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Millettia peguensis, popular for its ethnopharmacological uses, was employed to evaluate its different
pharmacological properties in this study. The analgesic studies of the plant have been performed by
acetic acid-induced writhing and formalin-induced licking tests respectively, whereas the antidiarrheal
experiment was done by castor oil-induced diarrheal test. Besides, antioxidant, cytotoxic, antimicrobial,
thrombolytic evaluations were performed by DPPH scavenging with phenol content determination, brine
shrimp lethality, disc diffusion and clot lysis methods respectively. Moreover, in silico study of the phy-
toconstituents was carried out by molecular docking and ADME/T analysis.
The methanol extract of Millettia peguensis (MEMP) revealed significant biological activity in the anal-

gesic and antidiarrheal test (p < 0.001) compared to the standards. Antioxidant assay displayed promising
IC50 values (15.96 lg/mL) with the total phenol content (65.27 ± 1.24 mg GAE/g). In the cytotoxicity
study, the LC50 value was found to be 1.094 lg/mL. Besides, MEMP was highly sensitive to the bacteria
but less liable to clot lysis. Furthermore, phytoconstituents exposed potential binding affinity towards
the selected receptors, whereas the ADME/T properties indicated the drug likeliness of the plant. The out-
comes of these findings suggest the therapeutic potential of this plant against pain, diarrhea, inflamma-
tion, and tissue toxicity.
� 2020 The Author(s). 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/).
1. Introduction

Inflammation has been reported to happen via multiple mech-
anisms and by varying mediators resulting in a wide variety of
deleterious effects including necrosis, degeneration and different
types of exudation (Medzhitov, 2008). However, analgesic drugs
are used to manage the pain, inflammation and categorized as opi-
oids (morphine, fentanyl), NSAIDs and some newer approaches
(gabapentin, carbamazepine, ketamine). Besides, glucocorticoids
exert response by binding with receptors resulting in increased
transcription of anti-inflammatory proteins (e.g., IL-1 antagonist)
along with inhibition of activated transcription factors (e.g., NF-
jB) (Barnes, 1998). NSAIDs also inhibit cyclooxygenase enzymes
(COX-1 and COX-2) which are responsible for the biosynthesis of
various inflammatory mediators. Though various NSAIDs are com-
mercially available, they exhibit fewmajor side effects including GI
ulceration, liver toxicity, kidney disease etc. after prolonged uses
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(Sostres et al., 2010). Thus, new phytochemicals may be investi-
gated to establish better alternatives (Liu, 2007).

Diarrhea is a familiar disease associated with an increased inci-
dence of liquid defecation along with abdominal pain (Tadesse
et al., 2014). It is the leading cause of malnutrition and mortality,
particularly in poor countries (Zhao et al., 2018). Diarrhea is
another disease leading to more than 5,000,000 child deaths per
year (Agbor et al., 2014) although simple treatments like oral saline
and antibiotics are available to manage diarrhea. Plant extracts
have been reported to deliver antidiarrheal properties through
stimulation of water reabsorption, decreasing electrolyte loss and
reducing gastrointestinal peristalsis (Agbor et al., 2004; Shifah
et al., 2020)

Antioxidants are molecules that can quench reactive oxygen
species (ROS) (Hosaka et al., 2005). In addition, plant extracts also
have been identified to display prominent antioxidant activities
which are of special importance in inflammation, atherosclerosis,
Alzheimer’s disease, cancer, parkinsonism, hypertension, psycho-
logical disordesr and diabetes mellitus (Digiesi et al., 2001;
Mittler, 2002; Joseph et al., 2015). Infectious diseases are of
another class of clinical conditions causing 25% of the hospital
and 20% of the total deaths every year (Thabit et al., 2015). Bioac-
tive phytoconstituents also have been found to have auspicious
roles against these infections (Rios, 2005; Heinrich et al., 2004).
Though a lot of antimicrobial agents are available commercially,
increased resistance and associated mortality are forcing the
researchers to discover new drugs continuously (Roberts et al.,
2010). Besides, increased healthcare cost and mortality rate are
forcing researchers to discover newer antimicrobials with fewer
side effects to reduce the death rate (Roberts et al., 2009).

Due to the diverse pharmacological roles, medicinal plants have
been appeared as potential sources of life-saving therapeutic
agents worldwide. In line with this, Millettia peguensis has been
taken for this study and evaluation was done for the analgesic,
antidiarrheal, antioxidant, cytotoxic, thrombolytic and antimicro-
bial activity from the leaves. However, several phytoconstituents
were isolated, most notably flavonoids including pongamol,
lanceolatin-B, kanjone, milletenone, ovaliflavanone-A, ovalitenone,
pongaglabol and other bioactive phytoconstituents (Ganapaty
et al., 1998) and as the extended study an in silico study was done
to get an overall idea of the binding interaction. The observations
have been reported here.

Computational biology is reflecting a mammoth role as enor-
mous data can be generated and validated by molecular and exper-
imental biologists nowadays through this approach. To establish
and investigate drug designing of a newer molecule, execution of
computer-aided drug discovery (CADD) techniques and molecular
docking has been proven as time-efficient as in silico process. An
efficacious molecular docking should possess the ability to identify
the native ligand pose with the binding site of the three-
dimensional protein structure along with physicochemical interac-
tions (Guedes et al., 2014).

