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Keywords: ABSTRACT: Allergic conjunctivitis (AC) is a prevalent ocular condition
characterized by inflammation of the conjunctiva due to allergen exposure,
resulting in itching, redness, and discomfort. Traditional medicinal plants such
as Ginkgo biloba and Aegle marmelos have been recognized for their potential
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docking studies were performed to investigate the binding interactions between
these phytochemicals and key proteins implicated in the pathogenesis of AC,
including histamine receptors, inflammatory cytokines, and enzymes involved in
E-mail: Juveriyaisrar2016@gmail.com the allergic response. Virtual screening techniques were employed to identify
potential lead compounds with high binding affinities and favorable
pharmacokinetic properties. Additionally, ADME/T properties were predicted to
assess the bioavailability, metabolic stability, and potential toxicity of the
selected phytochemicals. In-silico findings suggest that certain phytochemicals
from Ginkgo biloba and Aegle marmelos exhibit promising anti-allergic and
anti-inflammatory activities, making them attractive candidates for further
experimental validation and development as potential therapeutic agents for the
management of allergic conjunctivitis. These computational insights contribute
to the rational design and discovery of novel phytochemical-based treatments for
AC, offering new avenues for drug development in ocular allergy management.

INTRODUCTION: Allergic conjunctivitis (AC) The hallmark symptoms of AC include itching,
represents a prevalent ocular disorder characterized  redness, tearing, and swelling of the conjunctiva,
by inflammation of the conjunctiva due to often accompanied by discomfort and visual
hypersensitivity — reactions to environmental disturbances. Despite its non-life-threatening
allergens. It is a common condition affecting nature, AC can have a substantial impact on daily
individuals of all ages worldwide, leading to activities, productivity, and overall well-being,

significant morbidity and impairing quality of life. underscoring the need for effective therapeutic
H 4,5, 20, 21,25
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However, these conventional treatments are
associated with limitations such as potential
adverse effects, incomplete efficacy, and the risk of
rebound inflammation upon discontinuation.
Therefore, there is a growing interest in exploring
alternative approaches, including natural products
derived from medicinal plants, as potential
adjunctive or standalone therapies for AC 26,193, 7.

Medicinal plants have long been recognized as
valuable sources of bioactive compounds with
diverse pharmacological properties, including anti-
inflammatory, antioxidant, and immunomodulatory
activities. Among the numerous botanicals studied
for their therapeutic potential, Ginkgo biloba and
Aegle marmelos have garnered attention for their
reputed medicinal properties and traditional uses in
various healing systems %, Ginkgo biloba,
commonly known as the maidenhair tree, is one of
the oldest living tree species native to China.
Extracts from Ginkgo biloba leaves have been
extensively studied for their pharmacological
effects, attributed primarily to the presence of
flavonoids, terpenoids, and other bioactive
constituents. Ginkgo biloba extract (GBE) is
widely marketed as a dietary supplement and
herbal remedy for various health conditions,
including cognitive impairment, cardiovascular
disorders, and inflammatory diseases °.

Aegle marmelos, also known as bael or Bengal
quince, is a medicinal plant native to the Indian
subcontinent and Southeast Asia. Different parts of
the Aegle marmelos tree, including the leaves,
fruits, and bark, have been used in traditional
medicine for the treatment of gastrointestinal
disorders, respiratory ailments, and skin conditions
8 Phytochemical analysis of Aegle marmelos has
revealed the presence of alkaloids, flavonoids,
tannins, and essential oils, among other
constituents, which contribute to its therapeutic
properties .

Given the rich chemical diversity and
pharmacological potential of Ginkgo biloba and
Aegle marmelos, there is growing interest in
exploring their efficacy in the management of
ocular disorders, including allergic conjunctivitis.
Phytochemicals derived from these botanical
sources have been reported to possess anti-

E-ISSN: 0975-8232; P-ISSN: 2320-5148

inflammatory, anti-allergic, and antioxidant
activities, which are  pertinent to the
pathophysiology of AC. AC involves the activation
of various receptors that contribute to the
inflammatory  response in the conjunctiva.
Glucocorticoid receptors (GRs) play a major role in
immune response regulation as well as
inflammation regulation, both of which are
important aspects of allergic conjunctivitis.

GRs can suppress allergy mediators, lower
eosinophilic activity, control immune cell activity,
and modify inflammatory mediators. They are
frequently used to reduce symptoms and manage
inflammation in allergic conjunctivitis. They are
normally prescribed for brief periods or in small
doses, but their usage is restricted because of
possible adverse effects. Additionally, GRs control

gene transcription, which suppresses pro-
inflammatory  genes and  increases  anti-
inflammatory genes, both of which reduce
inflammation and ease allergy symptoms.

