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Abstract

Plants have been valuable sources of bioactive compounds with therapeutic potential. The exploration of phytochemicals in plant extracts and essential oils
has gained attention due to their biological activities and medicinal properties. This study investigated the phytochemicals in methanolic extracts and
essential oils by analyzing molecular docking and toxicological profiles of their bioactive and pharmacokinetic properties. Molecular docking using AutoDock
Vina, integrated within PyRx version 0.8, was employed to dock the chemicals into MMP-9 protein 1L6J. Among these, the highest-scoring compounds
underwent pharmacokinetics, receptor-ligand interactions, and binding affinity analysis after identification by GC-MS analysis. To prepare the grid boxes for
docking, the active sites of MMP-9 were predicted using CASTp. The findings revealed that several active ingredients in the methanolic extract, particularly 3-
fluoro-5-trifluoromethylbenzoic acid, exhibited significant affinity for MMP-9 and strong interactions, including hydrogen bonding with the key residue TYR 52.
Conversely, most interactions formed by the essential oil compounds were hydrophobic. In addition to their biological activity, ADME prediction indicated that
both the methanol extract and essential oil possessed adequate drug-likeness characteristics, such as high gastrointestinal absorbability and low
permeability through the blood-brain barrier. Based on the toxicological predictions using AdmetSAR 1, the compounds were moderately toxic (class IlI);
however, there were no indications of carcinogenic risk. The observed characteristics of bioactive chemicals derived from E. viscosus support their potential
application in wound healing, suggesting that these compounds have favorable pharmacokinetic and safety profiles and exhibit a high MMP-9 inhibitory
capacity.

Introduction

Plant-derived bioactive compounds have garnered significant attention in the field of therapeutic research due to their diverse biological activities and
potential medicinal applications (Zou et al. 2021). These natural substances, extracted from various plant sources, exhibit a wide range of beneficial effects,
including anti-inflammatory, antioxidant, antimicrobial, and neuroprotective properties (Gangwar et al. 2021). The growing interest in these compounds
stems from their systemic pleiotropic effects, minimal side effects, and low toxicity, making them attractive candidates for natural therapeutic agents against
various disease conditions. One area of particular interest is the potential application of plant-derived bioactive compounds in wound healing. The wound
healing process involves complex interactions between various cellular and molecular components, including matrix metalloproteinases (MMPs). Among
these, MMP-9 plays a crucial role in tissue remodeling and wound closure. However, excessive activation of MMP-9 can impede the healing process,
especially in chronic wounds (Zhou et al. 2019; Lan et al. 2021). Therefore, the inhibition of MMP-9 has emerged as a promising strategy to enhance wound
healing by reducing excessive tissue breakdown, decreasing inflammation, and restoring the balance between MMPs and their inhibitors. Recent studies
have highlighted the potential of natural compounds in inhibiting MMP-9 activity. For instance, flavonoid-rich fractions from plants such as Glycyrrhiza glabra
and Sophora japonica have demonstrated wound healing potential, as evidenced by molecular docking studies of their major constituents with wound
healing-related proteins (Aly et al. 2023). These findings suggest that in silico pharmacological profiling of bioactive compounds from medicinal plants could
be a viable approach for identifying potential MMP-9 inhibitors for wound-healing applications. In this context, the present study focuses on Endostemon
viscosus, a plant species with potential medicinal properties. Despite the lack of specific information regarding this plant, the study aims to explore its
phytochemical composition and evaluate the potential of its bioactive compounds as MMP-9 inhibitors for wound healing applications. The research
employs a comprehensive approach, combining GC-MS analysis of methanolic and oil extracts, molecular docking studies, and ADMET property evaluations
to assess the pharmacokinetic behaviour and drug-likeness of the identified compounds. By integrating these analytical approaches, this study seeks to
provide a thorough understanding of the phytochemical composition, potential biological activities, and safety profile of Endostemon viscosus. The findings
may contribute to the development of novel therapeutic agents and inform future investigations of the medicinal properties of this plant species, potentially
advancing the field of natural product-based wound healing therapies.

Materials and Methods
Target protein Preparation
MMP-9

The crystallographic three-dimensional structure of human matrix metalloproteinase 9 (MMP-9), identified by PDB ID 1L6J, was sourced from the Protein
Data Bank (http://www.rcsb.org/). The protein structure was elucidated and experimentally validated using X-ray diffraction at a resolution of 2.5 A.
Subsequently, the three-dimensional structure was processed using Biovia Studio, where ligands, co-ligands, heteroatoms, and water molecules were
removed to create an appropriate environment for docking (Kundu et al. 2022). Further optimization of the protein structure was conducted using AutoDock
Tools (PyRx), which involved the addition of charges, energy minimization, and conversion to the PDBQT format. These optimized structures were then used
for subsequent analyses.

