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Implication for health policy/practice/research/medical education:
This study provides insight into Chromolaena odorata’s valuable phytochemical compounds. Molecular docking as well as 
adsorption, distribution, metabolism, and excretion (ADME) prediction performed in this study provide more evidence of C. 
odorata’s wound-healing potential by elucidating its inhibitory activity against pivotal protein targets during the inflammation, 
proliferation, and remodeling stages of wound healing. The information presented in this paper serves as preliminary data for 
any wound healing product planned to be prepared with C. odorata extracts or any of its phytoconstituents.
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profiling, pharmacology prediction, and molecular docking study of Chromolaena odorata extract against multiple target 
proteins in wound healing. J Herbmed Pharmacol. 2023;12(4):469-482. doi: 10.34172/jhp.2023.44672.

Introduction: Wounds have a significant influence on socioeconomic and the quality of life. 
Many attempts have been taken to produce advanced wound dressing to fulfill demands. The 
incorporation of natural therapeutics like medicinal plants in wound dressings is currently 
popular. However, several medications have failed to enter the market due to inadequate 
pharmacokinetics data. Computer-aided tools are now available as advanced drug discovery 
methods, which can be used to screen pharmaceuticals from phytochemicals found in various 
medicinal plants. This study aims to evaluate the phytoconstituents of Chromolaena odorata 
extract and its pharmacological potential as a wound-healing agent.
Methods: Phytoconstituents from C. odorata were identified using qualitative screening methods 
and gas chromatography-mass spectrometry (GC-MS), and their mechanistic properties were 
assessed using molecular docking and SwissADME tools. 
Results: Current works revealed that the topmost phytoconstituents in C. odorata were phytol 
(49.83%), hexadecanoic acid ethyl ester (9.40%), linolenic acid (8.07%), and squalene (3.53%). 
Through SwissADME analysis, all four topmost compounds obeyed Lipinski’s Rule of 5. In silico 
molecular docking study of these top phytoconstituents against several protein targets involved 
in wound healing revealed that squalene had the highest binding affinity to GSK3-β (-6.8 kJ/
mol), MMP-9 (-7.4 kJ/mol), and COX-2 (-8.6 kJ/mol) as compared to other ligands (phytol, 
linolenic acid, and hexadecenoic acid ethyl ester). 
Conclusion: These findings suggest that the most prominent compound that contributes to C. 
odorata’s wound healing capacity is squalene and the incorporation of C. odorata in potential 
wound dressing formulation is justified.
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Introduction
Globally, wound-related problems have a major impact on 
socioeconomic. A 2018 market research report predicted 
that the global wound-closure products market will exceed 
$15 billion by 2022 (1). Even though most wound-related 
problems do not always involve hospitalizations, it is still 
having major consequences when the wound comes to 
healing. Traditionally, various methods have been utilized 
by many cultures throughout the world, such as honey 
pastes, animal fats, as well as herbal preparations as wound 
healing remedies. Herbal medicines are usually comprised 
of a mixture of various phytochemicals used to treat 
contagious and prolonged diseases (2,3). Characterization 
of various bioactive compounds from medicinal plants 
has resulted in the development of important medicines 
(4). However, many examined drugs could not enter 
market due to their poor pharmacokinetic properties 
(5). Computational prediction tools are advanced 
methods used in pharmaceutical drug discovery. They 
are usually employed to predict the pharmacokinetics, 
pharmacological, and toxicological properties of drugs via 
in silico approaches (6,7). Molecular docking has gained 
popularity for testing and designing drugs. This tool 
can provide important information about drug receptor 
interactions useful for predicting the binding orientation 
of drugs to their target receptors (7). Furthermore, drug 
pharmacokinetics can be predicted for adsorption, 
distribution, metabolism, and excretion (ADME) of drugs 
via computational tools. In early drug discovery, ADME 
prediction is important to evaluate drug candidates 
for safety and efficacy, which are crucial for regulatory 
approval (8).

Pursuing the development of potential wound healing 
agent, the molecular drug target needs to be identified. 
Based on the existing studies, downregulation of proteins, 
in particular biochemical pathway, might have a significant 
role in targeting wound healing therapy (9,10). Based on 
the available literature, among protein targets that have 
been investigated to be responsible in wound healing are 
glycogen synthase kinase 3β (GSK3-β) (11,12), matrix 
metalloproteinase 9 (MMP-9) (13), and acylated human 
cyclooxygenases (COX-2) (14). In the current study, we 
aimed to evaluate the major phytochemical constituents 
from a local medicinal plant, Chromolaena odorata and 
subsequently elucidate its pharmacokinetics attributes as 
drug candidate through ADME prediction. Additionally, 
the major phytoconstituents of C. odorata was further 
investigated for their interaction against several target 
proteins that responsible in wound healing process via 
molecular docking approach.

Materials and Methods
Plant verification
The plant was collected from palm oil plantation in Felda 
Sg Kemahal, Pahang. The leaves were clean thoroughly 

with tap water to remove impurities and dirt. The whole 
plant was air dried to remove excess moisture. The fresh 
plant was kept as herbarium specimen and sent for 
verification by certified botanist in Biodiversity Unit, 
Institute of Bioscience, Universiti Putra Malaysia (Sample 
voucher: KM0013/22).

Plant extraction
The fresh leaves of C. odorata was separated from other 
aerial parts prior to extraction process. The ethanolic 
extract of C. odorata were obtained by soaking 10g of dried 
leaves of C. odorata in 150 mL of ethanol. The leaves were 
ultrasonicated for 10 minutes and macerated for 24 hours 
at room temperature. The extracts were filtered through 
Whatman #1 filter paper and further concentrated under 
vacuum forming dark brownish green paste. The paste 
was stored at -4°C until further use. 

