
Saudi Pharmaceutical Journal 31 (2023) 101681
Contents lists available at ScienceDirect

Saudi Pharmaceutical Journal

journal homepage: www.sciencedirect .com
Original article
Phyllanthus emblica (Amla) methanolic extract regulates multiple
checkpoints in 15-lipoxygenase mediated inflammopathies:
Computational simulation and in vitro evidence
https://doi.org/10.1016/j.jsps.2023.06.014
1319-0164/� 2023 Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: Acronym, Elaboration; DPPH, 2,2-diphenyl-1-picrylhydrazyl; GAE, Gallic acid equivalent; EC50, Half maximal effective concentration;
Hydroperoxyeicosatetraenoic acid; IC50, Half maximal inhibitory concentration; LOX, Lipoxygenase; FC, Folin–Ciocalteu; HRBCMS, Hypotonicity induced Human R
Cell Membrane Stabilization; MDS, Molecular dynamic simulation; ADMET, Absorption, Distribution, Metabolism, Excretion, Toxicity; PBS, Phosphate buffer sal
Prothrombin time; PDB, Protein data bank; QE, Quercetin equivalent; ROS, Reactive oxygen species; RMSD, Root mean square deviation; RMSF, Root mean square flu
Rg, Radius of gyration; TPC, Total phenolic content; TFC, Total flavonoid content; TTC, Total tannin content; P-L, protein–ligand.
⇑ Corresponding authors.

E-mail addresses: arman.sharif10@gmail.com (M.A. Sharif), mahmudarman0@gmail.com (A.M. Khan), salekeenrahagir@gmail.com (R. Salekeen), hafijur
hr10@gmail.com (M.H. Rahman), sakibnishan@gmail.com (S. Mahmud), shabana.bibi.stmu@gmail.com (S. Bibi), partha_160626@just.edu.bd (P. Biswas), mn.has
edu.bd (Md. Nazmul Hasan), didar950718@yahoo.com (K.M.D. Islam), manmr2018@gmail.com (S.M.M. Rahman), emdad@bge.ku.ac.bd (M.E. Islam), abdalshamm
edu.sa (A. Alshammari), mesalharbi@ksu.edu.sa (M. Alharbi), khiljia.hayee@gmail.com (A. Hayee).

1 These authors contributed equally to this study.

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Md. Arman Sharif a,1,⇑, Arman Mahmud Khan a,1, Rahagir Salekeen a, Md. Hafijur Rahman a, Sakib Mahmud a,
Shabana Bibi b,c,⇑, Partha Biswas d, Md. Nazmul Hasan d, Kazi Mohammed Didarul Islam a,
S.M. Mahbubur Rahman a, Md. Emdadul Islam a, Abdulrahman Alshammari e, Metab Alharbi e, Abdul Hayee f

aBiotechnology and Genetic Engineering Discipline, Life Science School, Khulna University, Khulna 9208, Bangladesh
bDepartment of Biosciences, Shifa Tameer-e-Millat University, Islamabad 41000, Pakistan
cYunnan Herbal Laboratory, College of Ecology and Environmental Sciences, Yunnan University, Kunming 650091, China
d Laboratory of Pharmaceutical Biotechnology and Bioinformatics, Department of Genetic Engineering and Biotechnology, Jashore University of Science and Technology, Jashore
7408, Bangladesh
eDepartment of Pharmacology and Toxicology, College of Pharmacy, King Saud University, Post Box 2455, Riyadh 11451, Saudi Arabia
fDepartment of Immunology, Faculty of Medicine, Academic Assembly, University of Toyama, Toyama, Japan
a r t i c l e i n f o

Article history:
Received 22 March 2023
Accepted 15 June 2023
Available online 21 June 2023

Keywords:
Antioxidant
Anti-inflammatory
Anticoagulation
Molecular docking
Molecular dynamic simulation
a b s t r a c t

Amla (Phyllanthus emblica) has long been used in traditional folk medicine to prevent and cure a variety of
inflammatory diseases. In this study, the antioxidant activity (DPPH scavenging and reducing power),
anti-inflammatory activity (RBC Membrane Stabilization and 15-LOX inhibition), and anticoagulation
activity (Serin protease inhibition and Prothrombin Time assays) of the methanolic extract of amla were
conducted. Amla exhibited a substantial amount of phenolic content (TPC: 663.53 mg GAE/g) and flavo-
noid content (TFC: 418.89 mg GAE/g). A strong DPPH scavenging effect was observed with an IC50 of
311.31 lg/ml as compared to standard ascorbic acid with an IC50 of 130.53 lg/ml. In reducing power
assay, the EC50 value of the extract was found to be 196.20 lg/ml compared to standard ascorbic acid
(EC50 = 33.83 lg/ml). The IC50 value of the RBC membrane stabilization and 15-LOX assays was observed
as 101.08 lg/ml (IC50 of 58.62 lg/ml for standard aspirin) and 195.98 lg/ml (IC50 of 19.62 lg/ml for stan-
dard quercetin), respectively. The extract also strongly inhibited serine protease (trypsin) activity with an
IC50 of 505.81 lg/ml (IC50 of 295.44 lg/ml for standard quercetin). The blood coagulation time (PTT) was
found to be 11.91 min for amla extract and 24.11 min for standard Warfarin. Thus, the findings of an
in vitro study revealed that the methanolic extract of amla contains significant antioxidant, anti-
inflammatory, and anticoagulation activity. Furthermore, in silico docking and simulation of reported
phytochemicals of amla with human 15-LOXA and 15-LOXB were carried out to validate the anti-
inflammatory activity of amla. In this analysis, epicatechin and catechin showed greater molecular
HPETE,
ed Blood
ine; PTT,
ctuation;

