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ABSTRACT

Objective: Orthosiphon stamineus, or cat's whiskers, are known to have several pharmacological activities, one of which is anti-inflammatory. An in
silico study was conducted to determine the active compound with anti-inflammatory activity from Orthosiphon stamineus leaves while also
assessing their toxicity.

Methods: AutoDock 4 was used to perform molecular docking, while LigandScout 4.4.3 Advanced was used to screen pharmacophores. The Swiss
ADME and PreAdmet websites were used to screen the prediction of Lipinski’s rules of 5 and toxicity.

Results: In this in silico study on the COX-2 enzyme (PDB ID: 3In1) with a RMSD validation value of 1.00 A, Tetramethyl Luteolin emerged as the
most promising candidate, exhibiting the lowest binding energy of-9.90 kcal/mol and a KI value of 55.80 nM, indicating favorable interactions
within the active site. The compound also satisfied the Lipinski Rules and demonstrated favorable absorption and distribution characteristics, with
HIA at 98.440681% and CaCO2 permeability at 53.1689 nm/sec, along with a small BBB value of 0.0154021 and quite good %PPB of 87.388706.
Furthermore, Tetramethyl Luteolin obtained a pharmacophore fit score of 32.42, indicating possession of key structural features essential for
desired biological activity.

Conclusion: The flavonoid-derived compounds in cat's whisker leaf extract show promise as potential anti-inflammatory drug candidates, with
Tetramethyl luteolin emerging as the best candidate among nine compounds, meeting Lipinski rules and exhibiting superior ADMET properties.
These results highlight the potential of Tetramethyl Luteolin as a lead compound, necessitating additional research into its intended target or

biological function.
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INTRODUCTION

Inflammation is a response to injury or infection and initiates the
wound-healing process. Steroid anti-inflammatory drugs (SAIDs) and
non-steroidal anti-inflammatory drugs (NSAIDs) are the two types of
anti-inflammatory medications. NSAIDs are further classified into two
types: non-selective NSAIDs that inhibit COX-1 and COX-2 enzymes
and selective NSAIDs that work by selectively inhibiting COX-2 [1].
Pharmacists face a number of issues, but one of the most pressing is
the creation of safer, more effective anti-inflammatory agents with
fewer adverse effects [2]. Cyclooxygenase-2 (COX-2) is the main
cyclooxygenase involved in the inflammatory response. When COX-2 is
induced, there will be excessive production of PGE2 (Prostaglandin
E2) and other prostaglandins, which can induce pain and diseases
related to inflammation [3]. Clinical evidence suggests that while COX-
2 enzymes are essential for injury repair, they can also contribute to
pathological processes like carcinogenesis and cancer progression [4].
They are highly expressed in inflammatory processes and
malignancies, such as IBD and colon cancer, while their expression in
normal colon cells is minimal or undetectable [5]. This emphasizes the
significance of COX-2 in the inflammatory response and its therapeutic
potential. The development of anti-inflammatory medications that
successfully reduce inflammation-related disorders while having
minimal impact on healthy cells is a current area of intense research
[6]. In the pursuit for new and improved anti-inflammatory agents,
selective inhibition of COX-2 is a promising strategy. To date, no in
silico study between COX-2 and compounds in cat's whiskers leaves
has been conducted.

Orthosiphon stamineus (cat's whiskers) is a Southeast Asian
medicinal herb that has traditionally been used to treat rheumatoid

arthritis, gout, and other inflammatory disorders. Terpenoids,
sterols, and polyphenols are among the active ingredients of the
plant. Cat's whisker leaves are known to have several
pharmacological activities, one of which is anti-inflammatory.
Chloroform and ethanol extracts from the leaves as well as their
flavonoid-rich fraction, were reported to have anti-inflammatory
activity in carrageenan-induced foot inflammation in male Wistar
rats [7, 8]. The therapeutic effect of the cat's whiskers plant mainly
comes from its polyphenols (lipophilic flavonoids and phenolic
acids), which are the most dominant constituents of the plant's
leaves [9, 10].

