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ABSTRACT

This study is driven by the substantial increase in the number of diabetes mellitus patients,
which is projected to triple by 2030 and the immense potential of Indonesia's extensive biodi-
versity. Diabetic ulcers represent one of the most common complications stemming from un-
controlled diabetes mellitus. Therefore, this research aims to determine the therapeutic poten-
tial of Indonesian biodiversity for diabetic ulcers, focusing on the anti-bacterial and anti-inflam-
matory properties of secondary metabolite derivatives, employing both in silico and in vitro
approaches. Initially, the research employed an in silico approach, conducting molecular dock-
ing and molecular dynamics simulations on reference ligands obtained from the 6KVS receptor
for Staphylococcus aureus bacteria and the 5KIR for the COX-2 protein. Molecular docking
was performed for 18 secondary metabolite derivative test compounds using Autodock Vina,
followed by molecular dynamics simulations. The results of the molecular dynamics simulations
showed that flavanonols exhibited the highest stability among the test compounds, with an
average root mean squared deviation of 0.139493 A for anti-bacterial tests and 0.182499 A for
anti-inflammatory tests after 50 ns simulation. Based on the results of molecular dynamics sim-
ulations, in vitro anti-bacterial and anti-inflammatory testing was conducted using flavanonol
compounds found in Ananas comosus plants. In the anti-bacterial test, the pineapple extract,
at a 5% concentration, exhibited the largest inhibitory zone diameter, 3.53 mm. In the anti-
inflammatory tests, the pineapple extract at an optimal concentration of 600 ppm showed the
highest absorbance value for protein denaturation, measuring 0.11133 au.
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ABSTRAK

Penelitian ini didorong oleh peningkatan jumlah pasien diabetes melitus yang diproyeksikan
meningkat tiga kali lipat pada tahun 2030 dan potensi keanekaragaman hayati Indonesia yang
sangat besar. Ulkus diabetikum merupakan salah satu komplikasi yang paling sering terjadi
akibat diabetes melitus yang tidak terkontrol. Oleh karena itu, penelitian ini bertujuan untuk
mengetahui potensi terapeutik keanekaragaman hayati Indonesia untuk mengatasi ulkus dia-
betikum, dengan fokus pada sifat anti bakteri dan anti inflamasi dari turunan metabolit
sekunder, dengan menggunakan pendekatan in silico dan in vitro. Pada awalnya, penelitian ini
menggunakan pendekatan in silico, dengan melakukan penambatan molekuler dan simulasi
dinamika molekuler pada ligan referensi yang diperoleh dari reseptor 6KVS untuk bakteri
Staphylococcus aureus dan 5KIR untuk protein COX-2. Docking molekuler dilakukan terhadap
18 senyawa uji turunan metabolit sekunder dengan menggunakan Autodock Vina, yang
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dilanjutkan dengan simulasi dinamika molekuler. Hasil simulasi dinamika molekul menunjuk-
kan bahwa flavanonol menunjukkan stabilitas tertinggi di antara senyawa uji, dengan rata-rata
deviasi kuadrat rata-rata sebesar 0,139493 A untuk uji anti bakteri dan 0,182499 A untuk uji
antiinflamasi setelah simulasi selama 50 detik. Berdasarkan hasil simulasi dinamika molekuler,
dilakukan pengujian anti bakteri dan anti inflamasi secara in vitro dengan menggunakan sen-
yawa flavanonol yang terdapat pada tanaman Ananas comosus. Pada uji anti bakteri, ekstrak
nanas dengan konsentrasi 5% menunjukkan diameter zona hambat terbesar yaitu 3,53 mm.
Pada uji anti inflamasi, ekstrak nanas pada konsentrasi optimal 600 ppm menunjukkan nilai
absorbansi tertinggi untuk denaturasi protein, yaitu sebesar 0,11133 au.