Millettia is a genus of legume in the Fabaceae family. This genus
has about 150 species, which are abundant in the tropical and sub-
tropical regions of the world (Manikandan et al., 2017). Millettia
peguensis is commonly called Moulmein Rosewood
(Packiyalakshmi et al., 2017b) and known as Tuma found in Ban-
gladesh which is native to lower Burma and Siam, but cultivated
in Burma, India and Pakistan too. It is planted for ornamental pur-
poses, and showed eye-catching beauty during full bloom. This
blooms with racemes of mauve pea-like flowers along with pinnate
leaves and oval-shaped leaflets. From Millettia peguensis several
phytoconstituents were isolated, most notably flavonoids includ-
ing pongamol, lanceolatin-B, kanjone, milletenone,
ovaliflavanone-A, ovalitenone, pongaglabol and other bioactive
phytoconstituents (Ganapaty et al., 1998). In addition, pongamol
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has been reported to have larvicidal activity against Aedesaegypti
(Narkhede et al., 2016) and pongaglabol for antioxidant activity
(Rao et al., 2020); lanceolatin - B has shown antibacterial and
anti-inflammatory activity (Rao et al., 2020), whereas pongaglabol
has shown antiulcer activity (Ahmad et al., 1999; Huo et al., 2015).
Millettia peguensis is reported with other versatile phytochemicals
too in a different report including 9-methylheptadecane, eicosane,
heneicosane, dodecyl hexyl ester, 2- bromododecane and other
phytoconstituents (Ganapaty et al., 1998; Packiyalakshmi et al.,
2017a). Moreover, the genus of Millettia plants has shown the
potentiality to work as insecticidal and pesticide agents along with
antimalarial and antioxidant candidates (Abiy et al., 2003). This
study was conducted to evaluate the analgesic, antidiarrheal,
antioxidant, cytotoxic, thrombolytic and antimicrobial activity of
the leaves extract of M. peguensis by biological and computational
approaches.

2. Materials and methods

2.1. Sample collection and preparation

The leaves of M. peguensis were gathered from Dhaka, Bangla-
desh and were ascertained by the experts of Bangladesh National
Herbarium, Mirpur, Dhaka and a voucher specimen (DACB; Acces-
sion no: 62166) has been deposited for this collection. After cutting
the leaves into pieces, they were dried in room temperature with-
out the exposure of direct sunlight and then crushed with the help
of a high-powered grinding machine. The final product sample was
0.7 kg M. peguensis coarse powder.

2.2. Drugs and chemicals

The Folin-Ciocalteu reagent was collected from Merck, St. Louis,
MO, USA. Methanol and tween-80 were bought from Merck Darm-
stadt, Germany. Lyophilized Alteplase (Streptokinase) vial of
15,00,000 I.U. and vincristine sulfate were purchased from Beacon
Pharmaceuticals, Dhaka, Bangladesh. Acetylsalicylic acid and lop-
eramide had been procured from Sanofi Bangladesh Ltd. All chem-
icals were used as analytical grade.

2.3. Test microorganisms

For the antimicrobial assay, the gram-positive bacteria (Bacillus
megaterium, Bacillus cereus, Candida albicans, Candida glabrata, Sar-
cina lutea, Bacillus subtillis and Staphylococcus aureus) and gram-
negative bacteria (Pseudomonas aeruginosa, Escherichia coli, Sal-
monella typhi, Salmonella paratyphi, Shigella dysenteriae, Vibrio para-
hemolyticus, Vibrio mimicus, Klebsiella pneumonia, Shigella boydii)
were utilized which were supplied from University of Dhaka,
Bangladesh.

2.4. Experimental design

2.4.1. Extraction of plant material
The coarse powder ofM. peguensis leaves was macerated in 1.5 L

methanol in an amber glass container and kept in a dry and dark
place and stirred occasionally. After two weeks, the mixture was
filtered with cotton and Whatman filter paper #1, respectively.
The filtrate was collected and evaporated to 30% to get the semi-
solid mass for preparing the extract.

2.4.2. Test animal models
Swiss albino mice of 4–5 weeks old and either sex have been

collected from International Center for Diarrheal Disease and
Research, Bangladesh (ICDDR, B). The mice were kept under a
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controlled temperature of 24 ± 2 �C and relative humidity of 60–
70% in a light-dark cycle of 12 h along with ad libitum water and
ICDDR, B formulated rodent food. All experiments were conducted
following guidelines for the care and use of laboratory animals
which were approved by the institutional ethical committee
(Zimmermann, 1983).

2.4.3. Acute toxicity test
Twenty five Swiss albino mice of 4–5 weeks old were given a

single oral dose of either 500 mg/kg b.w., 1000 mg/kg b.w.,
1500 mg/kg b.w., or 2000 mg/ kg b.w. of M. peguensis leave extract.
The reported protocol was followed, Test No. 423 (OECD, 2001;
Acute oral toxicity-acute toxic class method) (Walum, 1998) for
this study. Feeding was ceased for 3–4 h. After dosing, all animals
are kept under close observation for 30 min periodically for the
first 24 h followed by 3 days to document any delayed toxicity
including several changes in skin and fur, eyes and mucous mem-
branes, respiratory and circulatory rate or autonomic and CNS
function.

2.5. Analgesic assay

2.5.1. Acetic acid-induced writhing test
Acetic acid-induced writhing test was employed to investigate

the analgesic activity of MEMP (Ahmad et al., 2010). Group I and
II received tween-80 (10 mL/kg; b.w, p.o), and acetylsalicylic acid
(10 mg/kg; b.w, i.p.) and were treated as negative and positive con-
trols respectively, whereas group III and IV received MEMP 200 and
400 (mg/kg; b.w, p.o) respectively. After the administration of test
samples, acetic acid solution (0.6% v/v) was injected intraperi-
toneally. The writhing was counted after 5 min of the injection of
acetic-acid and counted over 25 min.

2.5.2. Formalin induced paw licking test
This study was performed by subcutaneous injection of 20 mL of

formalin solution (2.5% v/v) into the right hind paws of all mice
(Ahmad et al., 2010). During this test, the mice were divided into
4 groups consisting 6 mice in each group. Group I and II received
tween-80 (10 mL/kg; b.w, p.o), and acetylsalicylic acid (10 mg/
kg; b.w, i.p.) and were treated as negative and positive controls
respectively, whereas the group III and IV received MEMP 200
and 400 (mg/kg; b.w, p.o) respectively. Licking was observed dur-
ing initial 5 min and subsequent 15–30 min.

