroxy-n-valeronitrile ARG 104, GLU 106 SER 107, GLU 106, GLU 42, SER 107, SER
SER 108 108, PHE 105, LYS 46
Dinaphtho[2,1-b:1',2'- ASN 61, ASN 63, -9.48 2 ARG 40, LEU 165, LEU 64, LEU 62, LYS
d]furan PRO 65, SER 169 ASN 61 66, ASN 61, ASN 63, PRO 65,
SER 169
Isoxazolo[4,3- CYS 50, GLU 51, ILE -9.07 2 ARG 168, ARG 40, LYS 171, LEU 167,
a]phenazine,1-phenyl 36, SER 37 HIS 164 ARG 168, HIS 164, CYS 50, GLU
51, ILE 36, SER 37
Quinazolin-4(3H)-one, THR 138, LEU 92, -6.68 2 LYS 120, VAL 96, PRO 139, GLU 99, LYS
1ALU 2 3-diphenyl GLU 95, GLN 116, ASN 144 120, ASN 144, THR 138, LEU 92,
ALA 145, LEU 148, GLU 95, GLN 116, ALA 145,
PRO 141 LEU 148, PRO 141
2r-Acetoxymethyl-1,3,3- GLU 99, GLN 116, -5.80 3 LYS 120, LEU 92, PRO 141, LYS 120, PRO
trimethyl-4t-(3-methyl-2- VAL 96, ASN 144, PRO 139, 139, GLU 95, GLU 99, GLN 116,
buten-1-yl)-1t-cyclohexene THR 138 GLU 95 VAL 96, ASN 144, THR 138
1,3,3-Trimethyl-2- GLN 159, THR 43, -6.24 2 ASP 160, GLN 159, THR 43, GLU 42, GLU
hydroxymethyl-3,3- GLU 42, GLU 106, THR 163 106, SER 107, ASP 160, THR
dimethyl-4-(3-methylbut- SER 107 163, PHE 105, ARG 104, LYS 46
2-enyl)-cyclohexene
CN Tofacitinib 5 mg VAL 121, GLN 124, -6.17 2 LYS 120, LYS 120, ASN 144, VAL 121,
THR 138, PRO 139, ASN 144 GLN 124, THR 138, PRO 139,

VAL 96, GLU 99,
PRO 141, LEU 92

VAL 96, GLU 99, PRO 141, LEU
92, ILE 123, GLU 95,

confirms their membrane-protective and anti-inflammatory

potential.
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