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Tabernaemontana divaricata (L.) is a prevalent horticultural species in Southeast Asia, also occurring in Australia, tropical Asia and
Polynesia shows a diverse range of activities. To explore the molecular mechanisms and targets for prospective and effective therapeutic
approaches, molecular docking enables the identification of the most promising targets in asthma. The present study investigates the
multitargeted anti-asthmatic potential of phytocompounds isolated from T. divaricata by docking analysis. The hydroalcoholic extract of
T. divaricata (TDHE) was obtained using the Soxhlet extraction and analysed for antiasthmatic activity. Chemical profiling of the extract
was carried out using HR LC-MS/MS, which revealed the presence of 19 distinct phytocompounds. All the isolated 19 phytocompounds
were docked against prime modulators in asthma such as histamine H1 (PDB: 3RZE), human interleukin-6 (PDB: 1ALU), IL4-IL4R-
IL13Ra ternary complex (PDB: 3BPN), IL-25-1L-17RB-IL-17RA ternary complex (PDB: 7UWL), as well as IL-13 (PDB: 5KNH)
receptors. The results demonstrated that TDHE possesses significant antiasthmatic potential, primarily through anti-inflammatory and
antihistaminic mechanisms. Among the screened phytocompounds, kaempferol-3-O-rutinoside, 8-[4,5-dihydroxy-6-(hydroxymethyl)-3-
[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-ylJoxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-4-one and selaginpulvilin T
exhibited strong binding affinities across all targeted receptors. In addition, ADMET profiling of the identified compounds supported
their favourable pharmacokinetic and safety profiles. This study highlights the medicinal potential of T. divaricata phytocompounds as
alternative or adjunctive therapeutic agents for asthma, offering a multitargeted strategy to modulate immune responses and alleviate
disease symptoms. Future investigations should focus on clinical evaluation of the isolated phytocompounds to validate their efficacy and
safety in asthma management.
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INTRODUCTION

Herbs have been widely used since ancient times to alle-
viate the symptoms of various inflammation-related disorders.
Metabolites derived from these herbs directly interfere with
inflammatory processes and response mechanisms, including
the production of secondary messengers [1]. Tabernaemontana
divaricata (L.) is a prevalent horticultural species in South-
east Asia, also occurring in Australia, the Asia tropics and
Polynesia [2]. Traditional folk medicine has utilised T. divaricata
(L.) R. br. for its analgesic, anti-inflammatory, antioxidant,
anti-infection and anti-tumor properties [3,4]. T. divaricata also
exhibits immunomodulatory effects towards in vivo and in
vitro models of asthmatic mice. This endorses an innovative

method for the management of allergic and cough-related
asthma [5].

Asthma is a chronic inflammatory airway disease chara-
cterized by recurrent dyspnoea and wheezing due to broncho-
constriction and allergic inflammation. It affects nearly 300
million individuals worldwide, with an estimated 100 million
additional cases expected by 2025 [6]. Standard treatments,
including bronchodilators, anti-inflammatory agents and anti-
IgE therapies, alleviate airway inflammation and smooth muscle
spasm [7]; however, high costs, limited accessibility in low-
income regions, and adverse effects such as cardiovascular
complications from Bz-agonists and metabolic disturbances
from corticosteroids remain major concerns [8,9].
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Asthma pathogenesis involves complex genetic, environ-
mental and immunological interactions leading to airway hyper-
responsiveness, mucus hypersecretion, inflammatory cell
infiltration and airway remodelling [10,11]. Moreover, the
computational approaches such as molecular docking (MD)
and molecular dynamics simulations play a crucial role in drug
discovery by accurately predicting binding affinities between
ligands and target proteins. In the context of asthma, mole-
cular docking facilitates the identification of key molecular
targets and helps elucidate underlying mechanisms for the
development of effective therapeutic strategies [12]. In present
research work, we identified the active phytocompounds from
the hydroalcoholic extract of T. divaricata by HR LC-M/MS
analysis and subsequently examined the in silico activity of
phytocompounds via molecular docking and ADMET eval-
uation against different proteins implicated in asthma for a
multitargeted treatment.

EXPERIMENTAL

Upper portions of Tabernaemontana divaricata were
collected from the Western Ghats of Maharashtra state of
India. The plant was verified by the Botanical Survey of India,
Pune. The leaves of the plants were detached, cleaned with
distilled water, shade-dried and then pulverised into coarse
powder.

Extraction: The hydroalcoholic extract of T. divaricata
leaves (TDHE) was prepared using a Soxhlet extractor. Leaves
powder (600 g) was initially defatted with petroleum ether in
the Soxhlet apparatus at 65 °C to remove waxy components,
followed by extraction with 1200 mL of a 50:50 ethanol-water
mixture. The resulting hydroalcoholic extract was dried at
40+ 2 °C to obtain a solid mass, which was subsequently stored
in a suitable glass container. The extraction yielded 43.8 g of
dried extract, corresponding to a 7.3% vyield [13].

In vitro activity

Anti-inflammatory activity using protein denaturation:
A 10 mL reaction mixture was prepared containing 0.4 mL
of fresh hen egg albumin, 5.6 mL of phosphate-buffered
saline (PBS, pH 6.4) and 100 pL of the test solution at various
concentrations. Double-distilled water was used as control.
The mixtures were initially incubated at 37 + 2 °C for 15 min,
followed by heating at 70 °C for 5 min. After cooling, the absor-
bance of each sample was measured at 660 nm, using solvent
as a blank. Diclofenac sodium at varying concentrations was
used as the reference standard and subjected to the same proce-
dure for absorbance measurement [14,15]. The % protein
denaturation inhibition was determined using the following
equation:

Inhibition (%) :%

where P= absorbance of the sample of test, Q = absorbance
of sample of control.

Anti-inflammatory potential using HRBC membrane
stabilisation method: Blood samples were collected from a
volunteer who had avoided the NSAIDs for approximately 14
days prior to the study. The samples were centrifuged at 7000
rpm for 5 min and the supernatant was discarded. The concen-

trated blood cells were washed with isotonic saline and a 10%
suspension was prepared. TDHE, at concentrations ranging
from 20 to 100 pug/mL in buffer, was each mixed with 2 mL
of 0.36% hyposaline and 0.5 mL of HRBC suspension. The
mixtures were incubated at room temperature for 10 min,
followed by centrifugation at 2800 rpm for 5 min. The absor-
bance of the supernatant was measured at 540 nm. Aspirin, at
concentrations of 20, 40, 60, 80 and 100 ug/mL, was used as the
standard. The percentage of HRBC membrane stabilization
was calculated using the following formula [16].

Hemolysis (%) = b, x100
OD.

oD,

Protection (%) =1- %100
oD

c

where OD+ = optical concentration of the test sample and
ODc represents the optical density of the negative control.

Anti-histaminic activity by goat tracheal chain method:
The trachea of a goat was obtained from an abattoir and disse-
cted into individual rings, which were then connected sequen-
tially to form a chain. The tracheal rings were suspended in a
30 mL organ bath containing Tyrode’s solution and main-
tained at 37 + 0.5 °C with continuous aeration. Each ring was
equilibrated under a 400 mg load for approximately 45 min,
with fresh Tyrode’s solution added at 15 min intervals. The
contraction responses were induced using histamine (500 ug/
mL) to establish baseline tension. The percentage relaxation of
histamine-induced contraction was measured in the presence
of the standard drug salbutamol and the test extract (TDHE)
at concentrations ranging from 0.1 to 2 mg/mL. Data were
analyzed using a t-test to assess the statistical significance of
relaxation effects [17].

Phytochemicals estimation by HR LC-MS/MS: The
identification of polar bioactive compounds was conducted
via the Agilent 6200 with TOF/6500 series Q-TOF B.09.00
(B9044.0) liquid chromatography paired with a mass spectro-
meter, including electron ionisation, also a fused silica DB-5
column (30 m x 0.25 mm) with 0.25 um thickness of film.
Heat of the oven was sustained at 50 °C for 5 min and subse-
quently programmed to rise from 50 °C to 280 °C for about
40 min. The mobile phase comprising a chloroform-methanol-
water solvent system at a ratio of 1:5:4 mL was administered,
possessing a flow rate (2 mL/min). A distribution ratio (1:30)
was employed for the injection of a 1 uL sample and the ioni-
sation voltage for analysis of Mass spectra was conducted
using the EI technique concerning 70 eV. The compounds
were identified by correlating their mass spectrometry with
standards retention index data and ethnic spectra and by com-
paring their fragmentation patterns in mass spectra with those
in LIB, WILEY 139 and NIST 12.LIB (3), which are spectral
libraries utilised for the identification of chemical compounds
[18].