Flavonoids in the cat's whiskers plant are hydrophilic (glycoside
flavonoid) and lipophilic. The types of flavonoids contained in the
plant include  sinensetin = [11-13], eupatorin  [11-13],
tetramethoxyflavone (TMF) [12, 13], salvigenin [12, 13], cirsimaritin
[13], rhamnazin [12, 13], pilloin [12, 13], trimethyl apigenin [12, 13],
and tetramethyl luteolin [12-14]. The presence of the benzopyrone
ring in the structure of the flavonoid binds to the cyclooxygenase
and lipoxygenase enzymes, causing anti-inflammatory activity [15].
Eupatorin, TMF (tetramethoxyflavone), and sinensetin are
substances that can modulate COX-2-dependent prostanoid
production and/or NO generation via the iNOS pathway [7].

In silico testing was carried out to determine the active compounds
with anti-inflammatory activity in the leaves of the cat's whiskers.
The series of computational tests or virtual screenings that were
carried out consisted of Lipinski predictions, ADMETOX predictions,
molecular docking, and structure-based pharmacophore screening.
The concept of ligand-receptor recognition underlies this
computational testing for both target structure-based drug
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development and small molecule structure-based drug development
[16]. This study aims to explore the anti-inflammatory potential of
Orthosiphon stamineus compounds against COX-2 using in silico
methods and integrated ADME/Toks studies, with potential
implications for the development of new anti-inflammatory agents.

MATERIALS AND METHODS
Tools

The hardware used is a personal laptop with Intel(R) Core(TM) i7-
10510U processor specifications @1.80GHz, 2.30 GHz, 8.00 GB of
RAM with Windows 10 64-bit operating system. Software used for a
series of computing methods are Autodock 4, Biovia Discovery
Studio 2020, ChemDraw Ultra 12.0, Chem3D Pro 12.0, LigandScout
4.4.3 Advanced, RCSB PDB Web (https://www.rcsb.org/), PubChem

Web (https://pubchem.ncbi.nlm.nih.gov/), Swiss ADME Web
(http://www.swissadme.ch/index.php#), = PreAdme/Tox  Web
(https://preadmet.bmdrc.kr/), and the DUD-E Web

(http://dude.docking.org/targets).
Materials

The materials used for the molecular docking test were cyclooxygenase-
2 receptors (PDB ID: 3In1) along with 9 test compounds (sinensetin,
tetramethoxyflavone, eupatorin, salvigenin, cirsimaritin, pilloin,
rhamnazin, trimethyl apigenin, and tetramethyl luteolin). The materials
used for pharmacophore modeling are cyclooxygenase-2 receptors with
the code PGH2/3In1 along with 9 test compounds.

Lipinski's prediction

The analysis was carried out through the SwissADME website by
entering the SMILES isomeric structure of each compound obtained
from the PubChem website [17].

ADME/TOX predictions

The analysis was carried out via the PreAdmet website by entering
.mol file of the 2D structure of the compound that had been created
using ChemDraw [18-21].
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Molecular docking

The COX-2 receptor structure (PDB ID: 3In1) was downloaded
from the PDB website, and receptor preparation was performed
using the Biovia Discovery Studio application, separating it from
its natural ligand. Test ligands were prepared by importing the.
sdf file and minimizing their energy structures in Chem3D. The
receptor files and test ligand compounds were then prepared
using AutoDock 4, considering charges and hydrogen atoms, and
saved in the. pdbqt format. Molecular docking simulation was
conducted with specific GridBox and docking parameters,
incorporating Lamarckian Parameters and setting the Number of
GA Runs to 100 repetitions, resulting in. gpf and. dpf files.
Finally, docking was run using the command prompt, and the
molecular docking results were analyzed using the BIOVIA
application [21, 22].

Pharmacophore modeling

The analysis involved the creation of a database with active
compounds and decoys from code 3Inl on the website
http://dude.docking.org/targets. Using the Biovia Discovery Studio
application, 100 active compounds and 400 decoy compounds were
obtained and saved in'ldb' format. A separate test compound
database was created with 9 test compounds, minimized for energy,
and saved in'.pdb' format. Pharmacophore modeling was conducted
using LigandScout, resulting in 1-10 pharmacophore models saved
in".pmz' format. The pharmacophore models were validated by
calculating the AUC values, and the model with the best ROC was
selected for further analysis [19, 23].

