
Integrating Chemical Profiling, In Vivo Study, and Network
Pharmacology to Explore the Anti-inflammatory Effect of
Pterocarpus dalbergioides Fruits and Its Correlation with the Major
Phytoconstituents
Published as part of the ACS Omega virtual special issue “Phytochemistry”.

Taghreed S. Alnusaire, Ibrahim Lahbib Sabouni, Hanan Khojah, Sumera Qasim,
Mohammad M. Al-Sanea, Sadaf Siddique, Fatma Alzahraa Mokhtar,* and Shaimaa R. Ahmed

Cite This: ACS Omega 2023, 8, 32544−32554 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: The purpose of this study is to explore the anti-inflammatory
activity of Pterocarpus dalbergioides fruit extract (PFE) and the underlying
mechanism. Chemical profiling using ultraperformance liquid chromatography/
mass spectrometry identified 28 compounds in PFE (12 flavonoids, 5 fatty acids, 4
phenolic compounds, 3 alkaloids, 2 sesquiterpenes, and 2 xanthophylls). PFE (2 g/
kg) significantly inhibited carrageenan-induced rat paw edema after 4 h of
administration (42% inhibition). A network-based strategy and molecular docking
studies were utilized to uncover the anti-inflammatory mechanism. Out of the
identified compounds, 16 compounds with DL ≥ 0.18 and F ≥ 30% were selected
using bioavailability (F) and drug-likeness (DL) metrics. The network analysis
revealed that 90 genes are considered key targets for the selected compounds and
linked to the anti-inflammatory effect. Among all compounds, linoleic acid was
found to be the top-most active constituent as it targets maximum genes. Four
targets (TNF, IL6, AKT1, and CCL2) among the top 10 genes were found to be the main target genes that may contribute to the
anti-inflammatory potential of PFE. Furthermore, KEGG (Kyoto encyclopedia of genes and genomes) pathway analysis revealed that
PFE might regulate inflammation through five pathways: neuroactive ligand−receptor interaction, lipid and atherosclerosis, fluid
shear stress and atherosclerosis, TNF signaling pathway, and rheumatoid arthritis. The docking study predicted the significant
binding affinity between the top four active constituents (linoleic acid, 9-octadecenoic acid, 11,12,13-trihydroxy-9-octadecenoic acid,
and rhamnetin-3-O-rhamnoside) and the selected target proteins (TNF and AKT1). The findings highlight PFE as a promising drug
lead for controlling inflammation.

1. INTRODUCTION
Inflammation is the immune system’s response to a stimulant.
The immune system is activated when the body is subjected to
pathogens (bacteria, viruses, or poisonous substances) or suffers
injury. Inflammatory cells and cytokines are the initial responses
released by your immune system. These kinds of cells produce
an inflammatory response to engulf pathogens or to begin the
healing process.1 Chronic state of inflammation seems to be
linked to many health problems, especially cardiovascular
diseases, bronchial asthma, arthritis, diabetes mellitus, Alz-
heimer’s disease, and cancer.2 The most popular synthetic
medications for treating inflammation are nonsteroidal anti-
inflammatory drugs and corticosteroids. Unfortunately, these
drugs have well-known side effects that affect the hepatic, renal,
cardiovascular, and hematologic systems alongside the gastric
mucosa.3,4 As a result, the discovery of new anti-inflammatory
drugs is of interest. Plant secondary metabolites are a valuable

basis for the discovery of new anti-inflammatory medicines.5

Many phytoconstituents, including quercetin, epigallocatechin-
3-gallate, curcumin, capsaicin, colchicine, and resveratrol are
now in clinical usage as anti-inflammatory treatments.6 The
number of new anti-inflammatory herbal ingredients rises
continuously. The main challenge in this area is converting
preclinical information into evidence-based clinical advance-
ment.
Pterocarpus (Fabaceae) comprises around 46 species found in

Asia, Africa, and many American countries. Plants in this genus
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have been used in traditional medicine to treat inflammatory
conditions, mouth ulcers, boils, gonorrhea, infection, cough,
diarrhea, and as an analgesic.7 Andaman padauk (Pterocarpus
dalbergioides) is a medium to large evergreen tree belonging to
Fabaceae family. It is indigenous to the Andaman Islands in the
Indian Ocean. Sometimes it is grown in Nicobar and East
Madagascar.8,9 The fruit is a lomentum, disc-shaped, flattened,
and has a broadly winged margin, giving it a “flying saucer”
appearance. The unripe fruits are light green, pubescent, and
turn coffee brown when they dry. They have a central woody
part containing one seed.10 About the plant phytoconstituents,
Seshadri11 identified 3′-hydroxy formononetin and maackiain in
the heartwood. Genistin, gentisic acid, and gallic acid were
isolated from the plant’s bark.12 Alcoholic extracts of flowers,9

bark,12 and wood13 demonstrated anti-diabetic effect. Numer-
ous studies have been conducted on the anti-inflammatory
activities of phytochemicals found in the genus Pterocarpus.14−19

These findings are consistent with the plant’s traditional use in
the treatment of inflammation and boils.8 Only one report was
found about the anti-inflammatory activity of the bark;12

however, nothing has been reported about the biological activity
and compounds of Andaman padauk fruits.
Ultra-performance liquid chromatography (UPLC) is a

relatively recent method that offers new opportunities for
reducing the analysis time and solvent use. The UPLC
combined mass spectrometry (MS) approach has been proven
to provide satisfactory resolution of complex samples, along with

improved separation capacity and mass information. UPLC/MS
can provide MS information for each constituent in a
chromatogram and has been demonstrated to be a valuable
tool for qualitative and quantitative assessment of components
in botanical extracts and medicinal herbs.20,21

Network pharmacology is an emerging technique for
understanding multicomponent drugs’ mechanism of action.
Its basic idea is to maximize treatment options based on a
biological network comprising disease characteristics, bioactive
agents, and therapeutic targets that are all linked.22 Bio-
informatics and systems biology advances are making network
pharmacology a viable approach for identifying active
compounds and elucidating the underlying pharmacological
mechanisms. This approach can reliably identify the molecular
pathways influenced by the active chemicals in the drug. This is
accomplished by integrating chemical component identification,
target prediction, and network construction. Therefore, network
pharmacology is an effective method for examining the
mechanism of action of drugs containing multiple active
ingredients.23 Molecular docking studies employ computer
simulations to investigate the interactions between receptors
and compounds that bind to them. Being able to predict specific
properties, for instance, the location and affinity of chemical
interactions, makes it a powerful tool in drug design and
chemical screening.24

The present study aimed to explore the anti-inflammatory
activity of P. dalbergioides fruit extract (PFE) and the underlying

Figure 1. Chemical structures of phytochemicals in PFE identified by UPLC/MS.
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mechanism. First, we profiled the metabolite of Andaman
padauk fruits using UPLC/MS. Then, the extract was in vivo
investigated for the anti-inflammatory efficacy via a carrageenan-
induced rat paw edema model. Both the network-based strategy
and molecular docking study were utilized to elucidate its anti-
inflammatory mechanism.