Targeting GRs pharmacologically represents a
potential therapeutic strategy for managing allergic
conjunctivitis *’. In recent years, computational
approaches, collectively referred to as in-silico
analysis °, have emerged as valuable tools for drug
discovery and development. In-silico methods
encompass a range of computational techniques
and algorithms that enable the prediction,
modeling, and analysis of biological interactions at
the molecular level *°,

By leveraging in-silico approaches, researchers can
expedite the identification of lead compounds,
elucidate their mechanisms of action, and optimize
their pharmacological properties before
experimental validation. In this context, the present
study aims to conduct an in-silico analysis of
phytochemicals derived from Ginkgo biloba and
Aegle marmelos against allergic conjunctivitis.

Through a systematic computational investigation,
we seek to identify potential lead compounds with
therapeutic relevance, elucidate their molecular
interactions with key targets implicated in AC
pathogenesis, and evaluate their pharmacokinetic
properties and safety profiles. By integrating
computational modeling, molecular docking, and
virtual screening, we aim to provide valuable
insights into the pharmacological potential of
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Ginkgo biloba and Aegle marmelos phytochemicals
as novel therapeutic agents for allergic
conjunctivitis. This in-silico analysis represents a
crucial step towards the rational design and
development of effective and safe botanical-based
interventions for the management of ocular
allergies, addressing the unmet clinical needs in
this field.

MATERIALS AND METHODS:

Ligand Retrieval and Preparation: A total of 39
bioactive substances were chosen as ligands from
the phytoconstituents of the Aegle marmelos and
Ginkgo biloba plants. A library of bioactive
chemicals was created, and their PDB 3D structures
were retrieved from the IMPAAT database
(https://cb.imsc.res.in/imppat/). The PyRx software
comes with Open Babel installed by default, which
was used to construct the ligand structures. 3D
structures of the standard drug Levofloxacin were
obtained  from the  PubChem  database
(https://pubchem.ncbi.nlm.nih.gov/) in .sdf format.

Protein Retrieval and Preparation: Research
Collaboratory  for  Structural  Bioinformatics
(RCSB) maintains the Protein Data Bank (PDB)
database, from which the target proteins, namely
the glucocorticoid receptor (PDB ID: 4MDD), were
obtained. The X-ray crystallographic structure,
lower resolution (< 2.40 A), and percentile scores
in global validation measures, which suggest
superior structure quality, are the reasons this PDB
ID was taken into consideration. Pre-processing of
the protein structures was done using Discovery
Studio Visualizer 2022. Through the removal of
other heteroatoms, such as water molecules, and
natural inhibitors, the protein models were cleaned
and optimized. To protonate proteins to improve
docking efficiency %,

Physicochemical, Pharmacokinetic, and Drug
Likeness Properties of Aegle marmelos, Ginkgo
biloba Phytoconstituents: Using Lipinski's rule of

five  (RO5), the SwissADME  database
(http://www.swissadme.ch/) and Molsoft
(https://molsoft.com/mprop/) were utilized to

predict the pharmacological and pharmacokinetic
features of certain lead compounds. For every lead
molecule, canonical simplified molecular-input
line-entry system (SMILES) structures were
obtained from the IMPAAT database.
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To anticipate the drug-likeness of lead compounds,
these servers require these SMILES as an entry
method Table 1 ™.

Molecular Docking and Interaction Studies:
Using PyRx. Ink software and molecular docking
were used to investigate every orientation,
conformation, and binding affinity that ligands
could have with the glucocorticoid receptor.
Selected phytoconstituents and standard drugs were
subjected to molecular docking analysis with the
protein target Fig. 1.

Using Open Babel software, all ligands were
translated to PDBQT format so that AutoDock
Vina could acceptably dock them. To apply blind
docking, the entire protein was entrapped within
the grid box. The docking data were molecularly
visualized, and BIOVIA Discovery Studio Client
2022 was utilized to examine bonding interactions
between the docked protein-ligand complexes and
the docking pose. As the lead compound, the
conformation with the lowest docking score (in
kcal/mol) was chosen 22313,

RESULTS AND DISCUSSION: The major
component analysis of the respective ligands on the
structure of the glucocorticoid receptor is
schematically represented in Fig. 1.

IMPHY014836

IMPHY014842

FIG. 1: SCHEMATIC REPRESENTATIONS OF MAIN
COMPONENT ANALYSIS OF THEIR RESPECTIVE
LIGANDS ON THE STRUCTURE OF
GLUCOCORTICOID RECEPTOR
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TABLE 1: PHYTOCONSTITUENT FROM AEGLE MARMELOS, GINKGO BILOBA AND THEIR
CLASSIFICATION, IMPAAT ID, CANONICAL SMILE, 3D STRUCTURE, AND LIPINSKI’'S RULE OF 5
INCLUDING STANDARD DRUG LEVOFLOXACIN

S.no. Plant Phytochemica Part of NP Classifier IMPAAT  Smileld Lipinski’s 3D structure
name I name Plant Biosynthetic Phytoche rule of 5
pathway mical
identifier
1 Aegle Skimmianine Aerial Alkaloids IMPHYO00 COclccc2c(cl 0
marmelos part 7265 OC)nclc