RESULTS
Lipinski's prediction

According to the Lipinski parameter test results (table 1), the nine
test compounds had no more than 5 donor hydrogen bonds and 10
acceptor hydrogen bonds, their molecular weight was less than 500
Da, and the Log P value obtained was less than 514, indicating that
they met the requirements to be used as oral preparations.

Table 1: LipinskKi test results

No. Compound name Molecular weight LogP  Hydrogen bonds Interpretation
(<500 Da) (<5) Donor (<5)  Acceptor (<10)
1. 3’-hydroxy-5,6,7,4’-Tetramethoxyflavone (TMF) 358.34 g/mol 2.75 1 7 Qualify
2. Sinensetin (5,6,7,3’,4’-pentamethoxyflavone) 372.37 g/mol 3.10 0 7 Qualify
3. Cirsimaritin (4',5-Dihydroxy-6,7-dimethoxyflavone) 314.29 g/mol 2.52 2 6 Qualify
4. Eupatorin (5,3’-dihydroxy-6,7,4’-trimethoxyflavone) 344.32 g/mol 2.53 2 7 Qualify
5. Trimetil Apigenin (4',5,7-Apigenin trimethyl ether; 312.32 g/mol 3.10 0 5 Qualify
4',5,7-Trimethoxyflavone)
6. Pilloin (3',5-Dihydroxy-4',7-dimethoxyflavone) 314.29 g/mol 2.57 2 6 Qualify
7. Salvigenin (5-Hydroxy-6,7,4'-trimethoxyflavone) 328.32 g/mol 2.88 1 6 Qualify
8. Rhamnazin (3',7-Dimethylquercetin) 330.29 g/mol 2.02 3 7 Qualify
9. Tetramethyl luteolin (3',4',5,7-Tetramethoxyflavone)  342.34 g/mol 3.10 0 6 Qualify
Table 2: ADME-Toxic test results on 9 active compounds of Orthosiphon stamineus
No. Compound name Absorption Distribution Toxicity
HIA (%) CaCO2 (nm/sec) PPB (%) BBB Mutagenic Carcinogenic
1. 3’-hydroxy-5,6,7,4’- 96.806364 30.4826 85.826279 0.0140884 Mutagenic Mouse: -Rat: +
Tetramethoxyflavone (TMF)
2. Sinensetin 98.886176 51.2255 86.241520 0.0236938 Mutagenic Mouse: -Rat: +
3. Cirsimaritin 93.377855 8.36789 88.058295 0.0573971 Mutagenic Mouse: +Rat: +
4. Eupatorin 93.449297 7.14362 85.458905 0.0313627 Mutagenic Mouse: -Rat: +
5. Trimethyl Apigenin 97.924880 55.3919 89.230735 1.0053 Mutagenic Mouse: -Rat: +
6. Pilloin 93.377749 9.7712 87.195822 0.0616361 Mutagenic Mouse: -Rat: +
7. Salvigenin 96.486354 33.065 87.411271 0.0197439 Mutagenic Mouse: -Rat: +
8. Rhamnazin 87.828569 5.09497 81.216853 0.0565755 Mutagenic Mouse: -Rat: +
9. Tetramethyl luteolin 98.440681 53.1689 87.388706 0.0154021 Mutagenic Mouse: -Rat: +

Pre-ADMET test

Pharmacokinetic and toxicity studies showed that the absorption
parameters of all compounds met the HIA criteria, which was 70-

100%, whereas the CaCO: criteria was met by the trimethyl
apigenin compound with a value of 55.3919 nm/sec (table 2).
Regarding the distribution parameters, the rhamnazin compound
shows the lowest %PBB criterion of 81.22%, whereas the TMF
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compound obtained the lowest percentage of BBB of 0,014. Toxicity
studies found a compound carcinogenic in mouse is-cirsimaritin.

