Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

ORIGINAL ARTICLE

Potential of Parkia Speciosa Empty Pod Extract as A Topical
Anti-inflammatory Orabase: In Silico Study

Fatma Yasmin Mahdani', Hendrik Setia Budi?, Yuliati Yuliati?, Sisca Meida Wati®, Mohammad Igbal*,
Sandira Farnan Indarta®, Sherina Fatwa Imanu?®

- Department of Oral Medicine, Faculty of Dental Medicine, Universitas Airlangga, Surabaya 60132, Indonesia

2 Department of Oral Biology, Faculty of Dental Medicine, Universitas Airlangga, Surabaya 60132, Indonesia

3 Department of Oral Pathology and Maxillofacial, Universitas Airlangga, Surabaya 60132, Indonesia

* Doctor of Dental Surgery Program, Faculty of Dental Medicine, Universitas Airlangga, Surabaya 60132, Indonesia
* Undergraduate Student, Faculty of Dental Medicine, Universitas Airlangga, Surabaya 60132, Indonesia

ABSTRACT

Introduction: Inflammatory conditions are often found in oral cavity such as gingivitis, post tooth extraction, stoma-
titis, periodontitis, and oral abscess. Pharmacological therapy given is NSAIDs, but 78.8% of patients who consume
NSAIDs feel gastritis as side effect. Therefore, it's necessary to optimize orabase (Ob)-based herbal medicine which
have fast onset of action, avoid first pass metabolism, and mechanical barrier. Bitter bean peel extract (BBPE) (Parkia
speciosa)-as the main waste-has good anti-inflammatory ability because it containing the highest concentration of
flavonoid (Fl) (gallic acid, catechin, and ellagic acid). It was chosen because it's unspecified topically and minimum
published. Objectives: To analyze potency of Ob Fl of BBPE in inhibiting COX-2. Method: Preparation of materials
for Fl, control (arachidonic acid (AA) and celecoxib), COX-2 using PubChem and PDB databases. /n silico carried out
PASS to profiling probable anti-inflammatory, physicochemical to characterizing drug-likeness, ADMET to profiling
pharmacokinetics, docking to simulating reaction, and visualization. Result: FI of BBPE have potential as anti-in-
flammatory because they have Pa>0.3 and Pi<0.3 values. Fl has drug- like characteristics because they fulfill the 5
rules of Lipinski which reflects that compounds are easily absorbed and distributed to topical treatment targets, good
pharmacokinetic abilities, and non-toxic to liver and topically. Fl was able to block the active site COX-2 on 371st
peptide, because they had lower binding affinity (kcal/mol) (- 3.4, -4.9, and -4.6) than the control (-4.7, -3.3). Con-
clusion: F| of BBPE has the potential as an anti-inflammatory for Ob because it has good inhibition against COX-2.
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INTRODUCTION

Inflammation is the body's physiological response to
an injury that would be considered a foreign body [1].
Inflammatory conditions are also often found in the
oral cavity with 5 cardinal signs which include calor,
tumor, dolor, rubor, and functio laesa (Cavaillon,
2021). Inflammatory conditions are often found in the
oral cavity, some of which are periodontitis (74.1%),
gingivitis (23.4%), oral abscesses (14%), stomatitis
(8%), and swelling after tooth extraction (2.27%) [2].

The inflammatory process that occurs is mediated by
strong inflammatory mediators such as prostaglandin
E2 (PGE2) as a product of arachidonic acid (AA)
bioconversion by the COX-2 enzyme (Das, 2021;
Davis et al., 2020; Mahesh et al., 2021). Uncontrolled
production of PGE2 will continuously encode the
recruitment of immunocompetent cells which causes
an increase in destructive responses to tissues, causing
the inflammatory process to become chronic. Reviewing
the activity of PGE2 which plays an important role in
the inflammatory process, the therapy that is often
given is anti- inflammatory drugs that inhibit COX-2
in converting AA to PGE2 such as Non- Steroid Anti-
Inflammatory Drugs (NSAIDs) [3].

Nevertheless, NSAIDs can have gastritis side effects in
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patients. Reporting from research conducted in 2021
showed that the prevalence of gastritis patients due to
side effects of consuming NSAIDs was 78.8%. Decreased
production of PGE2 in the stomach can eliminate the
function of PGE2 as a gastroprotective, causing stomach
irritation (gastritis). In addition, drug delivery using oral
preparations can reduce the bioavailability of a drug
thereby reducing the load absorbed by the body [4].
Reviewing this problem, researchers are also developing
effective pharmaceutical preparations to distribute drugs
to target locations in the body locally such as orabase
[5]. Orabase has the advantage of being used topically
because it can target specific locations locally so that
the drug load received is also high. In addition, the time
needed for the drug to reach the target location is faster
than other drug preparations because it avoids first pass
metabolism and gastric emptying time and the relatively
shorter onset of action of the drug by acting immediately
while the drug is applied topically [6].