(c20C) ccol

2 Aegle Haplopine Aerial Alkaloids IMPHY00 COclc(=0O)cc 0
marmelos part 8279 c2cl[nH]cloc
cclc20C

3 Aegle Auraptene Bark Shikimates IMPHY00 C/C(=CCOcl 0
marmelos 1552 ccc2c(cl)oc(=
O)cc2)/CCC=
C(C)C
4 Aegle Coumarin Bark Shikimates IMPHY00 O=clccc2c(ol 0
marmelos 3490 )ccee2

5 Aegle Ammijin Whole Shikimates IMPHY00 OC[C@H]10 0
marmelos plant 5166 [C@@H](OC
([C@H]20c3 -
¢(C2)cc2c(c3) i
oc(=0)cc2)(C ey
)O)C@@H]( :
[C@H]([C@
@H]10)0)0
6 Aegle Marmesin Bark Shikimates IMPHYO01 O=clccc2c(ol 0
marmelos 1661 )ecle(c2)CIC
@H](01)C(O
)(C)C
7 Aegle Lupeol Bark Terpenoids IMPHY01 CC(=C)[C@ 1
marmelos 2473 @H]1CC[C@ :
12([C@H]1[C .
@H]icclc@ NEY
HI3[C@@]([ i,
c@]i(c)cez
)(C)CC[C@@
H]1[C@]3(C)
CC[C@@H](
C1(C)C)0)C
8 Aegle Methoxsalen Fruit Shikimates IMPHY00 COclc2oc(=0 0
marmelos 3037 )ccc2cc2cloce
2

9 Aegle Bergapten Fruit Shikimates IMPHYO00 COclc2ccc(= 0
marmelos 5428 O)oc2cc2clce
02
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10

11

12

13

14

15

16

17

18

19

20

Aegle
marmelos

Aegle
marmelos

Aegle
marmelos

Aegle
marmelos

Aegle
marmelos

Aegle
marmelos

Aegle
marmelos

Aegle

marmelos

Aegle
marmelos

Aegle
marmelos

Aegle
marmelos

Dictamnine

Marmeline

Scoparone

D-Galactose

Myrtenol

Carotol

Aegeline

Pinocarvone

Marmin

Skimmin

beta-Sitosterol

Fruit

Fruit

Fruit

Fruit

Leaf

Leaf

Leaf

Leaf

Root

Root

Seed

Alkaloids

Phenylpropanoids

Phenylpropanoids

Phenylpropanoids

Terpenoids

Terpenoids

Phenylpropanoids

Terpenoids

Phenylpropanoids

Phenylpropanoids

Terpenoids

IMPHY00
7199

IMPHYO00
9589

IMPHYO01
1395

IMPHYO01
2050

IMPHYO00
0099

IMPHYO00
1050

IMPHYO00
2030

IMPHY00
2072

IMPHYO00
6258

IMPHY00
7363

IMPHYO01
4836

COclc2ccccce
2nc2clcco?2

OC(clcce(ccl
)JOCC=C(C)C
)JCNC(=0)/C=
Cclcceecl

COclcc2oc(=
O)ccc2ccl10C

OC[C@H]10
C(O)[C@@H
I([C@H]([C

@H]10)0)0

OCC1=CCC2
CC1C2(C)C

CCl=CC[C@
@2([c@@](
CCl)(O)[C@
H](CC2)C(C)
C)C
COclccc(ccl)
C(CNC(=0)/
C=Cl/clcccccl
)O

C=C1C(=0)C
C2CC1C2(C)
c

C/C(=CcCOcl
cce2c(cl)oc(=
O)cc2)/CC[C
@H](C(O)(C)
C)O
OC[C@H]10
[C@@H](Oc
2cce3c(c2)oc(
=0)cc3)[C@
@H]([C@H](
[C@@H]10)
0)O
CC[C@@H](
C(C)C)CcC[C
@H]([C@H]1
CC[C@@H]2
[C@]1(C)CC[

M
-~
|
!
I
et o
!.
KIoe,
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21

22

23

24

25

26

27

28

29

Ginkgo
biloba

Ginkgo
biloba

Ginkgo
biloba

Ginkgo
biloba

Ginkgo
biloba

Ginkgo
biloba

Ginkgo
biloba

Ginkgo
biloba

Ginkgo
biloba

Ginkgolic acid

Bilobalide

Ginkgolide A

Zeatin
riboside

Acacetin

Shikimic acid

Naringetol

L-Rhamnose

Bilobol

Stem

Stem

Root

Leaf

Leaf

Leaf

Leaf

Fruit

Fruit

Aromatic
polyketides

Terpenoids

Terpenoids

Alkaloids

Phenylpropanoids

Shikimates

Shikimates

Carbohydrates

Polyketides

IMPHYO00
5538

IMPHY01
0150

IMPHYO00
6729

IMPHYO00
3593

IMPHY00
4611

IMPHYO00
6945

IMPHYO01
0550

IMPHYO01
5056

IMPHY00
5536

C@H]1[C@H
]2CC=C2[C@
J1(C)CC[C@
@H](C2)0)C
CCcccce/c=
CCCCCCCCc
lccee(c1C(=0
)O)O
O=ClO[C@
@H]2[C@@]
3(C1)C(=0)0
[C@H]L[C@]
3([C@I(C2)(
0)C(C)(C)O)I
C@@H](O)C
(=0)01