Phytochemical screening 
Plant ethanolic extract obtained were then evaluated for 
the presence of terpenoids, steroids, flavonoids, alkaloids, 
saponins and tannins using method as described below 
(15). 
Test for terpenoids: In a 5 mL test tube, 1 mL of chloroform 
were added to 5 mL of the extract and 3 mL of concentrated 
H2SO4. The presence of terpenoids was shown by the 
interface turning reddish brown. 
Test for steroid: 0.5 mL of acetic anhydride and few drops 
of the concentrated H2SO4 were mixed with 1 mL of the 
extract, and a bluish-green precipitate confirmed the 
presence of steroids. 
Test for flavonoids: 1 mL of extract was added to a 5 mL 
test tube for the flavonoids test. Then, 2 mL of 10% NaOH 
were added. The presence of flavonoids was demonstrated 
by the colour change from yellow to colourless when weak 
hydrochloric acid was added. 
Test for alkaloids: 1 mL of Wagner’s reagent was added to 
a mixture of 2 mL chloroform and 1 mL of extract to test 
for alkaloids. The presence of alkaloids was indicated by a 
reddish-brown precipitate. 
Test for saponins: 1 mL of the extract was mixed with 5 
mL of distilled water in test tube and shaken. Persistence 
foaming indicated the presence of saponins. 
Test for tannins: 1 mL of extract was transferred into a 5 
mL test tube. Then, approximately three drops of 5% iron 
(III) Chloride were added to the extract. A greenish black 
precipitate showed the presence of tannins.

Gas chromatography mass spectroscopy (GC-MS)
The collected extract was further subjected to GC-
MS analysis performed on an Agilent 7890B gas 
chromatography system (Agilent, CA, USA) coupled with 
Agilent 5975C (Agilent, CA, USA) mass selective detector 
and fitted with DB-1MS column (30 m × 0.25 mm x 0.25 
µm). Helium was used as the carrier gas at a flow rate of 
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1.0 mL/min under the following operating conditions: 
2mL initial injection volume, split injection ratio of 1:10, 
initial oven temperature stabilisation at 60°C for 4 minutes 
and ramping to 230°C at a rate of 6°C/min, detector 
temperature of 260°C, injector temperature of 230°C and 
ionisation voltage of 70 eV. The chemical components in 
the extract were identified and quantified by comparing 
the mass spectra to the NIST library database.

In silico ADME analysis (drug-likeness evaluation)
The drug-likeness evaluation of selected compounds 
obtained by GC-MS from C. odorata ethanolic extract 
were performed using SwissADME webtool (https://
www.swissadme.ch/). SwissADME is a free open access 
tool developed by Swiss Institute of Bioinformatics (SIB). 
In this current investigation, SMILE canonical data was 
used as the input parameter which was obtained from 
PubChem database (https://www.pubchem.com/) for top 
four compounds of C. odorata analysed by GC-MS. The 
ADME of the respective phytoconstituents were evaluated 
based on their physicochemical properties, lipophilicity, 
water solubility and pharmacokinetics characteristics 
obtained from SwissADME tools. The drug-likeness of 
the phytoconstituents were also being evaluated based on 
Lipinski’s Rule of 5, Veber, Ghose, Egan and Muegge.

Molecular docking study and visualization
Protein Data Bank (PDB) was used to retrieve the 3D 
structure of GSK-3β (PDB ID: 1Q5K), MMP-9 protein 
(PDB ID: 4H1Q) and acetylated human COX-2 (PDB 
ID:5F19). These protein targets were selected based on 
the literature search of significant protein target in wound 
healing activities (11,16-18). PyMOL programme was 
used to remove all water molecules, ions, and ligands. 
The protein structures were then stored in PDB format 
for further analysis. Each phytochemical’s 3D structure 
(phytol, squalene, linolenic acid and hexadecenoic 
acid ethyl ether) was downloaded in SDF format from 
PubChem. The Online Smiles Translator was then used 
to convert each structure into PDB format. The 3D 
structure of the reference molecule was also retrieved 
from PubChem in SDF format and converted to PDB 
using Online Smiles Translator. AMDock (19) was used 
to perform molecular docking of four phytochemicals 
against 1Q5K, 4H1Q and 5F19. AMDock has several 
programs/scripts that help to speed up the preparation 
procedure while maintaining control over the docking 
environment. To acquire binding location for specific 
site docking, the grid box was generated using AutoDock 
Tools as shown in Table 1.

To begin, a reference molecule was docked to validate the 
docking technique. As a result, the four phytochemicals 
were docked to the glycogen target site and the binding 
energy was extracted from the software. The interactions 
between the ligands and the target protein were observed 

and analysed. For molecular docking visualization, the 
Discovery Studio software was used to analyse molecular 
interactions between the protein-ligand structure and 
binding mode. 

Results 
Phytochemical screening
Based on the preliminary phytochemical screening, 
the ethanolic extract of C. odorata showed the presence 
of several secondary metabolites including terpenoids, 
steroids, flavonoids, alkaloids, saponin, and tannins (Table 
2). Based on the current work, qualitatively, terpenoids, 
flavonoids, alkaloids, and tannins were highly present 
while steroids and saponins showed lesser existence.