Kata kunci: anti bakteri, anti inflamasi, tukak diabetik, in silico, in vitro

INTRODUCTION

Diabetes mellitus is indeed a chronic
disease that poses a significant challenge to
global health. In Indonesia alone, diabetes-
related deaths reached a staggering
236,000 in 2021 (International Diabetes
Federation 2021). This alarming number
highlights the urgent need for effective pre-
vention and treatment strategies to curb the
rising tide of diabetes. Diabetes mellitus is
an endocrine and metabolic disorder result-
ing from an overall insulin deficiency or de-
fective insulin functioning. This disease
causes numerous complications, one of the
most common being diabetic ulcers. Dia-
betic ulcers, or neuropathic wounds, are a
chronic complication of diabetes mellitus in
the form of open wounds on the skin's sur-
face due to blockages in blood vessels,
which cause tissue necrosis. Diabetic ulcers
are most commonly caused by microangiop-
athy, resulting in peripheral neuropathy,
namely an uncontrolled increase in blood
sugar, which causes vascular abnormalities
and metabolic disorders in the affected
nerves (Genco and Borgnakke 2020). If not
appropriately controlled, diabetic ulcers can
cause further acute complications such as
cellulitis, neuropathy, abscesses and gan-
grene (Bolton 2018; Dorresteijn et al. 2014;
Giacomozzi et al. 2018; Levy and Gillibrand
2019). Moreover, diabetic ulcers often trig-
ger a chronic inflammatory response, char-
acterized by the infiltration of immune cells
and the release of inflammatory mediators.
This persistent inflammation impedes
wound healing and increases the risk of in-
fection. Common bacterial pathogens asso-
ciated with diabetic foot ulcers include
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Staphylococcus aureus, Pseudomonas ae-
ruginosa, and Escherichia coli (Tiek Chiang
Goh, 2020). Diabetic wounds can occur in
any area of the human body, including the
extremities. These wounds may exhibit a
range of infections, from mild to severe, with
some proving difficult to treat effectively
(MM Martinez Delgado, 2018; Mohamed
Abdulhammeed Hatem, 2022).

This study employs Computer-Aided
Drug Design (CADD) to virtually screen po-
tential medicinal plants to develop novel di-
abetic ulcer drugs that promote wound heal-
ing. CADD approaches offer a cost-effective
and time-efficient method to identify drug
candidates with inhibitory activity against
COX-2, an enzyme responsible for exces-
sive prostaglandin E, (PGE2) production in
wound macrophages (Wang and Wang
2018), and Staphylococcus aureus, the
most prevalent isolated pathogen in diabetic
ulcer wounds (Dunyach-Remy et al. 2016).
Molecular docking and virtual screening
techniques will be employed, as these meth-
ods have successfully identified potential
therapies for diabetic ulcers by evaluating
protein-ligand binding energy (Hosseini et
al. 2021). However, molecular docking is
limited by protein flexibility, solvation mod-
els, and the simplicity of scoring functions
(Souza et al. 2021). To ensure more reliable
findings, molecular docking will be comple-
mented by full atomistic molecular dynamics
simulation, which examines the dynamic be-
havior of a ligand, protein, and solvent at a
specific time (Santos et al. 2019). To further
enhance the credibility of our simulations, in
vitro anti-bacterial and anti-inflammatory as-
says will also be conducted to investigate
the properties of bioactive compounds in



inhibiting Staphylococcus aureus and as-
sessing their anti-inflammatory effects in
protein BSA denaturation.

MATERIALS AND METHODS

In Silico Test
3D structures preparation

The 3D model protein structures of
Staphylococcus aureus bacteria and human
cyclooxygenase-2 (COX-2) used were OAX
(4-chloranyl-N-[[cyclopropylmethyl(metha-
noyl)amino]methyllbenzamide) and RCX
(rofecoxib), obtained from the RCSB Protein
Data Bank (PDB) with accession codes
6KVS and 5KIR, respectively.