Indonesia is a country that has a very broad agricultural
sector with an area of agricultural land reaching 10.45
million hectares per year by 2022 with the main
agricultural commodities being biopharmaceutical
plants. One of the biopharmaceutical plants that thrives
in Indonesia is the bitter bean plant (Parkia speciosa)
with production in Indonesia reached 387,691 tons with
the highest distribution in the provinces of Central Java
(108,378 tons). Bitter bean peel waste has high levels of
flavonoids of 55-270 g/kg from 1 kg of bitter bean peel
waste. In 270 g/kg of flavonoids, active compounds were
found which predominated including gallic acid (23.31
g/kg), ellagic acid (8.91 g/kg) and catechin (5.82 g/kg).
This was proven in previous studies that examined the
anti-inflammatory effects of the flavonoid compounds
of bitter bean peel extract. The results showed that the
administration of bitter bean peel extract was able to
reduce the production of IL-1, IL-18, TNF-a, and IL-6. In
addition, bitter bean peel extract was able to reduce the
expression of NF-kB p65 and VCAM-1. Nevertheless, the
existing research has not yet answered the mechanism
or the specific anti- inflammatory ability of the bitter
bean peel waste extract against COX-2 [7].

Along with the development of bioinformatics and
medical technology, a lot of research has been carried
out to develop pharmaceutical preparations and explore
new drug compounds (drug discovery) using in silico
biocomputing technology. This aims to increase the
effectiveness, efficiency, and optimize the therapeutic
process. This research focuses on discovering the
potential of bitter bean peel waste extract as orabase
when viewed through in silico tests. This research is
expected to be able to provide specific descriptions and
predictions regarding the inhibition ability of the bitter
bean peel waste extract against COX-2 when applied via
orabase preparations [8,9].

MATERIALS AND METHODS

Research Materials

This study used the active compound of bitter bean peel
waste extract which was downloaded and prepared
in 2 dimensions from the PubChem website (https://
pubchem.ncbi.nlm.nih.gov/). The active compounds
used in the waste banana peel extract are flavonoid
compounds with the highest levels including gallic
acid/GA (CID 370), ellagic acid/EA (CID 5281855)
and catechin/Cat (CID 9064). As a comparison, the
researchers used 2 comparator compounds, namely
the active compounds of COX-2 selective inhibitor
anti-inflammatory drugs, namely celecoxib (CID 2662)
and arachidonic acid (CID 444899) as native ligands of
COX-2. The target of this study was the COX-2 enzyme
with PDB ID 5IKR which was downloaded and prepared
for its 3-dimensional structure from the RCSB Protein
Data Bank page (https://www.rcsb.org/). Selection of
COX-2 with PDB ID 5IKR is based on enzyme sources
isolated from humans, has a resolution of more than 2E,
namely 2.34E, and has the most favorable region value
of 90% in the Ramachandran range which is effective
for protein docking targets [8,10].

PASS Prediction

PASS prediction is carried out by entering the canonical
SMILES or SMILES sequences of GA, EA, and Cat test
compounds obtained from the PubChem website into
the Way2Drug website to predict their bioactivity. After
that, the Probable to Active (Pa) and Probable to Inactive
(Pi) values will be obtained [11,12].

Physicochemical Test

Physicochemical tests were carried out by uploading
the 2-dimensional conformations of the test compounds
GA, EA, and Cat to the Lipinski Rule of Five page to
determine their drug-likeness characteristics. The
Lipinski test results contain 5 parameters including
molecular mass, Log P, donor hydrogen bonds, acceptor
hydrogen bonds, and molar refractivity. A compound
is categorized as a drug-like compound if it fulfills 2
of the 5 Lipinski parameters, namely molecular mass
<500 dalton (Da), Log P <5, donor hydrogen bonds <5,
acceptor hydrogen bonds <10, and molar refractivity in
the range of 40-130 [13].