O=ClOo[C@
@QH]2[C@@]
([C@@H]1C)
(O)C13C4(C2
)[C@H](OC3
=0)CC(C24[
C@H](01)0
C(=0)[Ce@
H]20)C(C)(C
)C
OC/C(=CICN
clncnc2clnen
2[C@@H]10
[C@@H]([C
@H]([C@H]1
0)0)Co)/C

COclccec(ccl)
clee(=0)c2¢(
0l)cc(cc20)0

O[C@@H]1C
C(=C[C@HI(
C@H]10)0)
C(=0)0

Oclccc(cecl)[
C@@H]1CC(
=0)c2c(01)cc
(cc20)0

O[C@HI1[C
@H](C)oC([
C@@H]([C@
@H]10)0)0

CCcccece/c=
CCCcCcCcCCCc
1cc(O)ce(cl)
0]
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30 Ginkgo Docosanol Flower Fatty acids IMPHY00 CCCCCCCC 1
biloba 9358 CCccccecece
Ccccceco
31 Ginkgo Afzelin Flower Shikimates IMPHYO01 Oclccc(ccl)c 1
biloba 1919 loc2cc(O)cc(c
2¢(=0)c10|[C
@@H]10[C
@@H](C)[C I
@@H]([C@H r
I([C@H]10)
0)0)O
32 Ginkgo D-Pinitol Flower Carbohydrates IMPHYO01 COC1l[C@H]( 0
biloba 5039 O)[C@@H](
O)C([C@@H
l([C@@H]10
)0)O f

33 Ginkgo Apigenin Leaf Shikimates IMPHYO00 Oclccc(ccl)c 0
biloba 4661 lcc(=0)c2c(o |
1)cc(cc20)0 ) =

/

34 Ginkgo Kaempferol Leaf Shikimates IMPHYO00 Oclccc(ccl)c 0
biloba 4388 loc2cc(O)cc(c
2¢(=0)c10)0

35 Ginkgo Myricetin Leaf Shikimates IMPHY00 Oclcc(O)c2c( 1
biloba 5471 cl)oc(c(c2=0)
O)clec(O)e(c(
c1)0)O
36 Ginkgo Stigmasterol Flower Terpenoids IMPHY01 CC[C@@H]( 1
biloba 4842 c(io)o)/c=C/
Ce@H]([CeH
J1ICC[C@@H
12[C@]1(C)C
C[C@H]1[C
@H]2CC=C2[
c@ali(c)ccl
C@@H](C2)
O)C
37 Ginkgo Morin Leaf Shikimates IMPHY00 Oclcce(c(cl) 0
biloba 5463 O)cloc2cc(0)
cc(c2c(=0)cl
0)O

38 Ginkgo Benzoic acid Root Shikimates IMPHY01 CCCCCCCC 1
biloba 3890 CCCCCclcc(
O)cc(c1C(=0)
0)O
39 Ginkgo Quercetin Leaf Shikimates IMPHYO00 Oclcc(O)c2c( 0
biloba 4619 cl)oc(c(c2=0)
O)clcee(c(cl)
0)O

40 Drug Levofloxacin NA NA NA CC1coc2=C 0
3N1C=C(C(=
0)C3=CC(=C
2N4CCN(CC
4)C)F)C(=0)

0
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Physicochemical, Pharmacokinetic, and Drug In the present study, the MWs of all selected
Likeness Properties of Aegle marmelos, Ginkgo  phytoconstituents  including  reference  drug
biloba Phytoconstituents: A good orally active Levofloxacin were found to be less than 500, thus
drug candidate should not have more than one favoring rapid Gl absorption.

violation of Lipinski’s criteria otherwise it might

compromise its bioavailability (Namachivayam et ~ Theé Num. rotatable bonds of all selected

al., 2014). The selected phytoconstituents were Phytoconstituents including  reference drug
screened and selected based on Lipinski’s rule for Levofloxacin were found to be less than 10, thus

their drug-like properties Table 2. favoring rapid Num. rotatable bonds. Num. H-bond
donors of all selected phytoconstituents including

None of the selected phytoconstituents exhibited reference drug Levofloxacin were found to be less

any Lipinski’s violation. A high MW favours than 10 and all the phytoconstituents have less than

digestion and slower absorption from the GI tract 5 Num. H-bond acceptors except for Ammijin and

thereby decreasing the plasma concentration and  standard drug Levofloxacin.

bioavailability of drug molecules.