Active site prediction and grid generations
Active site prediction and grid generation require a precise assessment of the active site during docking. Potential binding sites for amino acid residues

associated with the target protein were identified using CASTp. (2018), web service (Computed Atlas for Surface Topography of Proteins).

Ligand preparation and retrieval

Ligand preparation and retrieval involved selecting the top six compounds from the methanolic extract and six compounds from the essential oil out of 37
and 27 compounds identified by GC-MS, respectively (https://pubchem.ncbi.nim.nih.gov/). The three-dimensional chemical structures were downloaded in
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SDF format from the PubChem database of the National Center for Biotechnology Information, 2021. The methanolic extract ligands included
Avenanthramide B (Pubchem CID: 10087955), 3-Amino-1-phenyl-2-pyrazolin-5-one (Pubchem CID: 77794), (4,6-Diamino-1,3,5-triazin-2-yl) cyanamide
(Pubchem CID: 592015), Heptanoic acid, 4-methoxyphenyl ester (Pubchem CID: 579908), 3-Fluoro-5-trifluoromethylbenzoic acid, 2-nitro-5-fluorophenylester
(Pubchem CID: 91730956), and 3,4-Dihydroisoquinoline,1-[3-methoxybenzyl]-6-methoxy (Pubchem CID: 624494). The essential oil ligands comprised
(1R,4R)-1-methyl-4-(6-Methylhept-5-en-2-yl) cyclohex-2-enol (Pubchem CID: 13213649), caryophyllene oxide (Pubchem CID: 1742210), 3-Cyclohexen-1-ol, 4-
methyl-1-(1-methylethyl)- (R) (Pubchem CID: 5325830), 1-Isopropyl-4,7-dimethyl-1,2,3,5,6,8a-hexahydronaphthalene (Pubchem CID: 10233), d-limonene
(Pubchem CID: 440917), and methyleugenol (Pubchem CID: 7127).

Molecular docking of MMP-9

Auto Dock Vina (PyRx software version 0.8) was employed to conduct molecular docking between the prepared receptor and ligands (Dallakyan and Olson
2015). Utilizing default parameters, the macromolecule (1L6J) was docked against the top five ligands derived from the methanolic and essential oil extracts,
with default settings applied. During the docking phase, the ligands were considered flexible, whereas the protein was treated as rigid. A grid parameter
configuration file was developed using the binding amino acids analyzed from CASTp. Upon completion of the separate protein-ligand docking and retrieval
of the PDBQT output files, binding affinities (kcal/mol) were recorded in a CSV file. It was concluded that the ligand exhibiting the strongest interaction
possessed the highest negative binding energy.

Visualization and post docking analysis of MMP-9

The three-dimensional and two-dimensional interactions of the docked complexes were visualized and analyzed using the Biovia Discovery Studio Visualizer
version 24.1.0.23298 (BIOVIA, Dassault Systemes, 2019). Various receptor-ligand interactions, including hydrogen bonding and hydrophobic interactions,
were evaluated.

Pharmacokinetic properties analysis of MMP-9

The Swiss ADME web server, a freely accessible tool introduced in 2017, SwissADME. (2017) (http://www.swissadme.ch/) was employed to evaluate the
ADME profile of each selected compound. This evaluation encompassed drug-likeness (as per Lipinski's rule of five), solubility profile, lipophilicity,
pharmacokinetic properties, medicinal chemistry, and gastrointestinal absorption profile (GIT).

Toxicology properties prediction of MMP-9

Prior to the initiation of clinical studies, it is imperative to evaluate the safety profiles of these compounds. The use of in silico toxicity profile prediction
offers advantages in terms of speed, accuracy, and accessibility, leading to significant savings in time, cost, and effort. The admetSAR1 (2012), a web-based
tool available at http://Immd.ecust.edu.cn/admetsar1, which is both user-friendly and cost-free, was employed to analyze the toxicity profiles and potential
adverse effects of the selected four compounds. This server provides predictions on carcinogenicity, acute oral toxicity, rat acute toxicity (LD50),
biodegradation, and the inhibition of human ether-a-go-go-related genes.

Results
Active site prediction and grid generation of MMP-9

CASTp analysis has delineated the functional binding regions of MMP-9, identifying critical active site residues: 34, 35, 36, 38, 39, 44, 47, 48, 51, 52,92, 94~
98,182, 184-187, 209, 213, 215, 216, 232, 233, 242, 334, 338, 366—-368, 370, 371, 387-393, 423-425 in Chain A, as illustrated in Table 1 and Fig. 1. A grid
box was configured to encompass these binding sites for the subsequent docking analysis.