2.6. Antidiarrheal assay

2.6.1. Castor oil-induced diarrhea test
The antidiarrheal effect of MEMP was performed by castor oil-

induced method (Shoba & Thomas, 2001) with minor modification.
In this study, mice were randomly allocated to four groups com-
prising of six mice in each group. The test animals fastened over-
night with free access to water. 0.5 mL castor oil was
administered to the mice and then only those indicating diarrhea
were chosen for the experiment. Besides, the animals of group I
(control) received vehicles (distilled water containing 1% Tween-
80); Group-II (positive control/standard drug) received a standard
anti-motility drug named loperamide (3 mg/kg body weight).
Group III, group IV, (test groups) were treated with a suspension
of MEMP at the oral dose of 200 and 400 (mg/kg body weight)
respectively. One hour after administering test samples, all mice
received 0.5 mL of castor oil, and afterward, they were indepen-
dently placed in the enclosure’s floor of which was fixed with
transparent paper. During the observational period, the onset of
diarrhea, number and weight of wet stools, the total number and
the total weight of feces yields were recorded. The count continued
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until the four hours before the administration of castor oil, and the
average values were considered final results.

2.7. Antioxidant assay

2.7.1. DPPH scavenging test
According to the reported method (Islam et al., 2020), to the test

sample, containing 2 mL of solution with serially diluted different
concentrations (500 lg/mL to 0.977 lg/mL), 3 mL of a DPPH
methanol solution (20 lg/mL) was mixed. The test tubes were kept
in a dark place for 30 min at 25 �C and then the absorbance values
were measured by a UV spectrophotometer at 517 nm. BHT (buty-
lated hydroxytoluene) was used as positive control.

2.7.2. Total phenol content (TPC) analysis
The total phenolic content of M. peguensis leaves was estimated

by following the previously described technique of Skerget et al
(Škerget et al., 2005). The Folin-Ciocalteu reagent was employed
as an oxidizing agent, whereas gallic acid was considered as a ref-
erence. In addition, 2 mg M. peguensis leaves extract was used to
prepare a sample solution, vehicle (2 mg/mL), MEMP (0.5 mL)
and FCR (2.5 mL) and sodium bicarbonate (2 mL) solution were
mixed and incubated for 20 min at room temperature. Then the
absorbance values were measured by a UV spectrophotometer at
760 nm and from this data the total phenol content values were
measured. The standard curve was also prepared from gallic acid
solution using different concentrations. The unit of phenol content
is expressed as mg of GAE (gallic acid equivalent)/gm of the
extract.

2.8. Anti-tumor assay

2.8.1. Brine shrimp lethality bioassay
The brine shrimp lethality bioassay was performed to evaluate

the possible cytotoxicity using related techniques (Meyer et al.,
1982). In this study, 38 g NaCl salt was dissolved in 1000 mL of dis-
tilled water to make simulated seawater and pH (8.0) was main-
tained by adding NaOH. The plant extract was dissolved in DMSO
(50 lL in 5 mL solution) to prepare the test sample with simulated
seawater followed by the preparation of serially diluted concentra-
tions of 50, 100, 200, 400, 600 and 800 lg/mL. Vincristine sulfate
was used as a positive control in a serial concentration dilution
of 0.125, 0.25, 0.5, 1, 5 and 10 l /mL as the preceding form. Then
ten matured live shrimp were put in all the test tubes at ambient
temperature (25 ± 1 �C) and each test tube was measured after
24 h. The number of death nauplii was counted as well as recorded.

Mortalityð%Þ ¼ Nl
N0

� 100

where, N0 = Number of nauplii taken; Nl = Number of nauplii death

2.9. Thrombolytic assay

2.9.1. Clot lysis test
The clot lysis bioassay was conducted following previously used

techniques (Prasad et al., 2006). In this study, 100 mg plant extract
was used to prepare 10 mL solution with distilled water and the
solution was kept at room temperature overnight. 5 mL venous
blood was drawn from each of the six healthy volunteers who were
medication-free for seven days. For each sample, 0.5 mL blood was
taken in a pre-weighted micro-centrifuge tube and then it was
incubated at 37 �C for 45 min to form a clot. Serum was utterly
removed from that and 100 mL of the crude extract was added.
100 mL distilled water and 100 mL streptokinase (30 000 I.U.) were
used as negative and positive controls respectively. After that, each
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micro-centrifuge tube was incubated for 90 min at 37 �C and then
% clot lysis was measured by the following formula:

Clotlysisð%Þ ¼ Weight of clot after removal of fluid
Clot weight

� 100
2.10. Antimicrobial assay

2.10.1. Disc diffusion test
To evaluate the antimicrobial property of methanol fractions of

M. peguensis, the disc diffusion method (Huys et al., 2002) was
employed. To conduct the susceptibility assay, two antibiotic can-
didates available in the market were considered as standard drugs:
streptomycin (for gram-negative) and amoxicillin (for gram-
positive). The zones of the nutrient agar medium plates were
pre-inoculated with test bacteria and fungi, whereas sample discs,
standard antibiotic discs and the control discs were placed gently
and the plates were then incubated at 37 �C for 24 h. The diameters
of the clear zones were measured carefully.
2.11. In silico study

2.11.1. Molecular docking: Ligand preparation
The structure of five previously isolated compounds from M.

peguensis leaves namely kanjone (PubChem CID: 12305449), lance-
olatin – B (PubChem CID: 689051), milletenone (PubChem CID:
42607652), ovalitenone (PubChem CID: 627910), pongamol (Pub-
Chem CID: 101936575) have been retrieved from the PubChem
database exposed in Fig. 1 (Ganapaty et al., 1998). The ligands were
downloaded in the 2DSDF format and minimized and converted
into pdbqt format throughout PyRx tools to quest of best optimal
hit against these mentioned targets. PyRx (Herowati & Widodo,
2014) from MGL Tools (https://ccsb.scripps.edu/mgltools/) was
used for virtual screening using default settings.
2.11.2. Molecular docking: Protein preparation
Three dimensional crystal structure includes prostaglandin – 1