TABLE 2: PHYSICOCHEMICAL PROPERTIES OF AEGLE MARMELOS, GINKGO BILOBA
PHYTOCONSTITUENTS

S. no. Compounds Molecular Num. Num. H- Num. % TPSA Lipinski’s
name weight rotatable bond H-bond Absorption (A2 rule of 5
(g/mol) bonds acceptors donors
1 Lupeol 426.72 1 1 1 102.02 20.23 Passed
2 Stigmasterol 412.69 5 1 1 102.02 20.23 Passed
3 Ammijin 408.40 4 9 4 61.10 138.82 Passed
4 Acacetin 284.26 2 5 2 81.43 79.90 Passed
5 beta-Sitosterol 414.71 6 1 1 102.02 20.23 Passed
6 Levofloxacin 361.37 2 6 1 83.12 75.01 Passed
(Standard drug)

Where %ABS=109-0.345xTPSA

It is evident from Table 3 that all phytoconstituents  probability of cells developing resistance towards
were found to be incapable of crossing the BBB them. Acacetin was predicted to behave as
versus other phytoconstituents and CQ which  CYP1AZ2 inhibitors and thus, were less likely to be
showed a high BBB permeability. Skin metabolized and rendered inactive by the enzyme.
permeability (Kp) is related to the molecular size  On the other hand, none of the compounds and
and lipophilicity of drug-like compounds and drugs was found to behave as CYP2C19 inhibitors
negative values of Kp correspond to decreased skin  while a high level of Gl absorption with Acacetin
permeability of all the compounds. Standard drug and Standard Drug Levofloxacin and Lupeol,
Levofloxacin was found not to behave as P-gp  Stigmasterol, Ammijin, and beta-Sitosterol have a
substrates and hence, unlikely to be pumped out of  low level of GI absorption.

the cell by the glycoprotein, thus lessening the

TABLE 3: PHARMACOKINETIC STUDIES OF AEGLE MARMELOS, GINKGO BILOBA PHYTOCONSTITUENTS

S. no. Compounds Gl BBB P-gp CYP1A2 CYP2C19 Log Kp (skin
name absorption permeant substrate inhibitor  inhibitor permeation) (cm/s)
1 Lupeol Low No No No No -1.90
2 Stigmasterol Low No No No No -2.74
3 Ammijin Low No No No No -8.56
4 Acacetin High No No Yes No -5.66
5 beta-Sitosterol Low No No No No -2.20
6 Levofloxacin High No Yes No No -8.78

(Standard drug)

Further evaluation of drug-likeness was done using  Ghose, Veber, Egan, Muegge and lead likeness
SwissADME software with additional filters viz.  filters. As is evident from Table 4, Lupeol and
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Stigmasterol follow Lipinski and Veber while
Ammijin follows Lipinski, Ghose, Veber, and
Muegge rules while except Ghose rule beta-
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and Acacetin and
drug-

Sitosterol follow all rules,
Standard Drug Levofloxacin follow all
likeness property respectively.

TABLE 4: DRUG LIKENESS PROPERTY OF AEGLE MARMELQS, GINKGO BILOBA PHYTOCONSTITUENTS

S.no. Compounds name Lipinski Ghose Veber Egan Muegge Bioavailability Score
1 Lupeol Yes No Yes No No 0.55
2 Stigmasterol Yes No Yes No No 0.55
3 Ammijin Yes Yes Yes No Yes 0.55
4 Acacetin Yes Yes Yes Yes Yes 0.55
5 beta-Sitosterol Yes No Yes No No 0.55
6 Levofloxacin Yes Yes Yes Yes Yes 0.55

(Standard drug)

In the fields of structure prediction, structural
proteomics,  cheminformatics,  bioinformatics,
molecular visualization and animation, and rational
drug design, Molsoft is a leading supplier of tools,
databases, and consulting services. By developing
novel technologies for structure prediction,
MolSoft is advancing our knowledge of the spatial
arrangement of biological molecules and how they

interact with biological substrates, other molecules,
and drug-like substances at the atomic level. The
molecular properties of the selected compounds
were calculated using the Molsoft database tool and
the values are given in Table 5. The magnitude of
drug-likeness score of compounds ranges from -
0.22 to 1.12 of synthesized molecules based on the
MolSoft database tool.

TABLE 5: DRUG-LIKENESS PROPERTIES AND PHYSICOCHEMICAL PROPERTIES OF AEGLE MARMELOS,
GINKGO BILOBA PHYTOCONSTITUENTS CALCULATIONS USING MOLSOFT DATABASE TOOL

% '% = 9
o 8 ¥ 3 & 9
o Z —~ = g = c
3 o) 3 < < 3 = x &
S = o < 2 =) 2 o o =
@ e 5 32 5 < 52 4 B )
z 2 $ £ $ <2 g9 & ¢ 2
2 o =% = 5 Y@ g = e
Q = N N o Q 3
3 g 5 ~ > & = 2
® 3 8 =2 3 &
Q s, B o =
2 2 9 e
1 Lupeol 8.3 -6.31/ 16.09 563.8 <0./ 10 -
5 021 7172 0.2 —orugs
8 2 —— Your coﬁpound
2  Stigmasterol 7.7 -6.24/ 16.28 5298 <0./ 9 06
4 024 9 167 2 — orues
—— Mon-drugs
7 —— Your compounc