Molecular docking

The RMSD value of 1.00 A was obtained from the best-
performing docking pose, while all other running RMSD values
were<2 A across 100 runs during the validation process. These
findings indicate that the method's results meet the
requirements (RMSD<2 A for 70% of RMSD results) [24, 25],
supporting its accuracy and reliability. Consequently, the study
can proceed to the next stage using the Grid box values X =
30.092,Y =-22.559, and Z =-15.758.
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Molecular docking was performed after the validation results of the
3Inl receptor-ligand were obtained. Table 3 shows the simulated
results of molecular docking of the 3In1 receptors with natural ligands,
comparator chemicals, and compounds sustained in the cat's whiskers
leaf extract (Orthosiphon stamineus). Eupatorin, Pilloin, and
Tetramethyl luteolin exhibit hydrogen bonding similarities with
natural ligands (Celecoxib) in their hydrogen bonding patterns, while
Sinensetin, Savigenin, and Rhamnazin share similarities with
hydrogen bonding patterns found in standard compound (Etoricoxib)
(fig. 1). Based on the docking data, Tetramethyl luteolin emerged as
the most promising molecule, displaying the lowest binding energy of-
9.90 kcal/mol and a KI value of 55.80 nM.

Table 3: Results of compound molecular anchoring in Orthosiphon stamineus leaves with natural ligands and comparison compounds

No. Compounds/ AG Inhibition Amino acid residue
ligand test (kcal/mol)  constant Hydrogen bond Other bonds
KI (nM)
Natural Ligand
Celecoxib -10.50 20.01 nM ILE A: 503; PHE A: HIS A: 75 (Unfavorable Donor-Donor); VAL A: 509; VAL A: 335;
504; GLN A: 178; SER TRP A: 373; LEU A: 370; MET A: 508; LEU A: 338; ALA A: 513;
A: 339; ARG A: 499 LEU A: 345; TYR A: 341
Standard
Etoricoxib -10.39 24.32 nM TYR A: 341 SER A: 339; SER A: 516; ALA A: 502; HIS A: 75; VAL A: 509; LEU

A: 338 ALA A: 513; VAL A: 335; LEU A: 517; PHE A: 367; TRP A:
373

Active compounds of Orthosiphon stamineus leaves

1. TMF -9.71 76.82 nM -

2. Sinensetin -9.53 103.69 nM TYR A: 341

3. Cirsimaritin -3.81 1600 nM VAL A: 102

4. Eupatorin -9.01 250.33nM  GLNA:178

5. Trimethyl -8.67 438.88nM -

Apigenin

6. Pilloin -9.34 141.67nM  SERA:516; GLN A:
178; PHE A: 504

7. Salvigenin -8.95 275.28 nM ARG A: 106; TYR A:
341

8. Rhamnazin -8.85 326.68nM  TYRA:341; TYR A:
371

9 Tetramethyl -9.90 55.80 nM LEU A: 338; PHE A:

Luteolin 504; GLN A: 178; HIS
A: 75; ARG A: 499

ALA A: 513; MET A: 508; GLN A: 178; SER A: 339; LEU A: 370;
PHE A: 367; TYR A: 371; VAL A: 335; VAL A: 509; ALA A: 502;
HIS A: 75; TRP A: 373; PHE A: 504

MET A: 508; VAL A: 335; ALA A: 513; GLY A: 512; LEU A: 370;
TRP A: 373; PHE A: 367; PHE A: 504; TYR A: 371; VAL A: 509;
LEU A: 517; LEU A: 345; VAL A: 102

LEU A: 345; TYR A: 341; VAL A: 335; LEU A: 517; PHE A: 504;
TRP A: 373; VAL A: 509; ALA A: 513

LEU A: 338; SER A: 339; ALA A: 513; VAL A: 509; ALA A: 502;
HIS A: 75; LEU A: 370; TRP A: 373; PHE A: 367; TYR A: 371; ILE
A503 (Unfavorable Donor-Donor)

GLN A: 178; SER A: 339; LEU A: 338; ALA A: 513; VAL A: 509;
TYR A: 371; ALA A: 502; VAL A: 335; TRP A: 373; PHE A: 367;
LEU A: 370

SER A: 339; HIS A: 75; ALA A: 502; LEU A: 370; TYR A: 371; PHE
A:367; TRP A: 373; VAL A: 509; LEU A: 338

TYR A: 371; GLY A: 512; ALA A: 513; MET A: 99; LEU A: 517; VAL
A: 335; LEU A: 345; VAL A: 102

HIS A: 75;PHE A: 504; ARG A: 499; ALA A: 502; VAL A: 335; TRP
A: 373; LEU A: 370; SER A: 339; VAL A: 509; LEU A: 338

GLY A: 512; VAL A: 509; TRP A: 373; MET A: 508; VAL A: 335;
TYR A: 371; PHE A: 367; TYR A: 334

Table 4: Results of pharmacophore-fit score active compounds Orthosiphon stamineus leaves