Molecular docking: Molecular docking was performed
via AutoDock Vina incorporated into PyRx 0.8, with ligands
and target proteins selected through the Vina Wizard module.
A maximised grid box was employed to enable blind docking
over the entire surface of the protein, ensuring an unbiased
search for potential sites of binding. The exhaustiveness para-
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meter was set to eight to enhance conformational sampling
and docking accuracy. The top-ranked binding poses were
selected depending on binding affinity and further analysed
for molecular interactions. Visualisation and interpretation of
ligand-protein interactions were performed using BIOVIA
Discovery Studio to elucidate key binding residues and inter-
action profiles.

The 3D crystal structures of histamine H1 receptor (PDB:
3RZE), human interleukin-6 (PDB: 1ALU), IL4-1L4R-1L13Ra
ternary complex (PDB: 3BPN), IL-25-1L-17RB-IL-17RA
ternary complex (PDB: 7UWL), as well as sIL-13 (PDB: 5KNH)
were selected as molecular targets based on prior studies [19-23].
The selected protein structures were fetched from the Protein
Data Bank (RCSB) and preprocessed in BIOVIA Discovery
Studio by detaching heteroatoms, molecules of water and non-
essential co-factors. Polar hydrogens were added to optimize
the residue in tautomeric states [24]. The protein structures were
transformed into an AutoDock compatible macromolecule
format following energy minimisation.

In silico drug-likeness and ADMET assessment: The
drug-likeness and ADMET profile were assessed utilizing the
SwissADME and pkCSM online servers [25,26].

RESULTS AND DISCUSSION

The hydroalcoholic extract of T. divaricata leaves was
analysed by HR LC-MS/MS utilizing a Q-TOF high-resolution
mass spectrometer to thoroughly assess its phytochemical com-
position. Table-1 provides a comprehensive summary of the
isolated compounds, detailing their retention times, experim-
ental m/z values, calculated masses, molecular formulae and
pubmed ID of the molecules, thereby revealing the presence
of diverse secondary metabolites such as terpenoids, phenols,
flavonoids, alkaloids and related phytochemical classes [27].

Anti-inflammatory potential via protein denaturation
method: The anti-inflammatory activity of TDHE (20-100
pug/mL) was evaluated by assessing its ability to inhibit
albumin denaturation, using diclofenac sodium as reference
standard. TDHE exhibited a concentration-dependent inhibi-
tory effect on albumin denaturation, as shown in Fig. 1, with
inhibition values ranging from 12.63 + 0.36% t0 51.42 £ 0.17%
across the tested concentration range. Significantly, TDHE
demonstrated appreciable anti-inflammatory activity at the
lower concentration of 20 ug/mL, comparable to diclofenac
sodium and showed a significant increase in inhibitory activity
relative to the standard at higher concentrations.

100 1

® Diclofenac sodium

% ®m Extract
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Concentration (pg/mL)
Fig. 1. % Inhibition of protein denaturation by THDE
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Anti-inflammatory potential through HRBC memb-
rane stabilisation method: The reduction of hypotonicity-
derived lysis of red blood cell membranes of humans, which
is similar to lysosomal membrane components, was utilised
as an indicator of the anti-inflammatory efficacy of medi-

TABLE-1
LIST OF PHYTOCHEMICALS OBTAINED FROM LCMS CHEMICAL PROFILING OF TDHE
Name RT left (min) m.f. Ontology m.w. PubChem ID
Sorbate 0.042 CeHsO2 Medium-chain fatty acids 2067.19 1549237
Shikimate 0.042 C7H100s Shikimic acids and derivatives 34.62 8742
Quinic acid 0.042 C7H1206 Quinic acids and derivatives 2381.48 6508
D-(+)-Trehalose 0.042 C12H22011 O-Glycosyl compounds 181.33 7427
Selaginpulvilin T 0.042 CssH2805 Fluorenes 84.5 137178
5-Hydroxytryptophan 0.497 CuH12N20s  Serotonins 414.09 144
Spectinomycin 1.205 Ci1aH2aN207  1,4-Dioxanes 23.69 15541
Altenusin 2.419 C15H1406 Biphenyls and derivatives 1893.5 6918469
Harman 2571 Ci12H10N2 Harmala alkaloids 34.75 5281404
Kaempferol-3-O-rutinoside 3.784 C27H30015 Flavonoid-3-O-glycosides 16570.79 5318767
2',4'-Dihydroxy-4-methoxychalcone 3.177 Ci16H1404 2'-Hydroxychalcones 8940.59 5711223
8-[4,5-Dihydroxy-6-(hydroxymethyl)-3- 6.007 C27H30015 Flavonoid 8-C-glycosides 6078.7 74977780
[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-
2-ylJoxyoxan-2-yl]-5,7-dihydroxy-2-(4-
hydroxyphenyl)chromen-4-one
Methyl-13-hydroperoxy-delta9E,11E- 7.17 C19H3404 Lineolic acids and derivatives 1097.95 6439850
octadecadienoate
Phosphatidylcholine lyso alkyl 18 7.372 C26HssNOsP  Monoalkylglycerophosphocholines  7987.67 134736196
Hydroquinidine 7.018 C20H26N202  Cinchona alkaloids 1700.15 91503
7,4'-Dimethoxyisoflavone 10.253 C17H1404 7-O-methylisoflavones 6257.7 466269
9-Hydroxy-10,12-octadecadienoic acid 10.05 CisHz203 Lineolic acids and derivatives 22.49 5282945
Cholestane 9.899 CarHas Cholestane steroids 115.63 6857534
Lignoceric acid 11.213 C24H4502 Very long-chain fatty acids 1937.94 11197
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cines. TDHE, at a range from 20 pug/mL up to 100 ug/mL, safe-
guards membranes of human erythrocytes from lysis caused
by hypotonic solutions. Fig. 2 depicts the HRBC membrane
stabilisation produced by varying concentrations of TDHE.
At a concentration of 100 ug/mL, TDHE inhibited 60.97% of
RBC haemolysis, whereas aspirin at the same dose exhibited
inhibition of 93.45 + 0.01%. The results obtained demonstrated
that the sample TDHE can positively and concentrations depen-

dently inhibit haemolysis of HRBC.
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Fig. 2. Percent HRBC membrane stabilisation by THDE

Anti-histaminic activity by goat tracheal chain method:
Histamine, at a dosage of 500 pg/mL, induced contraction of
the goat trachea. TDHE at lower concentrations did not induce
any activity of relaxation activity when studied independently
on chains of the trachea of goats. The TDHE at a dosage of 2
mg/mL exhibited a maximum relaxation of 84.44 +0.03 (p <
0.05) of pre-contracted goat trachea with histamine. At the
same concentration, standard salbutamol showed a relaxation
of 95.55%. The influence of TDHE at varying amounts of
0.01-2.00 mg/mL on the contraction of trachea of goat induced
by histamine is shown in Fig. 3. The test extract produced a
dose-dependent relaxation of histamine-constricted goat trac-
heal tissue, with TDHE exhibiting maximal relaxant activity
at a concentration of 2 mg/mL.

Docking studies: The docking analysis at molecular level
of the selected ligands in opposition to histamine H1 receptor
(PDB: 3RZE), human interleukin-6 (PDB: 1ALU), IL4-IL4R-
IL13Ra ternary complex (PDB: 3BPN), IL-25-IL-17RB-IL-
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induced contraction (%)
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Fig. 3. Percent relaxation of histamine-induced contraction on the goat

tracheal chain by THDE and salbutamol

17RA ternary complex (PDB: 7TUWL) as well as IL-13 (PDB:
5KNH) demonstrated strong binding affinities, indicating
favourable interactions with the target proteins. All comp-
ounds exhibited stable docking poses within the binding
pockets, forming key interactions such as hydrogen bonding,
interactions of hydrophobic interactions, along with the -
stacking with essential residues of the active site. Binding
energy values and interaction profiles suggest a high potential
for these ligands to modulate the activity of the respective
targets.