rahman.
an@just.
ari@ksu.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsps.2023.06.014&domain=pdf
https://doi.org/10.1016/j.jsps.2023.06.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:arman.sharif10@gmail.com
mailto:mahmudarman0@gmail.com
mailto:salekeenrahagir@gmail.com
mailto:hafijurrahman.hr10@gmail.com
mailto:hafijurrahman.hr10@gmail.com
mailto:sakibnishan@gmail.com
mailto:shabana.bibi.stmu@gmail.com
mailto:partha_160626@just.edu.bd
mailto:mn.hasan@just.edu.bd
mailto:mn.hasan@just.edu.bd
mailto:didar950718@yahoo.com
mailto:manmr2018@gmail.com
mailto:emdad@bge.ku.ac.bd
mailto:abdalshammari@ksu.edu.sa
mailto:abdalshammari@ksu.edu.sa
mailto:mesalharbi@ksu.edu.sa
mailto:khiljia.hayee@gmail.com
https://doi.org/10.1016/j.jsps.2023.06.014
http://www.sciencedirect.com/science/journal/13190164
http://www.sciencedirect.com


Md. Arman Sharif, A.M. Khan, R. Salekeen et al. Saudi Pharmaceutical Journal 31 (2023) 101681
interaction and were considerably stable throughout the 100 ns simulation with 15-lipoxygenase A (15-
LOXA) and 15-lipoxygenase B (15-LOXB) respectively.
� 2023 Published by Elsevier B.V. on behalf of King Saud University. This is anopen access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Reactive oxygen species (ROS) are free radical molecules that
are produced as by-products of metabolic processes in the cells,
primarily in mitochondria (Thannickal and Fanburg 2000). Ros is
necessary for maintaining cell signaling and immune responses
at a low concentration, but an elevated generation levels of ROS
accumulation can lead to oxidative stress in cellular systems and
result in adverse molecular effects (Kabel 2014). Subsequently,
these effects are related to various health complications, including
diabetes, cancer, inflammation, coronary-respiratory disease,
nephrological disease, and neurodegenerative illnesses such as Alz-
heimer’s disease (Birben et al., 2012, Umeno et al., 2017). Increased
ROS levels in the cell further induce lipoxygenase (LOX)-mediated
lipid peroxidation that utilizes cellular linolic acid or arachidonic
acid as substrates and resulting in the production of hydroxide
known as hydroperoxy eicosatetraenoic acid (HPETE) (Wisastra
and Dekker 2014). Under stress conditions, 15-LOX transforms
arachidonic acid into its equivalent lipid peroxides, which are sub-
sequently transformed into a variety of inflammatory mediators
(eoxins, 12-Hydroxyeicosatetraenoic Acid, and 15-
Hydroxyeicosatetraenoic Acid) in the presence of glutathione.
These inflammatory mediators upregulate the production of pro-
inflammatory cytokines (Eleftheriadis et al., 2016). Oxidative stress
also damages vascular endothelial cells and upregulates tissue fac-
tors that activate serine proteases, which are involved in the
extrinsic pathway of the coagulation cascade (Lopes-Pires et al.,
2021). Exogenous antioxidant consumption has been proposed as
a mechanism to overcome oxidative damage and pro-
inflammatory conditions (Islam et al., 2020).

Plant-derived extracts and preparations s have been utilized to
heal diseases as ethnotherapeutic approaches in Eastern medicine
due to their significant therapeutic characteristics for instance-
antiviral, antibacterial, antifungal, anti-inflammatory, and anti-
cancer properties with only a few adverse effects and toxicity
(Rahman et al., 2020, Rahman et al., 2020, Biswas et al., 2021,
Dey et al., 2022). Phyllanthus emblica (popularly known as Amla/
Amloki/ Amalaki/Indian Gooseberry) is well-known for its coarse
nutritional properties, but it also includes a wide range of phyto-
chemicals including tannins, mucic acid and phenolics (Variya
et al., 2016, Sohel et al., 2022). Due to its high content of essential
amino acids and micronutrients, P. emblica has traditionally been
used medicinally and as a nutritional tonic (Srivasuki 2012, Dey
et al., 2022). Preliminary studies have shown that P. emblica con-
tains a variety of pharmacological properties, including antioxi-
dants, anti-inflammatory, hepatoprotective, anticancer, analgesic,
antibacterial, antiviral, antidiabetic, laxative, antidiarrheal, neuro-
protective, cardioprotective activities (Gaire and Subedi 2014).
Several studies reported Chebulagic Acid, Gallic Acid, Chebulinic
Acid, Corilagin, Ellagic Acid, Rutin, Kaempferol, Wogonin, Epicate-
chin, Catechin, Resveratrol, Procyanidin B2, Myricetin, Hamameli-
tannin, Ethyl Gallate, Methyl Gallate, Quercetin-3-O-Rhamnoside,
Ascorbic Acid, Chlorogenic Acid, and Phyllanthin as potential phy-
tochemicals in P. emblica (Yang et al., 2012, Gaire and Subedi
2014). These phytochemicals are known for their different thera-
peutic activities.
2

So far, in general, it is evident that this plant has antioxidants,
anticoagulants, and anti-inflammatory activity. Several studies
focused on COX-2 inhibitory activity (Islam et al., 2022, Li et al.,
2022, Khan et al., 2023). But there is a lack of organized study that
focuses on 15-LOX. Few of the above-mentioned phytochemicals
are well-known to bind to 15-LOX but the information is sporadic
and those studies are not focused only on P. emblica. We hypothe-
size that these phytochemicals, in combination, might be responsi-
ble for the therapeutic properties of P. emblica. So, our study aims
to evaluate the antioxidant, anticoagulant, and anti-inflammatory
activity of P.emblica fruit extract. We also aim to validate the
interaction of potential phytochemicals to human 15-LOXA and 15-
LOXB by an in-silico docking study against potential phytochemicals
of P.emblica. The molecular interaction will be further assessed for
their stability by in-silico molecular dynamic simulation. This
research will help us understand the role of certain potential phyto-
chemicals, their interaction with human 15-LOX, in mediating
antioxidant, anticoagulant, and anti-inflammatory activity.