These structures were prepared using
AutoDock Vina software for docking simula-
tions. Water molecules were eliminated from
the protein structures, and the respective
reference ligands, OAX (PDB entry 6KVS)
and RCX (PDB entry 5KIR) were extracted.
OXA-1, a protein target, is a type of beta-
lactamase enzyme that breaks down beta-
lactam antibiotics, which helps bacteria de-
velop resistance to antibiotics (International
Journal of Medical Microbiology, 2018).
OXA-1 proteins in Staphylococcus aureus
are also responsible for assisting the as-
sembly of several different substrate pro-
teins (Nathalie, 2009). Identifying potential
drug candidates capable of exhibiting inhib-
itory activity against cyclooxygenase-2
(COX-2) and Staphylococcus aureus is of
significant interest. COX-2 is an enzyme re-
sponsible for excessive prostaglandin E,
(PGE2) production in wound macrophages,
while Staphylococcus aureus is the most
commonly isolated pathogen in diabetic ul-
cer wounds. Rofecoxib, a medication used
to inhibit COX-2 activity, is a ligand for this
enzyme.

Polar hydrogens were added to the
target proteins, nonpolar hydrogens were
merged, and Gasteiger charges were as-
signed. The reference ligands were con-
verted into the PDBQT format that is com-
patible with AutoDock Vina. Subsequently,
secondary metabolite derivatives from
plants with similar geometrical structures to
the reference ligands were retrieved from
PubChem for further investigation as poten-
tial COX-2 inhibitors.

J Bioteknol Biosains Indones — Vol 11 No 2 Thn 2024

Molecular docking

Molecular docking simulations were
conducted using AutoDock Vina software on
a laptop with an Intel® Core™ i5-7200U
CPU, 16.0 GB RAM, Windows 10 64-bit op-
erating system, and Intel® Iris® Plus
Graphics GPU. The reference ligands, OAX
and RCX, were redocked onto their respec-
tive target proteins to validate the docking
method. Subsequently, all prepared second-
ary metabolites were subjected to molecular
docking on the target proteins under param-
eters identical to those used for the refer-
ence ligands. The docking parameters for
OAX were as follows: central grid point co-
ordinates (10.829, 14.375, 1.652), grid box
size 40 x 38 x 38, and grid point spacing
0.375 A. The docking parameters for RCX
were as follows: central grid point coordi-
nates (23.287, 0.439, 34.435), grid box size
40 x 40 x 40, and grid point spacing 0.375
A. Both molecular docking simulations em-
ployed default docking parameters using the
Lamarckian Genetic Algorithm. The intermo-
lecular forces formed during docking were
analyzed using BIOVIA Discovery Studio
2021 Visualizer.

Molecular dynamics simulations

Molecular dynamics (MD) simulations
were conducted using Amber20 software to
assess the stability of the protein-ligand
complex. The generated structure was in-
corporated into LEaP, adding water and an
Mg*? ion. Both water and the entire system
were subjected to energy minimization. The
resulting MD trajectories were analyzed us-
ing AmberTools20 to determine root-mean-
square deviation (RMSD), which provides
insights into the overall structural stability of
the protein-ligand complex over time. Lower
RMSD values indicate greater stability, sug-
gesting a strong protein and ligand interac-
tion.

Drug-likeness and absorption, distribu-
tion, metabolism, excretion, and toxicity
(ADMET) prediction

The drug-likeness of the secondary
metabolites was evaluated using Lipinski's
rule of five, which was implemented on the
SCFBio Lipinski website. This rule encom-
passes five criteria to determine whether a
compound exhibits drug-like properties. To
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be considered drug-like, a compound must
have a molecular mass below 500 Da, a log
P value less than 5, no more than five hy-
drogen bond donors, no more than ten hy-
drogen bond acceptors, a molar refractivity
between 40-130 (m3mol), and not violate
more than one of the five rules above. The
pharmacokinetic properties, including ab-
sorption, distribution, metabolism, excretion,
and toxicity (ADMET), were also predicted
using the pkCSM server.