ADME Prediction

ADME or pharmacokinetic prediction is done with the
help of the PkCSM website. This prediction is the same as
the PASS prediction which utilizes the SMILES sequence
or the canonical SMILES as a marker for the compound
to be predicted. After the SMILES sequence is inputted
into the column, the ADME prediction will take place.
The prediction results displayed contain each parameter,
namely administration, distribution, metabolism, and
excretion. Because the research being conducted
wanted to know the ability of the active compounds
when distributed topically, the ADME parameters
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used must also be specific. Some of them are for the
administration aspect the water solubility parameters (in
numeric) and skin permeability (in numerical) are taken,
the distribution aspect uses the human fraction unbound
parameter (in percentage), the metabolism aspect uses
the CYP2D6 parameter of substrates and inhibitors, and
the excretion aspect uses the total clearance parameter
(in numeric) [14].

Toxicity Test

Toxicity tests are carried out with the help of the pkCSM
website and or ToxTree. This prediction is the same as
the PASS and ADME predictions which use the SMILES
sequence or the canonical SMILES as a marker for the
compound to be predicted. After the SMILES sequence is
inputted into the column, the prediction of toxicity will
take place. The prediction results displayed include each
parameter, namely AMES toxicity, human maximum
tolerated dose, lethal dose of 50, hepatotoxicity, and
skin sensitization [15].

Molecular Docking Test

The molecular docking test was carried out by uploading
the test compound, comparator compound, and target
protein to the PyRx application. After uploading, run
the PyRx program to find out the results of binding
affinity in units of kcal/mol, mode, RMSD lower bound
and upper bound (Ji et al., 2020; Pantsar & Poso,
2018; Pinzi & Rastelli, 2019; Saikia & Bordoloi, 2019).
Visualization of the docking results was carried out to
profile the location, type, and number of bonds formed
between the test compound and the target protein. The
visualization process utilizes the PyMol and Biovia
applications. Visualization is done by uploading the
docked conformation that is inserted into the target
protein. After that it can be known the location, type,
and number of bonds formed [10].

RESULT

PASS Prediction Result

Table I.

The PASS analysis outcomes demonstrated EA compound
revealed a 0.749 probability of being active as an anti-
inflammatory, with a 0.010 probability of inactivity.
The results show that the Es compound has the highest
chance of being active as an anti-inflammatory among
the other 3 compounds while outperforming celecoxib's
chance of being active as an anti-inflammatory agent.

Table 1. PASS prediction result of the active compound of
bitter bean peel waste extract

Compound GA* Cat* EA* Celecoxib
Pa 0.548 0.548 0.749 0.663
Pi 0.044 0.044 0.010 0.021

AP (Pa-Pi) 0.504 0.504 0.739 0.642

*GA: Gallic Acid, Cat : Catechin, EA: Ellagic Acid

Physicochemical Test Result

Table II.

The results of the physicochemical tests indicated
that GA compounds conformed to Lipinski's criteria,
possessing a molecular mass of 170 Da, 4 donor
hydrogen bonds, 5 acceptor hydrogen bonds, a log P of
-0.18, and a molar refractivity of 32.57. Similarly, the
subsequent findings for Cat compounds met Lipinski's
standards, with a molecular mass of 290 Da, 5 donor
hydrogen bonds, 6 acceptor hydrogen bonds, a log P of
1.09, and a molar refractivity of 68.13. Moreover, the
subsequent data for EA compounds satisfied Lipinski's
parameters, exhibiting a molecular mass of 302 Da, 4
donor hydrogen bonds, 8 acceptor hydrogen bonds, a
log P of 0.20, and a molar refractivity of 58.00.

Table I1. Physicochemical test results of the active compound
of bitter bean peel waste extract.

Com- Mo- Hy- Hy- Molar
pound lecular drogen  drogen Refrac-
Mass Bond Bond LogP tivity
(Da) Donor  Accep-
tor
Stan- <500 Da <5 <10 <5 40-130
dard
GA* 170 4 5 -0.18  32.57
Cat* 290 5 6 1.09 68.13
EA* 302 4 8 0.20  58.00

*GA : Gallic Acid, Cat : Catechin, EA : Ellagic Acid

ADMET Prediction Result

Table IlI.

GA compounds have a mucosa permeability value of
2.23, water solubility -2.56, human fraction unbound
of 61.7%, negative against CYP2D6, and have an
excretion rate of 3.30 ml / min. Cat compounds have
a mucosa permeability value of 2.46, water solubility
-3.117, human fraction unbound of 23.5%, negative
against CYP2D6, and have an excretion rate of 1.52
ml / min. EA compounds have a mucosa permeability
value of 2.48, water solubility -3.181, human fraction
unbound of 8.3%, negative against CYP2D6, and have

Table I1l. ADME prediction results of the active compound
of bitter bean peel waste extract.