GC-MS analysis
GC-MS analysis was employed to tentatively identify the 
chemical compounds in the C. odorata ethanolic extract 
(Figure 1). Based on the current GC-MS analysis (Table 3), 
C. odorata leaves were rich of fatty acids, terpenes, and 
alkene. In comparison, a previous investigation on C. 
odorata leaves from Ivory Coast (20) showed that 
the extract contained geigerene (11.68%), α-pinene 
(21.15%), and pregeigerene (19.61%); from Thailand 
(21), this plant was reported to be comprised of geigerene 
(3.1%),  α-pinene (20.7%) and pregeigerene (17.6%); 
from Nigeria (22) it was comprised of germacrene D 
(9.7%), α-pinene (42.2%), (E)-caryophyllene (5.4%), 
β-copaen-4α-ol (9.4%), pregeijerene/geijerene (7.5%), 
and β-pinene (10.6%). These previous results showed 
clear variations in the results of this study whereby phytol 
(49.83%), hexadecanoic acid ethyl ester (9.40%), linolenic 
acid (8.07%) and squalene (3.53%) are the topmost 
phytoconsitituents.

Table 1. Parameters used for molecular docking study

Protein target PDB ID Grid box coordinate Grid Box Size

GSK3-β 1Q5K X=23.9, Y=19.9 Z=7.6 34 x 34 x 34

MMP-9 4H1Q X=29.2, Y= 0.0, Z= 23.8 33 x 33 x 33

COX-2 5F19 X=23.9, Y=19.9, Z=7.6 34 x 34 x 34

GSK3-β, Glycogen synthase kinase 3-β; MMP-9, Matrix metalloproteinase 
9; COX-2, Cyclooxygenase 2.

Table 2. Phytochemicals screening of Chromolaena odorata ethanolic 
extract

Phytochemicals Presence

Terpenoids ++

Steroids +

Flavonoids ++

Alkaloids ++

Saponins +

Tannins ++

http://www.herbmedpharmacol.com
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In silico ADME evaluation
Based on the GC-MS result, the four topmost compounds 
detected from Chromolaena odorata were further subjected 
to assessment on its drug-likeness behaviour through 
ADME prediction. The evaluation was conducted in silico 
using SwissADME Webtool (http://www.swissadme.org). 
Table 4 represents the physicochemical properties of the 
selected phytoconstituents of Chromolaena odorata.

Table 5 summarises the lipophilicity of topmost 
compounds from C. odorata. SwissADME provides five 
freely available models for determining a compound’s 
lipophilicity: XLOGP3, WLOGP, MLOGP, SILICOS-
IT, and iLOGP. XLOGP3 is an atomistic technique that 
incorporates corrective elements and a knowledge-based 
library (23). WLOGP is a purely atomistic method for 
analysing a fragmented system. MLOGP, a forerunner of 
the topological technique, is based on a linear relationship 
with the implementation of 13 molecular descriptors. 
SILICOS-IT is a hybrid algorithm that employs 27 
fragments and seven topological descriptors. iLOGP is a 
physics-based approaching that calculates solvation free 
energy in n-octanol and water using the generalized-born 
and solvent accessible surface area (GB/SA) models. The 
consensus log P o/w is the arithmetic mean of the values 
anticipated by the five proposed approaches.

Table 6 represents the pharmacological attributes of the 
selected compounds of Chromolaena odorata. SwissADME 
adopts support vector machine algorithm for the datasets 
of known substrates/non-substrates or inhibitors/non-
inhibitors for binary classifications (23). The tested 
molecules will give “Yes” or “No” for the molecule under 
investigation if they are expected to be either substrate for 
P-gp and CYP isozymes.

Drug-likeness is another feature in SwissADME that 

Figure 1. Total ion current plot of Chromolaena odorata ethanolic extract 
from GC-MS analysis.

Table 3. Chemical composition of Chromolaena odorata ethanolic extract 
based on GC-MS analysis

Compounds Area 
(%)

Quality 
(%)

Trimethylsilylamine, N-(4-bromobenzylidene) 0.33 53

2-Phenyl-4-ethylidene-2-oxazolin-5-one 0.58 50

Cyclohexene, 3,4-diethenyl-3-methyl 0.91 74

4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-
methyl 1.51 83

Benzofuran, 2,3-dihydro- 0.67 56

Benzene, 1-(1,1-dimethylethyl)-3-ethyl 0.49 70

1,6-Cyclodecadiene, 1-methyl-5-methylene-8-(1-
methylethyl)-, [s-(E,E)] 0.33 98

1H-Cyclopenta[1,3]cyclopropa[1,2]benzene, 
octahydro-7-methyl-3-methylene-4-(1-
methylethyl)-,[3aS-(3a. alpha., 3b.beta., 4.beta., 
7.alpha., 7aS*)]

0.93 97

Naphthalene 0.79 97

Diethyl Phthalate 0.50 98

2-Naphthalenemethanol 1.96 99

Cycloisolongifolene 0.59 45

Dodecyl acrylate 0.54 60

5-Ethylcyclopent-1-ene-1-carboxylic acid 1.98 30

1-Octadecene 0.60 95

2-Naphthalenemethanol 1.08 50

9-Octadecyne 0.95 49

1,13-Tetradecadiene 0.54 58

Hexadecanoic acid, methyl ester 2.68 98

Isophytol 0.41 91

n-Hexadecanoic acid 3.17 98

Hexadecanoic acid, ethyl ester 9.40* 98

9,12-Octadecadienoic acid (Z,Z)-, methyl ester 0.95 99

9,12,15-Octadecatrienoic acid, methyl ester, 
(Z,Z,Z)- 2.26 99

Phytol 49.83* 91

9,12-Octadecadienoic acid 3.36 99

Linolenic Acid 8.07* 99

Phthalic acid, dodecyl octyl ester 1.09 64

Squalene 3.53* 99

* Indicates the topmost compounds.
Area (%) refers to the quantity.
Quality value was auto-generated by the GC-MS instrument and 
represents how well the detection was at that peak.

quantitatively examines how closely the compounds’ 
physicochemical and structural attributes resemble those 
of well-known medications on the available database. 
Table 7 represents the computational drug-likeness 
of the selected compounds in C. odorata based on the 
“Rule of five” filters– Lipinksi’s (Pfizer), Ghose (Amgen), 
Verber (GSK), Egan (Pharmacia), and Muegge (Bayer). 
As depicted in Table 7, all compounds are in compliance 
with Lipinski’s rule (not more than 1 violation of the 

http://www.herbmedpharmacol.com
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parameters). However, all other four filters (Ghose, Verber, 
Egan, and Muegge) showed violations. Nevertheless, all of 
these compounds returned zero pan-assay interference 
compounds (PAINS) alert. 