Table 1
Predicted actives for target protein (1L6J) for wound healing activity.
S.No Surface Volume Site Residues
area
1 841.248 1233.188 Chain A
34,35,36,38,39,44,47,48,51,52,92,94,95,96,97,98,182,184,185,186,187,209,213,215,216,232,233,242,334,338,366,367,368,37
Molecular docking

The evaluation of bioactive compounds from E. viscosus has focused on assessing their potential as drug candidates. This study examined 37 compounds
from the methanolic extract and 27 from the essential oil extract, applying Lipinski's Rule of Five and ADME analysis to determine their drug-likeness. This
screening process is crucial in early-stage drug discovery as it helps identify compounds with favorable physicochemical properties that are likely to be orally
active in humans. The analysis revealed that 14 compounds from the essential oil extract and 10 compounds from the methanolic extract met these criteria,
suggesting their potential for further investigation as drug candidates.
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Following the initial screening, the selected compounds underwent molecular docking studies against the 1L6J protein (Chain A) using PyRx software. This
computational approach aims to predict the binding affinity and interaction modes between compounds and the target protein. The results of these docking
studies, presented in Tables 2 and 3, provide insights into the potential effectiveness of these compounds as inhibitors or modulators of target proteins.
Furthermore, Tables 4 and 5 offer a comprehensive list of compounds that not only exhibit drug-like properties but also demonstrate strong binding energies
(below - 7 kcal/mol) in their interactions with the protein. This information is valuable for prioritizing compounds for further experimental validation and
optimization of the drug discovery pipelines.
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Table 2
GC-MS identified phyto constituents from methanolic extract of E. viscosus based on Lipinski’s rule and ADME properties for wound healing

S.No Compound Name Lipinski's Rule of 5 (Ro5) violation ADME based exclusion

1* 3,4-Dihydroisoquinoline,1-[3-methoxybenzyl]-6-methoxy No No

2% P-Methoxyheptnophene No No

3* Heptanoic acid, 4-methoxyphenyl ester No No

4% 3-Fluoro-5-trifluoromethylbenzoic acid, 2-nitro-5-fluorophenylester No No

5% Avenanthramide B No No

6* 3-Amino-1-phenyl-2-pyrazolin-5-one No No

7* 1-Methyl-1H-imidazole-4-carboxylic acid No No

8* (4,6-Diamino-1,3,5-triazin-2-yl) cyanamide No No

9% 2-Furancarbodithioic acid, ethyl ester No No

10 Thiophene, 3-methyl Yes (Low HBA) low solubility

11 Methyl acetoxyacetate Yes (Low MW) Rapid Metabolism
12 Benzene, 1,2,3-trimethyl- Yes (High Log P) Low Bioavailability
13 Methoxyacetaldehyde diethyl acetal Yes (High Log P) Poor Absorption
14 Cyclopentanecarboxylic acid, 1-(2-ethyl-1-oxobutoxy)-2-oxo-, ethyl ester Yes (High MW) Poor Solubility

15 1-Nonene, 4,6,8-trimethyl- Yes (High Log P) Poor Permeability
16 5-[4-(Carboxyadamanthyl-3)-phenyl]-10,15,20-triphenyl-21H,23H Yes (High MW, Log P) Poor Absorption
17 Benzene,1-methyl-4(1,2,2-trimethylcyclopentyl) Yes (High Log P) Low Metabolism
18 Cycloocta-1,3,6-triene,2,3,5,5,8,8-hexamethyl- Yes (High MW) Poor Absorption
19 2H-1-benzopyran-2-one, 3,4-dihydro-4,4,6-trimethyl Yes (High Log P) Low Bioavailability
20 Tridecene,5-propyl Yes (High Log P) Poor Absorption
21 Heptadecane,3-methyl Yes (High Log P) Low Metabolism
22 Decane,5-propyl- Yes (High Log P) Poor Permeability
23 Heptacosane Yes (High MW) Low Solubility

24 Pentadecanoic acid, 14-methyl-, methyl ester Yes (High Log P) Poor Absorption
25 Phthalic acid, cis-hex-3-enyl,octadecyl ester Yes (High MW, Log P) Poor Bioavailability
26 3-Penten-2-one Yes (High Log P) Rapid Metabolism
27 2,4-Diamino-6-cyanamino-1,3,5-triazine Yes (High MW) Poor Absorption
28 Eicosane, 1-iodo Yes (High MW, Log P) Poor Solubility

29 Caprolactone oxime, (NB)-O- Yes (High MW) Poor Metabolism
30* Nonane, 5-methyl-5-propyl- No No

31 1-Butyl-1-methyl-1,2,3,4-tetrahydroisoquinoline 2-(dimethylamino) Yes (High Log P) Low Permeability
32 4,4-bi-4H-pyran,2,2,6,6-tetrakis(1,1-dimethylethyl)-4,4-dimethyl- Yes (High MW) Poor Absorption
33 2,2,4,4-Tetrahydroxybenzophenone, tetrakis(tert-butyldimethylsilyl) ether Yes (High MW, Log P) Low Bioavailability
34 Phthalic acid, 4-nitrophenyl 2-propyl ester Yes (High LogP) Poor Solubility