Adminis-  Distri-  Metabo- i
. . . Excretion
tration bution lism
CYP2D6
Log substrate
Com- Water Kow  daninhib-  Total clear-
pound  Solubility itor ance(ml/min)
GA* -2.56 2.23 Negative 3.30
Cat* -3.117 2.46 Negative 1.52
EA* -3.181 2.48 Negative 3.44

*GA: Gallic Acid, Cat : Catechin, EA: Ellagic Acid
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an excretion rate of 3.44 ml/min. Furthermore, GA
compounds are negative for AMES toxicity, so they
are considered not to cause genetic mutations, have a
maximum dose threshold of 5,020 mg / kg body weight,
lethal dose 2,218 mol / kg, and do not cause mucosal
/ skin irritation because they are negative for skin
sensitization. Cat compounds are negative against AMES
toxicity, so they are considered not to cause genetic
mutations, have a maximum dose threshold of 2,740 mg
/ kg body weight, lethal dose 2,428 mol / kg, and do not
cause mucosal / skin irritation because they are negative
for skin sensitization. EA compounds are negative for
AMES toxicity, so they are considered not to cause
genetic mutations, have a maximum dose threshold of
2,990 mg / kg body weight, lethal dose 2,399 mol / kg,
and do not cause mucosal / skin irritation because they
are negative for skin sensitization.

Molecular Docking Test Results

Table IV.

The results of the molecular docking test determine
the ability and anti- inflammatory potential of bitter
bean peel waste extract compounds reviewed through
their ability to inhibit COX-2 compared to comparison
compounds. GA compounds in mode and RMSD 0 have
binding affinity values of -3.4 kcal / mol, this value is not
lower than celecoxib but lower than arachidonic acid.
Cat compounds in mode and RMSD 0 have binding
affinity values of -4.9 kcal/mol, this value is lower than
celecoxib and arachidonic acid. EA compounds in mode
and RMSD 0 have binding affinity values of -4.6 kcal /
mol, this value is not lower than celecoxib but lower
than arachidonic acid.

Table IV: Molecular docking test results of the active com-
pound of PsEPE and comparator compound against COX-2
at the active site of the 371st peptide.

Binding RMSD
affinity
(kcal/ Lower  Upper
Target Compounds mol) Mode bound  bound
COX-2 Gallic Acid -3,4 0 0 0
PDBID
5IKR Catechin -4.9 0 0 0
Ellagic Acid -4,6 0 0 0
Celecoxib -4,7 0 0 0

Visualization Results

Fig 1.

The visualization results of molecular docking tests
between the test compound and the comparison
compound against the target protein showed identical
bond locations. This is indicated by the location of the
compound binding to peptides in the COX-2 enzyme.
The types of bonds formed include hydrogen bonds
and van der waals bonds. The precise bond types and
locations are described in the following table.

Table V.

The visualization results are attached in detail to the table

(@) (b)

(© (@

[C]

Fig 1 : The visualization results of the active compound of (Parkia
speciosa). The bond formed between the active compound of PsEPE
consisting of gallic acid (a), catechin (b), ellagic acid (c) and the
comparator compound arachidonic acid (d) and celecoxib (e) against
COX-2 at the active site of the 371st peptide. Different colors and lines
indicate the formation of the type of bond between the test compound
and the enzyme peptide. Light green indicates the formation of a van
der Waals bond, dark green indicates the formation of conventional
hydrogen bond, red indicates the formation of an unfavorable bump
bond, dark purple indicates the formation of a pi-sigma bond, light
purple indicates the formation of a pi-alkyl bond, yellow indicates the
formation of a pi-sulfur bond, and pink indicates the formation of alkyl
bonds.

Table V: The results of the type and location of the bonding between
the active compound of PsEPE and the comparator compound on
the active site of the 371st COX-2 peptide.

Com-
pounds

Protein

Target Types and Locations of Bonding

- Hydrogen Bonding: ASN375, GLN372
- Van der Waals Bonding: ARG376,
ASP125,PRO128, PRO127,GLN374,
SER121,PHE371, TYR373, GLY533

- Hydrogen Bonding: GLN374,
- Van der Waals Bonding: PHE142,
Cat* GLN372,SER121, PHE529, PRO528,

ASN375, THR149

COX-2 - Hydrogen Bonding: ARG376,
PDBID EA* - Van der Waals Bonding: PRO127,
5IKR SER121,GLY536, GLN374, THR149

GA*

- Hydrogen Bonding:
- Van der Waals Bonding: GLY536,

*
AAT T GLN372,GLN374, SER121, HIST22, ASP125,
- Hydrogen Bonding: ALA378, ARG376,
L
Cele* - Van der Waals Bonding: PRO528,

GLN372,SER121, SER126, VAL538, ASP125,
ASN375 THR149, ILE377

*GA: gallic acid, Cat: Catechin, EA: ellagic acid, AA: arachidonic acid, Cele: celecoxib
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above so that it can find out the location of the same
peptide bond between one compound and another.
GA, Cat, EA, AA, and Cele compounds have the same
peptide bond location, namely ASN375 (Asparagine
375), ARG376 (Arginine 376), and GLN374 (Glutamine
374).