H1 receptor (PDB: 3RZE): The results revealed diverse
binding interactions amongst the tested ligands as well as the
target protein (PDB: 3RZE; Table-2, Fig. 4), with binding
affinities varying from -4.9 to -7.9 kcal/mol. Between the
studied compounds, kaempferol-3-O-rutinoside demonstrated
the greatest binding affinity (-7.9 kcal/mol), followed by 9-
hydroxy-10,12-octadecadienoic acid (-7.7 kcal/mol), selagin-
pulvilin T (-7.6 kcal/mol), along with cholestane (-7.5 kcal/
mol). These high-affinity ligands engaged in multiple hydrogen
bonding, n-n stacking, as well as hydrophobic interactions,
contributing to their strong binding to the target. Kaempferol-
3-O-rutinoside interacted via conventional hydrogen bonds with
Asn472, Argl25 and Ser128, as well as alkyl and m-alkyl
interactions with Arg139 and Lys412, suggesting a stable
binding within the active site. Similarly, 9-hydroxy-10,12-octa-
decadienoic acid formed hydrogen bonds with Lys179 while

TABLE-2
INTERACTION OF PHYTOCOMPOUNDS WITH THE H1 RECEPTOR (PDB: 3RZE)
Code BA Interacting residues Type of interactions Distance
Pro161 Conventional hydrogen bond 2.67
Trp158 Alkyl, n-Alkyl 4.10
Leul57 Alkyl, n-Alkyl 5.39, 5.40
Leul54 Alkyl, n-Alkyl 4.79,5.16,5.19
Pro202 Alkyl, n-Alkyl 3.98
. o Phe119 Alkyl, m-Alkyl 4.65, 4.92
LGSR GO 49 Pro161 Alkyl, 7-Alkyl 4.75,5.09
Phe190 Alkyl, n-Alkyl 5.32
11e197 Alkyl, n-Alkyl 4.29,5.35
Phel16 Alkyl, n-Alkyl 5.09
Leu201 Alkyl, n-Alkyl 4.80,5.29
Leu205 Alkyl, n-Alkyl 4.68
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Thr1026 Conventional hydrogen bond 2.03
Gly1030 Conventional hydrogen bond 297
) . Glul011 Conventional hydrogen bond 2.84
Phosphaglc:(yllc gglme b -5.1 Asp1010 Conventional hydrogen bond 3.38
Y Phe1104 n-Sigma 3.59
Alal074 Alkyl 4.21
Leu1032 Alkyl 4.08
Aspl83 Conventional hydrogen bond 2.77
Gly164 Conventional hydrogen bond 2.25
Trp165 Conventional hydrogen bond 2.47
5-Hydroxytryptophan -5.8 .
Phe190 n-Sigma 3.61
His167 n-n T-Shaped 4.76
Val187 n-Alkyl 4.46, 4.55
Argl76 Conventional hydrogen bond 2.46, 2.49
Gufiite e 55 Glu447 Convent?onal hydrogen bond 2.16,2.94
Asn443 Conventional hydrogen bond 2.45,2.96
Aspl78 Conventional hydrogen bond 3.51
Argl137 Conventional hydrogen bond 2.02
Serl117 Conventional hydrogen bond 2.24,2.35
Thr1115 Conventional hydrogen bond 2.49
D-(+)-Trehalose 63 Gly1113 Convent?onal hydrogen bond 2.95
Gly1110 Conventional hydrogen bond 2.46
Leul133 Conventional hydrogen bond 2.80
Ser1136 Conventional hydrogen bond 2.72
Gly1113 Conventional hydrogen bond 2.90
Asp1070 Conventional hydrogen bond 224,251
Shikimate -5.2 Phe1104 Conventional hydrogen bond 2.14
Phe1104 Conventional hydrogen bond 2.69
. . Alal073 Conventional hydrogen bond 2.45
Spectinomycin -6.5 . .
His1031 n-Sigma 3.70
Val217 Conventional hydrogen bond 3.49
Alad14 Amide-n Stacked 4.52
Lys412 Alkyl, n-Alkyl 5.21
Hydroquinidine -6.3 Lys415 Alkyl, n-Alkyl 3.88,4.27,4.42
Alad14 Alkyl, n-Alkyl 4.13
His220 Alkyl, n-Alkyl 4.94
Arg411 Alkyl, 7-Alkyl 3.85, 5.09
Arg97 n-Cation 4.44,451
Tyrl85 n-n T-Shaped 5.27
Argl75 Alkyl, n-Alkyl 5.21
Tyr185 Alkyl, n-Alkyl 4.89
7,4'-Dimethoxyisoflavone -7.3 LeulOl Alkyl, T-Alkyl 5.23
Cys180 Alkyl, n-Alkyl 479
Cys100 Alkyl, n-Alkyl 4.89
Trp93 Alkyl, m-Alkyl 4.64
Arg97 Alkyl, 7-Alkyl 3.96
Serlll Conventional hydrogen bond 2.97
Trp158 Alkyl, n-Alkyl 4.98
Sorbate 53 Tyr108 Alkyl, n-Alkyl 5.24
Phe435 Alkyl, n-Alkyl 451
Alal95 Alkyl, n-Alkyl 4.17
Phe432 Alkyl, n-Alkyl 5.02, 5.30
Gly164 Conventional hydrogen bond 2.55
Harman -6.7
Val187 n-Alkyl 4.87,4.96, 5.02
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Lys179 Conventional hydrogen bond 1.77
Phe432 Alkyl, n-Alkyl 4.79,5.31
Trp428 Alkyl, n-Alkyl 4.81,5.10
Phe199 Alkyl, n-Alkyl 5.03
9-Hydroxy-10,12- 77 lle115 Alkyl, n-Alkyl 4.32
octadecadienoic acid ’ Phe424 Alkyl, m-Alkyl 5.36
Tyr431 Alkyl, n-Alkyl 5.03
Tyrl08 Alkyl, n-Alkyl 5.00
1le454 Alkyl, n-Alkyl 3.72
Lys179 Alkyl, -Alkyl 3.82
Asn472 Conventional hydrogen bond 2.57,2.74
Argl25 Conventional hydrogen bond 2.56
Kaempferol-3-o- 79 Ser128 Conventional hydrogen bond 2.50
rutinoside ’ Glu410 Conventional hydrogen bond 3.60
Arg139 Alkyl, n-Alkyl 4.00
Lys412 Alkyl, n-Alkyl 5.42
Serl117 Conventional hydrogen bond 2.16
Asnl116 Conventional hydrogen bond 2,91
2' 4'-Dihydroxy-4- 67 Gly1113 Conventional hydrogen bond 2.46
methoxychalcone ' Phel114 n-1 T-Shaped 4.60
Phel114 n- Stacked 4.76
Met1106 Alkyl 4.16
Trpl158 n-Sigma 3.71
Methyl-13-hydroperoxy- Trp158 Alkyl, m-Alkyl 4.64
delta9E,11E- -5.7 Pro161 Alkyl, n-Alkyl 451,4.72,4.78
octadecadienoate Phe190 Alkyl, 7-Alkyl 3.99, 4.60, 5.19
Phe184 Alkyl, n-Alkyl 473
Phel56 n-Sigma 3.89
Trpl52 n-Sigma 3.87
Cholestane -71.5 Leul57 Alkyl 4.96
Leul49 Alkyl 5.30
Val71 Alkyl 4.76
Asnd74 Conventional hydrogen bond 2.11,2.26
Altenusin 62 Asn472 Conventional hydrogen bond 2.52
Alas13 Alkyl, n-Alkyl 4.17,4.33
Arg409 Alkyl, n-Alkyl 5.31
Arg56 Conventional hydrogen bond 2.81
8-[4,5-Dihydroxy-6- Lys57 Conventional hydrogen bond 271
(hydroxymethyl)-3- Asn63 Conventional hydrogen bond 3.03
[3,4,5-trihydroxy-6- Asn472 Conventional hydrogen bond 1.80
(r%jé%g)?aﬁg/_ I))/?])fgn;_z' 74 Lys57 Conventional hydrogen bond 2.37
dihydroxy-2-(4-' Arg409 Conventional hydrogen bond 2.72,2.80
hydroxyphenyl)chromen- Thr60 Conventional hydrogen bond 3.56
4-one Thr60 n-Sigma 2.54
Lys57 Amide-r Stacked 4.98
Tyr210 Conventional hydrogen bond 2.37
Lys415 Conventional hydrogen bond 2.43
Tyr214 n-m Stacked 3.77
Gly418 n-n T-Shaped 4.84
Phe419 Amide-r Stacked 5.01
Selaginpulvilin T -7.6 Met421 Amide-r Stacked 5.24
1le425 Alkyl, n-Alkyl 4.38
Leu207 Alkyl, n-Alkyl 5.08
Met421 Alkyl, n-Alkyl 4.70
Alad22 Alkyl, n-Alkyl 3.71,3.99

Lys415 Alkyl, n-Alkyl 5.31
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B \81\
3D interaction images of (a) kaempferol-3-o-rutinoside, (b) 8-[4,5-dihydroxy-6-(hydroxymethyl)-3-[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-
yl]oxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-4-one and (c) selaginpulvilin T with H1 receptor (PDB: 3RZE)

Fig. 4.

exhibiting hydrophobic interactions with multiple residues
such as Phe432, Trp428 and lle115, which may play a crucial
role in its strong binding. Selaginpulvilin T (-7.6 kcal/mol)
displayed a combination of hydrogen bonding (Tyr210), C-H
bonding (Lys415) and r-r stacking (Tyr214, Gly418), along
with amide-r stacked interactions with Phe419 and Met421.
These interactions highlight the role of aromatic residues in
stabilizing the ligand binding. Cholestane (-7.5 kcal/mol) also
demonstrated strong n-sigma and alkyl interactions with
Phel56, Trp152 and Leul57, indicating its potential for hydro-
phobic stabilisation. Other notable ligands such as 7,4'-dime-
thoxyisoflavone (-7.3 kcal/mol) and 8-[4,5-dihydroxy-6-(hyd-
roxymethyl)chromen-4-one (-7.4 kcal/mol) exhibited favour-
able binding interactions through m-cation, n-n stacking, in
addition with hydrogen bonding, emphasizing their potential
as lead molecules. Furthermore, spectinomycin (-6.5 kcal/

(b)

mol), harman (-6.7 kcal/mol), as well as hydroquinidine (-6.3
kcal/mol) displayed moderate binding, primarily facilitated
by hydrogen bonding and hydrophobic interactions.