T T T T
—5.00 —4 .00 —Z.00 0.00
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3 Ammijin 0.2 -1.27/ 107.0 3943 <0./
8 21708.5 6 1 13.0

8 1
4 Acacetin 3.7 -3.78/ 6349 2814 <0./
4 46.61 4 6.70
5 beta- 8.4 -6.34 / 16.28 519.3 <0./
Sitosterol 5 0.19 6 16.7

7
6 Levofloxaci 0.2 -1.41/ 59.39 365.2 7.52

n 3 14020.7 1 /
(Standard 1 5.52

drug)

6 01
6 —— Drugs
—— Non-drugs
— Your compound
r T T T T T 1
6 .00 —d4 .00 —2.00 0.|00 2.00 L] 6,00
0 02
O — Drugs
—— Mon-drugs
— Your compound
r T T T T T 1
—6.00 =400 =200 0.|Z)0 Z2.00 4,00 6,00
9 0.7
— DOrug
8 _— N;ﬂ—zrugs
— Your compound
—IG.OO —:1.00 —I2.00 0‘.00 f 2.00 4‘.00 600
1 11
2 —— DOrugs

—— Non-drugs
—— Your compound

T T T T T T 1
—6.00 —4 .00 —Z.00 0.00 2.00 g .00 6,00

Molecular Docking and Interaction Studies of
Ginkgo biloba and Aegle marmelos Plant
Phytoconstituents with Standard Drug: In
docking results, the binding affinity (Docking Free
energy) and amino acid interactions of the
compounds; with selected drugs are shown in
Tables 6 and 7. A highest docked score of — 9.1
kcal/mol was shown by Lupeol against the
Glucocorticoid receptor and the lowest docked
score of — 4.4 kcal/mol against the Docosanol. The
docked structure was imaged to illustrate the ligand
Lupeol interactions with significant amino acids

such as LEU608, LEU563, CYS736, PHEG623,
MET604, MET604, and TYR735 through Alkyl,
and Pi-alkyl as well as hydrogen bonding. Ligand
Stigmasterol interacts with significant amino acids
such as GLY679, ASN768, and ASP678 through
hydrogen bonding. Ligand Ammijin interacts with
significant amino acids such as PHE737 and
Ligand Acacetin with VAL571, TRP600, PHE740,
CYS736, PHE737, ASN564 through Alkyl, Pi-
alkyl as well as hydrogen bonding. And rest of the
compound's docking score and interacting amino
acid are shown in Tables 6 and 7.
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TABLE 6: MOLECULAR DOCKING STUDIES OF GINKGO BILOBA AND AEGLE MARMELOS PLANT
PHYTOCONSTITUENTS WITH STANDARD DRUG

S. no. IMPAAT Phytochemical identifier Phytochemical name Binding Affinity
1 IMPHY012473 Lupeol -9.1
2 IMPHY014842 Stigmasterol -8.7
3 IMPHY005166 Ammijin -8.1
4 IMPHY004611 Acacetin -8
5 IMPHY014836 beta-Sitosterol -8
6 IMPHY004661 Apigenin -7.9
7 IMPHY010550 Naringetol -7.9
8 IMPHY004619 Quercetin -7.8
9 IMPHY 005463 Morin -1.7
10 IMPHY005471 Myricetin -1.7
11 IMPHY006729 Ginkgolide A -1.7
12 IMPHY 004388 Kaempferol -7.5
13 IMPHY006258 Marmin -7.3
14 IMPHY 002030 Aegeline -7.2
15 IMPHY003490 Coumarin -7.2
16 IMPHY011919 Afzelin -7.2
17 IMPHY005538 Ginkgolic acid -7.1
18 IMPHY 007363 Skimmin -7
19 IMPHY 001552 Auraptene -6.9
20 IMPHY009589 Marmeline -6.9
21 IMPHY008279 Haplopine -6.8
22 IMPHY011661 Marmesin -6.8
23 IMPHY003593 Zeatin riboside -6.7
24 IMPHY 005428 Bergapten -6.7
25 IMPHY001050 Carotol -6.6
26 IMPHY 002072 Pinocarvone -6.6
27 IMPHY(013890 Benzoic acid -6.6
28 IMPHY010150 Bilobalide -6.5
29 IMPHY000099 Myrtenol -6.3
30 IMPHY 011395 Scoparone -6.3
31 IMPHY007199 Dictamnine -6.2
32 IMPHY006945 Shikimic acid -6
33 IMPHY003037 Methoxsalen -5.9
34 IMPHY005536 Bilobol -5.9
35 IMPHY (012050 D-Galactose -5.8
36 IMPHY015039 D-Pinitol -5.6
37 IMPHY007265 Skimmianine -5.5
38 IMPHY015056 L-Rhamnose -5.5
39 IMPHY 009358 Docosanol -4.4
40 149096 (Pubchem CID) Levofloxacin (standard drug) -6.6