(PDB ID: 2OYE) (Harman et al., 2007), prostaglandin – 2 (PDB ID:
6COX) (Kurumbail et al., 1996), 5-HT3 receptor (PDB ID: 5AIN)
(Price et al., 2015), urate oxidase (PDB ID: 1R4U) (Retailleau
et al., 2004), protein tyrosine kinase (PDB: 1XKK) (Wood et al.,
2004), E.coli exonuclease I (PDB ID: 1FXX) (Breyer & Matthews,
2000) and human tissue-type plasminogen activator (PDB ID:
1A5H) (Renatus et al., 1997) have been culled from RCBS Protein
Data Bank (https://www.rcsb.org/structure) in PDB format. All
the water and the heteroatom were removed from the proteins
throughout using Discovery studio 2020. Proteins were arranged
by combining non-polar hydrogens and assigning the Gasteiger
charge. Besides, all the proteins were brought down to the least
energy state with keeping standard residues in AMBER ff14sB
and other residues in Gasteiger mode in UCSF Chimera and pro-
cessed for further analyses (Shapovalov and Dunbrack Jr., 2011).
2.11.3. Molecular docking analysis
PyRx Autodock Vina has been used for the protein-ligand link-

ing process of the chosen protein-ligand complexes (Herowati &
Widodo, 2014). The docking study was employed with a semi-
flexible docking system. Using PyRx AutoDock software, PDB files
of phytochemicals and proteins have been transformed into PDBQT
format. This study has maintained the rigidity of proteins and the
flexibility of ligands. Ligand molecules had 10 degrees of liberty.
AutoDock defines the steps to transform molecules into pdbqt for-
mat, sort of box, grid box creation, etc. The grid box was generated
in the center of the box with an active site. Finally, BIOVIA Discov-
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ery Studio Visualizer 2020 (Biovia, 2017) has been accelerated to
assess docking positions for the best linking strategies.
2.11.4. Ligand based pharmacokinetics and toxicity measurement
Here for determining the pharmacokinetic properties (ADME) of

three major compounds, the online tool SwissADME (http://www.
swissadme.ch/) was used. Lipinski’s rule of five (M.W not more
than 500; H-bond donors � 5; H-bond acceptors � 10;
Lipophilicity < 5 and molar refractivity ranging from 40 to 130)
were considered to evaluate favorable drug-like properties of all
compounds (Lipinski et al., 1997). Moreover, the toxicological
properties of all the compounds were determined by the web tool
admetSAR (http://lmmd.ecust.edu.cn/admetsar2).
2.12. Statistical analysis

Statistical analysis was interpreted as mean ± SEM. The values
obtained were compared with the control group and considered
statistically significant (***p < 0.001, **p < 0.01 and *p < 0.05) fol-
lowed by One-way analysis of variance (ANOVA) with Dunnett’s
test. All statistical analyses were performed using GraphPad Prism
Version 5.2 (San Diego, CA).
3. Results

3.1. Effect of MEMP on acetic acid-induced writhing in mice model

In this study, both doses of MEMP reported significant activity
with the standard. The MEMP (200 mg/kg and 400 mg/kg) exhib-
ited the abdominal writhing of 52.33% and 67.44% respectively
and standard (ASA) appeared 80.23% of inhibition, whereas control
did not report any inhibitory response in Table 1.
3.2. Effect of MEMP on formalin-induced paw licking study in mice
model

In the formalin-induced test, the MEMP of both doses produced
a moderate anti-inflammatory response. The percent of inhibition
of paw licking in the early phase showed 37.39%, 63.13% and in late
phase 35.32%, 56.78% at both dose (200, 400) mg/kg compared to
standard (71.33%, 70.91%) respectively, whereas control did not
report any significant inhibition. Besides, the dose-dependent rela-
tionship between inhibition of paw-licking of standard and MEMP
was comprehensible and expressed in Table 2.
3.3. Effect of MEMP on castor oil-induced diarrhea

In the castor oil-induced diarrheal method, the methanol
extract of M. peguensis leaves prolonged the onset of diarrhea
and reduced the number and weight of diarrhoeal feces in a
dose-dependent manner. The antidiarrhoeal effect of loperamide
and MEMP has been determined by comparing it with the effect
of a negative control (tween – 80) presented in Table 3. However,
the data revealed that, MEMP 200 and 400 (mg/kg; b.w, p.o)
delayed the diarrhoeal time till 139.33 min (p < 0.001) and
175.67 min (p < 0.001) respectively. MEMP 400 (mg/kg) restrained
the average number of wet feces (3.67; p < 0.001), the average
number of total feces (5.53; p < 0.001), the average weight of
wet feces (0.16; p < 0.001), and the average weight of total feces
(0.23; p < 0.001) which is comparatively close to the standard drug
loperamide.Table 4.

https://ccsb.scripps.edu/mgltools/
https://www.rcsb.org/structure
http://www.swissadme.ch/
http://www.swissadme.ch/
http://lmmd.ecust.edu.cn/admetsar2
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Fig. 1. Structure of selected phytoconstituents.

Table 1
Analgesic effect of methanol extract of M. peguensis leaves (MEMP) in acetic acid
induced writhing test in mice.

Treatments Number of abdominal writhings Inhibition (%)

TWN – 80 (10 mL/kg) 17.20 ± 1.30 –
ASA (10 mg/kg) 3.40 ± 0.24*** 80.23
MEMP (200 mg/kg) 8.20 ± 0.37*** 52.33
MEMP (400 mg/kg) 5.60 ± 0.24*** 67.44

Values were presented as Mean ± SEM (n = 6); one-way analysis of variance
(ANOVA) was followed by Dunnett’s test. *p < 0.05, **p < 0.01 and ***p < 0.001 was
considered as significant, compared with standard. TWN = 1% Tween 80, and
ASA = Acetylsalicylic acid, SEM = Standard error mean.