In Vitro Test

The experimental apparatus included
autoclaves, blenders, analytical balances,
spatulas, beakers, measuring cups, glass
funnels, stirring rods, dropper pipettes,
measuring flasks, Erlenmeyer flasks, mortar
and pestles, cuvettes, test tubes, a water
bath, a centrifuge, L-rods, Petri dishes,
watch glasses, a Bunsen burner, pH indica-
tors, tweezers, micropipettes, and laminar
airflow cabinets. The materials required for
the study included Staphylococcus aureus
bacteria, bovine serum albumin, sodium
phosphate dibasic heptahydrate
(Na,HPO,), sodium phosphate monobasic
monohydrate (NaH,PO,), sodium chloride
(NaCl), potassium chloride (KCI), and pine-
apple (Ananas comosus).

The pineapple extract was prepared
and evaluated for its antibacterial activity
against Staphylococcus aureus using the
agar diffusion method. The optimal concen-
tration for the antibacterial effect was deter-
mined based on the inhibition zone diame-
ter. Subsequently, the extract's anti-inflam-
matory potential was assessed by its ability
to prevent protein denaturation, with the op-
timal concentration determined based on

the minimum protein denaturation percent-
age.

RESULTS AND DISCUSSION

Anti-Bacterial Property Test
Molecular docking

In this method, the structure of the ref-
erence ligand obtained from molecular
docking is overlaid onto the structure de-
rived from the Protein Data Bank's (PDB) X-
ray diffraction (XRD) data, the 3D Superim-
position of Reference Ligand (OAX) struc-
ture is shown in Figure 1. The molecular
docking simulations indicated that OAX, the
reference ligand, exhibited a binding energy
of -6.75 kcal/mol and an RMSD value of
0.96A in Figure 2. The RMSD parameter is
critical in validating the docking results
through a re-docking procedure. The molec-
ular docking outcome is deemed valid if the
RMSD value falls within the acceptable
threshold of < 2A. This RMSD value is a con-
trol parameter for evaluating the accuracy of
docking various chemical compounds.

The size of the ligand search box was
adjusted to encompass the complex formed
between the receptor and the ligand by plac-
ing a search point at the box's coordinates
(X, Y, and Z) that encloses the binding site
region of the ligand. The grid box is where
the ligand will interact with the amino acid
residues of the target protein. The grid box
is determined to identify the coordinate
points in the binding area of a protein. In this
study, the grid box size used was X (40), Y
(38), and Z (38) with an X center (10.829), Y
center (14.375), and Z center (1.652), which
are presented in Figure 3. This data was
used as a control variable for docking test
compounds.

Figure 1. Superimposition of Reference Ligand (OAX).
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| | | | |
Rank | Sub- | Run | Binding | Cluster | Reference
| Rank | | Energy | RMSD | RMSD
I I | | |
B 1 1 -6.75 0.00 0.96 |
1 2 a4 -6.59 1.22 1.50
1 3 9 -6.59 1.00 1.29
2 i | 3 -6.52 0.00 3.70
2 2 7 -6.37 1.79 4.03
2 3 6 -6.35 1.86 4.11
2 4 5 -6.33 1.87 3.87
2 5 8 -6.32 1.93 3.92
2 6 10 -6.31 1.87 3.84
3 1 2 -6.49 0.00 2.31

Figure 2. Root Mean Square Deviation And Binding Energy
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Figure 3. Grid Box Dimension of Molecular Docking Anti-Bacterial Property Test
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Figure 4. The 2D visualization of ligan-receptor

In drug discovery, compounds exhibit-
ing more negative than positive control bind-
ing energies are regarded as promising drug
candidates. This stems from the notion that
a more negative binding energy reflects a

stronger and more stable interaction be-
tween the receptor and the ligand, a crucial
attribute for effective drug action. A stronger
bond between the ligand and receptor sug-
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gests that the ligand is less likely to dissoci-
ate from the receptor, prolonging its thera-
peutic effect. Therefore, compounds with
more negative than positive control binding
energies are prioritized for further investiga-
tion as potential drug candidates. The 2D
visualization of the interaction between lig-
and and receptor is shown in Figure 4.
According to the molecular docking re-
sults, the three compounds with the best
binding energy to Staphylococcus aureus

prove to be chalcone, anthocyanin, and fla-
vanonol with free Gibbs energy of -8.60
kcal/mol, -8.40 kcal/mol, and -8.10 kcal/mol
respectively. The molecules were selected
based on their structural similarity and the
number of benzene rings chosen to match
the characteristics of the target proteins,
OAX and RCX. These compounds will be
further analyzed through Lipinski’'s Rule of
Five, Pre-ADMET simulations and molecu-
lar dynamics (Table 1).