Human interleukin-6 (PDB: 1ALU): The docking results
for ligands interacting with PDB: 1ALU revealed significant
variations in binding affinities and interaction types (Table-3).
Among the studied compounds, kaempferol-3-O-rutinoside
showed the greatest binding affinity (-7.9 kcal/mol), creating
multiple hydrogen bonds with SER107, LY S46 and ARG104.
Moreover, it demonstrated CH bonding with GLU106 inclu-
ding ARG104, along with n-cation and w-anion interactions,
suggesting a strong and stable binding to the target protein.
Cholestane (-6.9 kcal/mol) also displayed a high binding
affinity, primarily through n-sigma and alkyl interactions
with residues such as PHE74, LYS66 and MET67, indicating
strong hydrophobic interactions contributing to stability. Other

TABLE-3
INTERACTION OF PHYTOCOMPOUNDS WITH HUMAN INTERLEUKIN-6 (PDB: 1ALU)
Code BA Interacting residues Type of interactions Distance
ASP140 Conventional hydrogen bond 2.12
PRO139 Conventional hydrogen bond 3.03
. N THR143 Conventional hydrogen bond 2.36
Lignoceric acid -39 TYRO7 Alkyl, Pi-Alkyl 5.43
LEU147 Alkyl, Pi-Alkyl 4.37,4.43,4.67
LYS150 Alkyl, Pi-Alkyl 4.34
ARG104 Conventional hydrogen bond 2.71,1.89
SER107 Conventional hydrogen bond 2.13
Phosphatidylcholine lyso alkyl 18 -4.8 ASP160 Conventional hydrogen bond 2.23
ARG104 Conventional hydrogen bond 3.57
LYS46 Alkyl 5.43
THR43 Conventional hydrogen bond 2.16
ARG104 Conventional hydrogen bond 2.21,2.30
ASP160 Conventional hydrogen bond 2.00, 2.00
5-Hydroxytryptophan -6.2 ARG104 Pi-Cation 4.59, 4.56
ASP160 Pi-Anion 3.35
LYS46 Pi-Sigma 2.78
LYS46 Pi-Alkyl 5.49
L THR43 Conventional hydrogen bond 1.80
Quinic acid =8 ARG104 Conventional hydrogen bond 1.74,2.73
THR43 Conventional hydrogen bond 2.10
ARG104 Conventional hydrogen bond 2.90
D-(+)-trehalose =8 SER107 Conventional hydrogen bond 2.40
ASP160 Conventional hydrogen bond 2.77
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GLU42 Conventional hydrogen bond 2.93
SER107 Conventional hydrogen bond 2.92
Shikimate 53 GLU106 Conventional hydrogen bond 2.15
ARG104 Conventional hydrogen bond 2.01
ASP160 Conventional hydrogen bond 1.94
THR43 Conventional hydrogen bond 2.71
ARG104 Conventional hydrogen bond 3.09
GLU106 Conventional hydrogen bond 1.83
Spectinomycin -6.1 PHE105 Conventional hydrogen bond 2.69
ARG104 Alkyl, Pi-Alkyl 4.41
PHE105 Alkyl, Pi-Alkyl 4.18
THR43 Conventional hydrogen bond 3.02
LYS46 Conventional hydrogen bond 3.56
Hydroquinidine -6.3 ASP160 Pi-Cation 3.22,3.97
ARG104 Pi-Anion 4.35, 4.45
LYS46 Alkyl, Pi-Alkyl 4.04
PRO139 Conventional hydrogen bond 2.44
L . LEU147 Alkyl, Pi-Alkyl 3.76, 4.65
7,4'-Dimethoxyisoflavone -5.9 PRO139 Alkyl, Pi-Alkyl 511
LYS150 Alkyl, Pi-Alkyl 4,03
LYS46 Salt Bridge 2.98
GLU106 Conventional hydrogen bond 221
Sorbate -4.2 SER107 Conventional hydrogen bond 1.84
ARG104 Alkyl, Pi-Alkyl 4.83,4.50
PHE105 Alkyl, Pi-Alkyl 4.29,4.26
ARG182 Pi-Sigma 2.58
ILE25 Alkyl, Pi-Alkyl 3.90, 5.44
Harman -6.1 LYS129 Alkyl, Pi-Alkyl 5.22
LEU181 Alkyl, Pi-Alkyl 3.78, 4.55
ARG182 Alkyl, Pi-Alkyl 5.01
LYS86 Conventional hydrogen bond 2.50
PRO65 Conventional hydrogen bond 3.00
9-Hydroxy-10,12-octadecadienoic a4 LYS66 Alkyl 4.12,4.16, 4.44
acid ‘ ALAGS Alkyl 4.64
LEU64 Alkyl 5.01, 5.20
LEU165 Alkyl 4.40
SER107 Conventional hydrogen bond 2.46
LYS46 Conventional hydrogen bond 221
ARG104 Conventional hydrogen bond 2.68, 2.80, 2.93
. GLU106 Conventional hydrogen bond 3.77
Kaempferol-3-o-rutinoside 19 ARG104 Conventional hydrogen bond 2.39
LYS46 Pi-Cation 4.97
ASP160 Pi-Anion 4.06, 4.62
LYS46 Pi-Alkyl 4.84,4.95
ASN63 Conventional hydrogen bond 2.48
. TYR97 Pi-Pi T-Shaped 5.38
2',4'-Dihydroxy-4-methoxychalcone -5.9 LEU147 Alkyl, Pi-Alkyl 4.07
LYS150 Alkyl, Pi-Alkyl 3.88
ARG104 Conventional hydrogen bond 2.66
Methvl-13-hvd GLN156 Conventional hydrogen bond 2.32
deItagtE,).’,L]-.E-c-)c}t/aégE;(;(i):r]%ate -43 ASP160 Convent'ional hydrogen bond 2.26
LYS46 Alkyl, Pi-Alkyl 4.45,5.38
PHE105 Alkyl, Pi-Alkyl 4.42
PHE74 Pi-Sigma 3.61
LYS66 Alkyl, Pi-Alkyl 4.13
Cholestane 69 MET67 Alkyl, Pi-Alkyl 5.13
PHE74 Alkyl, Pi-Alkyl 5.20
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THR43 Conventional hydrogen bond 2.46
GLN156 Conventional hydrogen bond 2.80
Altenusin -6.6 ASP160 Conventional hydrogen bond 2.06
ARG104 Pi-Cation 4.83
LYS46 Pi-Alkyl 3.86
8-[4,5-Dihydroxy-6- LYS66 Conventional hydrogen bond 2.77
(hydroxymethyl)-3-[3,4,5- GLU172 Conventional hydrogen bond 2.29
trihydroxy-6-(hydroxymethyl)oxan- -7.2 SER176 Conventional hydrogen bond 2.52,2.75
2-ylJoxyoxan-2-yl]-5,7-dihydroxy- ARG179 Conventional hydrogen bond 2.72,2.07
2-(4-hydroxyphenyl)chromen-4-one PHE74 Pi-Pi Stacked 4.27,4.09,5.43
LYS27 Conventional hydrogen bond 3.01
LEU178 Conventional hydrogen bond 3.64
. - ILE29 Conventional hydrogen bond 2.62
SELEI LG s 62 LEU33 Alkyl, Pi-Alky] 470
ARG182 Alkyl, Pi-Alkyl 5.41
LEU178 Alkyl, Pi-Alkyl 4.03,4.87,4.93