2. RESULTS AND DISCUSSION
2.1. Chemical Profiling of PFE. Natural extracts generally

contain a large number of metabolites. The bioactivity of the
extracts is represented by the synergism between multiple
components of these metabolites. Since the isolation of each
compound from extracts is not usually possible because of the
complex chemical makeup of crude natural extracts,25 secondary
metabolites that may act as intermediates in the anti-
inflammatory effect of PFE were identified using UPLC coupled
with MS. The majority of the identified compounds were
detected in the negative mode. As depicted in Table S1, 28
compounds were identified26−51 in PFE, including 12
flavonoids, 5 fatty acids, 4 phenolic compounds, 3 alkaloids, 2
sesquiterpenes, and 2 xanthophylls (Figure 1). The chemical
profile of P. dalbergioides fruits has not been thoroughly
described in the literature; however, flavonoids are very distinct
compounds in the genus Pterocarpus. It is reported that
flavonoids are the dominant plant constituents that significantly
influence Pterocarpus’s biological activity.8 It is worth mention-
ing that this is the first in-depth investigation into the chemical
profile of P. dalbergioides fruits.
2.2. Effect of PFE on Carrageenan-Induced Rat Paw

Edema. Several anti-inflammatory drugs have been tested using
carrageenan-induced rat paw edema as a model of inflammation.
The therapeutic impact of P. dalbergioides on inflammation was
assessed in the carrageenan-induced rat paw edema model. Rats
that received PFE (2 g/kg) significantly inhibited the paw edema
(Table 1) after 4 h of administration (42% inhibition) compared

to the standard drug indomethacin at a dose of 0.2 g/kg (64.8%
inhibition). Carrageenan injection causes acute and local edema.
Histamine, serotonin, and bradykinin are the initial mediators
involved in the early phase (0−1 h). However, prostaglandins
and different cytokines such as interleukins and tumor necrosis
factor (TNF) are active in the second phase. PFE’s anti-
inflammatory activity may be attributed to inhibition of such
inflammatory mediators.52

2.3. Screening of Targets and Active Compounds. To
unravel the anti-inflammatory mechanism of PFE, we utilized a
network pharmacology strategy to predict the active compounds
in PFE and their possible targets.53 First, F30, which represents
30% bioavailability (the quantity of drug that enters the systemic
circulation after being absorbed) of compounds, and drug-
likeness (DL), which is the measure of tendency of any
compound to behave like a drug, were evaluated. Out of the
identified compounds, 16 compounds with DL ≥ 0.18 and F ≥
30%were selected for further analysis. A total of 751 target genes

were identified for selected 16 compounds by using the
SwissTargetPrediction database. DisGeNET database was
retrieved for inflammation-related target genes, and a total of
467 target genes were obtained. After that, intersecting genes
between inflammation and selected compounds were predicted.
Ninety overlapping genes that may contribute to the anti-
inflammatory effect of Pterocarpus dalbergoideswere selected and
were deemed to be the key targets for further analysis. The
selected compounds along with their properties are presented in
Table 2.

2.4. Construction of a Compound-Target Network.
Network analysis is an effective approach for improving our
understanding of multicomponent drugs’ action mechanism.
Sixteen selected compounds along with their targets were
imported to Cytoscape for generating a compound-target
network. Each of the selected compounds corresponds to
multiple targets. The efficacy of these 16 compounds was then
assessed in the compound-targeted gene pathway network
(Table 3). As shown in Table 3, fatty acids, phenolic acids,
flavonoids, and alkaloids had high connectivity levels. Among all
compounds, linoleic acid was found to be the top-most active
constituent as it targets maximum genes among all other
compounds.
Previous research has shown that some PFE’s identified

constituents have anti-inflammatory properties. Linoleic acid
inhibited NO production in RAW264.7 cells and suppressed the
release of pro-inflammatory cytokines (TNF-α, IL-6, IL-1β, and
NOS2). Additionally, it restored PPARα and reduced NF-B-p50
expression.51 Octadecenedioic acid is a mono-unsaturated dioic
acid (C18:1). It demonstrated anti-inflammatory properties via
binding to the peroxisome proliferator-activated receptor
(PPAR).54,55 Rhamnetin (O-methylated flavonoid) significantly
inhibited edema formation in rat paws.56 In another study, it
suppressed mTNF-α, mMIP-1, mMIP-2 cytokine, and NO
production in LPS-stimulated RAW264.7 by acting on the p38-
MAPK, ERK, c-JNK, and COX-2 pathways.58

Table 1. Effect of PFE on Paw Edema Induced by
Carrageenan in Ratsa

groups % edema % inhibition

control (saline) 61.9 ± 2.1
PFE 35.9 ± 1.1 42
indomethacin 21.8 ± 0.4 64.8

aAll data are presented as (mean ± S.E.).

Table 2. Selected Active Compounds and Their DL and F
Properties

compound
no name of compound DL bioavailability

3 heptadecanoic acid 0.37 0.99
5 linoleic acid 0.31 0.84
6 kaempferol 0.54 0.99
7 luteolin 0.51 1
9 hesperetin 0.78 0.98
10 9-octadecenedioic acid 0.30 0.97
12 4-{2-(acetylmethylamino)ethyl}-4-(4-

hydroxy-3-methoxyphenyl)-2,4-
cyclohexadien-1-one

0.89 0.90

13 9,10,11-trihydroxy-12,15-
octadecadienoic acid

0.29 1

14 11,12,13-trihydroxy-9-octadecenoic
acid

0.29 0.99

15 5-caffeoylquinic acid (chlorogenic
acid)