TABLE 7: MOLECULAR DOCKING AND INTERACTION STUDIES OF AEGLE MARMELOS, GINKGO BILOBA

PHYTOCONSTITUENTS WITH GLUCOCORTICOID RECEPTOR
S.  Compounds PyRx Binding Amino 2D Interaction 3D interaction
no. name energy (Kcal acid i
mol™) involved in
Interaction p—

1 Lupeol -9.1

LEUS63,
CYS736,
PHE623,
MET604,

MET604,

TYR735 °

LEU608, ;!\eu“: }\me‘tsso

o5 : ‘\\. , . i "
@ P‘&h\ '__. <\ tys736
MET / | i

8:560 yri35
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2 Stigmasterol -8.7 GLYG679,
ASN768,
ASP678

3 Ammijin -8.1 PHE737

4 Acacetin -8 VAL571,
TRP600,
PHE740,
CYS736,
PHE737,
ASN564

5 beta- -8 VAL571,
Sitosterol TRP600,
PHE740,

CYS736,

PHE737

6 Levofloxacin -6.6 ILE761,
(Standard GLN760,
drug) TYR598, n
ASN768, ATiL
THR595

ATED ‘ ‘
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CONCLUSION: The study analyzed the
therapeutic efficacy of phytochemicals from
Ginkgo biloba and Aegle marmelos against allergic
conjunctivitis using computational methods. The
findings showed that these phytochemicals interact
with key molecular targets involved in allergic
response pathophysiology. Molecular docking
studies revealed anti-inflammatory mechanisms,
with some compounds inhibiting pro-inflammatory
cytokine production and modulating mast cell
degranulation and eosinophil activity. These
phytochemicals could be potential alternatives to
conventional treatments for allergic conjunctivitis.
Further experimental validation and synergistic
effects studies are needed to confirm their
bioactivity. The study also underscores the
importance of exploring traditional herbal remedies
as novel anti-allergic agents.

ACKNOWLEDGEMENT: The authors express
gratitude to their mentors for their invaluable help.

Authors’ Contributions: Conceptualization and
study design: JI, NF; Methodology: JI, NF, SA
Formal analysis and investigation: JI, NF, SA, AF
Writing - original draft preparation: JI, NF, SA
Writing - review and editing: All authors; All
authors read and approved the final manuscript.

CONFLICT OF INTEREST: The authors declare
no conflict of interest.

REFERENCES:

1. Meena AKR, Singh IR, Parashar D, Mohit Motiwale
Perumal A, Srikanth N and Dhiman KS: Evolution of
Pharmacological activity with Molecular Docking of
active constituents present in roots and small branches of
Aegle marmelos: A comparative study using HPLC, GC—
MS, LC-MS. Phytomedicine Plus 2022; 2(1): 100210—
100210. https://doi.org/10.1016/j.phyplu.2021.100210

2. Bielory BP, O’Brien TP & Bielory L: Management of
seasonal allergic conjunctivitis: guide to therapy. Acta
Ophthalmologica 2011; 90(5): 399-407.
https://doi.org/10.1111/j.1755-3768.2011.02272.x

3. Chigbu DGI & Coyne A: Update and clinical utility of
alcaftadine ophthalmic solution 0.25% in the treatment of
allergic conjunctivitis. Clinical Ophthalmology 2015;
1215.https://doi.org/10.2147/opth.s63790

4. Chigbu DGI: The pathophysiology of ocular allergy: A
review. Contact Lens and Anterior Eye 2009; 32(1): 3-15.
https://doi.org/10.1016/j.clae.2008.07.003

5. Chigbu DI, Jain P & Khan ZK: Immune Mechanisms,
Pathology, and Management of Allergic Ocular Diseases.
Advanced Concepts in Human Immunology: Prospects for
Disease Control 2020; 229-277.
https://doi.org/10.1007/978-3-030-33946-3_4

International Journal of Pharmaceutical Sciences and Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Eisvand F, Razavi BM & Hosseinzadeh H: The effects of
Ginkgo biloba on metabolic syndrome: A review.
Phytotherapy  Research  2020; 34(8): 1798-1811.
https://doi.org/10.1002/ptr.6646

Elieh Ali Komi D, Rambasek T & Bielory L: Clinical
implications of mast cell involvement in allergic
conjunctivitis. ~ Allergy  2017;  73(3):  528-539.
https://doi.org/10.1111/al1.13334

Fatima N, Moid H, Kumar A & Nisha N: An Investigation
of the Properties of Indian Herbal Remedies 2022; 9(12):
397-412.

Israr J, Ahamad T, Alam S, Misra S, Gupta D, Ahmad R,
Arshad M, Khan MF, Maurya P, AlShammari L and Ali
A: Bioactive Compounds from Achyranthes aspera L.
Extract: A UHPLC Profile and In Silico Study for Mouth
Cancer. Chemistry Select 2024; 9(38): 202402092.