S. Alam, Nazim Uddin Emon, S. Shahriar et al. Saudi Pharmaceutical Journal 28 (2020) 1777–1790
3.4. Effect of MEMP on DPPH free radical scavenging activity

In the antioxidant study by DPPH scavenging method, M.
peguensis crude extract displayed a dose-dependent radical scav-
enging activity in compared to standard. MEMP exhibited potent
Table 2
Analgesic effect of methanol extract of M. peguensis leaves (MEMP) formalin-induced paw

Treatment Early phase (0–5 min) Inhibit

TWN-80 (10 mL/kg) 61.23 ± 1.34 –
ASA (10 mg/kg) 17.55 ± 2.23*** 71.33
MEMP (200 mg/kg) 38.33 ± 1.37*** 37.39
MEMP (400 mg/kg) 22.57 ± 3.21*** 63.13

Values were presented as Mean ± SEM (n = 6); one-way analysis of variance (ANOVA) wa
significant, compared with standard. TWN = 1% Tween 80, and ASA = Acetylsalicylic aci
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scavenging activity (88.71%) while BHT value was (92.15%) at
500 lg/mL. Besides, the IC50 values of BHT and MEMP were
20.07, 15.96 lg/mL respectively and calculated by the linear
regression equation, summarized in Fig. 2 and Fig. 3.

3.5. Effect of MEMP on brine shrimp lethality bioassay

In this test, vincristine sulfate and DMSO (dimethyl sulfoxide)
were used as the positive control and the negative control respec-
tively to measure the cytotoxicity. The LC50 values for the positive
control and the methanol extract ofM. peguensis leaves were found
to be 0.451 lg/mL and 1.094 lg/mL respectively and were repre-
sented in Fig. 4.

3.6. Effect of MEMP on thrombolytic study

The MEMP showed low thrombolytic activity by clot lysis
method. Methanol extract of M. peguensis leaves (MEMP) caused
licking test in mice.

ion (%) Late phase (15–30 min) Inhibition (%)

47.11 ± 3.13 –
13.70 ± 2.45*** 70.91
30.47 ± 2.67** 35.32
20.36 ± 1.97*** 56.78

s followed by Dunnett’s test. *p < 0.05, **p < 0.01 and ***p < 0.001 was considered as
d, SEM = Standard error mean.



Table 3
Antidiarrheal effect of methanol extract of M. peguensis leaves on castor oil induced test in mice.

Treatment Dose, route (p.o) Onset of diarrhea
(min)

Average number of
wet feces

Total number of feces Average weight of
wet feces (g)

Average weight of
total feces (g)

Group-Ⅰ 1% tween 80–10 mL/kg 77.16 ± 1.83 8.67 ± 2.19 11.17 ± 3.79 0.47 ± 0.09 0.57 ± 0.03
Group-Ⅱ Loperamide-3 mg/kg 189.16 ± 3.91*** 2.33 ± 2.16*** 4.16 ± 2.30*** 0.09 ± 0.01*** 0.13 ± 0.12***

Group-III MEMP-200 mg/kg 139.33 ± 2.93*** 4.67 ± 3.30** 6.67 ± 2.13*** 0.24 ± 0.03*** 0.32 ± 0.05***

Group-Ⅳ MEMP-400 mg/kg 175.67 ± 2.46*** 3.67 ± 1.21*** 5.53 ± 3.15*** 0.16 ± 0.07*** 0.23 ± 0.07***

Values were presented as Mean ± SEM (n = 6); one-way analysis of variance (ANOVA) was followed by Dunnett’s test. *p < 0.05, **p < 0.01 and ***p < 0.001 was considered as
significant, compared with control. TWN = 1% Tween 80, and ASA = Acetylsalicylic acid, SEM = Standard error mean.

Table 4
Quantitative analysis of total phenol content of methanol extract of M. peguensis
leaves.

Plant
extract

Total phenol content (mg
GAE/g)

Regression Line

MEMP 65.27 ± 1.24 y = 0.0383x + 0.0892,
R2 = 0.9446

Fig. 2. Percentage of radical scavenging activities of methanol extract of M.
peguensis leaves and standard drug.
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lysis of clot by 16.59%, whereas standard displayed 66.98% which
were documented in Fig. 5.
3.7. Effect of MEMP on disc diffusion assay

Antimicrobial activity of MEMP was tested by disc diffusion
assay procedure against seven gram-positive and nine gram-
negative bacteria where amoxicillin and streptomycin (30 mg/disc)
were used as the standard along with 100 mg/disc of MEMP as test
sample. The result is displayed in Table 5. From the result, it is
vibrant that MEMP was notably effective against all the bacterial
strains.
3.8. In silico molecular docking analysis

3.8.1. Molecular docking study for analgesic and anti-inflammatory
activity

The five selected phytoconstituents of M. peguensis have been
docked against the prostaglandin – 1 (PDB ID: 2OYE) and prosta-
glandin – 2 (PDB ID: 6COX) receptors. The docking score and glide
energy has been determined and presented in Table 6. Besides, the
best docking figures are presented in Figs. 6–8. From the table, it
can be distinguished that, pongamol uncovered the highest
(�10.42 kcal/mol) docking score through the binding of residues
(ser353, ile523, gly526, tyr385, trp347 and ala527). Besides, mil-
letenone showed the lowest (�7.43 kcal/mol) docking score with
y = 13.771ln(x) + 11.857
R² = 0.967

y = 15.247ln(x) + 2.7716
R² = 0.9746

00 400 500 600

on (μgm/ml) 
 BHT

) and methanol extract of M. peguensis leaves.



Fig. 4. % Mortality and predicted regression line of vincristine sulphate and methanol extract of M. peguensis leaves.

Fig. 5. Clot lysis effects of methanol extract of M. peguensis leaves. Clot lysis values
are presented as mean ± SEM (n = 5); One-way analysis of variance (ANOVA) was
followed by Dunnett’s test. *p < 0.05, ** p < 0.01, ***p < 0.001 were considered as
significant compared with the control, where # is designated as control. SW = Saline
water, SK = streptokinase and MEMP = methanol extract of M. peguensis leaves.