Figure 2 represents the bioavailability radar of the four 
topmost compounds of Chromolaena odorata. This 2D 
diagram is a unique feature generated by SwissADME 
tools and give an early insight at the drug-likeness of a 
molecule. The pink area represents the optimal range 
for each property. According to Daina et al (23), through 
bioavailability radar, the compound must fall within the 
range of the followings: XLOGP3 between − 0.7 and + 
5.0, size: MW between 150 and 500 g/mol, polarity: TPSA 
between 20 and 130 Å 2 , solubility: log S not higher than 
6, saturation: fraction of carbons in the sp 3 hybridization 
not less than 0.25, and flexibility: no more than 9 rotatable 
bonds.

Molecular docking analysis
The relationship between the compounds and the 

receptor plays a vital role in any formulations of drugs. 
Given the rise in drug resistance of numerous diseases 
and portentous side effects of conventional therapies, 
plant-based medications offer justifiable solutions. 
In this direction, the topmost active ingredients of C. 
odorata were evaluated to hypothesized its wound healing 
mechanisms. The goal of this docking simulation is to 
predict the most likely binding interaction between the 
targeted wound healing protein and the plant’s active 
ingredients (the ligands). This technique is very useful in 
the drug design since it allows screening of drug candidate 
prior to in vitro and in vivo analysis. In this docking study, 
the four topmost compounds (phytol, hexadecenoic acid 
ethyl ester, linolenic acid, and squalene) obtained by GC-
MS analysis were docked against three wound healing 
target proteins. 

Generally, wound healing process comprises of four 
distinctive stages namely haemostasis, inflammation, 
proliferation, and remodelling. The proteins selected for 
this investigation were acetylated human COX-2 (5F19), 

Table 4. Physicochemical properties of selected compounds of Chromolaena odorata

Compound Formula MW NHD NHA Rotatable bond TPSA

Phytol C20H40O 296.53 1 1 13 20.23 

Hexadecanoic acid, ethyl ester C18H36O2 284.48 0 2 16 26.30

Linolenic Acid C20H34O2 306.48 0 2 15 26.30

Squalene C30H50 410.72 0 0 15 0.00

MW: Molecular weight; NHD: Number of hydrogen donor; NHA: Number of hydrogen acceptor; TPSA: Topological polar surface area.

Table 5. Lipophilicity of selected compounds of Chromolaena odorata

Compound
Models*

iLOGP XLOGP3 WLOGP MLOGP SILICOS-IT Consensus log Po/w

Phytol 4.71 8.19 6.36 5.25 6.57 6.22

Hexadecanoic acid, ethyl ester 4.65 7.88 6.03 4.67 6.28 5.9

Linolenic acid 5.03 7.34 6.36 4.93 6.80 6.09

Squalene 6.37 11.58 10.60 7.93 10.41 9.38

* SwissADME models for determining a compound’s lipophilicity. iLOGP is a physics-based approach that calculates solvation-free energy in n-octanol 
and water. XLOGP3 is an atomistic technique. WLOGP is a purely atomistic method. MLOGP is a forerunner of the topological technique. SILICOS-IT is 
a hybrid algorithm technique. The consensus log Po/w is the arithmetic mean of the values anticipated by the five proposed approaches. 

Table 6. Pharmacokinetics of the selected compounds of Chromolaena odorata

Parameters Phytol Hexadecanoic acid ethyl ester Linolenic acid Squalene

GI absorption Low High High Low

BBB permeant No No No No

P-gp substrate Yes No No No

CYP1A2 inhibitor No Yes Yes No

CYP2C19 inhibitor No No No No

CYP2C9 inhibitor Yes No Yes No

CYP2D6 inhibitor No No No No

CYP3A4 inhibitor No No No No

Log Kp (skin permeation) -2.29 -2.44 -2.97 -0.58

http://www.herbmedpharmacol.com
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GSK3-β (1Q5K), and MMP-9 (4H1Q) to represent 
inflammation, proliferation, and remodelling stages, 
respectively. These target proteins were selected as they 
have been reported to have significant role in wound 
healing process. All of the ligands-protein at their best 
docked position and interactions were presented based on 
their most stable binding energy (Table 8). 