2. Materials and method

2.1. Collection of plant material

Fruits of Phyllanthus emblica were purchased from Gollamari
local market (https://goo.gl/maps/HdjfgTsg3HfLU1MW9), Khulna,
Bangladesh on October 20, 2021.

2.2. Preparation of extract

Before extraction, the amla fruits were cut into pieces and
washed thoroughly with distilled water and shade dried for four
weeks at ambient temperature. Then fruits of Amla were ground
into fine powder and stored in a dry, cool, and dark area in an air-
tight container. Nearly 20 g of the powdered fruits were extracted
using 200 mL of methanol. These mixtures were kept at 25 �C for
72 h with intermittent stirring. Samples were filtered and dried
at 55 �C in a rotary evaporator with lower pressure to obtain
methanolic crude extract (extract yield 2.53% of the dry plant
material).

2.3. Determination of antioxidant activity

2.3.1. DPPH free radical scavenging assay
The DPPH essay was conducted in accordance with (Brand-

Williams et al., 1995, Rahman et al., 2021, Hasan et al., 2022).
The percentage inhibition of DPPH was determined by using Eqn 1:

% Inhibition ¼
Absorbance of the blank� Absorbance of the sample

Absorbance of the blank
� 100

ð1Þ
2.3.2. Reducing power assay
The reducing power assay was conducted according to the pro-

cedure stated by (Afrin et al., 2021). The percentage increase in
reducing power was determined by using Eqn 2:
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%Reduction or %Inhibition ¼ Absorbance of sample� Absorbance of blank
Absorbance of sample

� 100

ð2Þ
2.4. Determination of phytochemical constitution

2.4.1. Total phenolic content
The total phenolic content assay of the samples was conducted

using the Folin–Ciocalteu (FC) reagent, as mentioned by (Rebaya
et al., 2015, Zilani et al., 2021). The optical density at 750 nm
was taken to determine the concentration of phenolic compounds.
A gallic acid standard curve was constructed from the absorbance
to quantify the concentration of phenolics in gallic acid equivalents
(GAE).

2.4.2. Total flavonoid content
The total flavonoid content (TFC) of the sample was determined

using the aluminum chloride spectrophotometric approach
described by (Rebaya et al., 2015). The flavonoid content was rep-
resented as a quercetin equivalent (QE).

2.4.3. Total tannin content
Total tannin content (TTC) was calculated according to the

procedure as stated before by the Polshettiwar et al., 2007
(Polshettiwar et al., 2007).

2.5. Determination of in vitro anti-inflammatory activity

2.5.1. Ethical approval for blood sampling from volunteers for research
5 mL blood samples were collected from each healthy individ-

ual (Khulna University students) with the assistance of medical
specialists from the Khulna University Medical Center, and all par-
ticipants provided prior informed consent. The ethical code
(KUAEC-2017/08/14) of the Khulna University Research Cell was
followed and agreed to for all of the experiments.

2.5.2. Hypotonicity induced human red blood cell membrane
stabilization (HRBCMS) assay

To perform this assay, blood samples were taken from healthy
volunteers and then transferred to EDTA tubes to prevent clotting.
The hypotonicity induced HRBCMS ex-vivo experiment was carried
out in accordance with previous study (Yesmin et al., 2020). The
percentage of inhibition of hemolysis was determined by using fol-
lowing Eqn 3:

% Inhibition of hemolysis ¼ 1� OD2� OD1
OD3� OD1

� �
� 100 ð3Þ

OD1 represents the optical density of an isotonic solution, OD2
the optical density of a hypotonic solution, and OD3 represents the
optical density of a hypotonic solution used as the control.

2.5.3. 15-lipoxygenase inhibition assay
The 15-LOX inhibition experiment was performed on the crude

extract using lyophilized 15-LOX (Extra pure soybean lipoxigenase
bought from Sigma Aldrich, US) in accordance with Wangensteen’s
original method with minor modifications (Pham et al., 2014).

50–400 g/mL aliquots of extract, standard (Quercetin), or blank
(0.1 M PBS) were combined with 975 mL 15-LOX solution (3,000 U/
mL; reconstituted with 0.2 M borate buffer; pH 9.0). To initiate the
reaction, each tube was filled halfway with 517.5 M linoleic acid
substrate solution (reconstituted with 0.2 M borate buffer; pH
9.0). For ten minutes, the solution’s absorbance was determined
at one-minute intervals.
3

Absorbance vs time plot for each sample was prepared
(DAbsorbance/DTime) and the slope was measured for enzyme
inhibition according to Eqn 4:.