ligands showing favourable binding included 8-[4,5-dihydroxy-
6-(hydroxymethyl)-3-[3,4,5-trihydroxy-6-(hydroxymethyl)-
oxan-2-ylJoxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxyphenyl)-
chromen-4-one (-7.2 kcal/mol), which exhibited multiple
hydrogen bonds with LYS66, GLU172, SER176 and ARG179,
along with nt-r stacking with PHE74. Altenusin (-6.6 kcal/mol)
formed conventional hydrogen bonds with THR43, GLN156
and ASP160, while interacting via -cation and w-alkyl bonds,
reinforcing its moderate binding stability. Selaginpulvilin T
(-6.2 kcal/mol) formed hydrogen bonds with LYS27 and
exhibited CH bonding and alkyl interactions with LEU178,
ILE29 and ARG182, indicating a balance between hydro-
philic and hydrophobic interactions. Similarly, 5-hydroxytry-
ptophan (-6.2 kcal/mol) engaged in multiple hydrogen bonds
with THR43, ARG104 and ASP160, along with r-cation and
w-anion interactions, contributing to its moderate binding
affinity. Spectinomycin (-6.1 kcal/mol) formed hydrogen bonds
with ARG104 and GLU106 while establishing alkyl inter-
actions with PHE105. Hydroquinidine (-6.3 kcal/mol) inter-
acted primarily through CH bonds with THR43 and LY S46 and
n-cation and w-anion interactions with ASP160 and ARG104,
signifying a mixture of electrostatic and hydrophobic stabili-
sation. Other notable ligands, such as 7,4’-dimethoxyisoflavone
(-5.9 kcal/mol) and shikimate (-5.3 kcal/mol), exhibited
moderate binding through a mixture of hydrogen bonds, CH
bonds, as well as alkyl interactions. Conversely, compounds

Fig. 5.

such as lignoceric acid (-3.9 kcal/mol) and sorbate (-4.2 kcal/
mol) demonstrated relatively weaker binding affinities, pre-
dominantly forming CH bonds and alkyl interactions, sugges-
ting less stable interactions with the protein (Fig. 5).

IL4 (PDB: 3BPN): Molecular docking of selected comp-
ounds with PDB: 3BPN revealed diverse interaction profiles,
suggesting varying binding affinities as well as interaction
strengths with the target protein (Table-4). Among the studied
ligands, 8-[4,5-dihydroxy-6-(hydroxymethyl)-3-[3,4,5-trihy-
droxy-6-(hydroxymethyl)oxan-2-ylJoxyoxan-2-yl]-5,7-dihy-
droxy-2-(4-hydroxyphenyl)chromen-4-one exhibited the upmost
binding affinity (-9.2 kcal/mol), attached with multiple con-
ventional hydrogen bonds with Pro124, Lys12, Tyr127, Leu319,
Asp324 and Lys318, along with additional r-cation, w-sigma
and w-alkyl interactions, indicating strong stabilisation within
the binding site. Similarly, cholestane (-8.6 kcal/mol) along
with kaempferol-3-O-rutinoside (-8.1 kcal/mol) also demon-
strated significant binding potential through extensive alkyl
and hydrogen bonding interactions, particularly with Lys84,
Lys77 and Leu39 in cholestane and GIn106, Glu103 and Thr30
in kaempferol-3-O-rutinoside. Compounds such as 7,4'-dimeth-
oxyisoflavone (-7.2 kcal/mol) and altenusin (-7.1 kcal/mol)
formed stable interactions primarily through conventional
hydrogen bonding and =-alkyl interactions, suggesting mode-
rate binding stability. Hydroquinidine (-6.4 kcal/mol) and
harman (-6.6 kcal/mol) also engaged key residues, notably

(c)

3D interaction images of (a) kaempferol-3-o-rutinoside, (b) 8-[4,5-dihydroxy-6-(hydroxymethyl)-3-[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-

ylloxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-4-one and (c) selaginpulvilin T with Human Interleukin-6 (PDB: 1ALU)



508 Mali et al. Asian J. Chem.
TABLE-4
INTERACTION OF PHYTOCOMPOUNDS WITH IL4 (PDB: 3BPN)
Code BA Interacting residues Type of interactions Distance
Asn130 Conventional hydrogen bond 2.42
. . GIn8 Conventional hydrogen bond 2.48
Llugeie 41 Phe259 Alkyl, 7-Alkyl 5.11
Lys318 Alkyl, n-Alkyl 4.43,4.88
Arg88 Salt Bridge 2.62
Lys84 Attractive charge 5.22
Arg88 Conventional hydrogen bond 2.62
Lys84 Conventional hydrogen bond 2.34,2.74
. . Leud2 Conventional hydrogen bond 3.53
Phosphatidylcholine lyso alkyl 18 -54 Arg8l Alkyl, 7-Alkyl 492
11e80 Alkyl, n-Alkyl 4.81
Lys77 Alkyl, n-Alkyl 3.99,4.41,4.71
Phe73 Alkyl, n-Alkyl 4.47,5.04
Leu66 Alkyl, n-Alkyl 4.53,5.31
GIn8 Conventional hydrogen bond 2.30
Lys12 Conventional hydrogen bond 1.94
His131 Conventional hydrogen bond 3.76
5-Hydroxytryptophan -6.1 Leu319 7-Sigma 3.06
Lys12 n-Alkyl 5.00
Leu319 n-Alkyl 5.18
Val68 Conventional hydrogen bond 1.93
Arg85 Conventional hydrogen bond 2.54
Quinic acid -5.8 Tyrl3 Conventional hydrogen bond 1.94
Asn126 Conventional hydrogen bond 2.20
Asp125 Conventional hydrogen bond 3.37
Glu283 Conventional hydrogen bond 1.95
D-(+)-Trehalose -6.1 Tyr244 Conventional hydrogen bond 2.06
Lys281 Conventional hydrogen bond 2.32,2.41
i GIn8 Conventional hydrogen bond 1.89
SULIES 55 Asn15 Conventional hydrogen bond 2.33
Asp324 Conventional hydrogen bond 2.13,2.19
Lys318 Conventional hydrogen bond 2.39,2.73
Spectinomycin -6.9 Phe259 Alkyl, -Alkyl 5.09
Leu319 Alkyl, n-Alkyl 5.00
His131 Alkyl, n-Alkyl 5.21
Lys12 Conventional hydrogen bond 2.01
Tyrl29 Conventional hydrogen bond 3.61
Leu319 Alkyl, n-Alkyl 4.70
Hydroquinidine -6.4 Lys318 Alkyl, n-Alkyl 5.41
Leul55 Alkyl, n-Alkyl 4.88
Pro124 Alkyl, n-Alkyl 5.40
Lys12 Alkyl, n-Alkyl 3.90, 4.80
His59 Conventional hydrogen bond 2.56
Lys109 Conventional hydrogen bond 2.25
- . Thr30 Conventional hydrogen bond 2.57
7,4'-Dimethoxyisoflavone -7.2 Glu106 2-Anion 433
Val29 n-Sigma 3.80
Val51 Alkyl 4.45
Lys318 Conventional hydrogen bond 2.64
Leu319 Conventional hydrogen bond 2.43
Sorbate -4.7 Leu319 Alkyl, n-Alkyl 4.19
Lys12 Alkyl, n-Alkyl 3.81, 5.06
His131 Alkyl, n-Alkyl 4.88
His131 Conventional hydrogen bond 3.61
Lys12 n-Cation 4.81
Lys318 Alkyl, n-Alkyl 4.65
Harman 2 Lys12 Alkyl, 7-Alkyl 3.87
His131 Alkyl, n-Alkyl 5.23
Leu319 Alkyl, n-Alkyl 4.45,4.91, 5.06
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Lys318 Conventional hydrogen bond 2.17,2.47
L Asp324 Conventional hydrogen bond 2.53
9-Hydroxy-10,12_-3ctadecad|en0|c 48 Lys12 Alkyl 382
act Lys318 Alkyl 4.09
Leu319 Alkyl 2.23
GIn106 Conventional hydrogen bond 211
Glu103 Conventional hydrogen bond 2.35
Thr30 Conventional hydrogen bond 2.63
L. Thr28 Conventional hydrogen bond 2.14,2.24,2.74
NI L 8.1 GIn54 Conventional hydrogen bond 3.64
His58 Conventional hydrogen bond 3.33
Glul06 n-Anion 3.93
Leu27 n-Alkyl 4.79
Glu283 Conventional hydrogen bond 2.11
2',4'-Dihydroxy-4-methoxychalcone -6.8 Thr153 Conventional hydrogen bond 221
Tyr244 n-1 Stacked 3.85
Lys12 Alkyl 5.13, 5.40
Methyl-13-hydroperoxy-
delta9E,)11E-oc¥adeEadien{)ate L ety — A
Lys318 Alkyl 4.05, 4.51
Lys84 Alkyl 5.39
Lys77 Alkyl 4.06, 4.84
Cholestane -8.6 Leu3o Alkyl 443
11e80 Alkyl 5.17
Asnl5 Conventional hydrogen bond 2.07
GIn8 Conventional hydrogen bond 2.89
. Lys12 Conventional hydrogen bond 3.52
Altenusin -l Lys318 -Alkyl 415
Lys12 n-Alkyl 5.06
Leu319 n-Alkyl 5.05
Pro124 Conventional hydrogen bond 2.63
Lys12 Conventional hydrogen bond 2.59, 2.68
Tyrl27 Conventional hydrogen bond 2.40
(h ?j-r[j;’(&r:?eithhycigoéqfsez-l 5 Leu319 Conventional hydrogen bond 2.57
trihydrgxy-ey(hydrgxymethyl)oxan- 9.2 i\sp324 Convent!onal hydrogen bond 2.45
2-ylJoxyoxan-2-yl]-5.7-dihydroxy- )(5318 Conve.zntlonal hydrogen bond 1.96, 2.49
2-(4-hydroxyphenyl)chromen-4-one His131 n-Cation 4.78
Lys12 n-Sigma 3.49
Lys318 n-Alkyl 4.72
Leu319 n-Alkyl 5.11
Glu322 Conventional hydrogen bond 2.16
Argl15 Conventional hydrogen bond 1.95
. - Asp75 n-Anion 4.75
Selaginpulvilin T 16 GluL10 7-Anion 3.26, 4.53
Glul14 n-Anion 3.33
Pro221 n-Alkyl 5.36