Fig 2.

Test compounds and comparison compounds that
have been simulated molecular docking are visualized
simultaneously at the active site of COX-2 (peptide 371).
The results showed that all five simulated compounds
occupying at the same bonding location were shown
with mutually superimposed structures in figure c.

Figure 2 : Comprehensive visualization of the bond between the
active compound of PsEPE and the comparator compound on the
active site of the 371st peptide COX-2. Visualization run into 3
difference perspective such as full enzyme visibility (a), active site-
specific visibility (b), and superimposed test ligand at active site (c)

DISCUSSION

Physicochemical Analysis

The PsEPE’s major active compound (GA, EA, and Cat)
is known to have been categorized in the drug-like
category because it meets Lipinski's rules and is listed
in table 2. These results show that these compounds can
likely penetrate cell membranes due to their moderate
molecular size. PsEPE’s major active compound
possesses favorable characteristics for passive diffusion
to reach its target site efficiently according to the result
of number of hydrogen bond donor and acceptor (26).
A drug-like compound has specified characteristic of
pharmacokinetics indicates that compounds with values
below 5 (Log P) exhibit favorable polarity, enabling them
to distribute through the bloodstream efficiently that
facilitate dissolution and systemic circulation through
the blood vessels. From the physicochemical test
analysis also known the ability to maintain their bonding
position with the target protein. The PSEPE’s major active
compound shows molar refractivity values of 68.13 and
58.01, ensuring its ability to uphold the bond with the
target protein. However, GA compounds fall below the
normal molar refractivity range at 32.57, suggesting that
Cat and EA compounds may better maintain the strength
and binding position with the target protein. Overall,
based on the five physicochemical test parameters,
all PsEPE’s major active compound exhibit drug-like
characteristics as they meet at least two predetermined
criteria (27).

ADME Prediction Analysis

(Table Ill). ADME prediction plays an important role
in determining whether the active compounds of bitter
bean peel waste extract can be applied topically in
orabase preparations. Judging from the administrative
aspect, the active compound of bitter bean peel waste
extract has water solubility values of - 2.56, -3.11, and
-3.18 respectively. From the results of the administrative
aspect, the active compound of bitter bean peel waste
extract is able to dissolve in water solvents so that it can
be circulated throughout the body where the majority
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is composed of water and is easy to distribute. The
next parameter is skin permeability. This parameter can
indicate that a compound can be distributed topically
through the skin. However, the mucosal structure in
the oral cavity has a structure that is not the same as
the histological structure of adnexal skin in general. In
addition to its different histological structure, the density
of the diameter of the pores of the oral mucosa (Log K
<0.5) has the narrowest pore diameter value compared
to mucosal pores (Log K ~0.5) or skin in general (Log
K ~0.7-0.8) [18].

Therefore a compound that can be predicted to
diffuse passively to enter through the oral mucosa is a
compound with a value of MW <300 Da. Compounds
that have MW <300 Da (Log MW <2.48) have excellent
hydrophilic properties and have an optimal Log P
value of less than 5. The bitter bean peel waste extract
compound has MW log values of 2.23, 2.46, and 2.48
respectively. This value is categorized as still included
in the threshold range of MW log values, a compound
that is able to penetrate the mucous membrane of the
oral cavity. Thus, from the MW log value obtained from
the bitter bean peel waste extract compound, it can
be predicted that it can be applied in topical form of
orabase [19].

Generally, all drug compounds consumed by humans
will be bound by plasma proteins in the blood which
will later form an inactive formation called drug plasma
binding protein. The greater the FU value or the closer
to 1, the more drug fractions that are active and can
be distributed to the target so that they can cause
pharmacological and therapeutic effects. From the results
of pharmacokinetic analysis of FU, as many as 61.7%
of gallic acid compound partitions, 23.5% of catechin
compounds, and 8.3% of ellagic acid compound
partitions are predicted to be active compounds and
able to cause pharmacological responses [20].