Table 5
Antimicrobial activity of M. peguensis leaves and standard against gram-positive and gram

Diameter of Zone of Inhibition (mm)

Test Microorganisms MEMP (100 mg/disc) Amoxicillin (30 mg/disc) Te

Gram positive bacteria G

Bacillus cereus 23 38 Es
Bacillus megaterium 28 34 Ps
Bacillus subtilis 32 40 Sa
Staphylococcus aureus 29 39 Sa
Sarcina lutea 28 41 Sh
Candida albicans 27 36 Vi
Candida glabrata 30 37 Vi

Kl
Sh
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the interaction of 2OYE receptor. The ranking of the docking is as
follows: pongamol > Kanjone > Lanceolatin–B >Ovalitenone >millet
enone. Similarly, the interaction of the selected compounds and
the 6COX enzymes yields the docking score ranging from
�6.27 kcal/mol to �8.33 kcal/mol. The docking scores are ranked
as follows: Lanceolatin– B > Kanjone > Ovalitenone > Milletenon
e > Pongamol. Lanceolatin – B binds with the receptor through
the glu43, asp40, arg35, tyr113, leu89, asp83 and arg87 residues.

3.8.2. Molecular docking study for antidiarrheal activity
In this study, the selected phytoconstituents have been docked

against 5-HT3 receptor (PDB ID: 5AIN). The ranking of the molecu-
lar docking is: Milletenone > Lanceolatin–B > Ovalitenone > Kanjon
e > Pongamol. The docking score range from �4.68 kcal/mol to
�6.94 kcal/mol. Milletenone showed highest docking score
through the binding of hydrogen bond by the series of residues
namely arg87, glu43, asp40, arg35, tyr113, leu83, asp83 and
arg87 which are represented in Table 6.

3.8.3. Molecular docking study for antioxidant activity
Antioxidant docking study was implemented by the docking of

selected constituents with urate oxidase (PDB ID: 1R4U). The
results of the docking score have been presented in Table 6 and
-negative bacterial strains.

st Microorganisms MEMP (100 mg/disc) Streptomycin (30 mg/disc)

ram negative bacteria

cherichia coli 30 37
eudomonas aeruginosa 32 39
lmonella paratyphi 29 38
lmonella typhi 31 40
igella dysenteriae 25 41
brio mimicus 26 35
brio parahemolyticus 29 37
ebsiella pneumoniae 28 36
igella boydii 27 36



Table 6
Docking score and glide energy of kanjone, lanceolatin – B, milletenone, ovalitenone, pongamol with prostaglandin – 1 (PDB ID: 2OYE), prostaglandin – 2 (PDB ID: 6COX), 5-HT3
receptor (PDB ID: 5AIN), urate oxidase (PDB ID: 1R4U), protein tyrosine kinase (PDB: 1XKK), E.coli exonuclease I (PDB ID: 1FXX) and human tissue-type plasminogen activator
(PDB ID: 1A5H) in kcal/mol.

Compounds Analgesic and Anti-inflammatory Antidiarrheal Antioxidant Cytotoxic Antibacterial Thrombolytic

2OYE 6COX 5AIN 1R4U 1XKK 1FXX 1A5H

Docking
score

Glide
energy

Docking
score

Glide
energy

Docking
score

Glide
energy

Docking
score

Glide
energy

Docking
score

Glide
energy

Docking
score

Glide
energy

Docking
score

Glide
energy

Aspirin �6.69 �27.55 �5.91 �27.00 – – – – – – – – – –
Loperamide – – – – �6.15 �45.41 – – – – – – – –
Ascorbic acid – – – – – – �4.32 �27.36 – – – – – –
Doxorubicin – – – – – – – – �7.47 �63.00
Doxycycline – – – – – – – – – – �6.35 �41.23 – –
Streptokinase – – – – – – – – – – – – �6.00 �26.24
Kanjone �9.38 �37.96 �7.70 �32.28 �6.01 �36.57 – – �5.28 �38.33 �5.80 �28.41 �6.62 �37.29
Lanceolatin -

B
�8.83 �35.71 �8.33 �33.24 �6.26 �38.24 �4.03 �22.80 �6.32 �35.33 �4.66 �28.60 �6.85 �38.38

Milletenone �7.43 �45.15 �6.41 �36.58 �6.94 �52.45 �3.92 �29.64 �5.34 �43.25 �4.11 �31.33 �5.81 �46.49
Ovalitenone �8.76 �50.15 �6.96 �39.84 �6.10 �50.86 �3.77 �28.21 �5.24 �43.08 �6.54 �46.13 �6.41 �49.04
Pongamol �10.42 �54.91 �6.27 �9.64 �4.68 �38.49 �2.96 �29.87 �4.83 �43.73 �3.31 �31.08 �6.07 �44.02
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docking interaction has been showing in Figs. 6–8. From the obser-
vation, the present study enumerated that the lanceolatin – B and
pongamol have the highest and lowest binding affinity to the 1R4U
receptor and achieved docking score ranging from �2.96 kcal/mol
to �4.03 kcal/mol by binding with the series of hydrogen and
hydrophobic bond namely: cys103, trp208, arg128 and arg105.
Besides, kanjone showed no binding affinity to the 1R4U enzyme.

3.8.4. Molecular docking study for cytotoxic activity
The result of the cytotoxic docking study of five phytocon-

stituents of M. peguensis has been presented in Table 6. The lance-
olatin – B showed the upmost docking score (�6.32 kcal/mol) and
the lowest score (�4.83 kcal/mol) was observed for pongamol.
Lanceolatin – B binds with the protein tyrosine kinase (PDB:
1XKK) through a series of a bond via the residue named lys745,
val726, leu844, ala743, met793, and leu718 in Figs. 6–8.

3.8.5. Molecular docking study for antibacterial activity
The selected compounds were docked with the E. coli exonucle-

ase I (PDB ID: 1FXX). From the result, it was observed that ovalite-
none and pongamol showed the uppermost and lowermost
binding affinity to the 1FXX receptor. The ranking of the docking
score is: Ovalitenone > Kanjone > Lanceolatin–B > Milletenone > Po
ngamol. Ovalitenone showed the binding affinity to the 1FXX
receptor by binding with the residues (mg501, tyr102, arg165,
phe107, thr18, glu17 and tyr16) of hydrogen and hydrophobic
bond. The summary of antibacterial docking study has been enu-
merated in Table 6 and the best docking interaction by ovalitenone
and 1FXX has been shown in Figs. 6–8.