0.23 0.99

17 5-feruloylquinic acid 0.34 0.99
18 quercetin-7-glycosides; 7-O-β-D-

xylopyranoside
0.27 0.99

19 catechin-5-O-glucoside 0.26 1
20 rhamnetin-3-O-rhamnoside 0.30 0.96
21 diosmetin-7-O-glucuronide 0.29 0.99
28 diosmetin-7-O-rutinoside 0.18 0.99
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2.5. Construction of a Protein−Protein Interaction
Network. A protein−protein interaction (PPI) network
(Figure 2) was generated by submitting 90 intersecting genes
to the STRING database. The PPI network represents the
interrelationship between different disease targets during disease

development and progression. The more the degree value of any
gene, the more evident it will be in disease pathogenesis. The
cytoHubba plugin tool was then used to analyze the network,
and top ten genes were selected based on their degree value.
According to results of analysis TNF (28), IL6 (28), EGFR
(24), MMP9 (23), HSP90AA1 (23), VEGFA (22), TP53 (20),
AKT1 (20), CTNNB1 (18), and CCL2 (17) were found to be
the top ten target genes. Comparison of PPI analysis with
enrichment analysis reveals that among the top 10 genes TNF,
IL6, AKT1, and CCL2 were found to be the main target genes
that may contribute to the anti-inflammatory potential of PFE.
Moreover, TNF and AKT1 were further analyzed for molecular
docking between selected target genes and PFE compounds.
2.6. Gene Ontology and Kyoto Encyclopedia of Genes

and Genomes Pathway Analyses. PFE’s probable biological
functions were uncovered by functional annotation and
enrichment analyses. Gene ontology (GO) functional analysis
indicated that the selected compounds were correlated to
regulation of inflammatory response, response to bacterial
molecule, response to lipopolysaccharide and so forth (Figure
3). Afterward, the Kyoto encyclopedia of genes and genomes
(KEGG) pathway analysis was carried out to identify the major
signaling pathways associated with PFE anti-inflammatory
activity. Notably, PFE might regulate inflammation through
the following pathways: neuroactive ligand−receptor interac-
tion (19), lipid and atherosclerosis (18), fluid shear stress and
atherosclerosis (13), TNF signaling pathway (11), and

Table 3. Degree Value of Selected Phytoconstituents

phytoconstituents
degree
value class

heptadecanoic acid 11 fatty acid
linoleic acid 22 fatty acid
kaempferol 17 flavonoid
luteolin 17 flavonoid
hesperetin 12 flavonoid
9-octadecenedioic acid 19 fatty acid
4-{2-(acetylmethylamino)ethyl}-4-(4-hydroxy-3-
methoxyphenyl)-2,4-cyclohexadien-1-one

14 alkaloid

9,10,11-trihydroxy-12,15-octadecadienoic acid 13 fatty acid
11,12,13-trihydroxy-9-octadecenoic acid 19 fatty acid
5-caffeoylquinic acid (chlorogenic acid) 15 phenolic

acid
5-feruloylquinic acid 17 phenolic

acid
quercetin-7-glycosides; 7-O-β-D-xylopyranoside 14 flavonoid
catechin-5-O-glucoside 15 flavonoid
rhamnetin-3-O-rhamnoside 18 flavonoid
diosmetin-7-O-glucuronide 16 flavonoid
diosmetin-7-O-rutinoside 15 flavonoid

Figure 2. (a) PPI network of 90 overlapping genes and (b) top ten genes with respect to the degree value.
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rheumatoid arthritis (10) as the majority of the genes were
connected to these pathways (Figure 4).
2.7. Molecular Docking. In order to further verify the

validity of the target prediction results, key molecules were
selected based on their importance within the component-
target-pathway network. The top four active constituents
(linoleic acid, 9-octadecenedioic acid, 11,12,13-trihydroxy-9-
octadecenoic acid, and rhamnetin-3-O-rhamnoside) were
docked with selected target genes TNF and AKT1. TNF plays
an important role in regulating inflammatory responses. When
TNF enters the vascular system, endothelial cells undergo a
number of pro-inflammatory changes, leading to increased
leukocyte adhesion, transendothelial migration, and vascular
leakage causing edema.56 AKT1 plays an important role in acute
inflammation and histamine-mediated vascular leakage. In mice
lacking AKT1, edema was markedly reduced, and neutrophil
infiltration and monocyte proliferation were dramatically
decreased.57 In addition, mice lacking AKT1 showed dramatic
reductions in carrageenan-induced edema and bradykinin and
histamine directed permeability actions.59

Target protein’s TNF (PDB ID: 2AZ5) and AKT1 (PDB ID:
3QKK) crystal structures were extracted from PDB. The
docking study predicted the significant binding affinity between
the compounds and the binding pockets of two target proteins.
Based on these findings, we can further verify predicted

interactions between PFE components and their targets.
Binding energy and docking scores were used as important
criteria for compounds’ screening (Table S2). 2D and 3D
binding mode analyses for selected compounds are provided in
Figure 5. These results provide additional support for the anti-
inflammatory properties of PFE.

3. CONCLUSIONS
Inflammation is linked to many health problems, such as heart
diseases, asthma, arthritis, diabetes, Alzheimer’s disease, and
cancer. To summarize, an integrated approach, including
chemical profiling, network pharmacology, molecular docking,
and in vivo experimental validation, was used to explore the anti-
inflammatory mechanism of PFE. UPLC/MS identified 28
compounds, 16 of which were selected based on F and DL
parameters. According to the network analysis, 90 genes are
considered key targets for the selected compounds and are
linked to their anti-inflammatory effect. Among all compounds,
linoleic acid was found to be its most active constituent since it
targets most genes. Among the top ten genes, four targets (TNF,
IL6, AKT1, and CCL2) were identified as the main target genes
that may contribute to PFE’s anti-inflammatory potential.
Furthermore, KEGG pathway analysis suggested that PFE
may regulate inflammation via five pathways: neuroactive
ligand−receptor interaction, lipid and atherosclerosis, fluid

Figure 3. GO enrichment analysis of 90 intersecting genes where orange color represents biological processes (BP), green color represents cellular
components (CC), and blue color represents molecular functions (MF).
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shear stress and atherosclerosis, TNF signaling pathway, and
rheumatoid arthritis. The docking study predicted the
significant binding affinity between the top four active
constituents (linoleic acid, 9-octadecenoic acid, 11,12,13-
trihydroxy-9-octadecenoic acid, and rhamnetin-3-O-rhamno-
side) and the selected target proteins (TNF and AKT1). The
findings highlight PFE as a promising drug lead for controlling
inflammation. Interestingly, rat paw edema induced by
carrageenan was significantly inhibited by PFE in an in vivo
experiment. This study’s findings could pave the way for more
research into the molecular mechanism of PFE as an anti-
inflammatory medication. It could potentially open the way for
future clinical trials.