Interactions between the topmost compounds against 
COX-2 (5F19)
In the current work, the four topmost compounds 
were studies for their potentials as COX-2 inhibitors in 
promoting wound healing. The corresponding binding 
energy of COX-2 with phytol, hexadecanoic acid ethyl 
ester, linolenic acid, and squalene were -7.6 kcal/mol, -6.8 
kcal/mol, -7.7 kcal/mol, and -8.6kcal/mol, respectively 

Table 7. Drug-likeness and medicinal chemistry of selected compounds of Chromolaena odorata

Compound Phytol Hexadecanoic acid ethyl 
ester Linolenic acid Squalene

Lipinski #violations Yes; 1 violation: MLOGP>4.15 Yes; 1 violation: 
MLOGP>4.15 Yes; 1 violation Yes; 1 violation: 

MLOGP>4.15

Ghose #violations No; 1 violation: WLOGP>5.6 No; 1 violation: 
WLOGP>5.6 No; 1 violation: WLOGP>5.6

No; 3 violations: 
WLOGP>5.6, MR>130, 
#atoms>70

Veber #violations No; 1 violation: Rotors>10 No; 1 violation: Rotors>10 No; 1 violation: Rotors>10 No; 1 violation: Rotors>10

Egan #violations No; 1 violation: WLOGP>5.88 No; 1 violation: 
WLOGP>5.88

No; 1 violation: 
WLOGP>5.88

No; 1 violation: 
WLOGP>5.88

Muegge #violations No; 2 violations: XLOGP3>5, 
Heteroatoms<2

No; 2 violations: 
XLOGP3>5, Rotors>15

No; 2 violations: XLOGP3>5, 
Rotors>15

No; 2 violations: 
XLOGP3>5, Heteroatoms<2

Bioavailability Score 0.55 0.55 0.55 0.55

PAINS #alerts 0 0 0 0

Brenk #alerts 1 alert: isolated alkene 0 1 alert: isolated alkene 1 alert: isolated alkene

Lead-likeness No; 2 violations: Rotors>7, 
XLOGP3>3.5

No; 2 violations: Rotors>7, 
XLOGP3>3.5

No; 2 violations: Rotors>7, 
XLOGP3>3.5

No; 3 violations: MW>350, 
Rotors>7, XLOGP3>3.5

Figure 2. Bioavailability radar of selected compounds in Chromolaena odorata. (a) Phytol (b) Hexadecanoic acid ethyl ester (c) Linoenic acid, and (d) 
Squalene.

http://www.herbmedpharmacol.com
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(Table 8). A two-dimensional representation (Figure 3) 
visualized the interaction between the four compounds 
and the amino acid of COX-2. Only linolenic acid has 
shown hydrogen bond interaction with residues Phe529A, 
Gly533A, Leu534A, and Leu531A. The most stable 
binding of squalene shows hydrophobic interaction with 
residues Val228A, Ile377A, Phe205A, Phe209A, Phe381A, 
Tyr385A, Gly526A, Ala527A, Trp387A, Leu352A, 
Phe518A, Val523A, Met522A, Tyr355A, Ser353A, 
Arg120A, Leu531A, Val349A, Val344A, Gly227A, 
Leu534A, Asn375A, Gly533A, and Phe529A. 

Interactions between topmost compounds against GSK3-β 
(1Q5K)

Based on the current docking simulation, squalene had 
the best binding energy score (-6.8 kcal/mol) as compared 
to other compounds tested. Through visualization of its 
molecular interactions (Figure 4), it was revealed that the 
all ligands interacted with GSK-3β through hydrophobic 
and hydrogen bonding interactions. Based on the results 
obtained, the ligands tested in this study showed molecular 
interactions with one or more amino acids in the active 
pockets of the binding site except for squalene as depicted 
in Table 8.

Remodeling stage of wound healing, MMP-9 (4H1Q)
Based on the current findings, squalene was found to have 
the best binding energy (-7.4 kcal/mL) towards MMP-9 as 

Table 8. Binding energy and molecular interactions of topmost compounds with different proteins (PDB ID: 5F19, 1Q5K, and 4H1Q)

Wound healing 
stage Protein target Compounds Binding energy 

(kcal/mol) H-bond Hydrophobic bond

Inflammation
Acetylated 
human COX-2 
(PDB ID: 5F19)

Phytol -7.6 -

Phe205A, Leu534A, Tyr348A, Val523A, Val349A, Leu352A, 
Met522A, Phe518A, Trp387A, Gly526A, Ala527A, Leu384A, 
Tyr385A, Phe381A, Phe529A, Val228A, Phe209A, Gly533A, 
Leu531A

Hexadecanoic 
acid -6.8 -

Phe209A, Gly227A, Gly533A, Phe381A, Phe205A, Tyr385A, 
Ala527A, Gly526A, Val523A, Ser353A, Leu352A, Phe518A, 
Trp387A, Val344A, Val349A, Leu531A, Leu534A, Asn375A, 
Ile377A

Linolenic acid -7.7

Phe529A, 
Gly533A, 
Leu534A, 
Leu531A

Phe209A, Phe205A, Ala527A, Tyr385A, Phe381A, Gly526A, 
ValAL349A, Trp387A, Met522A, Leu352A, Val523A, 
Phe518A

Squalene -8.6 -

Val228A, Ile377A, Phe205A, Phe209A, Phe381A, Tyr385A, 
Gly526A, Ala527A, Trp387A, Leu352A, Phe518A, Val523A, 
Met522A, Tyr355A, Ser353A, Arg120A, Leu531A, Val349A, 
Val344A, Gly227A, Leu534A, Asn375A, Gly533A, Phe529A

Proliferation GSK3-β (PDB ID: 
1Q5K)

Phytol -6.0 Pro1336A
Lys85A, Cys199A, Gly63A, Ala83A, Leu188A, Ile62A, 
Tyr134A, Glu137A, Val135A, Arg141A, Thr1338A, Val70A, 
Asn186A, Asp200A, Lys85A

Hexadecanoic 
acid -5.6 Phe67A, 

Ser66A
Val135A, Leu188A, Ala83A, Cys199A, Leu132A, Val70A, 
Ser66A, Asp200A, Asp264B, Lys85A, Gly65A

Linolenic acid -6.3 Val135A Ala83A, Ile62A, LEU188A, Leu12A, Val70A, Tyr134A, 
Tyr140A, Gln185A, Arg141A, Thr138A, Glu137A