35 Phenyl 4-[(Trimethylsilyl)amino] benzoate Yes (High MW, Log P) Poor Absorption
36 Perfluorobutyramide, N-allyl-N-(hept-2-yl) Yes (High Log P), Poor Permeability
37 I-Leucine, n-pentafluorobenzoyl-pentadecyl ester Yes (High MW, Log P) Poor Absorption

HBA-Hydrogen Bond Acceptor, MW: molecular Weight, LogP- logarithm of the partition coefficient (P) Octanol-Water purification Coefficient, ADME- Absorption, Distribution, Metabolism and Excretion,
Ro5-Lipinski's rule of five
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Table 3

GC-MS identified phytoconstituents from essential oil of E. viscosus based on Lipinski’s rule and ADME properties for wound healing

S.No

1
2+
-
P
5
6+

8)\'

10
11%
12
13+
14%
15+
16
17+
18

19

20

21
22
23
24
25%

26
27

Compound Name

3-Carene

Beta-Phellandrene

D-Limonene

y-Terpinene

Linalool

3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-,(R)

a-Cubebene

Methyleugenol

Bicyclo[5.2.0Jnonane, 2-methylene-4,8,8-trimethyl-4-vinyl
1,4,7-Cycloundecatriene, 1,5,9,9-tetramethyl-,z,z,z
(1R,2S,6S,7S,8S)-8-Isopropyl-1-methyl-3-methylenetricyclo[4.4.0.02,7] decane-rel
1-Isopropyl-4,7-dimethyl-1,2,3,5,6,8a-hexahydronaphthalene

Nerolidol 2

Caryophyllene oxide
(1R,4R)-1-methyl-4-(6-Methylhept-5-en-2-yl)cyclohex-2-enol

aR-Turmerone

Tetradecanoic acid

Isopimara-9(11),15-diene

1-Napthalenepropanol, a-ethenyldecahydro-a,5,5,8a-tetramethyl-2-methylene

(4as,10aS)-7Isopropyl-1,1,4a-trimethyl-1,2,3,4a,5,6,9,10,10a-
decahydrophenanthrene

Phenanthrene, 1,2,3,4,4a,9,10,10a-octahydro-1,1,4a-trimethyl-7-(1-methylethyl)
Trans-Kaur-16-ene
1-Naphthalenepropanol, a-ethenyldecahydro-[1a(R),23,4aB,8aa]

Kaur-16-ene

(2S,4aR,5S,8aR)-5-((S)-3-hydroxy-3-methylpent-4-methylenedecahydronaphthalen-
2-ol

1-Phenanthrenemethanol, 1,2,3,4,4a,9,10,10a-octahydro-(1a,4aa,10aB)

Heneicosane

Lipinski's Rule of 5 (Ro5)
violation

No
No
No
No
No
No
Yes (LogP > 5)
No
Yes (LogP > 5)
Yes (LogP > 5)
No
No
No
No
No
No
No
Yes (LogP > 5)
Yes (LogP > 5)
Yes (LogP > 5)

Yes (LogP > 5)
Yes (LogP > 5)
Yes (LogP > 5)
Yes (LogP > 5)
No

Yes (LogP > 5)
Yes (LogP > 5), high MW

ADME based exclusion

No

No

No

No

No

No

low aqueous solubility
No

high hydrophobicity
low permrability

No

No

No

No

No

No

No

high hydrophobicity
low water solubility

high hydrophobicity

poor permeability

low metabolic stability
low absorption

high lipophilicity

No

poor permeability

extremely poor
solubility

MW - molecular Weight, LogP- logarithm of the partition coefficient (P) Octanol-Water purification coefficient; ADME - absorption, distribution, metabolism and Excretion, Ro5-Lipinski’s rule of five
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Table 4

Binding affinity and hydrogen bond interactions of GC-MS identified bioactive compounds from methanolic extract of E.viscosus for wound healing

S.No

GCMS compounds

10087955

Avenanthramide B

77794
3-Amino-1-phenyl-2-pyrazolin-5-one
592015

(4,6-Diamino-1,3,5-triazin-2-yl) cyanamide

579908
Heptanoic acid, 4-methoxyphenyl ester
91730956

3-Fluoro-5-trifluoromethylbenzoic acid, 2-
nitro-5-fluorophenylester

624494

3,4-Dihydroisoquinoline,1-[3-
methoxybenzyl]-6-methoxy

Binding
affinity

-7.5

No. of H
bonds

4

H bonds

MET 422, ARG 422,

PRO 415, ALA 417

ARG 424, PRO 430,
GLU 416

ARG 424, TYR 420,

ALA 417

HIS 401, ARG 424

TYR 52

TYR 52

Hydrophobic interactions

LEU 397, LEU 418, VAL 398, MET 422,
ALA 417

VAL 398, MET 422, ALA417, LEU 397,
LEU 418
MET 422,

LEU418, ALA 417, LEU 397, PHE 425,
LEU 188, VAL 398, CYS 99

LEU 418, LEU 397, MET 422, VAL 398,
LEU 188, CYC 99, ALA 189

LEU 187, LEU 39,

LEU 44, MET 94

LEU 44,
LEU 187, MET 94, LEU 39
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Table 5
Binding affinity and hydrogen bond interactions of GC-MS identified bioactive compounds from essential oil of E.viscosus for wound healing