Table 1. Molecular docking result.

Chemical compounds  Scientific name Parts used Binding energy (kcal/mol)
Reference ligand - - -6.75
Chalcone Citrus reticulata Fruit Peel -8.60
Anthocyanin Punica granatum Fruit -8.40
Flavanonol Ananas comosus Fruit Peel -8.10
Flavanone Citrus amblycarpa Fruit Peel -8.10
Spiraeoside Allium cepa Bulb Peel -8.10
Flavone Moringa oleifera Leaf -7.90
Aurone Psophocarpus Leaf -7.80
tetragonolobus
Catechin Camellia sinensis Leaf -7.80
Epicatechin Malus domestica Fruit Peel -7.80
Naringin Citrus paradisi Seed -7.80
Quercetin Zingiber officinale Leaf -7.70
Daidzein Pueraria lobata Root -7.60
Isoflavone Vitis vinifera Fruit -7.50
Genistein Glycine max Seed -7.40
Leucodelphidine Caesalpinia pulcherrima  Stem -7.30
Triclosan Daucus carota Tuber -7.10
Acridine Citrus sinensis Fruit Peel -7.00
Dihydrochalcone Glycyrrhiza glabra Root -7.00

Molecular dynamics simulations

Root Mean Square Deviation (RMSD)
measures how much a molecule's confor-
mation changes during a molecular dynam-
ics simulation. A lower RMSD value indi-
cates that the compound is more stable, as
an increase in RMSD value suggests that
the protein structure begins to open up so
that the ligand starts to search for binding
sites on the protein.

Based on Figure 5 and Table 2, fla-
vanonol has the best average RMSD value
among other secondary metabolite deriva-
tives and the reference ligand as a control.
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The reference ligand has a higher RMSD
value due to being less stable than fla-
vanonol, as it undergoes greater structural
changes during the simulation. In compari-
son, flavanonol demonstrates smaller struc-
tural changes and more stable and rigid con-
formation with a lower RMSD value. Fla-
vanonol has an average RMSD value of
0.139493 A after 50 ns of molecular dynam-
ics simulation. Thus, based on the RMSD
simulation, flavanonol has a more significant
potential than other secondary metabolite
derivatives when assessed based on the
RMSD value obtained.
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Root Mean Square Deviation (RMSD)
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Figure 5. Root mean square deviation (RMSD) values of protein 6KVS for 50 ns.

Table 2. Average root mean square deviation (RMSD) values of protein 6KVS for 50 ns.

Secondary metabolite compounds

Average RMSD (A) value

Reference Ligand
Anthocyanin
Chalcone
Flavanonol

2.022598
0.266450
0.774259
0.139493

Drug-likeness and ADMET prediction
Lipinski's Rule of Five testing is con-
ducted to determine the potential of a drug
candidate to become an oral drug. Based on
the Lipinski rule for developing oral drug
candidates, it must meet the "Rule of Five"
conditions related to molecular weight, oc-
tanol-water coefficient value, number of hy-
drogen bond donors, number of hydrogen

Table 3. Lipinski’s rule of five tests.

bond acceptors, and molar refraction. If a
compound meets all regulations with a max-
imum of one violation, then the compound
has the potential to be used as an oral drug.
However, if the compound violates more
than one regulation, the treatment can be
through a non-oral route such as injection or
topical (Table 3).