4. MATERIALS AND METHODS
4.1. Plant Material. Fruits of P. dalbergioides were collected

in April 2022 from El-Orman Botanical Garden, Giza, Egypt.
Mrs. Therese Labib, Head of Taxonomists at El-Orman Botanic
Garden, confirmed the plant material’s identification. The
voucher specimen (no. 5.4.2022) was stored in the herbarium of
the Department of Pharmacognosy, College of Pharmacy, Jouf
University.
4.2. Preparation of the Fruit Extract. Fresh fruits (500 g)

were extracted with methanol (5 × 500 mL) until exhaustion
using an Ultra-Turrax homogenizer. This was followed by
evaporation under vacuum (Buchi-210, Switzerland) to obtain
the dried residue (50 g), which was then stored at 4 °C for future
analysis.
4.3. Chemicals and Reagents.UPLC/MS analysis: HPLC

grade methanol, water, and acetonitrile were purchased from
Thermo Fisher Scientific Inc., Dublin, Ireland. Other chemicals
of analytical grade used in the current study were purchased
from Sigma-Aldrich Chemical Co. (Ireland). Anti-inflammatory
investigation: indomethacin was obtained from EIPICO,

Egyptian Pharmaceutical Company under license from Merck
and carrageenan was purchased from Sigma Company, USA.
4.4. UPLC/MS Analysis. Metabolite profiling of PFE was

carried out using a Waters Acquity UPLC system (Waters,
Manchester, U.K.) coupled with an Orbitrap-type HRMS
system (Exactive, Thermo Fisher, Bremen, Germany) in
accordance with a previously reported method.25 Metabolites
were identified by comparing the retention time and MS data
with those in the current literature and using the “Dictionary of
Natural Products”, CRC database.
4.5. Animals. Male albino Sprague−Dawley rats (130−150

g) were obtained from the National Research Centre’s animal
house colony in Giza, Cairo. The same hygienic conditions and
normal laboratory diet were used for all of the animals’ care.
Animal experiments were conducted following the guidelines of
the Animal Ethics Committee of the National Research Centre.
4.6. Carrageenan-Induced Rat Paw Edema Test. Acute

anti-inflammatory activity was assessed using a rat paw edema
model, with edema triggered by carrageenan.60 Rats were
divided into three groups (n = 6). The first group (control)
received 1 mL saline and the second group (standard) received
indomethacin (0.2 g/kg) orally. The third group received PFE
(2 g/kg) orally. One hour later, all animals received 0.1mL of 1%
carrageenan/saline by subcutaneous injection into the right paw
and 0.1 mL of saline in the left paw. Animals were scarified 4 h
after oral administration, and the weight of edema was
determined by weighing each of the two paws individually.

= ×% edema
right paw weight left paw weight

left paw weight
100

=

×

% inhibition
edema in control rats edema in drug treated rats

edema in control rats
100

Figure 4. KEGG pathway analysis of PFE-targeting genes.
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4.7. Selection of Compounds. The bioactive components
of PFE were computationally evaluated using F and DL metrics,
which are important in drug absorption, distribution, metabo-

lism, and excretion (ADME) features. Compounds were only
retained if DL ≥ 0.18 and F ≥ 30%met ADME requirements. In
this context, the F30% and DL of all chemical compounds were

Figure 5. 2D and 3D binding mode analyses of top four active constituents with TNF and AKT1. (A) Linoleic acid−TNF complex, (B) 9-
octadecenedioic acid−TNF complex, (C) 11,12,13-trihydroxy-9-octadecenoic acid−TNF complex, (D) rhamnetin-3-O-rhamnoside−TNF complex,
(E) linoleic acid−AKT1 complex, (F) 9-octadecenedioic acid−AKT1 complex, (G) 11,12,13-trihydroxy-9-octadecenoic acid−AKT1 complex, and
(H) rhamnetin-3-O-rhamnoside−AKT1 complex.
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determined using SwissADME (http://www.swissadme.ch/
)and ADMETlab (https://admetmesh.scbdd.com/).
4.8. Inflammation-Related Target Genes and Selected

Compounds. Binding DB retrieved on December 15 2022
(https://www.bindingdb.org/bind/index.jsp) was used to
estimate target genes of selected compounds based on SMILES
via the “homo sapiens” setting. During Binding DB prediction,
the “minimum needed interaction score” was selected to “high
confidence (0.700)”. The public DisGeNET database (http://
www.disgenet.org/) was utilized to identify inflammation-
related target genes on December 20, 2022.
4.9. Network Construction: Compounds−Overlap-

ping Genes Interactions. Cytoscape 3.9.1 (accessed 19
December 2022, https://cytoscape.org/) was utilized to build,
show, and explore the network interactions of Binding DB
prediction outcomes for compounds and intersecting genes.61

Nodes in the network represent biologically active compounds
and genes, whereas edges represent relations between
compounds and genes. PEF anti-inflammatory components
and hub genes were determined by assessing the network’s
topological construction and adjusting the “degree value” of
compounds or genes, respectively.62 The degree value of a
compound or gene reflects how many phytoconstituents or
genes the network contain. The anti-inflammatory impact of
PFE improved when the compound targeted more disease-
inducing genes.
4.10. Constructing a PPI Network. The information on

PPIs between the targets of selected PEF components was
collected by STRING, version 11.5. The website assigned a
score to mutual information of each protein. The more the
interaction between the two target proteins, the higher the score.
The study was rated reliable because high-confidence data >0.7
were used. The Cytoscape 3.9.1 program was used to create a
protein interaction network using the provided protein
interaction data. The cytoHubba plug-in was used to identify
hub genes.63

4.11. GO and KEGG Enrichment Analyses of Target
Proteins. Using DAVID v 6.8 software, the identified target
genes were evaluated for GO and KEGG analyses. GO analysis
was performed on cellular components (CC), molecular
functions (MF), and biological processes (BP). To predict the
possible anti-inflammatory molecular mechanism of PEF, a
KEGG pathway enrichment analysis was performed. SRPLOT
(accessed on 20 November 2022, http://bioinformatics.com.
cn/) was used to create GO and KEGG pathway bar charts.64

4.12.Molecular Docking.Themolecular docking tool used
was MOE 2015 (Molecular Operating Environment). TNF and
AKT1 crystal structures were available in the protein data bank
(PDB ID: 2AZ5, 3QKK). The structures of linoleic acid, 9-
octadecenedioic acid, 11,12,13-trihydroxy-9-octadecenoic acid,
and rhamnetin-3-O-rhamnoside were all developed with MOE’s
builder tool. The energy minimization method of the MOE
program was used to minimize the energy of the protein
molecule via the following variables: current geometry chiral
constraint, 0.05 gradient, and MMFF94X + solvation force field.
Energy minimization was halted once the root-mean-square
gradient >0.05. When the active site was determined, ten
different docked conformations for each compound were
generated. To examine binding patterns, the compounds’ lowest
energy conformation was chosen. The docking template was
based on the minimized protein structure.64

4.13. Statistical Analysis. Data were reported as mean ±
standard error. The significance of difference was established by