Normally the body will metabolize drugs that enter the
body through xenobiotic metabolic mechanisms. The
three Parkia speciosa compounds (gallic acid, catechin,
and ellagic acid) have negative values against CYP2D6
which means that these active compounds are predicted
not to interfere with xenobiotic metabolism and interact
with other drugs. The last parameter is excretion.
Through prediction pkCSM is also able to predict the
rate of excretion of active compounds absorbed by the
body. Based on data obtained from the database, gallic
acid, catechin, and ellagic acid compounds will be
excreted from the body through urine with successive
excretion rates of 3.3, 1.52, and 3.44 ml/minute [11].

Toxicity Test Analysis

From the results of pkCSM analysis regarding toxicity
aspects (Table 1V), it was found that the three active
compounds of Parkia speciosa gave negative results
for AMES toxicity. AMES toxicity is a state of cellular

mutation caused by the activity of chemicals in the
body. If a compound is said to be positive for AMES
toxicity, then the compound when consumed and in
the body will be a mutation factor and trigger mutations
(Marnett, 2019). Dose is the quantity of a compound that
researchers use to become a drug and will eventually
be consumed by humans. The benefit of knowing the
dosage threshold is to determine the therapeutic dose
of a drug compound so that it does not become a toxic
dose for the body. The three Parkia speciosa compounds
showed maximum tolerated dose values of 5.020, 2.740,
2.990 mg/kgBB, respectively. From this information, it
will be able to be the basis for determining therapeutic
doses, drug use doses, and lethal doses before in vitro
and in vivo analysis [21].

PASS Prediction Analysis

Biological activity is qualitatively considered as active
or inactive in the PASS program. The results of the PASS
prediction are presented as a ranking list of various
biological activities with calculated probabilities Pa
("active") and Pi ("becoming inactive"). The following
are the predicted results of PASS compounds in Parkia
speciosa (Gallic Acid (GA), Catechin, and Ellagic Acid
(EA)), and celecoxib mapped as anti- inflammatory in
table I [11,12].

Based on PASS prediction result (Table 1), gallic acid,
catechin, and celecoxib compounds have a Pa value of
0.5<Pa<0.7 with a value of Pa>Pi as an anti-inflammatory
compound. The Pa values of gallic acid and catechins
are 0.548 and 0.548 respectively. While ellagic acid
compounds have a Pa>0.7 and Pa>Pi values of 0.749
which indicates that ellagic acid compounds have a high
chance of being active as anti- inflammatory (Table 1).
This shows that compounds in Parkia speciosa have the
potential to be active as anti-inflammatory compounds
with the greatest chance of active compounds being
ellagic acid, gallic acid, and catechins [12].

Molecular Docking Test Analysis

Based on the results of molecular docking tests results
(Table V), gallic acid compounds, catechins, and Ellagic
acid extracts of bitter bean peel waste have good anti-
inflammatory abilities. Gallic acid, catechin, and ellagic
acid compounds have lower affinity binding values than
celecoxib and arachidonic acid. Gallic acid, catechin,
ellagic acid compounds require successive bond energies
of -3.4; -4.9 and -4.6 kcal/mol. This value reflects that
the compounds contained in bitter bean peel waste
extract are able to become anti- inflammatory agents
because they are able to block the formation of bonds
between the native ligand of arachidonic acid to the
active site of COX-2. In the other hand, binding affinity
value of bitter bean peel compounds with celecoxib is
equally negative, but the affinity values of celecoxib
tend to be lower in almost all groups than the affinity
of gallic acid and ellagic acid compounds. This does
not indicate that GA and Ea compounds do not have
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good anti-inflammatory abilities, but this deviation in
affinity values indicates that GA and EA compounds are
predicted to have a low binding ability below celecoxib
[22].

Docking Visualization Analysis

Based on the results of molecular docking test
visualization, gallic acid, catechin, and ellagic acid
compounds of bitter bean peel waste extract have similar
molecular activity with comparison compounds because
of the location of the identical binding to peptides in the
COX-2 enzyme so that it has good anti- inflammatory
abilities (Figure 3). Test and comparison compounds/
ligand have the same bond location, namely ASN375
(Asparagine 375), ARG376 (Arginine 376), and GLN374
(Glutamine 374) and superimpose on the same orbital
bag (Figure 2 and 3). The location of the same bond
indicates similar bound proteins so that the value of
bond affinity and mode interaction is not much different.
The same binding location and low binding affinity
of the test compound also indicate its ability to be a
competitive inhibitor of the COX-2 peptide. The bond of
the test compound on COX-2 peptide consists of 2 types
of bonds, namely strong hydrogen bonds and weak van
der walls (Table VI). Gallic acid has 1 hydrogen bond,
while catechins and ellagic acids have 2 hydrogen
bonds. The number of hydrogen bonds is aligned with
the binding affinity value of the test compound, where
catechins with the lowest binding affinity value have 2
hydrogen bonds, while gallic acid with a large binding
affinity value only has 1 hydrogen bond and higher
energy to binding (Table VI) [8-10].