. Hydrogen Octanol water Molar re- Number
Chemical Molecular Hydrogen . .
compounds mass (Dalton) bond donors bond partition coef- fractivity of
P acceptors ficient (log P) (m3/mol) violation
Parameter <500 (Da) <5 <10 0slogpss 407130 »1
(m*/mol)
Reference
Ligand 2515 0 3 -0.062600 54525898 1
(OAX)
Chalcone 208.0 0 1 3.582699 66.248482 0O
Anthocya-
nin 207.0 0 1 4.190880 65.395988 0
Flavanonol  240.0 1 3 2.363900 66.500286 0

*The red colour indicates that the chemical compound does not meet the criteria of the corresponding

parameter

An assessment of the structural prop-
erties of the synthesized compounds using

Lipinski's Rule of Five revealed their poten-
tial for oral bioavailability. This rule dictates
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that orally active drugs should adhere to
specific physicochemical parameters, in-
cluding a molecular weight less than 500
Dalton, a maximum of five hydrogen bond
donors and ten hydrogen bond acceptors,
an octanol-water partition coefficient (log P)
not exceeding 5, and a molar refractivity in-
dex between 40 and 130 m*/mol. These pa-
rameters influence the drug's ability to pen-
etrate biological membranes, dissolve in
physiological fluids, and interact with cellular
targets. All compounds in this study com-
plied with Lipinski's Rule of Five, suggesting
their suitability for oral administration.
Following the assessment of com-
pound characteristics using Lipinski's Rule
of Five, the next step involves conducting
Pre-Absorption Distribution Metabolism Ex-
cretion (Pre-ADMET) studies. Pre-ADMET
evaluations aim to predict the pharmacoki-
netic and toxicological properties of candi-

date compounds. These studies provide val-
uable insights into compounds' potential
drug-likeness and safety profile, guiding fur-
ther optimization and development efforts.

Absorption test analysis

The absorption potential of candidate
drug compounds was evaluated by deter-
mining their intestinal absorption and skin
permeability. The results indicated that all
compounds exhibited high intestinal absorp-
tion, exceeding 80%. In contrast, the refer-
ence ligand and flavanonol demonstrated
favorable skin permeability, with values of -
2.946 log Kp and -2.918 log Kp, respec-
tively. A more negative skin permeability
value signifies a higher ability of the drug
compound to permeate the skin and enter
the body through transdermal absorption.
The pharmacokinetic profile for the absorp-
tion test analysis is shown in Table 4.

Table 4. The pharmacokinetic profile of the absorption test analysis with reference ligand OAX

Chemical Water Cacoz Intestinal Skin Per- P—glyf:o— P—glyf:o— P—glyf:o—
Compounds  Solubility P-e.rmea— Absorp— meability protein .pro.te.m ! -prolte.m .
bility tion (%) substrate inhibitor inhibitor
Parameter > -4 >0.9 > 80% <-25 Negative  Negative  Negative
Ezl;er:zn(((:;AX) -3.701 1.288 97.825 -2.946 Positive Negative  Negative
Chalcone -4.461 1.335 94.977 -1.998 Positive Negative  Negative
Anthocyanin ~ -4.852 1.631 96.182 -2.128 Negative Negative Negative
Flavanonol -3.266 1.227 94.820 -2.918 Positive Negative Negative

*The red colour indicates that the chemical compound does not meet the criteria of the corresponding

parameter

Distribution test analysis

The distribution of the tested com-
pounds was assessed using two main pa-
rameters: volume of distribution (VDss) and
blood-brain barrier (BBB) permeability.
VDss represents the theoretical volume in
which the total drug dose would need to be
evenly distributed to achieve the same con-
centration as in blood plasma. Chalcone ex-
hibited the best distribution profile, with a
VDss value of 0.365 log L/kg. However, this
value is still considered low for overall distri-
bution in the body. All compounds, except
the reference ligand, could penetrate the
BBB effectively, as indicated by log BB val-
ues exceeding 0.3 log BB.
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Metabolism test analysis

The metabolism assessment specifi-
cally focused on CYP2D6 substrate-inhibitor
activity. Cytochrome P450 is a prevalent de-
toxification enzyme found in the liver and
plays a crucial role in metabolizing foreign
substances through oxidation. Inhibiting cy-
tochrome P450 enzymes can potentially in-
terfere with drug metabolism, making it es-
sential to evaluate the inhibitory potential of
compounds on CYP2D6. The CYP2D6 sub-
strate-inhibitor activity test results revealed
that none of the tested compounds exhibited
inhibitory or modulatory effects on the
CYP2D6 enzyme.