Squalene -6.8 -
Arg96A, Asn95A, Glu97A, Gly202A, Val87A, Phe67A, 
Pro294B, Ser66A, Val267B, Ala298B, Ile270B, Leu88A, 
Phe291B, Arg180A, Lys292B, Ile217A, Ser203A, Val263B

Remodelling MMP-9 
(PDB ID: 4H1Q)

Phytol -7.1 Pro246A
Ala242B, Tyr245B, Leu243B, Leu222B, His226B, Thr251B, 
Tyr245A, Met247A, Arg249B, Tyr248B, Met247B, Gln227B, 
Val223B, Leu187B, Ala189B, Leu188B

Hexadecanoic 
acid -6.5 Arg249B

Met247A, Leu187B, Ala189B, Gln227B, Tyr248B, His226B, 
Val,223B, Pro255B, Leu222B, Ala242B, Leu243B, Met247B, 
Gly186B, Pro246A, Tyr245A, Leu188B

Linolenic acid -7.2
Met247B, 
Ala242B, 
Arg249B

Pro246A, Leu188B, His26B, Leu222B, Tyr248B, Leu243B, 
Val223B, Tyr245B, Pro246B, Tyr245A, His236B

Squalene -7.4 -

Ala242B, Pro255B, Leu243B, Arg249B, Tyr245B, Leu188B, 
Ala189B, Pro246B, Tyr245A, His236B, Leu187B, His230B, 
Gln227B, His226B, Val223B, Leu222B, Tyr248B, Thr251B, 
Met247B, Glu241B
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compared to other compounds. The 2D interactions plot 
of protein indicated two types of interactions that exist, 
which are hydrophobic and hydrogen bond. Similar to the 
other target proteins 1Q5K (GSK3-β) and 5F19 (COX-2), 
hydrophobic bond was found to be the dominant type 
of interactions (Figure 5). Visualization of molecular 
interactions between MMP-9 and squalene revealed that 
the ligand interacted with Ala242B, Pro255B, Leu243B, 
Arg249B, Tyr245B, Leu188B, Ala189B, Pro246B, Tyr245A, 
His236B, Leu187B, His230B, Gln227B, His226B, Val223B, 
Leu222B, Tyr248B, Thr251B, Met247B, and Glu241B 
through hydrophobic contacts. Linolenic acid formed 
hydrophobic contacts with Pro246A, Leu188B, His26B, 
Leu222B, Tyr248B, Leu243B, Val223B, Tyr245B, Pro246B, 
Tyr245A, His236B and hydrogen bonds with Met247B, 
Ala242B, and Arg249B. On the other hand, phytol 
interacted with Ala242B, Tyr245B, Leu243B, Leu222B, 
His226B, Thr251B, Tyr245A, Met247A, Arg249B, 
Tyr248B, Met247B, Gln227B, Val223B, Leu187B, 
Ala189B, and Leu188B through hydrophobic contacts, 
and formed hydrogen bonds with Pro246A, and Pro246B. 
Hexadecenoic acid showed hydrophobic interactions 

with Met247A, Leu187B, Ala189B, Gln227B, Tyr248B, 
His226B, Val,223B, Pro255B, Leu222B, Ala242B, Leu243B, 
Met247B, Gly186B, Pro246A, Tyr245A, Leu188B and 
hydrogen bond with Arg249B. 
Discussion
Chromolaena odorata possesses many secondary 
metabolites such as terpenes, alkaloids, and glycosides. 
Polyphenols like flavonoids and tannins are abundant 
in the Asteraceae family. Many of these phytochemicals 
possess various pharmacological activities useful to 
human wellness (24). Previous phytochemical studies 
on the extracts of C. odorata from various parts of the 
plant have indicated the presence of tannins, terpenoids, 
cardiac glycosides, saponins, anthraquinones, phenols, 
and alkaloids (25). About 44 different compounds have 
previously been isolated from C. odorata extracts using 
gas chromatography-mass spectrometry (26). Because 
of the presence of these phytochemicals, the plant is said 
to have anthelmintic (24), antioxidant (27), analgesic, 
anti-inflammatory, antipyretic, antispasmodic (28), 
antiacne (29), antimalarial, antioxidant, and wound 
healing properties (30). The phytochemical screening of 

Figure 3. The topmost four compounds (stick representation) from Chromolaena odorata docked with COX-2. From 2D representation, the green dashed 
lines represent hydrogen bond, while other highlighted amino acid residues are hydrophobic bond.
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C. odorata extract in this current work is in agreement 
with a previous reported (31). However, interestingly in 
the current study, phytol was found to be the most potent 
as compared to other compounds. Phytol had also being 
reported to be presented in C. odorata by previous works 
(26,31-32) but the amount was not as high as obtained in 
this study.

In order to develop and design new drugs, a thorough 
evaluation of drug candidates must be initially scrutinized 
for their pharmacokinetics properties. This includes the 
study on how a particular drug is ADME. Understanding 
and predicting the pharmacological rationale of traditional 
medicinal plants’ therapeutic activity are important to 
upgrade their usage in modern medicine.

During early stage of drug development process, drug 
candidates are evaluated based on computer modelling, 
high-throughput screening, and cell-based tests that 
predict pharmacological action. Predicting drug ADME 
properties, which often require in vivo analysis, is 
substantially more difficult. Because in vivo studies are 
time consuming and costly, it is advantageous to have 
simple approaches in predicting ADME. An acknowledged 

strategy known as Lipinski’s Rule of Five (RO5) is a widely 
used rule of thumb for predicting ADME properties 
of drugs in modern drug discovery, including plant 
phytoconstituents. The ADME prediction in this work 
was done using SwissADME web-based tool where RO5 
was taken into account.