S.No GCMS compounds Binding No. of H Interactions Hydrophobic
affinity bonds interactions
1 13213649 -7.7 - Van der Waals, alkyl, pi-alkyl VAL 398,
(1R,4R)-1-methyl-4-(6-Methylhept-5-en-2- LEU 188,
yl)cyclohex-2-enol
CYS99
2 1742210 -7.5 - Van der Waals, carbon hydrogen MET 94,
bond, alkyl
Caryophyllene oxide LEU 187,
LEU 39,
LEU 44
3 5325830 -7.1 1 MET 94 ALA 417,
3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-,(R) LEU 188,
VAL 398,
LEU 397,
MET 422,
LEU 188
4 10233 -7 - Van der Waals, alkyl LEU 39,
1-Isopropyl-4,7-dimethyl-1,2,3,5,6,8a- MET 94,
hexahydronaphthalene
LEU 187,
LEU 44
5 440917 -6.8 - Van der Waals, alkyl, pi-alkyl LEU 418,
D-Limonene ALA 417,
MET 422,
LEU 397,
VAL 398,
LEU188,
CYS 99
6 7127 -6.8 - Van der Waals, pi-alkyl, ALA 417,
Methyleugenol alkyl, carbon hydrogen bond, MET 422,
pi-pi stacked, LEU 418,
pi-sigma LEU 397, LEU188,
VAL-398,
CYC-99

The in silico analysis revealed significant binding affinities for compounds from both the methanolic extract and essential oil of E. viscosus. In the
methanolic extract, 3-fluoro-5-trifluoromethylbenzoic acid demonstrated the highest binding affinity (-8.0 kcal/mol), interacting with TYR 52. Other
compounds, such as 3-Amino-1-phenyl-2-pyrazolin-5-one, Avenanthramide B, and 4-methoxyphenyl ester of hexanoic acid, exhibited strong binding affinities
and formed hydrogen bonds with key residues. These interactions, along with hydrophobic interactions involving residues like MET 422, ARG 422, and TYR
420, contribute to the stability of the ligand-protein complexes.

The essential oil compounds also showed notable binding affinities, with (1R, 4R) 6-Methylhept-5-en-2-yl-1-methyl-4-Cyclohex-2-enol exhibiting the highest at
-7.7 kcal/mol. This compound interacted with VAL 398, LEU 188, and CYS 99 through various non-covalent interactions. Other compounds, including
Caryophyllene oxide, D-Limonene, and Methyleugenol, primarily engaged in hydrophobic interactions with minimal hydrogen bonding. This suggests that the
wound-healing potential of E. viscosus essential oil is predominantly based on hydrophobic interactions rather than hydrogen bonds, providing insight into
the mechanism of action for these compounds.

The molecular docking analysis revealed intricate interactions between the bioactive compounds from both the methanolic extract and essential oils of E.
viscosus with the target protein. Figures 2 and 3 demonstrate that compounds from the methanolic extract effectively occupied the binding pockets of the
protein, engaging in multiple types of molecular interactions. These interactions include hydrogen bonding, which provides specificity and directionality to the
binding, van der Waals forces that contribute to the overall stability of the complex, and hydrophobic interactions that play a crucial role in the binding affinity.
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Similarly, Figs. 4 and 5 illustrate that compounds from essential oils also occupied the binding pockets, participating in the same types of molecular
interactions.

However, a notable difference was observed between the two extracts. The bioactive compounds from the methanolic extract of E. viscosus exhibited a
higher number of hydrogen bonds and stronger binding potential compared to those from essential oils. This enhanced binding profile suggests that the
methanolic extract compounds may have a more pronounced effect on the target protein, potentially leading to more efficient modulation of its activity.
These findings provide molecular-level support for the role of E. viscosus compounds, particularly those from the methanolic extract, in wound healing
mechanisms. The stronger interactions observed with the methanolic extract compounds indicate their potential superiority in influencing the biological
processes involved in wound repair, although further experimental validation would be necessary to confirm this hypothesis.