No. Compound Matching features Pharmacophore-fit score
1. Eupatorin . - 40.01

2. TMF (3’-hydroxy-5,6,7,4’-Tetramethoxyflavone) . - 39.92

3. Sinensetin (5,6,7,3’,4’-pentamethoxyflavone) . 33.65

4. Cirsimaritin (4',5-Dihydroxy-6,7-dimethoxyflavone) . 33.58

5. Pilloin (3',5-Dihydroxy-4',7-dimethoxyflavone) . . 32.46

6. Tetramethyl luteolin (3',4',5,7-Tetramethoxyflavone) . . 32.42

7. Trimethylapigenin 32.22

8. Rhamnazin (3',7-Dimethylquercetin) . .

. . 30.65

Pharmacophore screening results

The AUC-ROC value of a decent pharmacophore model had to be
larger than 0.4-0.5 [26]. Based on the results, model 1 exhibited the

highest AUC value of the ten models, at 0.73 (fig. 2). Structure-based
pharmacophore features and ligand-based ones have been
integrated into a single entity with the findings indicated that
Eupatorin and TMF are the best pharmacophore models which
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pharmacophore screening, it was discovered that only 8 compounds
were suitable for screening, with the Eupatorin compound obtaining

including four features: two hydrophobic features represented by
the highest Pharmacophore-Fit Score of 40.01 (table 4).

yellow squares and two hydrogen bond acceptor features
represented by red squares (table 4, fig. 2). Following the
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Fig. 1: Visualization of the interaction of Celecoxib (a), Etoricoxib (b), Eupatorin (c), Pilloin (d), Tetramethyl luteolin (e), Sinensetin (f),
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Table 5: Molecular docking results and pharmacophore screening scores

Int ] App Pharm, Vol 15, Issue 6, 2023, 288-296

No. Compounds/ligand test AG (kc al/mol) Inhibition constant KI (nM) Pharmacophore fit score
1. TMF -9.71 76.82 nM 39.92

2. Sinensetin -9.53 103.69 nM 33.65

3. Cirsimaritin -3.81 1600 nM 33.58

4. Eupatorin -9.01 250.33 nM 40.01

5. Trimethyl Apigenin -8.67 438.88 nM 32.22

6. Pilloin -9.34 141.67 nM 32.46

7. Salvigenin -8.95 275.28 nM -

8. Rhamnazin -8.85 326.68 nM 30.65

9. Tetramethyl Luteolin -9.90 55.80 nM 32.42

Compatibility of molecular docking and pharmacophore
screening results

A comparison of Orthosiphon stamineus flavonoid compounds based
on their molecular docking results, including Gibbs free energy and
inhibition constant values, as well as pharmacophore fit scores,
shown in table 5. The lower Gibbs free energy and inhibition
constant values indicate stronger binding affinity, while higher
pharmacophore fit scores suggest better alignment with the
pharmacophore model, providing valuable insights into the potential
binding and activity of the compounds.

DISCUSSION

Herbal plants are frequently utilized as alternative medicine because
they contain substances useful for treating illnesses with few
adverse effects and are easily obtained from our surroundings.
Orthosiphon stamineus leaves are known to have several
pharmacological activities, one of which is anti-inflammatory. The
lack of studies regarding docking compounds in Orthosiphon
stamineus leaves that were specifically directed to COX-2 led to the
selection of this receptor as the target protein. The benzopyrone
ring in flavonoids binds to cyclooxygenase and lipoxygenase
enzymes, resulting in anti-inflammatory activity [15]. In the pursuit
of identifying COX-2-specific anti-inflammatory candidates from the
abundance of flavonoids in Orthosiphon stamineus, we selected
flavonoids with known anti-inflammatory activity and performed in
silico screening and toxicity prediction. This comprehensive
approach allowed us to focus on promising compounds with
potential therapeutic value, providing a foundation for further
experimental investigations and potential drug development in the
field of anti-inflammatory research. In this study, 9 active flavonoid
compounds were tested in Orthosiphon stamineus leaves, such as
TMF; Sinensetin; Cirsimaritin; Eupatorin; Trimethyl Apigenin;
Pilloin; Salvigenins; Rhamnazin; and Tetramethyl Luteolin.