%Inhibition ¼ SlopeðDAbsorbanceDTime ÞBlank � SlopeðDAbsorbanceDTime ÞTreatment

SlopeðDAbsorbanceDTime ÞBlank
ð4Þ
2.6. Determination of in vitro anti-coagulation activity

2.6.1. Serine protease inhibition assay
The serine protease inhibition experiment was conducted

according to the procedure stated by (Kunitz, 1947). the percent-
age of inhibition was determined, using Eqn 2

2.6.2. Prothrombin time (PTT) assay
The PTT was conducted in accordance with the procedure stated

by (Biswas et al., 2019) using human fresh blood collected from
healthy volunteers.

2.7. Statistical analysis

In each analysis, three replications were performed for each
concentration and negative control. The percent inhibition of each
concentration for all experiments was statistically tested against
the negative control using a one-tailed t-test with the following
p-values: 0.12 (ns), 0.033 (*), 0.002 (**), and 0.001 (***). Pearson
correlation was then used to analyze the linear relationship of each
dependent variable, where R2 � 1 indicates strong relation. All sta-
tistical analysis was carried out by Prism (GraphPad 9.3.1)
software.

2.8. In silico study

2.8.1. Compound library construction and physicochemical property
prediction

A library of 20 previously documented phytochemicals
extracted from P. embelica using mass spectrometry was con-
structed after a comprehensive literature analysis. Swiss-ADME
and pkCSM servers were employed to determine physicochemical
properties and Absorption, Distribution, Metabolism, Excretion,
Toxicity (ADMET) (Pires et al., 2015, Daina et al., 2017, Morshed
et al., 2022, Jabin et al., 2023).

2.8.2. Retrieval and preparation of target proteins
15-LOXB (PDB ID:4NRE) was retrieved from Protein Data Bank

(PDB). On the other hand, 15-LOXA was constructed from its fasta
sequence (Accession no:P16050.3) through homology modelling
server ‘HHpred’ on default settings (Söding et al., 2005). Following
that, Procheck server was used to validate the constructed
3D structure of 15-LOXA with Ramachandran plot (Laskowski
et al., 2006).

2.8.3. Molecular docking study
UCSF Chimera used for molecular optimization of ligands and

target proteins (15-LOXA and 15-LOXB) (Pettersen et al., 2004).
Afterward, molecular docking was performed using PyRx
(version-0.8) to predict binding affinity of compounds with active
sites of the structures of 15-LOXB and 15-LOXA (Arefin et al.,
2021, Dey et al., 2022). After molecular interaction analysis, hydro-
gen bond and hydrophobic interactions were visualized using Lig-
Plot+ (version-2.2.4) (Biswas et al., 2022, Ferdausi et al., 2022,
Hasan et al., 2022). A widely used nonsteroidal anti-
inflammatory drug ibuprofen (PubChem CID-3672) was considered
as standard (Bushra and Aslam 2010).



Fig. 1. Antioxidant assays of tested crude methanolic extract of P. emblica. (A) % inhibition of DPPH free radical (B) IC50 (lg/ml) value (Mean ± SD) of DPPH free radical
scavenging assay;(c) % reduction in reducing power assay (D) EC50 (lg/ml) value (Mean ± SD) of reducing power assay;(*** indicates p < 0.001 compared with respect to
control group).

Md. Arman Sharif, A.M. Khan, R. Salekeen et al. Saudi Pharmaceutical Journal 31 (2023) 101681
2.8.4. Molecular dynamic simulation (MDS)
The molecular dynamics simulation (100 ns) was undertaken to

determine the stability of the protein–ligand complex through the
‘‘Desmond v3.6 Program”, which is run on a linux interface. RMSF,
RMSD, protein–ligand contacts, intramolecular hydrogen bonds
and radius of gyration (Rg) were used to measure the stability of
the protein–ligand (P-L) complex structure (Khan et al., 2021,
Abdullah et al., 2023, Andalib et al., 2023, Biswas et al., 2023).

3. Results

3.1. Determination of antioxidant activity

At the highest concentration (400 lg/ml) the scavenging capac-
ity of the extract was 53.56%, whereas the ascorbic acid scavenging
capacity was 72.47%. In DPPH assay, the extract exhibited signifi-
cant (P < 0.001) antioxidant activity with an IC50 of 311.31 lg/
mL compared to standard ascorbic acid (IC50 of 130.53 lg/mL).
The sample also expressed antioxidant activity (P < 0.001) in
reducing power assay with EC50 of 196.20 lg/ml whereas, the
EC50 value of standard ascorbic acid was 33.83 lg/ml (Fig. 1).
4

3.2. Determination of phytochemical constitution

The methanolic extract of P. emblica expressed a potent amount
of phenolic, flavonoid, and tannin content. The extract exhibited
663.53 mg and 337.5 mg of GAE/g dry extract of phenolic and tan-
nin content respectively whereas 418.89 mg of QE/g dry extract of
flavonoid was found (Fig. 2).
3.3. Determination of in vitro anti-inflammatory activity

The 15-LOX inhibition assay demonstrated that P. emblica sub-
stantially inhibited the peroxidation of linoleic acid by soybean
lipoxygenase in a dose-dependent manner. The methanolic extract
of amla prominently inhibited 15-LOX with IC50 of 195.98 lg/mL
compared to Quercetin with 19.62 lg/ml. In the case of
hypotonicity-induced hemolysis assay, similar trends were
observed where P. emblica extract exhibited inhibitory potential
after the reference standard (Aspirin). IC50 value of extract was
found 101.08 lg/ml while standard quercetin had the IC50 of
58.62 lg/ml (Fig. 3).



Fig. 2. Quantitative analysis of phytochemical constitution (Mean ± SD) of crude
extract of P. embilica.