Lys12, His131 and Leu319, through hydrogen bonds, C-H
bonds and m-cation interactions. Moreover, spectinomycin
(-6.9 kcal/mol) displayed multiple conventional hydrogen
bonds with Asp324 and Lys318, along with alkyl and r-alkyl
interactions with Phe259 and His131. On the lower binding
affinity spectrum, lignoceric acid (-4.1 kcal/mol) and methyl-
13-hydroperoxy-delta9E,11E-octadecadienoate (-4.4 kcal/mol)
exhibited weak interactions, predominantly involving conven-
tional hydrogen bonding and alkyl interactions with Lys318
and Leu319. Despite their lower affinity, these compounds
might still contribute to stabilizing interactions within the
binding pocket. Notably, phosphatidylcholine lyso alkyl 18
(-5.4 kcal/mol) formed a unique salt bridge with Arg88,
indicating strong electrostatic interactions (Fig. 6).

IL-17 (PDB: 7UWL): Molecular docking analysis of
various ligands with PDB: 7UWL also revealed a range of
binding affinities and interaction profiles, highlighting key
residues involved in binding (Table-5). Among the tested
compounds, kaempferol-3-O-rutinoside (-7.8 kcal/mol) exhib-
ited the strongest binding affinity, forming hydrogen bonds
with ASP260 and interacting with GLU129 through a n-anion
interaction. Other flavonoid derivatives, such as 8-[4,5-dihy-
droxy-6-(hydroxymethyl)-3-[3,4,5-trihydroxy-6-(hydroxy-
methyl)oxan-2-yl]Joxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxy-
phenyl)chrome-4-one (-7.5 kcal/mol) along with selagin-
pulvilin T (-7.2 kcal/mol), also represents strong affinities,
engaging in hydrogen bonding and extensive n-r stacking
interactions. Notably, hydroquinidine (-6.7 kcal/mol), spectino-
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Fig. 6. 3D interaction images of (a) kaempferol-3-o-rutinoside, (b) 8-[4,5-dihydroxy-6-(hydroxymethyl)-3-[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-
ylJoxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-4-one and (c) selaginpulvilin T with 1L4 (PDB: 3BPN)

TABLE-5
INTERACTION OF PHYTOCOMPOUNDS WITH IL-17 (PDB: 7TUWL)
Code BA Interacting residues Type of interactions Distance
HIS162 Conventional hydrogen bond 2.07
SER115 Conventional hydrogen bond 2.92
THR160 Conventional hydrogen bond 2.90
Lignoceric acid -3.7 HIS175 Pi-Sigma 3.61
H1S162 Alkyl, Pi-Alkyl 5.35
PRO167 Alkyl, Pi-Alkyl 478,5.11
LYS166 Alkyl, Pi-Alkyl 3.91
ARG124 Attractive charge 3.32
ARG124 Conventional hydrogen bond 2.20
HIS162 Conventional hydrogen bond 3.55
. . LEUS8 Conventional hydrogen bond 3.80
Phosphatidylcholine lyso alkyl 18 -4.5 LYS166 Alkyl, Pi-Alkyl 5.18
HIS175 Alkyl, Pi-Alkyl 4.84, 5.02
PRO167 Alkyl, Pi-Alkyl 4.54,5.28,5.43
PRO173 Alkyl, Pi-Alkyl 5.25, 5.36
SER96 Conventional hydrogen bond 2.38,2.45
SER92 Conventional hydrogen bond 1.96
5-Hydroxytryptophan =9 TYR134 Conventional hydrogen bond 2.50
PHE94 Pi-Pi Stacked 3.94,3.99
GLN216 Conventional hydrogen bond 2.31
HIS215 Conventional hydrogen bond 2.04,2.19
Quinic acid -5.5 ARG271 Conventional hydrogen bond 2.03
LEU273 Conventional hydrogen bond 1.94
HIS279 Conventional hydrogen bond 2.63
ASP293 Conventional hydrogen bond 2.72
PRO153 Conventional hydrogen bond 2.50
SER199 Conventional hydrogen bond 2.31,2.49
D-(+)-Trehalose =9 PRO195 Conventional hydrogen bond 2.69
SER198 Conventional hydrogen bond 2.60, 2.74
CYS196 Conventional hydrogen bond 2.79
ASP149 Conventional hydrogen bond 1.87
LYS74 Conventional hydrogen bond 2.37
Shikimate -54 GLN101 Conventional hydrogen bond 2.66, 2.79
ARG73 Conventional hydrogen bond 2.04
ASP103 Conventional hydrogen bond 1.82,2.07
CYS196 Conventional hydrogen bond 2.63
e 65 SER199 Convent?onal hydrogen bond 1.91, 2.58
GLN155 Conventional hydrogen bond 2.60

ASP293 CH bond 3.68
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PRO127 Conventional hydrogen bond 244
SER96 CH bond 3.77
- GLU129 Pi-Anion 3.65
alRICR R 67 VALSS Alkyl, Pi-Alkyl 4.89
PHE126 Alkyl, Pi-Alkyl 5.30
PRO127 Alkyl, Pi-Alkyl 4.39
SER92 CH bond 3.49
7,4'-Dimethoxyisoflavone -6.9 PHE94 Pi-Pi Stacked 4.10,4.51
TYR134 Pi-Alkyl 5.38
SER96 Conventional hydrogen bond 2.00
SER98 Conventional hydrogen bond 2.67
Selea 43 VAL100 Alkyl, Pi-Alkyl 473
PHE126 Alkyl, Pi-Alkyl 3.86,4.21
GLU129 Pi-Anion 2.28
GLU129 Pi-Sigma 291
Harman 65 PHE94 Pi-Pi Stacked 331
TYR134 Pi-Alkyl 1.96
9-Hydroxy-10,12-octadecadienoic 47 PHE94 Alkyl, Pi-Alkyl 4.68, 5.22
acid ' LEU161 Alkyl, Pi-Alkyl 4.22
ASP260 Conventional hydrogen bond 2.55
N CYS257 CH bond 2.29
Kaempferol-3-o-rutinoside -7.8 GLU129 Pi-Anion 482
LYS172 Pi-Alkyl 5.18
TYR134 Conventional hydrogen bond 2.16
o PRO127 CH bond 2.90
2',4'-Dihydroxy-4-methoxychalcone -6.-1 PHE94 Pi-Pi Stacked 4,50, 4.89
PRO127 Pi-Alkyl 4.69
LYS172 Conventional hydrogen bond 2.27
SER92 Conventional hydrogen bond 2.06
THR132 CH bond 2.53
TYR134 CH bond 3.56
Methyl-13-hydroperoxy- 53 LYS91 CH bond 2.89
delta9E,11E-octadecadienoate ' ILE64 Alkyl, Pi-Alkyl 4.56
PHE94 Alkyl, Pi-Alkyl 4.62
LYS170 Alkyl, Pi-Alkyl 4.39
LEU130 Alkyl, Pi-Alkyl 4.23,4.31
LYS172 Alkyl, Pi-Alkyl 4.79,5.11
PHE94 Pi-Sigma 3.81
Cholestane -7.3 TYR134 Pi-Alkyl 4.99
PHE94 Pi-Alkyl 4.68
CYS196 Conventional hydrogen bond 2.73
SER198 Conventional hydrogen bond 1.85
Altenusin -6.3 CYS290 Pi-Sulfur 4.00, 5.99
LEU295 Alkyl, Pi-Alkyl 4.93,5.35
CYS185 Alkyl, Pi-Alkyl 5.30
8-[4,5-Dihydroxy-6- SER92 Conventional hydrogen bond 2.48
(hydroxymethyl)-3-[3,4,5- TYR134 Conventional hydrogen bond 2.34
trihydroxy-6-(hydroxymethyl)oxan- -7.5 SER96 CH bond 2.43,2.73
2-yl]Joxyoxan-2-yl]-5,7-dihydroxy- = or
z (i}hy(}’roxyphezjl)chmme{]_ e PHE94 Pi-Pi Stacked 3.90, 4.62
TRP62 Conventional hydrogen bond 2.13
GLY171 Conventional hydrogen bond 2.15
ARG124 Conventional hydrogen bond 2.28
HI1S162 CH bond 291
H1S163 CH bond 3.31
Selaginpulvilin T -7.2 ASP59 CH bond 3.47
PRO167 Pi-Pi T-Shaped 4.98
HIS175 Amide-Pi Stacked 4.84
LYS166 Alkyl, Pi-Alkyl 3.78,5.04
H1S162 Alkyl, Pi-Alkyl 5.36