The physicochemical properties of the test compounds were
predicted using Lipinski's Rule of Five. Parameters considered are
molecular weight (MW), Hydrogen Bond Acceptors (HBA), Hydrogen
Bond Donors (HBD), and partition coefficient (LogP). Nine
compounds in the cat's whiskers’ leaves met the Lipinski rule
requirements, indicating that the compounds have the potential to
be used as an oral preparation. Lipinski's Rule of Five states that the
compound should have no more than 5 HBD, and 10 HBA, a
molecular weight less than 500 Da, and a Log P value less than 5
[27]. ADMET Prediction was conducted to predict the absorption,
distribution, and toxicity of substances that occur in the human
body. The research was conducted in silico on several different
parameters, such as Human Intestinal Absorption (HIA), CaCO:,
Plasma Protein Binding (PPB), Blood-Brain Barrier (BBB), and
Potential Mutagen/Toxicity. HIA and CaCO: are used in predicting
drug absorption in the body. HIA is the total bioavailability of
absorption as determined by the ratio of excretion via urine, bile,
and feces. The HIA parameter aims to predict the absorption process
in the intestine. The HIA percentage score criteria are divided into
three categories: 70-100% (high absorption class); 20-70%
(medium absorption class); and 0-20% (low absorption class).
Meanwhile, CaCO: cells are a parameter of permeability ability used
to determine drug transport through intestinal epithelial cells
derived from human colon adenocarcinoma using several transport
pathways in an in vitro model. The permeability value of CaCO: cells
can be categorized into high permeability (>70 nm/s), moderate

permeability (4-70 nm/s), and low permeability (<4 nm/s) [28].
PreADMET test results show that all compounds have a good level of
absorption in the digestive tract.

The parameters used to predict drug distribution are Plasma Protein
Binding (PPB) and Blood-Brain Barrier (BBB). PPB refers to how
much of a drug is bound to proteins in the plasma. The efficiency of
the drug in penetrating or diffusing through the cell membrane is
seen from the less binding of a drug, where the drug bound to
plasma proteins is inactive, and only the drug in a free and unbound
state can produce a biological response because it can act on the
target until it finally enters the elimination process. Molecules with
%PPB values exceeding 90% are considered tightly bound to plasma
proteins, whereas values below 90% indicate weak binding [28].
Based on the results, all test compounds have a %PPB below 90%,
which means that they are not strongly bound to plasma proteins
and are likely to produce biological effects as they can readily
interact with target molecules in the body. Meanwhile, the BBB
penetration indicates drug concentration in the brain and blood to
avoid CNS side effects [29]. Classification of BBB penetration based
on Pre-ADMET, namely a BBB value>2.0 (high absorption into the
central nervous system); a BBB value between 0.1-2.0 (moderate
absorption to the central nervous system); and a BBB value<0.1 (low
absorption to the central nervous system) [28]. Based on the results
obtained from the nine test compounds, there was one test
compound that had a BBB value of 1.0053, namely trimethyl
apigenin, which indicates that it has a moderate ability to cross the
blood-brain barrier, while other compounds have a low ability to
cross the blood-brain barrier (BBB<0.1). Overall, sinensetin and
tetramethyl luteolin were identified as the two compounds with the
most favorable test values for absorption and distribution because
they have the highest HIA and CaCO2 permeability values and a
small BBB value because this drug candidate was shown to be anti-
inflammatory.

The prediction of toxicity was performed using the Ames Test and
Carcinogenicity parameters. The toxicity test is one of the most
important steps in drug development [30]. Based on the results of
the Ames test, all the tested compounds are predicted to exhibit
mutagenic properties against Salmonella typhimurium strains.
Additionally, the compounds are also predicted to be carcinogenic in
rats [31].