CONCLUSION

Flavonoid compounds of bitter bean peel waste extract
has the potential as an anti-inflammatory for orabase
because it has good inhibition against COX- also
predicted to be able to be distributed topically orally
As a suggestion, further studies are needed in vitro and
in vivo studies that specifically determine the anti-
inflammatory ability of bitter bean peel waste extract
where information can be taken from this study.

ACKNOWLEDGEMENTS

This research which has no correlations and contract
with funding from any groups and is not obtained from
plagiarism of a work. The full content of this research
article is the responsibility of the author.

REFERENCES

1. Hannoodee S, Nasuruddin DN. Acute Inflammatory
Response. Nature [Internet]. 2022 Nov 14 [cited
2023 Feb 14];206(4979):20. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK556083/

2. Badan Penelitian dan Pengembangan Kesehatan
Kementerian RI. Riset Kesehatan Dasar Republik

10.

11.

12.

Indonesia 2018 [Internet]. Jakarta, Indonesia;
2019 [cited 2023 Jan 19]. Available from:
http://repository.bkpk.kemkes.go.id/3514/1/
Laporan%?20Riskesdas%202018%20Nasional.pdf

Ghlichloo I, Gerriets V. Nonsteroidal Anti-
inflammatory Drugs (NSAIDs). Treatment of
Chronic  Pain  Conditions: A Comprehensive

Handbook [Internet]. 2022 May 19 [cited 2023
May 2];77-9. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK547742/

Feyisa ZT, Woldeamanuel BT. Prevalence and
associated risk factors of gastritis among patients
visiting Saint Paul Hospital Millennium Medical
College, Addis Ababa, Ethiopia. PLoS One [Internet].
2021 Feb 1 [cited 2023 Feb 15];16(2):e0246619.
Available from: https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0246619
Chaushu L, Gavrielov MR, Chaushu G,
Zar K, Vered M. Orabase Promotes Oral
Epithelization in a Wound Healing Rat
Model: An Immunohistochemical Study. Appl
Immunohistochem Mol Morphol [Internet]. 2021
May 1 [cited 2023 Jul 29];29(5):E39-45. Available
from: https://pubmed.ncbi.nlm.nih.gov/33208673/
Gao J, Karp JM, Langer R, Joshi N. The Future of
Drug Delivery. Chemistry of Materials [Internet].
2023 Jan 24 [cited 2023 Jul 29];35(2):359-
63. Available from: https:/pubs.acs.org/doi/
full/10.1021/acs.chemmater.2c03003

Azemi AK, Nordin ML, Hambali KA, Noralidin
NA, Mokhtar SS, Rasool AHG. Phytochemical
Contents and Pharmacological Potential of Parkia
speciosa Hassk. for Diabetic Vasculopathy: A
Review. Antioxidants (Basel) [Internet]. 2022 Feb
1 [cited 2023 Jul 29];11(2). Available from: https://
pubmed.ncbi.nlm.nih.gov/35204313/

Khoswanto C, Siswandono. Molecular Docking
Analysis of Quercetin and Diclofenac as Cox-
2 Potential Inhibitors [Internet]. Research
Gate. 2022 [cited 2023 May 13]. p. 552-5.
Available  from: https://www.researchgate.net/
publication/363652337_Molecular_Docking_
Analysis_of_Quercetin_and_Diclofenac_as_Cox-
2 Potential_Inhibitors

Stanzione F, Giangreco |, Cole JC. Use of molecular
docking computational tools in drug discovery.
Prog Med Chem [Internet]. 2021 Jan 1 [cited
2023 Apr 30];60:273-343. Available from: https://
pubmed.ncbi.nlm.nih.gov/34147204/

Pinzi L, Rastelli G. Molecular docking: shifting
paradigms in drug discovery. Int ] Mol Sci.
2019;20(18):4331.