Fig. 3. Anti-inflammatory assays of tested crude methanolic extract of P. embilica. (A) % in
(Mean ± SD) of hypotonicity induced HRBCMS assay;(C) % inhibition of 15-LOX; (D) IC
p < 0.002 and *** indicates p < 0.001 compared with respect to control group).
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3.4. Determination of in vitro anti-coagulation activity

The serine protease inhibition and prothrombin time assay
were conducted to determine the anti-coagulation activity of the
sample. The extract inhibited trypsin with an IC50 of 505.81 lg/
ml compared to standard quercetin (IC50 of 295.44 lg/ml). The
prothrombin time assay indicated that clotting time was
concentration-dependent for the sample tested. The longest time
to clot was with standard warfarin (24.11 min at 800 lg/mL). At
the concentration of 800 lg/mL, methanolic extract of Phyllanthus
emblica required 11.91 min for full clotting (Fig. 4).

3.5. Correlation analysis

A linear relationship was detected among antioxidant activity,
anti-inflammatory, and anti-coagulation properties (Fig. 5). The
R2 values for DPPH, reducing power, hemolysis, and serin protease
assay range from 0.70 to 0.95, however 15-LOX inhibition and PTT
assay did not correlate significantly. The correlation between the
15-LOX inhibition assay and the hemolysis assay was strong.

3.6. In silico study

3.6.1. Structure evaluation of 15-LOXA through Ramachandran plot
If more than 90% of the amino acids are positioned in the most

preferred area, the protein is considered to be well structured (Bilal
hibition of hemolysis in hypotonicity induced HRBCMS assay; (B) IC50 (lg/ml) value
50 (lg/ml) value (Mean ± SD) of 15-LOX assay;(* indicates p < 0.033; ** indicates



Fig. 4. Anti-coagulation assays of tested crude methanolic extract of P. embilica. (A) % inhibition of trypsin in serine-protease inhibition assay (B) IC50 (lg/ml) value
(Mean ± SD) of Serine protease inhibition assay; (C) Coagulation time of sample and standard in a dose-dependent manner;(* indicates p < 0.033; ** indicates p < 0.002 and ***
indicates p < 0.001 compared with respect to control group).
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et al., 2009). The generated 3D structure of 15-LOXA exhibited
greater quality in the Ramachandran plot, with 534 (93.7 percent)
residues in the most favorable positions (A, B, L) and the remaining
36 residues (6.3 percent) in additional permitted areas (a, b, l, p)
(Fig. 6).
3.6.2. Physicochemical property analysis of reported compounds
All of the reported phytocompounds were tested for drug-

likeness and toxicity. Table 1 displays the preferred phytochemi-
cals along with their physicochemical and ADMET profiles.
3.6.3. Molecular docking and post docking analysis
Following ADMET profiling 9 phytochemicals were selected for

molecular interaction analysis. The docking score of selected phy-
tochemicals was plotted in Fig. 6. Considering the docking score,
hydrogen bonds and hydrophobic interaction with 15-LOXB, three
compounds, Catechin (PubChem CID-9064), Chlorogenic acid (Pub-
Chem CID-1794427), and Ellagic acid (PubChem CID-5281855)
were selected for further investigation (Fig. 8). Additionally,
Epicatechin (PubChem CID-72276), Chlorogenic acid (PubChem
CID-1794427), and Ascorbic acid (PubChem CID-54670067)
demonstrated potential interactions with the 15-LOXA (Fig. 7).

The structural investigation of the P-L complex using Lig-
plot + revealed the protein and ligands interaction via hydrogen
and hydrophobic interactions (Table 2) Fig. 10. The control ligand
Ibuprofen was found to be stabilized by 3 respective hydrogen
bonds for both 15-LOXA and 15-LOXB enzymes. On the other hand,
Epicatechin showed 5 hydrogen bonds and Chlorogenic acid and
Ascorbic acid exhibited 6 and 9 hydrogen bonds respectively
against 15-LOXA. In addition, Catechin, Chlorogenic acid and Ella-
6

gic acid stabilized with 5,6 and 7 hydrogen bonds respectively
against 15-LOXB (Fig. 9).
3.6.4. Molecular dynamic simulation
3.6.4.1. RMSD analysis. The root mean square deviation (RMSD) of a
P-L complex enables the determination of the mean distance
caused by complex dislocation from specific frame over a specified
time period. It is quite acceptable to have a change in mean or
average value of 1–3 Å or 0.1–0.3 nm between frames, but a change
outside of this range suggests a major conformational shift in the
protein (Sinha and Wang 2020). The RMSD was found by compar-
ing the structures of the three compounds: catechin (blue), chloro-
genic acid (red), and ellagic acid (green) complexed with the
protein 15-LOXB, as shown in Fig. 12 (a). All of the compounds
had RMSDs between 0.9 Å and 2.8 Å, compared to control Ibupro-
fen. Similarly, the RMSD of the compounds epicatechin (blue),
chlorogenic acid (red), ascorbic acid (green), and control ibuprofen
(violate) with the protein 15-LOXA has been calculated (Fig. 11 (a))
where Epicatechin and Ascorbic acid showed considerable fluctua-
tion ranging from 1.2 to 3.3 Å. On the other hand, Chlorogenic acid
had higher RMSD up to 4.2 Å with a median value of 3.6 Å.
3.6.4.2. RMSF analysis. Root mean square fluctuation (RMSF) is a
measure of how much a protein amino acid residue has fluctuated
from a standard position over time. This is important for character-
izing proteins since it may be used to determine the flexibility and
fluctuation of the residues in the course of the simulation (Sinha
and Wang 2020). The RMSF values of the catechin (blue), chloro-
genic acid (Red), ellagic acid (green) and control ibuprofen (vio-
late), in complex with the 15-LOXB, were ranged between 0.40 Å



Fig. 5. Correlation of antioxidant, anti-inflammatory and anticoagulation activity through Pearson square test, where R2 denotes Correlation coefficient.