Based on this rule, for a particular drug candidate to 
be regard as a lead compound, the drug candidate should 
have less than 500 Da molecular weight (MW), less than 
5 H-donor, less than 10 H-acceptor, and octanol-water 
partition coefficient (log P) that does not exceed 5. These 
criteria should not be violated more than one. However, 
based on a study conducted by Choy and Prausnitz (33) 
transdermal drug needs to have modified rules that are 
MW < 335 Da, H-donor < 2, H-acceptors < 5 and lop P 
<5.0. 

Lipophilicity of a drug candidate molecule is a critical 
factor in developing its dosage form, as drug molecule 
must permeate the lipid bilayer of the majority of cellular 
membranes, including enterocytes. So it is commonly 
accepted that medication molecules must be lipophilic 
in order to be absorbed effectively. Based on the current 

Figure 4. The topmost four compounds (stick representation) from Chromolaena odorata docked with GSK3-β. From 2D representation, the green dashed 
lines represent hydrogen bond, while other highlighted amino acid residues are hydrophobic bond.
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work, out of the four topmost compounds found in 
C. odorata, squalene showed to be the most lipophilic 
while hexadecanoic acid ethyl ester depicted as the least 
lipophilic activity. However, all compounds were still 
within the acceptable value of lipophilicity.

Pharmacokinetics evaluation of these compounds 
showed high gastrointestinal (GI) adsorption for 
hexadecanoic acid ethyl ester and linolenic acid while 
phytol and squalene exhibited low GI adsorption. All of 
the compounds showed no blood brain barrier (BBB) 
permeation. Among these four compounds assessed, only 
phytol showed to be a P-glycoprotein (P-gp) substrate. 
P-gp is one of the drug transporters that determine the 
uptake and efflux of drugs. Drugs which can induce or 
inhibit P-gp can interact with other drugs. P-gp is believed 
to be an important mediator of drug-drug interaction and 
hence need to be assessed for potential interaction when 
administered together (34).

The knowledge of interactions between compounds 
and the cytochrome P450 (CYP) system is very essential 
to characterize the pharmacokinetics of candidate drugs 
as these interactions are necessary for the transformation 

and elimination of the drugs from the system (23). 
Inhibitions of the isoforms of this enzyme system by drugs 
could results in poor elimination leading to drug-toxicity. 
Hence, it is important that a candidate drug has a limited 
inhibitory activity against these enzymes isoforms (23). In 
the current study, only squalene showed no potential to 
inhibit any of the five P450 isoforms, which indicates that 
this compound will be well-metabolized in the liver and 
eliminated easily from the body. Log Kp correlates with 
the ability of the compound under investigation to pass 
through the stratum corneum (skin) of mammalian cells. 
In SwissADME, the prediction of Log Kp was generated 
based on the linear model suggested by Potts and Guy 
(35). The more the negative the value of Log Kp, the 
less likely the compound to be absorbed in the skin. In 
the current study, squalene showed to have less negative 
value as compared to other compounds, which indicates 
that squalene has excellent absorption on the skin among 
all investigated compounds of C. odorata. These findings 
suggest that squalene should be further investigated for 
future potential transdermal drug candidate particularly 
in wound dressing formulations.

Figure 5. The topmost four compounds (stick representation) from Chromolaena odorata docked with MMP-9. From 2D representation, the green dashed 
lines represent hydrogen bond, while other highlighted amino acid residues are hydrophobic bond.
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Another parameter in SwissADME tools is known 
as PAINS. PAINS is known as molecules that contain 
substructures showing potent response in assays 
irrespective of the protein target, which potentially 
can give false positive results in high-throughput 
screening (36). Common PAINS include toxoflavin, 
isothiazolones, hydroxyphenyl hydrazones, curcumin, 
phenol-sulfonamides, rhodanines, enones, quinones, 
and catechols (36,37). BRENK filter, on the other hand, 
is a structural alert that filters unwanted functionality 
due to potential toxicological reasons or unfavourable 
pharmacokinetics behaviour. These two descriptors 
(PAINS and BRENK) are important in helping medicinal 
chemists in selecting and judging promising drug 
candidates during pre-filtering or screening. In this present 
study, all of compounds had at least 1 alert for BRENK 
filter except for hexadecenoic acid ethyl ester. However, 
this result could not be deemed as final; there are several 
other criteria need to be taken into considerations when 
making decision on drug lead for further optimization. 
Bioavailability score represents the prediction of 
probability of a compound to have at least 10% oral 
bioavailability in rat or measurable CaCO2 permeability 
(F>10%) based on the predominant charge at biological 
pH in rat models (38). In this study, all of the compounds 
investigated obtained 0.55 score, which is in compliance 
with Lipinski’s RO5. A good drug-like molecule should 
have bioavailability score of 0.55-0.56 to be indicated as 
having good pharmacological behaviour (8). Also, based 
on the current study, all of the compounds are non-orally 
bioavailable for oral dosage form as they showed to be 
too flexible or high lipophile. This suggested that these 
compounds could be used to developed non-oral drugs 
(topical, ophthalmic, etc). Regardless bioavailability, 
drugs that are intended to be developed should have good 
absorption, distribution, metabolism and excretion from 
the body system and these are achieved through early 
assessment using this SwissADME tool. 

In this direction, the topmost active ingredients of 
C. odorata, were further evaluated through molecular 
docking approach to hypothesize its wound healing 
mechanisms. The goal of this docking simulation was to 
predict the most likely binding interaction between the 
targeted wound healing protein and the plant’s active 
ingredients (the ligands). This technique is very useful in 
drug design, since it allows screening of drug candidate 
prior to in vitro and in vivo analysis. In this docking study, 
the four topmost compounds (phytol, hexadecenoic acid 
ethyl ester, linolenic acid, and squalene) obtained by GC-
MS analysis were docked against three wound healing 
target proteins.