ADME (Absorption, Distribution, Metabolism, Excretion) properties of MMP-9

The methanolic extract and essential oil components of E. viscosus exhibited promising characteristics for wound healing applications, as demonstrated by
in silico pharmacokinetics and drug-likeness analyses (Tables 6 and 7). The methanolic substances showed high gastrointestinal absorption (GlI), with only
one compound (3,4-Dihydroisoquinoline,1-[3-methoxybenzyl]-6-methoxy) capable of crossing the blood-brain barrier. These substances also inhibited key
CYP enzymes (CYP2C9, CYP2D6, CYP1A2, CYP2C19, and CYP3A4) but were not substrates of P-glycoprotein. While meeting Lipinski's Rule of Five criteria
for drug-likeness, some compounds presented Brenk alerts due to structural concerns.
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Table 6

In-Silico pharmacokinetics and drug-likeness of bioactive compounds from E.viscosus methanolic extract for wound healing activity

Parameters

Physiochemical properties

MW (Da) 329.30
g/mol

H-bond 4
donors

H-bond 6
acceptors

Rotable 6
bonds

Lipophilicity
Consensus 1.89
Logp

Water solubility
Log S (ESOL)  -3.44

Log S (Ali) -4.60
Pharmacokinetics

Gl High
absoorption

Bbb NO
permeant

P-gp No
substrate

CYP CYP2C9
enzymes

inhibitor

Drug likeness

Lipinski oV
Medicinal chemistry
PAINS 0 alert

Brenks 2 alerts:

Hydroquinone,
Michael acceptor

Avenanthramide B

3-Amino-1-
phenyl-2-
pyrazolin-5-
one

175.19

0.78

-1.43
-1.17

High
No

No

ov

0 alert

0 alert

$4,6-Diamino-
,3,5-triazin-2-
yl) cyanamide

151.13

-0.99

-0.89
-1.85

High
No

No

ov

0 alert

2 alerts:
cyanate
aminonitrile
thiocyanate,
enamine

Heptanoic acid,

4-methoxyphenyl

ester

236.31

3.54

-3.63

-4.55

High

No

No

CYP2D6

ov

0 alert

1 alert: phenol
ester

3-Fluoro-5-
trifluoromethylbenzoic
acid, 2-nitro-5-
fluorophenylester

347.19

3.84

-4.71

-5.48

High

No

No

CYP1A2,
CYP2C19,
Cyp2C9

ov

0 alert

3 alerts: nitro group,
oxygen nitrogen single
bond, phenol ester

3,4-Dihydroisoquinoline,1-
[3-methoxybenzyl]-6-
methoxy

281.35

3.37

-3.75
-3.50
High
Yes
No

CYP1A2,
CYP2C19,
CYP3A4

ov

0 alert

0 alert

MW (Da)- Molecular Weight (Daltons), 0 V- 0 violations, Consensus LogP- Consensus Partition Coefficient (LogP), Log S (ESOL)- Logarithm of Water Solubility predicted by the ESOL model, Log S

(Ali)Logarithm of Water Solubility predicted by Ali model, Gl absorption — Gastrointestinal Absorption (High/Low), BBB permeant — Blood-Brain Barrier Permeability (Yes/No), P-gp substrate — Substrate of

P-glycoprotein, related to drug efflux, PAINS — Pan-Assay Interference Compounds (alerts for potential false positives), CYP enzyme inhibitor — Cytochrome P450 Enzyme Inhibition
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Table 7
In-Silico pharmacokinetics and drug-likeness of bioactive compounds from E.viscosus essential oil for wound healing activity

Parameters 1R,4R)-1-methyl-4- Caryophyllene oxide 3-Cyclohexen-1-ol, 1-Isopropyl-4,7-dimethyl- D-Limonene  Methyl
6-Methylhept-5-en- 4-methyl-1-(1- 1,2,3,5,6,8a- eugenol
-yl) cyclohex-2-enol methylethyl)-,(R) hexahydronaphthalene

Physiochemical properties

MW (Da) 222.37 220.35 154.25 204.35 136.23 178.23
g/mol

H-bond 1 0 1 0 0 0
donors

H-bond 1 1 1 0 0 2
acceptors

Rotable bonds 4 0 1 1 1 4
Lipophilicity

Consensus 3.79 3.68 2.60 412 3.37 2.58
Logp

Log S (ESOL) -3.64 -3.45 -2.78 -3.43 -3.50 -2.61
Log S (Ali) -4.40 -3.51 -3.36 -3.49 -4.29 -2.55
Pharmacokinetics

Gl High High High High Low High
absoorption

Bbb permeant  Yes Yes Yes No Yes Yes
P-gp No No No No No No
substrate

CYP enzymes CYP2C9 CYP2C9, CYP2C19 - CYP2C9, CYP2C19 CYP2C9 CYP1A2
inhibitor

Drug likeness

Lipinski oV oV oV Yes; 1 violation: MLOGP > oV ov
415

Medicinal chemistry

PAINS 0 alert 0 alert 0 alert 0 alert 0 alert 0 alert

Brenks 1 alert: 2 alerts: Three- 1 alert: isolated 1 alert: isolated alkene 1 alert: 1 alert:
membered alkene isolated isolated