Excretion test analysis

Total clearance (CLTOT) and renal or-
ganic cation transporter 2 (OCT2) substrate
activity are two critical parameters for pre-
dicting the excretion process of a com-
pound. CLTOT represents the combined ef-
fect of hepatic clearance (metabolic break-
down in the liver and bile) and renal clear-
ance (excretion through the kidneys). This
parameter is crucial for determining bioavail-
ability and establishing appropriate dosage
levels to achieve therapeutic concentra-
tions. The CLTOT values of the tested com-
pounds range from 0.006 to 0.716, indicat-
ing varying degrees of elimination efficiency.
None of the tested compounds also demon-
strated an effect on OCT2 substrate
transport, suggesting that they are not sub-
strates for this transporter. OCT2 plays a
significant role in the clearance of drugs and
endogenous compounds, and its inhibition
can lead to potential adverse effects. There-
fore, the absence of OCT2 interaction is an
advantageous property for these com-
pounds.

Toxicity test analysis

The toxicological properties of the test
compounds were evaluated using Ames
Toxicity, LDsp, and Maximum Tolerated

J Bioteknol Biosains Indones — Vol 11 No 2 Thn 2024

Dose (MTD) tests. Flavanonol was the only
compound with positive results in the Ames
test, indicating its potential mutagenic prop-
erties and carcinogenic activity. Based on
the LDso classification, the reference ligand
belongs to GHS toxicity class 5, which signi-
fies low acute toxicity, while all other com-
pounds fall within GHS toxicity class 4. Ac-
cording to the toxicity classification scheme
proposed by Hodge and Sterner, all com-
pounds at the tested doses belong to toxicity
class 4, indicating relatively low toxicity.
Chalcone demonstrated the highest MTD
value (1.031 log mg/kg/day) among the test
compounds, suggesting that it can be con-
sumed in the highest amount compared to
the other compounds.

In vitro test

In vitro, antibacterial testing was per-
formed to identify the most effective com-
pound. Based on the root mean square de-
viation (RMSD) values obtained from molec-
ular dynamics simulations of 50 ns, fla-
vanonol exhibited a more stable average
RMSD than other test compounds. There-
fore, antibacterial testing was performed
against flavanonol, a compound found in
pineapple (Ananas comosus), with the fol-
lowing results in Figure 6 and Figure 7.

Anti-bacterial Inhibition Test

Average Infibition Zone Diameater (mm)
=

TestVariables

B rMegative Contral B Positive Control
B 1% Pineapple Extract B8 2% Pineapple Extract

0.5% Pineapple Extract
5% Pineapple Extract

Figure 6. Inhibition zone diameter of Staphylococcus aureus bacteria.
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Figure 7. Inhibition zone diameter of test variables against Staphylococcus aureus.

Pineapple extract containing fla-
vanonol exhibited antibacterial activity
against Staphylococcus aureus bacteria.
This activity was concentration-dependent,
with higher concentrations leading to larger
inhibition zones. Spearman's rank correla-
tion coefficient (r = 0.999; p = 0.00145) indi-
cated a strong positive correlation between
extract concentration and inhibition zone di-
ameter, which supports this observation.

However, the inhibitory potency of
pineapple extract was still classified as weak
compared to the antibiotic amoxicillin. Ac-
cording to the established criteria for inhibi-
tion strength (Silaban 2021), amoxicillin falls
under the strong category with an inhibition
zone of 17.6 mm, while a 5% pineapple ex-
tract concentration only produced an inhibi-
tion zone of 3.53 mm. Additionally, the phos-
phate buffer alone demonstrated a minimal
inhibitory effect of 0.96 mm, suggesting
some antibacterial activity may be attributed
to the buffer. Further investigation is war-
ranted to elucidate the underlying mecha-
nism of action and identify the specific active
compounds within the extract.