During inflammation stages of wound healing, 
inhibition of COX-2 activity has been reported to reduce 
wound inflammation and promote dermal reconstruction 
and scar formation (39). In support of this claim, another 

study (40) inferred that COX-2 inhibition did not alter 
the baseline repair outcomes of the biological scaffold 
therapy. This strengthens the rationale for selective COX-
2 inhibition as wound repair target does not interfere with 
wound healing cascade. Interestingly, as compared to 
other protein targets studied in the present work, COX-
2 possessed the most stable binding towards C. odorata’s 
topmost compounds. The hydrophobic effect plays an 
important role in this protein ligand binding. The binding 
site with more hydrophobic substituent increases the 
binding affinity. Thus, it can be proposed that hydrophobic 
interaction might influence the best inhibition effect 
towards the target protein. Hydrophobic interaction and 
hydrogen bonds are among the most frequently observed 
interactions and widely used in drug design (41). Ferreira 
de Freitas and Schapira (41) mentioned that hydrophobic 
interactions are more frequent in high-efficiency ligands 
in drug-receptor interactions. It is a prevailing directional 
molecular interaction in biological complexes and a 
predominant contribution to the specificity of molecular 
recognition (41). Previous studies have discovered that 
there are several amino acid residues found in the ligand 
binding pocket, including Ile62, Gly63, Val70, Tyr71, 
Gln72, Ala73, Leu81, Val82, Ala83, Ile84, Lys85, Val110, 
Leu132, Asp133, Tyr134, Val135, Pro136, Glu137, Thr138, 
Arg141, Gln185, Asn186, Leu187, Leu188, Leu189, 
Asp190 and Lys197 (12,18,42).

The Wnt/β-catenin pathway is a highly conserved signal 
transduction pathway involved in a variety of biological 
processes, such as cell proliferation, apoptosis, and 
differentiation. In wound healing process, it was proven 
that upregulation of β-catenin through the activation of 
Wnt/β-catenin signaling pathway can help accelerate 
wound healing (43). One of the strategy to activate 
this pathway is through the inhibition of GSK-3β (43). 
Considering the role of the Wnt/β-catenin is recently used 
as an important target for the development of wound-
healing agents. Molecules that can activate the Wnt/β-
catenin pathway are evaluated by researchers as potential 
therapeutics in wound healing (44). 

In the current work, we aimed to elucidate the potential 
of four topmost C. odorata’s compounds as GSK-3β 
inhibitors by looking at their binding interaction towards 
the target protein. Presumably, molecules with the lowest 
docking scores are considered as the best molecules to 
inhibit the target receptor because lower docking score 
indicates stable binding affinity (45). 

MMP-9, a form of collagenase, is also a primary 
culprit for causing delayed wound healing process. 
Various studies have discovered the elevated levels of 
MMP-9 in chronic wound patients (46). According 
to Reiss et al (47), MMP-9 is the causal factor that is 
responsible for the development of chronic wounds. 
In addition, it has been reported that higher MMP-9 
levels can cause delay in collagen deposition of alveolar 
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bone repair. Therefore, MMP-9 has also been aimed as 
molecular target for wound healing, and numerous efforts 
have been made to develop MMP-9 inhibitors. Peng et 
al (48) demonstrated that selective inhibition of MMP-
9 in mice could significantly accelerate wound healing. 
Similarly, in the current study, we aimed to explore the 
potential of these four compounds as MMP-9 inhibitors. 
The stability of the protein-ligand complex depends on 
the strong interaction between the interacting subunits 
(13). Previous analysis conducted on a large amounts of 
experimental data disclosed that hydrophobic interactions 
and hydrogen bonds contribute the most to the stability of 
protein folding (13). By observing the binding affinity and 
molecular interactions of the selected ligands with MMP-
9 protein, it is suggested that these topmost compounds 
of C. odorata might be potential inhibitors for MMP-9 
protein.

Conclusion
In the current work, preliminary phytochemical screening 
of C. odorata extract showed the presence of several 
secondary metabolites, including terpenoids, steroids, 
flavonoids, alkaloids, saponin, and tannins. Further 
elucidation of the phytochemicals via GC-MS revealed 
that the most abundant compounds were phytol (49.83%), 
hexadecanoic acid ethyl ester (9.40%), linolenic acid 
(8.07%), and squalene (3.53%). Pharmacokinetic study 
through ADME analysis revealed that in general all four 
topmost compounds obeyed Lipinski’s Rule of 5. This give 
the idea for further investigation of these compounds to be 
optimized as lead compounds in drug discovery. In silico 
molecular docking study of these top phytoconstituents 
against several protein targets involved in wound healing 
revealed that squalene had the highest binding affinity to 
GSK3β (-6.8 kJ/mol), MMP-9 (-7.4 kJ/mol), and COX-
2 (-8.6 kJ/mol) as compared to other ligands (phytol, 
linolenic acid, and hexadecenoic acid ethyl ester). Among 
four compounds tested, squalene showed the strongest 
binding towards all of the target proteins. Also, based on 
the current work, it is suggested that these compounds 
have higher wound healing activity during inflammation 
stage as they portrayed the lowest energy binding towards 
COX-2 target protein as compared to GSK-3β and MMP-
9. This finding also suggested that the most prominent 
compound that contributes to C. odorata’s wound healing 
capacity was squalene, and incorporation of C. odorata 
in potential agent in wound dressing formulation was 
justified. However, further study should be conducted to 
isolate the compounds of interest from the crude extract.
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