3.8.6. Molecular docking study for thrombolytic activity
In this experiment, lanceolatin – B revealed upmost

(�6.85 kcal/mol) and milletenone demonstrated lowermost
(�5.81 kcal/mol) binding affinity to the human tissue-type plas-
minogen activator (PDB ID: 1A5H). Lanceolatin – B binds with
the 1A5H receptor through thecys42, gln60, his57, tyr99 and
gly216 residues of hydrogen and hydrophobic bond. The best bind-
ing affinity with the 1A5H receptor has been shown in the Figs. 6–8
and the summary of the docking score has been given in Table 6.

3.9. Ligand based pharmacokinetics and toxicity property analysis

The Lipinski’s rules as well as the level of human intestinal
absorption, AMES carcinoma, acute oral toxicity in human has been
found within the limit according to this rule. Hereafter, kanjone;
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lanceolatin – B; milletenone; ovalitenone; and pongamol meet
the requirement of Lipinski’s five rules which might be measured
as drug-likeliness and are represented in Table 7.
4. Discussion

Medicinal plants have the greatest source to discover new
bioactive molecules with novel therapies (Abe & Ohtani, 2013).
Thus, plant based natural therapies are very common in developing
countries and get notable priorities due to their protective proper-
ties and numerous benevolent properties in human health. Even in
developing countries, about 80% of people use conventional
medicines (Kim, 2005). As therapeutic agents with distinct biolog-
ical activities, many plant-derived chemicals serve potential
responses such as thrombolytic, antioxidant, cytotoxicity, anxiolyt-
ics, antidepressants, neuroprotective and hepatoprotective agents
(Okwu & Uchenna, 2009).

The human body produces thousands of chemical reactions
through various catabolism and anabolism processes. These differ-
ent reactions that encourage pain, inflammation, oxidative stress
are triggered by inflammatory mediators, reactive oxygen and
nitrogen species (RONS) (Wilhelm et al., 2016). Sources of inflam-
mation like microbial attack or tissue injury cause the rush of
defense cells like leukocytes to the site of injury which is set off
by receptors like TLRs (toll-like receptors) and NLRs (NOD-like
receptors) (Abdel Motaal & Abdel Maguid, 2005). Various inflam-
matory mediators including eicosanoids, cytokines, chemokines
and vasoactive amines are also produced which can result in
inflammation (Sun et al, 2014). Flavonoids have exhibited the abil-
ity to reduce the number of inflammatory cells along with the syn-
thesis of MMP-9 (matrix metalloproteinase) and other mediators
of inflammation (Li et al., 2012). Besides, various flavonoids had
been reported possessing anti-inflammatory characteristics by
inhibiting COX-2 expression gene (Chen et al., 2000). In this cur-
rent study, MEMP showed significant (p < 0.001) inhibition of wri-
thing and licking compared to standard. The result exhibited that
increasing the dose of MEMP can promote better inhibition of wri-
thing as well as paw licking in mice model which indicated a
potential dose-dependent relationship. Thus, it can be assumed
that the secondary metabolites specially flavonoids, present in
MEMP may suppress the analgesia by reducing inflammatory
response.

Diarrhea is an alteration of intestinal motility and accumulation
of fluids along with heightened peristalsis by interfering with the
electrolyte permeability of the intestinal membrane (Bristy et al.,



Fig. 6. 3D and 2D representation of docking interaction with standard drugs.A. Aspirin interaction with 2OYE; B. Aspirin interaction with 6COX; C. Loperamide interaction
with 5AIN; D. Doxorubicin interaction with 1XKK; E. Streptokinase interaction with 1A5H.
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2020). Infectious diarrhea is caused by the colonization and
spreading of infectious agents, mostly Salmonella and Shigella
(Panda et al., 2012), and traditional approaches have been found
effective against these pathogens (Kone et al., 2004). Phytochemi-
cals extracted from various plants have been reported to function
as antidiarrheal agents by increasing the absorption of liquids from
the intestine and decreasing gastric motility (Agbor et al., 2004).
The MEMP study reported promising antidiarrheal activity due to
the presence of several phytoconstituents, namely flavonoids
which can display antidiarrheal potentiality (Otshudi et al.,
2000). Flavonoids may also express this activity through the reduc-
tion of small and large intestinal motility (Capasso et al., 1991;
Meli et al., 1990) and bowel contraction. Methanol extract of M.
peguensis exhibited prominent antidiarrheal property at higher
1785
doses (p < 0.001) and revealed a dose-dependent pattern. The
leaves displayed notable antidiarrheal efficacy by alleviating the
average weight of both total and wet faeces along with a total
number of faeces at 400 mg/kg dose which is close to loperamide
introduced as a standard drug to treat diarrheal state in this study.

Antioxidants function via counteracting reactive oxygen species
(ROS), including superoxide radicals, hydroxyl radicals and peroxy
radicals (Wong et al., 2006). ROS is independent and contains one
or more unpaired electrons which can be the result of various
exogenous and endogenous effects such as radiation and microbial
contamination (Krishnaiah et al., 2007). These ROS oxidants can
cause lipid peroxidation, DNA oxidation leading to mutation
(Nakabeppu et al., 2006) and protein oxidation causing
degradation, denaturation and loss of function of cell (Davies,



Fig. 7. 3D and 2D representation of the best key interactions in the binding pocket for selected ligands and receptors whether, (A and B) represents prostaglandin – 1 (PDB ID:
2OYE), pongamol; (C and D) represents prostaglandin – 2 (PDB ID: 6COX), lanceolatin – B; (E and F) represents 5-HT3 receptor (PDB ID: 5AIN) and milletenone; respectively.
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2001). Ascorbic acid, a common antioxidant can scavenge ROS and
chelating metals, whereas vitamin E can function by delaying oxi-
dation of poly-unsaturated fatty acids (PUFA) (Krishnaiah et al.,
2007). In addition, various medicinal plants containing antioxi-
dants including flavonoids, phenolic acids, tannins and other phy-
tochemicals have been studied (Cai et al., 2004) and found to be
promising against aging, coronary heart disease and cancer (La
Vecchia et al., 2001; Stephens et al., 1996). Besides, flavonoids have
the ability to donate hydrogen atoms or electrons to demonstrate
strong antioxidant activity (Agati et al., 2012). Flavonoids can also
play a pivotal role as antitumorigenic agents in different stages of
cancer development and progression of cancer following different
mechanisms including induction of apoptosis in tumor cells (Han
et al., 2007; Babu et al., 2013). In this quantitative test of MEMP,
the total phenol content was found 65.27 mg GAE/g. Besides, from
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the DPPH scavenging test, MEMP revealed remarkable antioxidant
activity with IC50 value of 15.96 lg/mL while standard BHT exhib-
ited IC50 value of 20.07 lg/mL. Furthermore, the brine shrimp
bioassay displayed moderate toxicity (LC50 = 1.094 lg/mL) in com-
parison to vincristine sulfate (LC50 = 0.451 lg/mL). Thus, research
concern is increased to evaluate phytochemicals to establish new
natural cytotoxic and antioxidant molecules.