Student’s t-test. Values of P less than 0.01 were considered
significant.
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Perpiñá, E.; Caelles, C.; Pérez, P. Glucocorticoid Resistance:
Interference between the Glucocorticoid Receptor and the MAPK
Signalling Pathways. Int. J. Mol. Sci. 2021, 22, 10049.
(5) Alnusaire, T. S.; Qasim, S.; Al-Sanea, M. M.; Hendawy, O.; Uttra,
A. M.; Ahmed, S. R. Revealing the Underlying Mechanism of Acacia
Nilotica against Asthma from a Systematic Perspective: A Network
Pharmacology and Molecular Docking Study. Life 2023, 13, 411.
(6) Fürst, R.; Zündorf, I. Plant-derived anti-inflammatory com-
pounds: hopes and disappointments regarding the translation of
preclinical knowledge into clinical progress. Mediators Inflammation
2014, 2014, 1−9.
(7) Arbain, D.; Saputri, G. A.; Syahputra, G. S.; Widiyastuti, Y.;
Susanti, D.; Taher, M. Genus Pterocarpus: A review of ethno-
pharmacology, phytochemistry, biological activities, and clinical
evidence. J. Ethnopharmacol. 2021, 278, 114316.
(8) Jaisankar, I.; Varadan, R. J.; Jerard, B. A.; Nabanita, G.; Rajkumar,
M.; Velmurugan, A.; Ahmed, S. K. Z.; Moses, E. M. Natural
regeneration potential of Andaman Padauk (Pterocarpus dalber-
gioides) in sustaining the tropical forests of Andaman & Nicobar
Islands, India. Eurasian J. For. Res. 2022, 141, 535−546.
(9) Ahmed, S. R.; El-sherei, M. M.; Michel, C. G.; Musa, A.; Al-Sanea,
M. M.; Qasim, S. Botanical description, bioactivity guided isolation and
in silico mode of action of anti-diabetic constituents of Pterocarpus
dalbergioides flowers. S. Afr. J. Bot. 2022, 147, 163−175.
(10) Brandis, D. Indian trees; Bisen Singh Mahendra Pal Singh: India,
1921.Indian trees
(11) Seshadri, T. R. Polyphenols of Pterocarpus and Dalbergia woods.
Phytochemistry 1972, 11, 881−898.
(12) Michel, C.; El-sherei, M.; Islam, W.; Sleem, A.; Ahmed, S.
Bioactivity-guided fractionation of the stem bark extract of Pterocarpus
dalbergioides Roxb. ex Dc growing in Egypt. Bull. Fac. Pharm. (Cairo
Univ.) 2013, 51, 1−5.
(13) Murthy, Y. L. N.; Viswanadh, G. S.; Ramaiah, P. A.; Naidu, K. C.
S. Antidiabetic activity of heartwood extract of Pterocarpus
dalbergioides. J. Trop. Med. Plants 2003, 4, 181−184.
(14) Cho, J. Y.; Park, J.; Kim, P. S.; Yoo, E. S.; Baik, K. U.; Park, M. H.
Savinin, a lignan from Pterocarpus santalinus inhibits tumor necrosis
factor-α production and T cell proliferation. Biol. Pharm. Bull. 2001, 24,
167−171.
(15)Hougee, S.; Faber, J.; Sanders, A.; de Jong, R. B.; van den Berg,W.
B.; Garssen, J.; Hoijer, M. A.; Smit, H. F. Selective COX-2 inhibition by
a Pterocarpus marsupium extract characterized by pterostilbene, and its
activity in healthy human volunteers. Planta Med. 2005, 71, 387−392.
(16) Chakraborty, P.; Saraswat, G.; Kabir, S. N. α-Dihydroxychalcone-
glycoside (α-DHC) isolated from the heartwood of Pterocarpus
marsupium inhibits LPS induced MAPK activation and up regulates
HO-1 expression in murine RAW 264.7 macrophage. Toxicol. Appl.
Pharmacol. 2014, 277, 95−107.
(17) Ouédraogo, N.; Hay, A. E.; Ouédraogo, J. C. W.; Sawadogo, W.
R.; Tibiri, A.; Lompo, M.; Nikiema, J.-B.; Koudou, J.; Dijoux-Franca,
M.-G.; Guissou, I. P. Biological and phytochemical investigations of
extracts from Pterocarpus erinaceus Poir (Fabaceae) root barks. Afr. J.
Tradit., Complementary Altern. Med. 2017, 14, 187−195.
(18) Toukam, P. D.; Tagatsing, M. F.; Tchokouaha Yamthe, L. R.;
Baishya, G.; Barua, N. C.; Tchinda, A. T.; Mbafor, J. T. Novel saponin
and benzofuran isoflavonoid with in vitro anti-inflammatory and free
radical scavenging activities from the stem bark of Pterocarpus erinaceus
(Poir). Phytochem. Lett. 2018, 28, 69−75.
(19) Wu, S. F.; Chang, F. R.; Wang, S. Y.; Hwang, T. L.; Lee, C. L.;
Chen, S. L.; Wu, C. C.; Wu, Y. C. Anti-inflammatory and cytotoxic