Molecular docking is a technique used to help discover new lead
compounds and promote drug repositioning; hence, it is promising
for expediting new drug discovery [32]. It is an in silico method used
to analyze interactions between two molecules, in which one
molecule will act as a test compound or ligand, while the other will
act as a target protein known as a receptor [33]. Molecular docking
attempts to predict non-covalent interactions between ligands and
their target proteins. Typical docking procedures incorporate two
important components, namely, the prediction of binding pose and
the estimation of binding affinity [32]. In this study, the COX-2
enzyme was collected from the Protein Data Bank (PDB) that was
used in Spodoptera frugiperda and has been tested on Mus musculus
as a receptor with the protein code 3In1. This receptor is complexed
with Celecoxib and has no mutations, as determined by X-ray
diffraction with a resolution of 2.40 A. Before docking the test
compounds, re-docking of the complex compound, namely
Celecoxib, was carried out for validation purposes. The results of the
validation obtained RMSD values of24 in 100 runs (100%). In
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addition, grid boxes and grid coordinates were also obtained, which
were used when docking the test compounds. The grid box used is
40 x 40 x 40, with a center X = 30.092, Y =-22.559, and Z =-15.758
with a spacing of 0.375. The purpose of determining the grid box is
to find out the reactive groups in macromolecules so that they can
interact with the ligands [32]. This is an important parameter for
identifying the low energy binding potential of drug candidates.

The two primary parameters of the docking results, such as the
docking score and the interacting amino acid residues, are often
analyzed independently when observing molecular docking data.
Both characteristics are equally essential in docking result analysis.
If the docking score is frequently related to the ligand's affinity for
the receptor, the receptor-ligand interaction is an indicator of
whether the resulting interaction can generate activity or not when
compared to the reference ligand or cocrystal [33]. Energy binding
describes the ability of two or more molecules to interact with each
other. The lower the energy binding, the less energy is needed by the
compound to bind to the target protein [34]. Meanwhile, the Ki value
is the concentration of the inhibitor, which can reduce half of the
enzyme activity [35]. If the Ki value is getting smaller, the inhibitory
ability of the compound is also getting stronger. Based on the data
obtained, Tetramethyl Luteolin (test compound 9) exhibited the
highest affinity for the COX-2 receptor compared to the other tested
compounds. It demonstrated the lowest binding energy, with a value
0f-9.90 kcal/mol, indicating a strong interaction between the
compound and the target protein. Additionally, the inhibition
constant (Ki) value for Tetramethyl Luteolin was 55.80 nm,
suggesting potent inhibitory activity against the enzyme.

The molecular design of synthetic COX-2 inhibitors is based on
modulating hydrophobic and hydrophilic interactions with key
amino acid residues within the active site channel, including Arg120,
Arg513, Leu503, Val523, Val434, Tyr385, Ser530, Tyr255, and
Ala513 [36]. These interactions influence the potency (IC50) and
selectivity (SI) of COX-2 inhibition. Studies on various derivatives
and hybrid structures have revealed that aryl sulfonyl groups (-
SO2NH2 and-SO2Me) at the para position with Leu338, Ser339,
Arg499, Phe504, Arg513, and Argl06 residues as well as m-m
interactions mostly with Tyr341 and Val509 residues are involved in
crucial H-bond interactions with specific residues and m-m
interactions with others, contributing to COX-2 inhibitory activity
[36]. Additionally, amino acids such as Arg513, GIn192, Ser353,
Ser530, Arg499, His90, Tyr341, and Val102 primarily participate in
hydrophobic interactions with COX-2 inhibitors [36]. Additionally,
previous studies have revealed that the PHE A: 504 residue is
involved in the formation of hydrogen bonds in a variety of COX-2
selective inhibitor drugs. The existence of H-bonds at GLN A: 178
and ARG A: 499 was similarly linked to improved COX-2 inhibitory
action [37]. Low energy in the COX-2 docking process, the
interaction and similarity of amino acid residues with the original
ligand show its efficacy as a selective COX-2 inhibitor.

In Celecoxib, a pyrazole-based COX-2 inhibitor, significant hydrogen
bond interactions with key residues, including Arg513, Ser339, and
Tyr341, within the active site channel have been identified [36].
Substitutions like para-halogen, alkoxy, and methylsulfonyl groups
on the phenyl ring of COX-2 inhibitors contribute to strong
interactions with amino acids within the active site channel [36].
Various hydrophobic interactions with amino acids like Val102,
Leu338, Leu352, Phe381, Ala513, Val349, Argl20, and Arg513
enhance the inhibitory activity of COX-2 inhibitors [36].