Rudik A V., Dmitriev A V., Lagunin AA, Filimonov
DA, Poroikov V V. PASS-based prediction of
metabolites detection in biological systems. SAR
QSAR Environ Res [Internet]. 2019 Oct 3 [cited
2023 Jun 121;30(10):751-8. Available from: https://
pubmed.ncbi.nlm.nih.gov/31542944/

Dmitriev A V., Filimonov DA, Rudik A V., Pogodin

Mal J Med Health Sci 20(SUPP12) 59-66, Dec 2024 65



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

13.

14.

15.

16.

17.

66

P V., Karasev DA, Lagunin AA, Poroikov V V. Drug-
drug interaction prediction using PASS. SAR QSAR
Environ Res [Internet]. 2019 Sep 2 [cited 2023 Jun
171;30(9):655-64. Available from: https://pubmed.
ncbi.nlm.nih.gov/31482727/

Ivanovié¢ V, Ranéi¢ M, Arsié¢é B, Pavlovié¢ A.
Lipinski’s rule of five, famous extensions and
famous exceptions. Popular Scientific Article.
2020;3(1):171-7.

Shivanika C, Deepak Kumar S, Ragunathan V,
Tiwari P, Sumitha A, Brindha Devi P. Molecular
docking, validation, dynamics simulations, and
pharmacokinetic prediction of natural compounds
against the SARS-CoV-2 main-protease. ] Biomol
Struct Dyn [Internet]. 2020 |[cited 2023 May
14];40(2):1.  Available  from:  /pmc/articles/
PMC7573242/

Sripriva N, Ranjith Kumar M, Ashwin Karthick
N, Bhuvaneswari S, Udaya Prakash NK. In silico
evaluation of multispecies toxicity of natural
compounds. Drug Chem Toxicol [Internet]. 2021
[cited 2023 Jul 30];44(5):480-6. Available from:
https://pubmed.ncbi.nlm.nih.gov/31111731/

Chen X, Li H, Tian L, Li Q, Luo ], Zhang Y.
Analysis of the Physicochemical Properties of
Acaricides Based on Lipinski’s Rule of Five. ]
Comput Biol [Internet]. 2020 Sep 1 [cited 2023
May 11;27(9):1397-406. Available from: https://
pubmed.ncbi.nlm.nih.gov/32031890/

Sanjaya RE, Putri KDA, Kurniati A, Rohman A,
Puspaningsih  NNT. In silico characterization
of the GH5-cellulase family from uncultured
microorganisms: physicochemical and structural
studies. ] Genet Eng Biotechnol [Internet]. 2021
Dec 1 [cited 2023 Feb 15];19(1). Available from:

18.

19.

20.

21.

22.

https://pubmed.ncbi.nlm.nih.gov/34591195/
Wanasathop A, Patel PB, Choi HA, Li SK.
Permeability of Buccal Mucosa. Pharmaceutics
2021, Vol 13, Page 1814 [Internet]. 2021 Oct 31
[cited 2023 Aug 4];13(11):1814. Available from:
https://www.mdpi.com/1999-4923/13/11/1814/
htm

Ferreira LLG, Andricopulo AD. ADMET modeling
approaches in drug discovery. Drug Discov Today.
2019;24(5):1157-65.

Watanabe R, Esaki T, Kawashima H, Natsume-
Kitatani Y, Nagao C, Ohashi R, Mizuguchi K.
Predicting Fraction Unbound in Human Plasma
from Chemical Structure: Improved Accuracy
in the Low Value Ranges. Mol Pharm [Internet].
2018 Nov 5 [cited 2023 Feb 15];15(11):5302-11.
Available  from:  https://pubmed.ncbi.nlm.nih.
gov/30259749/

Stampfer HG, Gabb GM, Dimmitt SB. Why
maximum tolerated dose? Br ) Clin Pharmacol

[Internet]. 2019 Oct 1 [cited 2023 Feb
15];85(10):2213-7.  Available  from:  https://
pubmed.ncbi.nlm.nih.gov/31219196/

Nugraha AP, Sibero MT, Nugraha AP,

Puspitaningrum MS, Rizqgianti Y, Rahmadhani D,
Kharisma VD, Ramadhani NF, Ridwan RD, Binti
Tengku Ahmad Noor TNE, Ernawati DS. Anti-
Periodontopathogenic Ability of Mangrove Leaves
(Aegiceras corniculatum) Ethanol Extract: In silico
and in vitro study. Eur ) Dent [Internet]. 2023 Feb
23 [cited 2023 May 4];17(1):46-56. Available
from: https://pubmed.ncbi.nlm.nih.gov/35453169/

Mal ] Med Health Sci 20(SUPP12) 59-66, Dec 2024