neoflavonoids and benzofurans from Pterocarpus santalinus. J. Nat. Prod.
2011, 74, 989−996.
(20) Yi, T.; Fan, L. L.; Chen, H. L.; Zhu, G. Y.; Suen, H. M.; Tang, Y.
N.; Zhu, L.; Chu, C.; Zhao, Z. Z.; Chen, H. B. Comparative analysis of
diosgenin in Dioscorea species and related medicinal plants by UPLC-
DAD-MS. BMC Biochem. 2014, 15, 19.
(21) Chen, Q. L.; Zhu, L.; Tang, Y. N.; Kwan, H. Y.; Zhao, Z. Z.; Chen,
H. B.; Yi, T. Comparative evaluation of chemical profiles of three
representative’s now lotus’ herbs by UPLC-DAD-QTOF-MS com-
bined with principal component and hierarchical cluster analyses. Drug
Test. Anal. 2017, 9, 1105−1115.
(22)Wu, Q.; Li, X.; Jiang, X.W.; Yao, D.; Zhou, L. J.; Xu, Z. H.; Wang,
N.; Zhao, Q. C.; Zhang, Z. Yuan-Zhi decoction in the treatment of
Alzheimer’s disease: An integrated approach based on chemical
profiling, network pharmacology, molecular docking and experimental
evaluation. Front. Pharmacol 2022, 13, 893244.
(23) Li, S.; Zhang, B.; Zhang, N. Network target for screening
synergistic drug combinations with application to traditional Chinese
medicine. BMC Syst. Biol. 2011, 5, S10−S13.
(24) Chen, L.; Du, J.; Dai, Q.; Zhang, H.; Pang, W.; Hu, J. Prediction
of anti-tumor chemical probes of a traditional Chinese medicine
formula by HPLC fingerprinting combined with molecular docking.
Eur. J. Med. Chem. 2014, 83, 294−306.
(25) Owis, A. I.; El-Hawary, M. S.; El Amir, D.; Aly, O. M.;
Abdelmohsen, U. R.; Kamel, M. S. Molecular docking reveals the
potential of Salvadora persica flavonoids to inhibit COVID-19 virus
main protease. RSC Adv. 2020, 10, 19570−19575.
(26) Talzhanov, N.; Yamovoi, V.; Kulyyasov, A.; Turdybekov, K.;
Adekenov, S. 5β (H)-Austricin, a New Guaianolide from Artemisia
leucodes. Chem. Nat. Compd. 2004, 40, 129−133.
(27) Bokov, D.; Samylina, I.; Nikolov, S. Amaryllidaceae alkaloids
GC/MS analysis in Galanthus woronowii and Galanthus nivalis of
Russian origin. Res. J. Pharm., Biol. Chem. Sci. 2016, 7, 1625−1629.
(28) Ingalls, S. T.; Kriaris, M. S.; Xu, Y.; DeWulf, D.W.; Tserng, K.-Y.;
Hoppel, C. L. Method for isolation of non-esterified fatty acids and
several other classes of plasma lipids by column chromatography on
silica gel. J. Chromatogr. B: Biomed. Sci. Appl. 1993, 619, 9−19.
(29) Alias, A.; Hazni, H.; Mohd Jaafar, F.; Awang, K.; Hadiani Ismail,
N. Alkaloids from Fissistigma latifolium (Dunal) Merr. Molecules 2010,
15, 4583−4588.
(30) Xiao, H.-H.; Zhang, Y.; Cooper, R.; Yao, X.-S.; Wong, M.-S.
Phytochemicals and potential health effects of Sambucus williamsii
Hance (Jiegumu). Chin. Med. 2016, 11, 1−16.
(31) Adhikari-Devkota, A.; Dirar, A. I.; Kurizaki, A.; Tsushiro, K.;
Devkota, H. P. Extraction and Isolation of Kaempferol Glycosides from
the Leaves and Twigs of Lindera neesiana. Separations 2019, 6, 10.
(32) Lin, L.-C.; Pai, Y.-F.; Tsai, T.-H. Isolation of luteolin and luteolin-
7-O-glucoside from Dendranthema morifolium Ramat Tzvel and their
pharmacokinetics in rats. J. Agric. Food Chem. 2015, 63, 7700−7706.
(33) Yusuf, A.; Abdullahi, M.; Musa, A.; Haruna, A.; Mzozoyana, V.;
Sanusi, A. Isolation of epicatechin from the stem bark of Neocarya
macrophylla (Sabine) Prance (Chrysobalanaceae).Nig. J. Basic Appl. Sci.
2020, 27, 101−107.
(34) Prakash, S.; Elavarasan, N.; Subashini, K.; Kanaga, S.;
Dhandapan i , R . ; S i v anandam , M. ; Kumaradha s , P . ;
Thirunavukkarasu, C.; Sujatha, V. Isolation of hesperetin-A flavonoid
from Cordia sebestena flower extract through antioxidant assay guided
method and its antibacterial, anticancer effect on cervical cancer via in
vitro and in silico molecular docking studies. J. Mol. Struct. 2020, 1207,
127751.
(35) Steinmann, D.; Baumgartner, R. R.; Heiss, E. H.; Bartenstein, S.;
Atanasov, A. G.; Dirsch, V. M.; Ganzera, M.; Stuppner, H. Bioguided
isolation of (9Z)-octadec-9-enoic acid from Phellodendron amurense
Rupr. and identification of fatty acids as PTP1B inhibitors. Planta Med.
2012, 78, 219−224.
(36) Li, Y.-C.; Kuo, P.-C.; Yang, M.-L.; Chen, T.-Y.; Hwang, T.-L.;
Chiang, C.-C.; Thang, T. D.; Tuan, N. N.; Tzen, J. T. Chemical
constituents of the leaves of Peltophorum pterocarpum and their
bioactivity. Molecules 2019, 24, 240.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c02940
ACS Omega 2023, 8, 32544−32554