Fig. 6. The 3D structure of 15-LOX A is represented in (A), and the Ramachandran plot is outlined in (B). In this plot, 93.7 percent of the amino acid residue was found in the
most favored locations.
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Table 1
ADMET Profiling of reported bio-active compound of P.emblica.

Phytochemicals P-CID MW #HA NRB HBA HBD TPSA iLogP BBB IA(%
Absorbed)

TC(log ml/
min/kg)

LD50
(mol/kg)

HT AT NV

Chebulagic Acid CID: 442,674 954.66 68 5 27 13 447.09 0.42 – 95.705 �2.64 2.48 – – 3
Gallic Acid CID: 370 170.12 12 1 5 4 97.99 0.21 – 43.37 0.518 2.22 – – 0
Chebulinic Acid CID: 72,284 956.68 68 12 27 13 447.09 0.95 – 34.33 �2.11 2.5 – – 3
Corilagin CID: 73,568 634.45 45 3 18 11 310.66 2.03 – 58.51 0.23 2.5 – – 3
Ellagic Acid CID: 5,281,855 302.19 22 0 8 4 141.34 0.79 – 86.68 0.54 2.4 – – 0
Rutin CID: 5,280,805 610.52 43 6 16 10 269.43 1.58 – 23.45 �0.369 2.49 – – 3
Kaempferol CID: 5,280,863 286.24 21 1 6 4 111.13 1.7 – 74.29 0.477 2.449 – – 0
Wogonin CID: 5,281,703 284.26 21 2 5 2 79.9 2.55 – 92.68 0.294 2.265 – – 0
Epicatechin CID: 72,276 290.27 21 1 6 5 110.34 1.47 – 68.83 0.183 2.428 – – 0
Catechin CID: 9064 290.27 21 1 6 5 110.38 1.47 – 68.83 0.183 2.428 – – 0
Resveratrol CID: 445,154 228.24 17 2 3 3 60.69 1.71 + 90.94 0.076 2.53 – + 0
Procyanidin B2 CID: 122,738 578.52 42 3 12 10 220.76 1.35 – 66.75 �0.085 2.482 – – 3
Myricetin CID: 5,281,672 318.24 23 1 8 6 151.59 1.08 – 65.93 0.422 2.5 – – 1
Hamamelitannin CID: 44,584,241 484.36 34 8 14 9 243.9 0.6 – 18.6 0.446 2.51 – – 2
Ethyl Gallate CID: 13,250 198.17 14 3 5 3 86.99 1.21 – 76.7 0.674 1.94 – + 0
Methyl Gallate CID: 7428 184.15 13 2 5 3 86.99 0.97 – 76.635 0.635 1.9 – + 0
Quercetin-3-O-Rhamnoside CID: 5,280,459 448.38 32 3 11 7 190.28 1.6 – 52.71 0.364 2.586 – – 2
Ascorbic Acid CID: 54,670,067 172.12 12 2 6 4 107.22 �3.17 – 39.154 0.631 1.063 – – 0
Chlorogenic Acid CID: 1,794,427 354.31 25 5 9 5 164.75 0.96 – 36.377 0.31 1.973 – – 0
Phyllanthin CID: 358,901 418.52 30 13 6 0 55.38 4.26 + 98.349 0.591 2.325 – – 0

P-CID = PubChem; CID MW = molecular weight (g/mol); #HA = number of heavy atoms; NRB = No. of rotatable bonds; HBA = hydrogen bond acceptor; HBD = hydrogen bond
donor; TPSA = Topological polar surface area; iLogP = The n-octanol/water partition coefficient; BBB = Blood-Brain Barrier; IA = Intestinal absorption; TC = Total clearance (log
ml/min/kg); LD50 = Oral rat acute toxicity; HT = Hepatotoxicity; AT = AMES toxicity; NV = No. of Lipinski’s rule violations.

Fig. 7. Docking score of selected phytochemicals.
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and 7.2 Å, as shown in Fig. 12-b. Chlorogenic acid showed higher
RMSF with a and average 0.99 Å. Additionally, the RMSF of
15-LOXA in respect to selected compounds epicatechin (blue),
chlorogenic acid (red), ascorbic acid (green), and control ibuprofen
(violate) had shown fluctuation up to 5.66 Å (Fig. 11-b).

3.6.4.3. The radius of gyration (Rg) analysis. The radius of gyration
(Rg) of an interacting complex can be defined as the configuration
of its atoms around its axis. The calculation of Rg is one of the most
important indicators to look for when anticipating a macro-
molecule’s structural functioning because it shows variations in
complex compactness across the simulation time (Sinha and
Wang 2020). As a result, as shown in the Fig. 12(c), catechin (blue),
chlorogenic acid (red), ellagic acid (green) and ibuprofen (violate)
in interaction with the targeted protein 15-LOXB were studied in
8

terms of Rg throughout a 100-ns simulation duration. All the
compounds showed greater compactness, where Chlorogenic acid
had the highest Rg value with an average of 4.64 Å. Similarly, epi-
catechin (blue), chlorogenic acid (red), ascorbic acid (green), and
control ibuprofen (violate) complexed with 15-LOXA showed Rg
value ranged from 2.3 to 4.3 Å, delineated in Fig. 11-c, indicating
that the protein’s binding site does not undergo major structural
changes when the ligand compounds are bound (Javaid et al.,
2018).