Isolated alkene heterocycle, alkene alkene

isolated_alkene

MW (Da)- Molecular Weight (Daltons), Consensus LogP- Consensus Partition Coefficient (LogP), Log S (ESOL)- Logarithm of Water Solubility predicted by the ESOL model, Log S (Ali)Logarithm of Water
Solubility predicted by Ali model, Gl absorption - Gastrointestinal Absorption (High/Lsow), BBB permeant — Blood-Brain Barrier Permeability (Yes/No), P-gp substrate — Substrate of P-glycoprotein, related

to drug efflux, PAINS - Pan-Assay Interference Compounds (alerts for potential false positives), CYP enzyme inhibitor — Cytochrome P450 Enzyme Inhibition

The essential oil compounds similarly displayed favorable properties, with most exhibiting high gastrointestinal absorption except for d-limonene. All but one
compound (1-Isopropyl-4,7-dimethyl-1,2,3,5,6,8a-hexahydronaphthalene) (Lipinski violation MLOGP > 4.15)showed blood-brain barrier permeability. Several
essential oil compounds inhibited specific CYP enzymes (specifically CYP2C9, CYP2C19, and CYP1A2), but none were P-glycoprotein substrates. Although
no PAINS alerts were detected, some structures presented Brenk alerts due to solitary alkenes and three-membered heterocycles. Overall, both the
methanolic extract and essential oil components of E. viscosus demonstrated favorable pharmacokinetic and drug-likeness properties, suggesting their
potential for wound healing applications.

Toxicology properties of MMP-9

The methanolic extract and essential oil of E. viscosus have garnered attention for their wound-healing and antioxidant properties. To further assess their
potential therapeutic applications, the bioactive compounds derived from these sources were subjected to carcinogenicity and acute oral toxicity evaluations
using ADMESAR 1. The results, presented in Tables 8 and 9, provide valuable insights into the safety profile of these compounds. All evaluated compounds
were classified as Class Il in terms of wound healing activities, indicating moderate toxicity. This classification suggests that while these compounds may
have some level of toxicity, they do not pose significant toxicological concerns, which is promising for their potential use in therapeutic applications.
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Table 8
Toxicity Profile of Bioactive Compounds from Methanolic Extract of Endostemon viscosus for Wound Healing Activity

S.No Compounds Carcinogenicity ~ Acute oral toxicity
1 Avenanthramide B No Ill-Moderate toxicity
2 3-Amino-1-phenyl-2-pyrazolin-5-one No Ill-Moderate toxicity
3 (4,6-Diamino-1,3,5-triazin-2-yl) cyanamide No IlI-Moderate toxicity
4 Heptanoic acid, 4-methoxyphenyl ester No Ill-Moderate toxicity
5 3-Fluoro-5-trifluoromethylbenzoic acid, 2-nitro-5-fluorophenylester  No Ill-Moderate toxicity
6 3,4-Dihydroisoquinoline,1-[3-methoxybenzyl]-6-methoxy No Ill-Moderate toxicity
Table 9

Toxicity Profile of Bioactive Compounds from Methzré?il\j;:tyExtract of Endostemon viscosus for Wound Healing

S.No Compounds Carcinogenicity  Acute oral toxicity

1 (1R,4R)-1-methyl-4-(6-Methylhept-5-en-2-yl) cyclohex-2-enol  No Il-Moderate toxicity

2 Caryophyllene oxide No Il-Moderate toxicity

3 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-,(R) No Il-Moderate toxicity

4 1-Isopropyl-4,7-dimethyl-1,2,3,5,6,8a-hexahydronaphthalene  No Il-Moderate toxicity

5 D-Limonene No Il-Moderate toxicity

6 Methyl eugenol No Il-Moderate toxicity

Furthermore, the evaluation revealed that none of the bioactive compounds exhibited carcinogenic properties, which is a crucial finding for their potential use
in medical treatments. The majority of these compounds were found to be generally non-carcinogenic, further supporting their safety profile. The moderate
levels of oral toxicity observed in these bioactive compounds from E. viscosus suggest that they may be suitable candidates for therapeutic applications.
This combination of wound healing and antioxidant properties, coupled with a favorable toxicity profile, opens up possibilities for developing new treatments
or enhancing existing ones using these natural compounds. However, further research and clinical trials would be necessary to fully establish their efficacy
and safety for specific medical applications.