32553

https://doi.org/10.1016/j.ejphar.2015.01.026
https://doi.org/10.1016/j.ejphar.2015.01.026
https://doi.org/10.1007/s00228-019-02712-2
https://doi.org/10.1007/s00228-019-02712-2
https://doi.org/10.1007/s00228-019-02712-2
https://doi.org/10.3390/ijms221810049
https://doi.org/10.3390/ijms221810049
https://doi.org/10.3390/ijms221810049
https://doi.org/10.3390/life13020411
https://doi.org/10.3390/life13020411
https://doi.org/10.3390/life13020411
https://doi.org/10.1155/2014/146832
https://doi.org/10.1155/2014/146832
https://doi.org/10.1155/2014/146832
https://doi.org/10.1016/j.jep.2021.114316
https://doi.org/10.1016/j.jep.2021.114316
https://doi.org/10.1016/j.jep.2021.114316
https://doi.org/10.1007/s10342-022-01458-4
https://doi.org/10.1007/s10342-022-01458-4
https://doi.org/10.1007/s10342-022-01458-4
https://doi.org/10.1007/s10342-022-01458-4
https://doi.org/10.1016/j.sajb.2021.12.008
https://doi.org/10.1016/j.sajb.2021.12.008
https://doi.org/10.1016/j.sajb.2021.12.008
https://doi.org/10.1016/s0031-9422(00)88430-7
https://doi.org/10.1016/j.bfopcu.2012.07.003
https://doi.org/10.1016/j.bfopcu.2012.07.003
https://doi.org/10.1248/bpb.24.167
https://doi.org/10.1248/bpb.24.167
https://doi.org/10.1055/s-2005-864130
https://doi.org/10.1055/s-2005-864130
https://doi.org/10.1055/s-2005-864130
https://doi.org/10.1016/j.taap.2014.03.011
https://doi.org/10.1016/j.taap.2014.03.011
https://doi.org/10.1016/j.taap.2014.03.011
https://doi.org/10.1016/j.taap.2014.03.011
https://doi.org/10.21010/ajtcam.v14i1.21
https://doi.org/10.21010/ajtcam.v14i1.21
https://doi.org/10.1016/j.phytol.2018.09.006
https://doi.org/10.1016/j.phytol.2018.09.006
https://doi.org/10.1016/j.phytol.2018.09.006
https://doi.org/10.1016/j.phytol.2018.09.006
https://doi.org/10.1021/np100871g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/np100871g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1186/1471-2091-15-19
https://doi.org/10.1186/1471-2091-15-19
https://doi.org/10.1186/1471-2091-15-19
https://doi.org/10.1002/dta.2123
https://doi.org/10.1002/dta.2123
https://doi.org/10.1002/dta.2123
https://doi.org/10.3389/fphar.2022.893244
https://doi.org/10.3389/fphar.2022.893244
https://doi.org/10.3389/fphar.2022.893244
https://doi.org/10.3389/fphar.2022.893244
https://doi.org/10.1186/1752-0509-5-s1-s10
https://doi.org/10.1186/1752-0509-5-s1-s10
https://doi.org/10.1186/1752-0509-5-s1-s10
https://doi.org/10.1016/j.ejmech.2014.06.037
https://doi.org/10.1016/j.ejmech.2014.06.037
https://doi.org/10.1016/j.ejmech.2014.06.037
https://doi.org/10.1039/d0ra03582c
https://doi.org/10.1039/d0ra03582c
https://doi.org/10.1039/d0ra03582c
https://doi.org/10.1023/b:conc.0000033927.92754.bd
https://doi.org/10.1023/b:conc.0000033927.92754.bd
https://doi.org/10.1016/0378-4347(93)80441-6
https://doi.org/10.1016/0378-4347(93)80441-6
https://doi.org/10.1016/0378-4347(93)80441-6
https://doi.org/10.3390/molecules15074583
https://doi.org/10.1186/s13020-016-0106-9
https://doi.org/10.1186/s13020-016-0106-9
https://doi.org/10.3390/separations6010010
https://doi.org/10.3390/separations6010010
https://doi.org/10.1021/jf505848z?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jf505848z?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jf505848z?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.4314/njbas.v27i2.14
https://doi.org/10.4314/njbas.v27i2.14
https://doi.org/10.1016/j.molstruc.2020.127751
https://doi.org/10.1016/j.molstruc.2020.127751
https://doi.org/10.1016/j.molstruc.2020.127751
https://doi.org/10.1016/j.molstruc.2020.127751
https://doi.org/10.1055/s-0031-1280377
https://doi.org/10.1055/s-0031-1280377
https://doi.org/10.1055/s-0031-1280377
https://doi.org/10.3390/molecules24020240
https://doi.org/10.3390/molecules24020240
https://doi.org/10.3390/molecules24020240
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c02940?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(37) Patnala, S.; Kanfer, I. Alkaloids: alternatives in synthesis,
modification and application; Intech Ltd: London, 2017, pp 85−
101.Sceletium plant species: alkaloidal components, chemistry and
ethnopharmacology
(38) Liu, X.-T.; Wang, Z.-Z.; Xiao, W.; Zhao, H.-W.; Yu, B.
Cholestane glycosides and trihydroxy fatty acids from the rhizomes of
Dioscorea septemloba. Planta Med. 2010, 76, 291−294.
(39) Kim, H.; Gardner, H. W.; Hou, C. T. Production of isomeric 9,
10, 13 (9, 12, 13)-trihydroxy-11 E (10 E)-octadecenoic acid from
linoleic acid by Pseudomonas aeruginosa PR3. J. Ind. Microbiol.
Biotechnol. 2000, 25, 109−115.
(40) Chan, E. W.; Wong, S.; Lim, Y.; Ling, S. Caffeoylquinic acids in
leaves of selected Apocynaceae species: Their isolation and content.
Pharmacogn. Res. 2014, 6, 67.
(41) Ali, H.; Dixit, S.; Ali, D.; Ali, B. A.; Alkahtane, A. A.; Alarifi, S.;
Alakahtani, S. Isolation and evaluation of biological efficacy of quercetol
in human hepatic carcinoma cells. Drug Des., Dev. Ther. 2016, 10, 155.
(42) Park, J. B. Isolation and quantification of major chlorogenic acids
in three major instant coffee brands and their potential effects onH2O2-
induced mitochondrial membrane depolarization and apoptosis in PC-
12 cells. Food Funct. 2013, 4, 1632−1638.
(43) Tatke, P.; Desai, S.; Gabhe, S. Isolation of Quercetin-3-O-β-D-
Glucoside fromAzadirachta indica. Am. J. Phytomed. Clin. Ther. 2014, 2,
870−876.
(44)Hosny,M.; Zheng,M.-S.; Zhang, H.; Chang, H.-W.;Woo,M.-H.;
Son, J.-K.; Lee, S. K.-S. (−)-Catechin glycosides from Ulmus davidiana.
Arch. Pharmacal Res. 2014, 37, 698−705.
(45) Kim, Y.-K.; Kim, Y. S.; Choi, S. U.; Ryu, S. Y. Isolation of flavonol
rhamnosides from Loranthus tanakae and cytotoxic effect of them on
human tumor cell lines. Arch. Pharmacal Res. 2004, 27, 44−47.
(46) Zhao, M.; Du, L.; Tao, J.; Qian, D.; Shang, E.-x.; Jiang, S.; Guo, J.;
Liu, P.; Su, S.-l.; Duan, J.-a. Determination of metabolites of diosmetin-
7-O-glucoside by a newly isolated Escherichia coli from human gut using
UPLC-Q-TOF/MS. J. Agric. Food Chem. 2014, 62, 11441−11448.
(47) Yadav, A.; Singh, S. Effect of exogenous phytohormone treatment
on antioxidant activity, enzyme activity and phenolic content in wheat
sprouts and identification of metabolites of control and treated samples
by UHPLC-MS analysis. Food Res. Int. 2023, 169, 112811.
(48) Li, H.-B.; Jiang, Y.; Chen, F. Isolation and purification of lutein
from themicroalga Chlorella vulgaris by extraction after saponification. J.
Agric. Food Chem. 2002, 50, 1070−1072.
(49) Miyake, Y.; Yamamoto, K.; Osawa, T. Isolation of eriocitrin
(eriodictyol 7-rutinoside) from lemon fruit (Citrus limon BURM. f.)
and its antioxidative activity. Food Sci. Technol. Int. 1997, 3, 84−89.
(50) Scordino, M.; Sabatino, L.; Belligno, A.; Gagliano, G.
Characterization of polyphenolic compounds in unripe chinotto
(Citrus myrtifolia) fruit by HPLC/PDA/ESI/MS-MS. Nat. Prod.
Commun. 2011, 6, 1934578X1100601.
(51) Agócs, A.; Murillo, E.; Turcsi, E.; Béni, S.; Darcsi, A.; Szappanos,
Á.; Kurtán, T.; Deli, J. Isolation of allene carotenoids from mamey. J.
Food Compos. Anal. 2018, 65, 1−5.
(52) Dzoyem, J. P.; McGaw, L. J.; Kuete, V.; Bakowsky, U. Anti-
inflammatory and anti-nociceptive activities of African medicinal spices
and vegetables. Medicinal spices and vegetables from Africa; Academic
Press, 2017; pp 239−270.
(53) Saiki, P.; Kawano, Y.; Van Griensven, L. J.; Miyazaki, K. The anti-
inflammatory effect of Agaricus brasiliensis is partly due to its linoleic
acid content. Food Funct. 2017, 8, 4150−4158.
(54) Wiechers, J. W.; Rawlings, A. V.; Garcia, C.; Chesne, C.;
Balaguer, P.; Nicolas, J. C.; Corre, S.; Galibert, M. D. A newmechanism
of action for skin whitening agents: binding to the peroxisome
proliferator-activated receptor 1. Int. J. Cosmet. Sci. 2005, 27, 123−132.
(55)Wiechers, J. W.; Rawlings, A. V.; Lindner, N.; Cunliffe, W. J. Acne
and its therapy; CRC Press, 2007, p 137.B12 Treating Acne with
Octadecenedioic Acid: Mechanism of Action, Skin Delivery, and
Clinical Results
(56) Mondal, A.; Rajalingam, D.; Kumar Maity, T. Anti-inflammatory
effect of O-methylated flavonol 2-(3,4-dihydroxy-phenyl)-3,5-dihy-