Israr J, Alam S and Kumar A: Approaches of pre-clinical
and clinical trials of repurposed drug. Prog Mol Biol
Transl Sci 2024, 205: 259-275. doi:
10.1016/bs.pmbts.2024.03.024. Epub 2024 Apr 9. PMID:
38789183.

Israr J, Alam S and Kumar A: Drug repurposing for rare
diseases. Prog Mol Biol Transl Sci 2024; 207: 231-247.
doi: 10.1016/bs.pmbts.2024.03.034. Epub 2024 May 17.
PMID: 38942540.

Israr J, Alam S and Kumar A: System biology approaches
for drug repurposing. Prog Mol Biol Transl Sci 2024; 205:
221-245. doi: 10.1016/bs.pmbts.2024.03.027. Epub 2024
Apr 4. PMID: 38789180.

Israr J, Alam S, Siddiqui S, Misra S, Singh | and Kumar A:
Advances in Structural Bioinformatics. In Advances in
Bioinformatics 2024; 35-70 Singapore: Springer Nature
Singapore.

Israr J, Khan MA, Misra S, Gupta D, Singh N, Ahmad R
and Siddiqui S: In-silico screening and in-vitro
cytotoxicity study of Achyranthes aspera phytochemicals
against oral cancer: a possible step towards the
development of anti-cancer agents. Comb Chem High
Throughput Screen 2024; 11. doi:
10.2174/0113862073289916240503051643. Epub ahead
of print. PMID: 38994626.

Israr J, Siddiqui S, Misra S, Singh | and Kumar A:
Bioinformatics in  pathway identification, design,
modelling, and simulation. In Advances in Bioinformatics
2024; 181-198. Singapore: Springer Nature Singapore.

La Rosa M, Lionetti E, Reibaldi M, Russo A, Longo A,
Leonardi S, Tomarchio S, Avitabile T and Reibaldi A:
Allergic conjunctivitis: a comprehensive review of the
literature. Italian Journal of Pediatrics 2013; 39(1): 18.
https://doi.org/10.1186/1824-7288-39-18

Labib BA and Chigbu DI: Therapeutic Targets in Allergic
Conjunctivitis. Pharmaceuticals (Basel) 2022; 15(5): 547.
doi: 10.3390/ph15050547. PMID: 35631374; PMCID:
PMC9147625.

Martin GJ: Ethnobotany. A “People and Plants”
Conservation Manual. World Wide Fund for Nature 1995.
Mimura T, Satoru Yamagami Kamei Y, Goto M &
Matsubara M: Specific IgE in Tear Fluid and Features of
Allergic Conjunctivitis. Current Eye Research 2013; 38(9):
917-925. https://doi.org/10.3109/02713683.2013.794248
Mueller A: Allergic Conjunctivitis: An Update. Handb
Exp Pharmacol 2022; 268: 95-99. doi:
10.1007/164_2021_491. PMID: 34136960.

Rosario N & Bielory L: Epidemiology of allergic
conjunctivitis. Current Opinion in Allergy and Clinical
Immunology 2011; 11(5): 471-476.
https://doi.org/10.1097/aci.0b013e32834a9676

415



Israr et al., IJPSR, 2025; Vol. 16(2): 403-416.

22.

23.

24.

Singh 1, Israr J and Kumar A: An in-silico investigation of
the phytomolecules present in Piper longum roots as a
potential treatment for SARS-CoV-2. Journal of Proteins
and Proteomics 2023; 14(4): 237-251.

Singh 1, Mishra HP, Kumar P and Kumar A: In-silico
based identification of novel phytomolecules from Piper
Longum for drug discovery against cox-2. J Drug Alcohol
Res 2023; 12: 11

Villegas BV & Benitez-del-Castillo JM: Current
Knowledge in Allergic Conjunctivitis. Turkish Journal of

25.

26.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Ophthalmology 2021; 51(1): 45-54,
https://doi.org/10.4274/tjo.galen0s.2020.11456

Wong A, Barg S & Leung A: Seasonal and perennial
allergic conjunctivitis. Recent Patents on Inflammation &
Allergy Drug Discovery 2009; 3(2): 118-127.
https://doi.org/10.2174/187221309788489733

Wong A, Barg S & Leung A: Seasonal and perennial
allergic conjunctivitis. Recent Patents on Inflammation &
Allergy Drug Discovery 2014; 8(2): 139-153.
https://doi.org/10.2174/1872213x08666140704113452

How to cite this article:
Israr J, Fatima N, Alam S and Fatima A: In-silico analysis of phytochemicals from Ginkgo biloba and Aegle marmelos against allergic
conjunctivitis. Int J Pharm Sci & Res 2025; 16(2): 403-16. doi: 10.13040/1JPSR.0975-8232.16(2).403-16.

All © 2025 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

416