PRO167 Alkyl, Pi-Alkyl 4.45,4.82
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mycin (-6.5 kcal/mol), along harman (-6.5 kcal/mol) demons-
trated moderate binding, involving r-anion, hydrogen bonds,
along with alkyl interactions with residues like GLU129, PHE94
and TYR134. Conversely, fatty acids such as lignoceric acid
(-3.7 kcal/mol) and 9-hydroxy-10,12-octadecadienoic acid
(-4.7 kcal/mol) exhibited lower affinities, primarily inter-
acting through alkyl and =-alkyl interactions with residues
including HIS162, PRO167 and LYS166. Interestingly, D-(+)-
trehalose (-5.9 kcal/mol) and shikimate (-5.4 kcal/mol) devel-
oped multiple conventional hydrogen bonds, particularly
accompanied by ASP293 and GLN101, suggesting possible
hydrogen bonding-driven stability (Fig. 7). These findings
indicate that polyphenolic and flavonoid compounds, particu-
larly kaempferol-3-O-rutinoside, exhibit strong interactions
with 7UWL, potentially influencing its biological function
through stabilizing interactions with key residues.

Fig. 7.

IL-13 (PDB: 5KNH): Docking studies with PDB: 5KNH
revealed major variations in binding affinities and interaction
profiles among the tested compounds. Results provided insights
into their potential binding modes and stability within the
target site (Table-6). The highest binding affinity was observed
for kaempferol-3-O-rutinoside (-6.9 kcal/mol) and cholestane
(-6.9 kcal/mol), forming multiple stabilizing interactions.
Kaempferol-3-O-rutinoside exhibited conventional hydrogen
bonds with GLN94 and ALA26, CH bonds with GLN94 and
ALA93 and =-alkyl interactions with ALA26, LYS97 and
ALA93, contributing to its strong affinity. Similarly, choles-
tane interacted primarily through hydrophobic forces, enga-
ging in alkyl and m-alkyl interactions with LEU39, VAL101,
PHE145, LYS147 and ILE152, highlighting its potential as a
lipophilic binder. Among flavonoid derivatives, 8-[4,5-dihy-
droxy-6-(hydroxymethyl)-3-[3,4,5-trihydroxy-6-(hydroxy-

(c)

3D interaction images of (a) kaempferol-3-o-rutinoside, (b) 8-[4,5-dihydroxy-6-(hydroxymethyl)-3-[3,4,5-trinydroxy-6-(hydroxymethyl)oxan-2-

yl]oxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-4-one and (c) selaginpulvilin T with IL-17 (PDB: 7UWL)

TABLE-6
INTERACTION OF PHYTOCOMPOUNDS WITH IL-13 (PDB: 5KNH)

Code BA Interacting residues Type of interactions Distance
SER7 Conventional hydrogen bond 2.71
. . TYR46 Conventional hydrogen bond 2.07
Lignoceric acid 37 SER45 Conventional hydrogen bond 2.01
LEU19 Alkyl 4.18
GLU20 Attractive charge 5.34
ASP44 Attractive charge 471
ASN113 Attractive charge 4.97
TYR46 Conventional hydrogen bond 2.48
. . PHE112 Conventional hydrogen bond 3.55
Phosphatidylcholine lyso alkyl 18 = ASP44 Conventional hydrogen bond 3.40
LEU106 Alkyl, Pi-Alkyl 4.46

VAL143 Alkyl, Pi-Alkyl 5.19, 5.22,5.42

PRO6 Alkyl, Pi-Alkyl 4.74

PHE112 Alkyl, Pi-Alkyl 4.47,4.52
GLN22 Conventional hydrogen bond 2.54
GLN24 Conventional hydrogen bond 2.20
THR21 Pi-Sigma 2.53
5-Hydroxytryptophan -6.2 LEU28 Pi-Alkyl 5.47

ALA93 Pi-Alkyl 3.80,4.72

ALA26 Pi-Alkyl 4.97,3.94
L GLN122 Conventional hydrogen bond 2.84
Quinic acid 3 LYS97 Conventional hydrogen bond 2.74
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THR21 Conventional hydrogen bond 1.97
ALA93 Conventional hydrogen bond 2.79
D-(+)-trehalose =8 LYS144 Conventional hydrogen bond 2.70
THR21 Conventional hydrogen bond 2.48,3.35
GLN122 Conventional hydrogen bond 251
Shikimate -5 LYS97 Conventional hydrogen bond 2.04
ASP155 Conventional hydrogen bond 2.30
GLN22 Conventional hydrogen bond 243
Spectinomycin -6.2 GLN94 Conventional hydrogen bond 3.08
GLN24 Conventional hydrogen bond 3.44
GLN94 Conventional hydrogen bond 2.82
GLN94 Conventional hydrogen bond 2.30
LYS97 Alkyl, Pi-Alkyl 4.81
ILE20 Alkyl, Pi-Alkyl 5.40
Hydroquinidine -6.3 LEU28 Alkyl, Pi-Alkyl 4.10
ALA93 Alkyl, Pi-Alkyl 3.76,5.33
PRO27 Alkyl, Pi-Alkyl 3.74
ALA26 Alkyl, Pi-Alkyl 3.80, 4.97
PHE145 Alkyl, Pi-Alkyl 5.27
LYS97 Conventional hydrogen bond 2.00
LYS147 Conventional hydrogen bond 1.90
7,4'-Dimethoxyisoflavone -6.6 ASN156 Conventional hydrogen bond 3.61
VAL101 Alkyl, Pi-Alkyl 3.83, 4.56, 5.40
ILE152 Alkyl, Pi-Alkyl 5.09, 5.16
LYS104 Salt Bridge 4.47
ARG108 Attractive charge 2.03
GLN122 Conventional hydrogen bond 2.04
ARG108 Conventional hydrogen bond 2.19
Sorbate -3 LYS147 Alkyl, Pi-Alkyl 4.42
ILE152 Alkyl, Pi-Alkyl 5.12
VAL101 Alkyl, Pi-Alkyl 438
PHE145 Alkyl, Pi-Alkyl 4.65,5.26
THR21 Pi-Sigma 2.60
PHE145 Pi-Pi Stacked 5.70
LEU28 Pi-Alkyl 5.08
Harman 62 ALA26 Pi-Alkyl 4.61,4.96
ALA93 Pi-Alkyl 3.57,4.21
LYS97 Pi-Alkyl 5.13
ASN156 Conventional hydrogen bond 2.60, 2.61
GLN122 Conventional hydrogen bond 2.35
9-Hydroxy-10,12-octadecadienoic 52 LEU39 Alkyl, Pi-Alkyl 4.32
acid ’ HI1S102 Alkyl, Pi-Alkyl 4.27,5.45
VAL101 Alkyl, Pi-Alkyl 4.42,4.65,5.45
ILE152 Alkyl, Pi-Alkyl 5.04
GLN9%4 Conventional hydrogen bond 2.44
ALA26 Conventional hydrogen bond 3.02
GLN9%4 Conventional hydrogen bond 2.54
Kaempferol-3-o-rutinoside -6.9 ALA93 Conventional hydrogen bond 2.59
ALA26 Pi-Alkyl 5.45
LYS97 Pi-Alkyl 5.49
ALA93 Pi-Alkyl 4.16
LYS97 Conventional hydrogen bond 2.96
o LEU28 Pi-Alkyl 5.48
2',4'-Dihydroxy-4-methoxychalcone -6.1 ALA2G Pi-Alkyl 474
ALA93 Pi-Alkyl 3.71,5.07
GLN9%4 Conventional hydrogen bond 191
Methvi-13-hvd LYS97 Conventional hydrogen bond 2.02,2.72
delt aSE,)ilE- o céégg:(;?;?; ate -4.9 ASP155 Conventional hydrogen bond 3.58
LYS104 Alkyl 3.95