droxy-7-methoxy-chromen-4-one obtained from Cassia sophera Linn in
rats. J. Ethnopharmacol. 2013, 147, 525−529.
(57) Jnawali, H. N.; Lee, E.; Jeong, K. W.; Shin, A.; Heo, Y. S.; Kim, Y.
Anti-inflammatory activity of rhamnetin and a model of its binding to c-
Jun NH2-terminal kinase 1 and p38 MAPK. J. Nat. Prod. 2014, 77,
258−263.
(58) Bradley, J. TNF-mediated inflammatory disease. J. Pathol. 2008,
214, 149−160.
(59) Di Lorenzo, A.; Fernández-Hernando, C.; Cirino, G.; Sessa, W.
C. Akt1 is critical for acute inflammation and histamine-mediated
vascular leakage. Proc. Natl. Acad. Sci. U.S.A. 2009, 106, 14552−14557.
(60) Winter, C. A.; Risley, E. A.; Nuss, G. W. Carrageenin-induced
edema in hind paw of the rat as an assay for antiinflammatory drugs.
Proc. Soc. Exp. Biol. Med. 1962, 111, 544−547.
(61) Gilson, M. K.; Liu, T.; Baitaluk, M.; Nicola, G.; Hwang, L.;
Chong, J. Binding DB in 2015: A public database for medicinal
chemistry, computational chemistry and systems pharmacology.Nucleic
Acids Res. 2016, 44, D1045−D1053.
(62) Guan, M.; Guo, L.; Ma, H.; Wu, H.; Fan, X. Network
pharmacology and molecular docking suggest the mechanism for
biological activity of rosmarinic acid. J. Evidence-Based Complementary
Altern. Med. 2021, 2021, 1−10.
(63) Alzarea, S. I.; Qasim, S.; Uttra, A. M.; Khan, Y. H.; Aljoufi, F. A.;
Ahmed, S. R.; Alanazi, M.; Malhi, T. H. Network Pharmacology and
Molecular Docking Based Prediction ofMechanism of Pharmacological
Attributes of Glutinol. Processes 2022, 10, 1492.
(64) Alzarea, S. I.; Qasim, S.; Afzal, M.; Alsaidan, O. A.; Alhassan, H.
H.; Alharbi, M.; Alqinyah, M.; Alenazi, F. S. Anandamide Reup-
takeInhibitor (VDM11) as a Possible Candidate for COVID 19
Associated Depression; A Combination of Network Pharmacology,
Molecular Docking and In Vivo Experimental Analysis. Processes 2023,
11, 143.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c02940
ACS Omega 2023, 8, 32544−32554

32554

https://doi.org/10.1055/s-0029-1186063
https://doi.org/10.1055/s-0029-1186063
https://doi.org/10.1038/sj.jim.7000041
https://doi.org/10.1038/sj.jim.7000041
https://doi.org/10.1038/sj.jim.7000041
https://doi.org/10.4103/0974-8490.122921
https://doi.org/10.4103/0974-8490.122921
https://doi.org/10.2147/dddt.s95275
https://doi.org/10.2147/dddt.s95275
https://doi.org/10.1039/c3fo60138b
https://doi.org/10.1039/c3fo60138b
https://doi.org/10.1039/c3fo60138b
https://doi.org/10.1039/c3fo60138b
https://doi.org/10.1007/s12272-013-0264-6
https://doi.org/10.1007/bf02980044
https://doi.org/10.1007/bf02980044
https://doi.org/10.1007/bf02980044
https://doi.org/10.1021/jf502676j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jf502676j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jf502676j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.foodres.2023.112811
https://doi.org/10.1016/j.foodres.2023.112811
https://doi.org/10.1016/j.foodres.2023.112811
https://doi.org/10.1016/j.foodres.2023.112811
https://doi.org/10.1021/jf010220b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jf010220b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3136/fsti9596t9798.3.84
https://doi.org/10.3136/fsti9596t9798.3.84
https://doi.org/10.3136/fsti9596t9798.3.84
https://doi.org/10.1177/1934578x1100601218
https://doi.org/10.1177/1934578x1100601218
https://doi.org/10.1016/j.jfca.2017.04.004
https://doi.org/10.1039/c7fo01172e
https://doi.org/10.1039/c7fo01172e
https://doi.org/10.1039/c7fo01172e
https://doi.org/10.1111/j.1467-2494.2004.00256.x
https://doi.org/10.1111/j.1467-2494.2004.00256.x
https://doi.org/10.1111/j.1467-2494.2004.00256.x
https://doi.org/10.1016/j.jep.2013.01.021
https://doi.org/10.1016/j.jep.2013.01.021
https://doi.org/10.1016/j.jep.2013.01.021
https://doi.org/10.1016/j.jep.2013.01.021
https://doi.org/10.1021/np400803n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/np400803n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/path.2287
https://doi.org/10.1073/pnas.0904073106
https://doi.org/10.1073/pnas.0904073106
https://doi.org/10.3181/00379727-111-27849
https://doi.org/10.3181/00379727-111-27849
https://doi.org/10.1093/nar/gkv1072
https://doi.org/10.1093/nar/gkv1072
https://doi.org/10.1155/2021/5190808
https://doi.org/10.1155/2021/5190808
https://doi.org/10.1155/2021/5190808
https://doi.org/10.3390/pr10081492
https://doi.org/10.3390/pr10081492
https://doi.org/10.3390/pr10081492
https://doi.org/10.3390/pr11010143
https://doi.org/10.3390/pr11010143
https://doi.org/10.3390/pr11010143
https://doi.org/10.3390/pr11010143
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c02940?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