Discussion

The findings of this study highlight the potential of E.viscosus extract as a source of bioactive compounds with therapeutic applications. Through
computational methods, researchers have identified compounds that meet drug-likeness criteria and exhibit promising binding affinities to the 1L6J protein.
The analysis revealed that both methanolic and essential oil extracts contained compounds capable of interacting with the target protein through various
non-covalent interactions, including hydrogen bonding, van der Waals forces, and hydrophobic interactions (Wang et al. 2022). Notably, the methanolic
extract compounds demonstrated a higher number of hydrogen bonds and stronger binding potential than the essential oil-derived compounds, aligning with
the understanding that hydrogen bonding significantly contributes to protein-ligand complex stability (Schiebel et al. 2018).

This study is part of a broader trend in utilizing computational methods to screen plant-derived compounds for drug discovery. Similar studies have been
conducted on various plant species including Gymnema sylvestre (Nganso Ditchou et al. 2024), Pleurotus ostreatus (Effiong et al. 2024), Wedelia trilobata
(Gowtham et al. 2023), Teucrium polium (Noumi et al. 2020) and Caulerpa racemosa (Tassakka et al. 2023). These studies typically involve extracting
compounds from plant materials, identifying them through techniques such as GC-MS or HPLC, conducting in silico molecular docking to predict binding
affinities, and assessing drug-likeness properties through ADMET predictions. The consistent identification of promising compounds across these studies
underscores the potential of plant-derived bioactive molecules for drug discovery and development.

The in silico analyses conducted to assess the pharmacokinetic profiles and drug-likeness of the identified compounds provided crucial insights into their
potential as therapeutic agents. These analyses focused on the absorption, distribution, metabolism, and excretion (ADME) properties, as well as the
potential interactions with key enzymes and transporters. The results indicated that many compounds from various plant extracts, including Moringa oleifera
seed extract and E. viscosus methanolic extract, demonstrated good drug-likeness according to Lipinski's Rule of Five and Veber's rules (Shady et al. 2022).
This suggests that these compounds possess favorable physicochemical properties for oral bioavailability and drug development.

Essential oil compounds, in particular, show promising characteristics, such as high gastrointestinal (Gl) absorption and blood-brain barrier (BBB)
permeability. Studies on essential oils from plants such as Satureja kitaibelii and Ptychotis verticillata revealed the presence of compounds such as p-
cymene, limonene, geraniol, carvacrol, and borneol (Nikolova et al. 2025;Taibi et al. 2023). Similarly, compounds from guava essential oil exhibit good drug-
likeness (Mandal et al. 2022). However, it is important to note that many of these compounds also showed potential inhibition of cytochrome P450 (CYP)
enzymes, which could lead to drug-drug interactions. This highlights the need for a comprehensive evaluation of both the beneficial properties and potential
risks when considering natural compounds for medicinal use, as exemplified by the study of antidiabetic flavonoids (Bitew et al. 2021).
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The safety and efficacy of E. viscosus for wound healing and antioxidant applications have been established along with a broader trend in phytochemical
research. Methanolic extracts and essential oils derived from various plants have shown significant potential in these therapeutic areas (Ramasamy et al.
2022). The bioactive compounds present in these extracts, including terpenoids, phenolics, and flavonoids, are primarily responsible for their medicinal
properties (Bouyahya et al. 2022). These compounds often exhibit synergistic effects, which enhance their overall therapeutic potential.

The growing interest in plant-derived bioactive compounds stems from their promising therapeutic potential coupled with relatively low toxicity profiles.
These characteristics make them attractive candidates for the development of new pharmaceutical products and natural remedies. The antioxidant
properties of these compounds play a crucial role in wound healing by neutralizing free radicals and reducing oxidative stress in the damaged tissues.
Additionally, many plant extracts possess antimicrobial properties that can prevent infections and promote faster wound closure. As research in this field

progresses, more plant-derived compounds will likely be identified and characterized for potential applications in wound healing, antioxidant therapies, and
other medical applications.

Conclusion

In conclusion, this study confirmed the therapeutic potential of Endostemon viscosus bioactive compounds, particularly those from the methanolic extract, in
targeting MMP-9 for wound healing. The methanolic compounds exhibited strong binding interactions and hydrogen bonding, supporting their stability and
efficacy. The ADME analysis demonstrated favorable pharmacokinetics, and toxicity assessments indicated moderate safety with no carcinogenic risk.
These findings suggest that E. viscosus could serve as a natural source of bioactive agents for wound-healing applications, encouraging further experimental
validation through in vitro and in vivo studies.
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Figures

Figure 1

Active Site Predictions of Target Protein 1L6J for Wound
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Figure 2

3D and 2D interactions of wound healing compounds from E. viscosus methanolic extract (GC-MS) with the target receptor
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Figure 3

3D and 2D interactions of wound healing compounds from E. viscosus methanolic extract (GC-MS) with the target receptor
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Figure 4

3D and 2D interactions of wound healing compounds from E. viscosus essential oil extract (GC-MS) with the target receptor
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Figure 5

3D and 2D interactions of wound healing compounds from E. viscosus essential oil extract (GC-MS) with the target receptor
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