3.6.4.4. Analysis of intramolecular bonds. Over the course of the
100 ns simulation duration, the protein in complex with the spec-
ified ligands and their intramolecular interactions have been inves-
tigated using the ‘‘Simulation Interactions Diagram (SID)”. These
interactions (or ‘contacts’) of the compounds, and control with



Fig. 8. Interaction analysis (3D) of 15-LOXA with Epicatechin (A), Chlorogenic acid (B), Ascorbic acid (C), control ibuprofen (D).

Table 2
Analysis of the binding affinities of top candidate ligands with 15-lipoxygenase A and 15-lipoxygenase B compared to control ligand.

Target
porotein

Pubchem CID Hydrogen bond Hydrophobic interaction

15-LOXB Catechin ASP625(2.96), ARG407(3.02), HIS394(2.87), TYR149(3.20), ARG145(3.05) TYR107, GLN108, LEU389, ASN173, ILE174, ILE403
Chlorogenic
acid

ASN173(2.98), ARG145(2.80), GLN108(3.05,2.95), VAL117(2.82), GLN137(2.96) ILE403, PHE399, TYR107, HIS394, MET148, GLU141,
LEU116

Ellagic acid ARG618(2.91), ARG407 (2.94, 2.98), TRP109 (2.97), ALA13 (3.20), GLU12 (3.12,
2.96)

ARG90, GLY11, ALA16, PHE88, ASP625

Ibuprofen TYR408(3.15), LEU172(3.00), LYS175(2.88) SER177, ALA13, ARG407, GLY11, GLU12, ARG90,
PHE88, TRP109, ASN173

15-LOXA Epicatechin GLU610(2.80), GLU609(3.03), TYR394(2.92), VAL601(2.93), LYS169(3.04) HIS608, VAL603, ASN78, PHE76, TYR96, ARG393
Chlorogenic
acid

GLU609 (3.16), GLN599 (2.80), VAL601 (3.23), GLU656 (2.83, 2.71), SER658
(3.10)

HIS608, TYR394, VAL603, GLU610, LEU166, LYS169,
MET602

Ascorbic acid GLU609 (3.20), ASN78 (3.33, 2.84), ARG393 (3.13, 3.24, 2.96), TYR394 (2.95),
HIS608 (2.99, 3.12)

GLU610, GLY10, LEU166, PHE76

Ibuprofen ARG393 (2.98, 3.26), HIS608 (3.10) LYS169, ASP168, TYR394, LEU166, GLU610, GLU609
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15-LOXB (PDB ID: 4NRE), and with 15-LOXA has been described,
and shown in Fig. 13(a) and Fig. 13(b) respectively. It was shown
that all compounds generated multiple connections via hydrogen,
9

hydrophobic, ionic, and Water Bridge bonding and maintained
these connections until the simulation finished, facilitating the
creation of a stable binding with the targeted proteins.



Fig. 9. Interaction analysis (3D) of 15-LOXB with Catechin (A), Chlorogenic acid (B), Ellagic acid (C), control ibuprofen (D).

Md. Arman Sharif, A.M. Khan, R. Salekeen et al. Saudi Pharmaceutical Journal 31 (2023) 101681
4. Discussion

Under healthy conditions, oxidation and the generation of free
radicals are normal phenomena, but when body cells are overrun
by ROS, that leads to chronic inflammation, coagulation, and many
other diseases. Nonsteroidal anti-inflammatory medicines
(NSAIDs) and synthetic antioxidants are commonly recommended
to treat oxidative damage and inflammation, but they have possi-
ble side effects and interact with other therapies (Lazzaroni and
Bianchi Porro 2004). Plant derived bioactive substances could be
a promising alternative and safe treatment agent for oxidative
and inflammatory illnesses (Poulsen et al., 2020). As a result, the
methanolic extract of Amla was studied in this study as a possible
source of antioxidation, anticoagulant, and anti-inflammatory
10
potential. Organic polar solvents such as methanol are commonly
employed to extract highly polar bioactive compounds like pheno-
lics and flavonoids (Chaves et al., 2020). Several investigations into
methanolic extract of amla have been conducted to evaluate its
bioactive properties, and each study has shown that methanolic
extract exhibits substantial phenolic and flavonoid content (Liu
et al., 2008, Liu et al., 2008, Yang and Liu 2014, Sheoran et al.,
2019).

Both the DPPH and reducing power assay certify antioxidant
presence in the test extract compared to the standard. Several
studies on Amla that used different assays to evaluate the antiox-
idant capacity also concluded that Amla is a potent source of
antioxidants even much more than vitamin C (Khopde et al.,
2001, Somasekhar et al., 2016). This study identified a substantial