VAL101 Alkyl 3.60, 4.22, 4.69, 5.02
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LEU39 Alkyl, Pi-Alkyl 5.10, 5.41
VAL101 Alkyl, Pi-Alkyl 4.14, 4.68
Cholestane -6.9 PHE145 Alkyl, Pi-Alkyl 4.64
LYS147 Alkyl, Pi-Alkyl 4.92
ILE152 Alkyl, Pi-Alkyl 5.15
LYS97 Pi-Cation 3.83
Altenusin 61 LYS105 Pi-Catiop 3.89
VAL101 Alkyl, Pi-Alkyl 3.97,4.66, 4.84
ILE152 Alkyl, Pi-Alkyl 5.20
ILE20 Conventional hydrogen bond 2.34
. THR21 Conventional hydrogen bond 2.67
8-[4,5-Dihydroxy-6- GLN22 Conventional hydrogen bond 2.22,2.44,2.63
_ (hydroxymethyl)-8-[3.4,5- GLN24 Conventional hydrogen bond 2.70
trihydroxy-6-(hydroxymethyl)oxan- -6.7 .
2-ylJoxyoxan-2-y1]-5,7-dihydroxy- LYS97 Convent!onal hydrogen bond 2.55
2-(4-hydroxyphenyl)chromen-4-one PHE145 Cpnventlonal hydrogen bond 3.79
ALA26 Pi-Alkyl 4.61
ALA93 Pi-Alkyl 3.75
PRO6 Conventional hydrogen bond 2.59
VAL4 Conventional hydrogen bond 3:39
GLN111 Conventional hydrogen bond 3.70
Selaginpulvilin T -6.7 CYS45 Pi-Sulfur 4.95
PHET70 Alkyl, Pi-Alkyl 5.08
ALA9 Alkyl, Pi-Alkyl 3.64, 5.33
PRO6 Alkyl, Pi-Alkyl 4.23,5.14

methyl)-oxan-2-yl]oxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxy-
phenyl)chromen-4-one (-6.7 kcal/mol) and selaginpulvilin T
(-6.7 kcal/mol) exhibited strong interactions, forming hydrogen
bonds with GLN22, GLN24, LYS97 and THR21, along with
CH and m-alkyl interactions that contributed to their stability.
7,4'-dimethoxyisoflavone (-6.6 kcal/mol) also demonstrated
strong binding, engaging LYS97, LYS147 and ASN156 in
hydrogen and CH bonds, with additional hydrophobic inter-
actions with VAL101 and ILE152. Hydroquinidine (-6.3 kcal/
mol), harman (-6.2 kcal/mol), spectinomycin (-6.2 kcal/mol)
and 5-hydroxytryptophan (-6.2 kcal/mol) exhibited moderate
affinities, forming conventional hydrogen bonds with key
residues such as GLN94, GLN22, GLN24 and THR21. These
compounds also displayed r-alkyl and alkyl interactions,
particularly with ALA93, ALA26 and LEUZ28, indicating stable
binding through a mixture of hydrophilic and hydrophobic
interactions. Among other notable compounds, D-(+)-treha-
lose (-5.8 kcal/mol), shikimate (-5.0 kcal/mol) and quinic acid
(-5.3 kcal/mol) established multiple hydrogen bonds with

GLN122,LYS97, ASP155 and THR21, suggesting a hydrogen
bonding-driven binding mechanism. Phosphatidylcholine
lyso-alkyl 18 (-5.0 kcal/mol) primarily interacted through
attractive charge interactions with GLU20, ASP44 and ASN113,
along with m-alkyl interactions with LEU106, VAL143 and
PHE112. Interestingly, fatty acids such as lignoceric acid (-3.7
kcal/mol) and 9-hydroxy-10,12-octadecadienoic acid (-5.2
kcal/mol) exhibited weaker affinities, primarily engaging in
conventional hydrogen bonding with SER7, TYR46 and
ASN156, alongside alkyl interactions with HIS102, LEU19
and VAL101 (Fig. 8). The relatively lower affinity suggests
a lack of strong stabilizing interactions compared to poly-
phenolic compounds. These findings emphasize the signifi-
cance of flavonoids and polyphenolic compounds as potential
lead molecules due to their superior binding affinities and
interaction networks, particularly through hydrogen bonding
and hydrophobic interactions. Future studies should focus on
validating these computational predictions through in vitro
and analyze in vivo to assess their biological relevance and
therapeutic potential.

(a) (b)
Fig. 8. 3D interaction images of (a) kaempferol-3-o-rutinoside, (b) 8-[4,5-dihydroxy-6-(hydroxymethyl)-3-[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-
yl]oxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-4-one and (c) selaginpulvilin T with IL-13 (PDB: 5KNH)
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TABLE-7
ADMET STUDY OF PHYTOCOMPOUNDS

Predicted values

Property A B C D E F G H | J K L
Molecular weight 3423 33235 32643 11112 17415 19217 220.22 290.27 18222 270.28 28229 296.44
Number of rotatable bonds 4 2 4 2 1 1 3 3 0 4 3 14
Number of hydrogen acceptors 11 9 4 2 5 6 4 6 1 4 4 3
Number of hydrogen donors 8 5 1 0 4 5 4 4 1 2 0 2
Molar refractivity 68.12 7565 10021 29.84 3843 4011 5938 76.36 5857  76.79 80.9 90.63
TPSA 18953 12951 4559 4013 9799 11822 9934 107.22 2868 66.76  48.67  57.53
mLogP -4.37 -2.44 2.31 1.07 -1.43 -2.14 -2.22 1.37 1.9 1.83 1.57 3.59
LogS 0.81 0.93 -3.73 -1.77 0.18 0.43 -0.42 -4.81 -3.56 -4.8 -4.64 -6.31
Lipinski’s rule 2 0 0 0 0 0 0 0 0 0 0 0
Ghose rule 1 1 0 3 2 1 0 0 0 0 0 0
Veber rule 1 0 0 0 0 0 0 0 0 0 0 1
Egan rule 1 0 0 0 0 0 0 0 0 0 0 0
Muegge rule 4 1 0 1 1 2 0 0 1 0 0 1
Bioavailability score 0.17 0.55 0.55 0.85 0.56 0.56 0.56 0.55 0.55 0.55 0.55 0.85
Ames toxicity No No No No No No No No Yes Yes Yes No
Hepatotoxicity No No Yes No No No No No No No No No

A = T7427: Trehalose; B = 15541: Spectinomycin; C = 91503: Hydroquinidine; D = 1549237: Sorbate; E = 8742: Shikimate; F = 6508: Quinic acid; G =
144: 5-Hydroxytryptophan; H = 6918469: Altenusin; | = 5281404: Harman; J = 5711223: 2'.4'-Dihydroxy-4-Methoxychalcone; K = 466269: 7,4'-
Dimethoxyisoflavone; L = 5282945: 9-Hydroxy-10,12-octadecadienoic acid

ADMET study: The ADMET properties of the twelve
phytocompounds were evaluated to assess their pharmaco-
kinetic potential, as suboptimal ADMET profiles can limit the
clinical development and approval of therapeutic agents. The
ADMET profile of 12 different compounds is represented in
Table-7 as an in silico assessment of the ADMET of remain-
ing molecules was not possible due to its higher molecular
weight.

Conclusion

The in vitro study of hydroalcoholic extract of Taberna-
emontana divaricata (TDHE) reveals its therapeutic potential
against asthma. HR-LC MS/MS analysis revealed a signifi-
cant presence of terpenoid, phenolic and alkaloidal comp-
ounds in the chemical profile of extract. The molecular docking
study reveals the potential activity of secondary metabolites
such as kaempferol-3-o-rutinoside,8-[4,5-dihydroxy-6-(hyd-
roxymethyl)-3-[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-
ylJoxyoxan-2-yl]-5,7-dihydroxy-2-(4-hydroxyphenyl)chromen-
4-one and phenol selaginpulvilin T against targeted proteins
of asthma likewise H1, IL-6, IL-4, IL-17 and IL-13. A mole-
cular docking study indicated that the compounds may possess
enhanced antiasthmatic potential with a multitargeted approach,
as demonstrated by their robust interactions with pertinent
proteins.
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