The necessity to explore medicinal plants emerges to discover
new potential therapeutic leads against bacterial resistance and
reemerging contagious diseases (Nostro et al., 2000). Bacteria have
a genetic ability to show drugs resistance (Nascimento et al., 2000)
and spread this ability from progeny to progeny (Ertürk et al.,
2006). In spite of marketizing a variety of antibiotics in the last
few decades by pharmaceutical industries, newer molecules are
still required to combat microbes of the various spectrum (Vital



Fig. 8. 3D and 2D representation of the best key interactions in the binding pocket for selected ligands and receptors whether, (G and H) represents urate oxidase (PDB ID:
1R4U), lanceolatin – B; (I and J) represents protein tyrosine kinase (PDB: 1XKK), lanceolatin – B; (K and L) represents E. coli exonuclease I (PDB ID: 1FXX), ovalitenone; (M and
N) represents human tissue-type plasminogen activator (PDB ID: 1A5H) and lanceolatin –B, respectively.

Table 7
Absorption, distribution, metabolism, excretion, and toxicological (ADME/T) properties of the compounds for good oral bioavailability.

Molecules PID MW (g/mol) HBD HBA LogP (o/w) HIA AM CAR (binary) PPB (100%) AOT (kg/moL)

Kanjone 12,305,449 292.30 0 4 4.21 0.9928 0.6700 0.5400 0.893 2.129
Lanceolatin - B 10,978,265 262.26 0 3 4.21 0.9906 0.6100 0.8888 1.021 2.313
Milletenone 42,607,652 328.32 1 6 3.21 0.9881 0.6500 0.8672 1.028 2.007
Ovalitenone 627,910 338.32 0 6 3.63 0.9765 0.6500 0.9745 0.847 1.703
Pongamol 101,936,575 362.43 0 4 5.34 0.9904 0.6300 0.9143 0.927 3.148

PID = PubChem ID, MW = Molecular Weight (acceptance range: <500), HBD = Hydrogen Bond Donor (acceptance range: � 5), HBA = Hydrogen Bond Acceptor: (acceptance
range: � 10), LogP = High Lipophilicity (acceptance range: < 5), HIA = Human Intestinal Absorption, AM = AMES Mutagenesis, CAR = Carcinogens, PPB = Plasma Protein
Binding, AOT = Acute Oral Toxicity.
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& Rivera, 2009). Antibiotics can exhibit their actions in different
mechanism including targeting bacterial cell wall by beta-lactam
antibiotics and inhibiting protein synthesis (DNA and RNA forma-
tion) (Ulanowska et al., 2006). Moreover, phytochemicals like fla-
vonoids are also notable for showing bactericidal properties
(Cushnie et al., 2003). In addition, M. peguensis had been reported
to contain several phytochemicals along with flavonoids and bioac-
tive phytochemicals (Ganapaty et al., 1998) and can be assumed
that antimicrobial properties of MEMP against all selected bacterial
strains (gram-positive and gram-negative) compared to standard
(amoxicillin and streptomycin) can be attributed by the presence
of these flavonoids (Oladeji et al., 2020).

Among the docking study of the 5 selected compounds i.e. fla-
vonoids suggest that kanjone, lanceolatin – B, milletenone, ovalite-
none and pongamol may be the responsible bioactive
phytochemicals for potential analgesic and anti-inflammatory
activities. kanjone, lanceolatin – B, milletenone, ovalitenone are
highly accountable for the antidiarrheal activity. Lanceolatin - B
is modestly responsible for the antioxidant activity. kanjone, lance-
olatin – B, milletenone, and ovalitenone are significantly responsi-
ble for the cytotoxic activity. kanjone and ovalitenone are
responsible for the antibacterial potentiality. Furthermore kanjone,
lanceolatin – B, milletenone, ovalitenone and pongamol and highly
liable for the thrombolytic potentiality of the plant. According to
the Glide Docking score and Glide energy we can see that among
these five compounds lanceolatin – B, ovalitenone, kanjone, and
pongamol are the potent compounds, although further biological
studies are needed to explore their in-depth mechanism of action.
All the compounds obsessed a higher fascination towards the
ligand binding domain of prostaglandin – 1, prostaglandin – 2, 5-
HT3 receptor, urate oxidase, crystal structure of GABA (B), E.coli
exonuclease I and human tissue-type plasminogen activator
enzyme and strong ligand-receptor complex creation may be
responsible for the antagonism of these receptors. For naturally
occurring product, virtual testing is important to search for active
principles with attractive ADME/T profiles that have formerly been
separated but not analyzed for activity against specific drug targets
(Liu et al., 2015). The ADME and toxicity profiles of the compounds
kanjone, lanceolatin – B, milletenone, ovalitenone and pongamol
are found good with very mild toxicity which is essential to be a
possible drug.
5. Conclusion

In vivo and in vitro studies of MEMP showed drug like activity
which may be due to their phytochemicals i.e. flavonoids and in sil-
ico phytoconstituent analysis of Millettia peguensis validated the
pharmacological insights of the extract through computer aided
approaches. Hence, Millettia peguensis leaves extract may provide
a new dimension in the treatment of pain, diarrhea, inflammation,
oxidative stress and further study is required to identify these
mechanisms.
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