In this study, we investigate the molecular interactions between
celecoxib, a natural ligand, and its target protein, focusing on
hydrogen bonding amino acid interactions. Celecoxib forms five
hydrogen bonding interactions with specific amino acids within the
protein structure: ILE503, PHE504, GLN178, SER339, and ARG499.
Our analysis reveals intriguing similarities between Eupatorin,
Pilloin, and Tetramethyl Luteolin and known natural ligands based
on hydrogen bonding interactions. Tetramethyl Luteolin exhibits
three similar hydrogen bonding amino acid interactions (PHE504,
GLN178, and ARG499) to the Celecoxib complex ligand, which could
potentially indicate a similar mechanism of action and
pharmacological activity in inhibiting enzyme function [33]. These
findings align well with the ADME results, where Tetramethyl
Luteolin emerges as one of the best compounds.

Int ] App Pharm, Vol 15, Issue 6, 2023, 288-296

Pharmacophore modeling, an intriguing advance in modern drug
design, provides a technique to qualitatively describe drug-receptor
interactions to provide imprecise guides for selecting promising
drug candidates. The steric and electronic properties required to
promote effective interaction between ligands and protein targets
with specific biological targets to produce their biological response
are referred to as pharmacophores. Pharmacophore modeling takes
many active and inactive (decoy) compound observations and seeks
to extract statistically significant patterns that predict
pharmacological activity [38, 19]. The Feature Mapping module is
utilized to identify all potential pharmacophore feature mappings
that correspond to the desired chemical groups. Subsequently, a
standardized protocol for generating a common feature
pharmacophore is executed. This protocol encompasses features
such as ring aromatic (RA), hydrogen bond acceptor (HBA),
hydrogen bond donor (HBD), positively charged group (P),
negatively charged group (N), and hydrophobic (HY). The selection
of the most accurately mapped compound is determined by
evaluating the fit values and aligning the pharmacophoric features
[39]. The purpose of this procedure was to demonstrate the value of
refined pharmacophoric characteristics in the detection of active
substances.

The COX-2 receptor, PGH2/3In1, available on the website dude.
docking. org, was utilized for pharmacophore modeling in this study.
Validation of the eight tested pharmacophore models showed that
model 1 had the highest AUC value of 0.73. Subsequently,
pharmacophore screening using model 1 was performed on the
eight test compounds from Orthosiphon stamineus leaf extract, and
Eupatorin exhibited the highest pharmacophore fit score of 40.01.
Furthermore, a comparison of pharmacophore matching features
identified Eupatorin and TMF as the best pharmacophore models,
both comprising four features: two hydrophobic features (yellow
squares) and two hydrogen bond acceptor features (red squares).
The best mapping for the pharmacophore model is represented by
the highest pharmacophore fit score, resulting in the identification
of highly active hit compounds [40].

CONCLUSION

Based on the results, Tetramethyl Luteolin emerges as the most
promising anti-inflammatory drug among the test compounds. It
exhibits strong binding affinity with COX-2, evident from its lowest
binding energy (-9.90 kcal/mol) and KI value (55.80 nM). The
pharmacophore-fit score of 32.42 confirms its ability to interact
effectively with the COX-2 enzyme. Furthermore, pre-ADMET testing
reveals favorable absorption and distribution characteristics (%HIA:
98.440681, CaCO2 permeability: 53.1689%), indicating its potential
to interact with target molecules in the body because of its high
absorption and moderate penetration in the human intestine. %PPB
value of 87.388706 and %BBB value of 0.0154021 indicating that it
is likely to produce biological effects because it can easily interact
with target molecules in the body and has low absorption in the
central nervous system, reducing the risk of unwanted neurological
effects. Despite its promise, toxicity predictions indicate potential
mutagenic and carcinogenic properties. Thus, Tetramethyl Luteolin
could be a promising lead candidate for anti-inflammatory drug
development, but further experimental and in vivo studies are
necessary to validate its therapeutic efficacy and safety.
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