Fig. 10. 2D interaction analysis using the Ligplot +. (A-D) shows the interaction between 15-LOXA and ligands where the indicators represent Epicatechin (A), Chlorogenic
acid (B), Ascorbic acid (C), control ibuprofen (D). On the other hand, (E-H) shows the interaction of 15-LOXB with ligands where the indicators represent Catechin (E),
Chlorogenic acid (F), Ellagic acid (G), control ibuprofen (H).
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quantity of phenols, flavonoids, and tannin compounds. Some pre-
vious studies with different solvent extraction also validated the
presence of a significant amount of phenolics in Amla extracts
(Kumar et al., 2017, Li et al., 2019, Luan et al., 2019). The anti-
inflammatory effects of the extracts were determined using two
distinct approaches in our investigation. At a relatively low IC50

value, the methanolic extract was found to have the greatest
11
capacity to protect RBC lysis against hyposaline compared to stan-
dard Quercetin. The anti-inflammatory activity of Amla has also
been identified by previous studies using different extraction sys-
tems (Li et al., 2020). Several investigations in rodents used car-
rageenan to stimulate the cyclooxygenase pathway, where amla
extract displayed substantial anti-inflammatory effect (Ihantola-
Vormisto et al., 1997, Golechha et al., 2014). However, no research



Fig. 11. RMSD (a), RMSF (b) and Rg (c) value of 100 ns MDS evaluations of target 15-LOXA complexed with three compounds epicatechin (A), chlorogenic acid (B), ascorbic
acid (C) and control ibuprofen (D).
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has been undertaken on the inhibitory activity of amla fruit in the
15-LOX pathway. So, in this study, anti-15 LOX activity was
assessed through in vitro and in silico approaches.

The potential anticoagulation activity was validated by pro-
thrombin time (PTT) assay and serine protease inhibition assay.
While both assays substantiated a significant amount of anticoag-
ulant in a concentration dependent manner compared to standard.
Throughout the study, the negative control and test sample data
were statistically evaluated by t-test to determine the level of sig-
nificance of extract in each concentration of every experiment. All
p-values<0.033 validated that the variance between group means
of control and test samples are statistically significant. The R
squared value from correlation analysis, being close to + 1, demon-
strated that there is a strong linear correlation among antioxidant,
anticoagulation and anti-inflammatory activity of the test sample.
Some research evidently designated that polyphenols and
polyphenol-rich extracts inhibit oxidation as well as show antico-
agulant and anti-inflammatory properties simultaneously (Bijak
et al., 2014, Yahfoufi et al., 2018). The antioxidant, anti-
inflammatory and anticoagulant characteristics of phenolic
compounds are well known for their ability to cause proton loss,
chelate formation, and radical neutralization, among other quali-
ties (Bijak et al., 2014, Yahfoufi et al., 2018, Hernandez-Ledesma
and Martinez-Villaluenga 2021). These phenolic compounds in
amla extract, that was validated by the significant amount of total
phenolic content, played a vital role in antioxidant, anti-
inflammatory and anticoagulation capacity of Amla extract.
12
The in vitro assay was conducted using soybean 15-LOX, a
prototype mimicking mammalian lipoxygenase, to evaluate the
anti-inflammatory potential of amla crude extract. Then, employ-
ing documented phytochemicals from amla, in-silico docking and
MDS were conducted against human 15-LOX to validate the anti-
inflammatory potentials in humans. Additionally, all of the
selected phytochemicals demonstrated higher binding efficacy
than LOXs substrates linolic and arachidonic acid in docking stud-
ies against 15-LOXB and 15-LOXA. In molecular dynamic simula-
tion of the P-L complex, chlorogenic acid was less stable than
other compounds. Epicatechin and ascorbic acid exhibited greater
compactness and stability with 15-LOXA, whereas catechin and
ellagic acid were stable in contact with 15-LOXB. Therefore, on
the basis of molecular docking and molecular dynamic simulation
studies, epicatechin and catechin were identified as lead com-
pounds to block 15-LOXA and 15-LOXB respectively. Many studies
have confirmed our results that catechin and epicatechin have
potent anti-inflammatory properties (Kürbitz et al., 2011, Stohs
and Bagchi 2015, Prakash et al., 2019).

In the in vitro studies (15-LOX inhibition assay and serine pro-
tease inhibition assay), it has been found that the crude amla
extract substantially inhibited the 15-LOX enzyme (potential
inflammatory mediator) and serine protease enzyme, which
indicates the bioactive compounds in the extract can act as anti-
inflammatory agents against the 15-LOX-mediated inflam-
mopathies. Furthermore, in silicomolecular docking against human
15-LOXs and MDS analysis were performed to validate the



Fig. 12. RMSD (a), RMSF (b) and Rg (c) value of 100 ns MDS evaluations of target 15-LOXB complexed with three compounds catechin (A), chlorogenic acid (B), ellagic acid (C)
and control ibuprofen (D).
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anti-inflammatory potential of amla. These in vitro and in silico
studies support that amla-containing phytochemicals possess sig-
nificant anti-inflammatory potential by effectively blocking 15-
LOX, thereby preventing the pathological conditions regulated by
15-LOX.
5. Conclusion

The current study clearly showed that methanolic extract of
amla exhibited possible antioxidant, anti-inflammatory, and anti-
coagulation characteristics, notably validating the use of amla fruit
in traditional medicine to treat inflammation and coagulation. Fur-
thermore, this result implies the identification and isolation of
specific compounds responsible for those activities using
mass spectrometry and trail in vitro and in vivo for further
investigation.
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Fig. 13. Stacked bar chart of intramolecular interactions of target proteins with their respective ligands throughout the 100 ns simulation. The ligand-interaction with 15-
LOXB is depicted in (a), where the indications represent epicatechin (a-A), chlorogenic acid (a-B), ascorbic acid (a-C) and control ibuprofen (a-D). On the other hand, the
interactions of 15-LOXA with associated ligands are depicted in (b), where the indications represent catechin (b-A), chlorogenic acid (b-B), ellagic acid (b-C) and control
ibuprofen (b-D).
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