Despite its weak inhibitory effect, fla-
vanonol is a promising candidate for further
development as an antibacterial agent. Its
structural stability, as indicated by the
RMSD values, suggests that it is less likely
to degrade or undergo conformational
changes in the presence of bacteria. This
could make it a more effective antibacterial
agent than other less stable compounds.

Flavanonol, a flavonoid derivative, is a
polyphenolic compound with known antibac-
terial properties, primarily mediated by the
inhibition of nucleic acid synthesis (Cushnie
and Lamb 2005). Flavonoid secondary
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metabolites can intercalate or form hydro-
gen bonds with nucleic acid bases, hinder-
ing the formation of crucial enzymes in-
volved in cell replication, such as DNA gy-
rase. However, the hydroxyl group at the 3'
position of the C ring in flavanonol has been
shown to diminish DNA gyrase inhibition ac-
tivity in Escherichia coli (Shamsudin et al.
2022). This observation aligns with fla-
vanonol-containing pineapple extract's rela-
tively weak antibacterial activity against
Staphylococcus aureus. Further research
must delve into flavanonol's chemical struc-
ture-activity relationships and precise inhibi-
tion mechanisms, particularly the impact of
the 3' hydroxyl group modification.

Anti-Inflammatory Property Test
Molecular docking

Molecular docking simulations were
conducted to assess the binding energy and
interactions of RCX, the reference ligand,
with the target protein. The docking results
indicated that RCX exhibited a favorable
binding energy of -10.78 kcal/mol and an
RMSD value of 1.27 A are shown in Figure
8. The RMSD parameter is crucial in validat-
ing the docking results through a re-docking
procedure. In this method, the structure of
the reference ligand obtained from molecu-
lar docking is overlaid onto the structure de-
rived from the Protein Data Bank's (PDB) X-
ray diffraction (XRD) data, the 3D Superim-
position of Reference Ligand (RCX) struc-
ture is shown in Figure 9. The molecular
docking outcome is considered valid if the
RMSD value falls within the acceptable
threshold of < 2A. This RMSD value is a con-
trol parameter for evaluating the accuracy of
docking various chemical compounds. A low



RMSD value indicates that the docked pose
closely resembles the actual binding mode
of the ligand, providing strong support for
the reliability of the docking results.

The ligand search box dimensions
were optimized to include the receptor-lig-
and complex by establishing a search point
at the coordinates (X, Y, Z) corresponding to
the ligand's binding site region. This grid box
defines the area where the ligand interacts
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with the amino acid residues of the target
protein. Determining the grid box is crucial
for identifying the coordinate points within a
protein's binding region. In this study, the
grid box was set to a size of 40, with center
coordinates at X (23.287), Y (0.439), and Z
(34.435) in Figure 10. These coordinates
were utilized as a control variable for the
docking of test compounds.

| | | I |
Rank | Sub- | Run | Binding | cluster | Reference

| Rank | | Energy | RMSD | rRMSD

| | | I |
1 1 9 -10.79 ©.00 1.27
1 2 3 -10.78 9.06 1.29
1 3 8 -10.78 9.05 1.27
1 a4 1 -10.78 9.085 1.27
1 5 7 -10.77 0.08 1.25
1 6 6 -10.77 9.04 1.27
1 7 5 -10.76 ©.16 1.26
1 8 1@ -10.75 9.12 1.23
1 9 4 -10.73 0.17 1.25
1 10 2 -10.72 0.14 1.25

Figure 8. Root Mean Square Deviation And Binding Energy.

Figure 9. Superimposition of reference ligand (RCX).

Current Total Grid Pts per map: 68921
number of points in x-dimension:

I+

number of points in y-dimension:

LTI

number of points in z-dimension:

Spacing (angstrom):

Center Grid Box:
x center: |23.287
y center: |0.439

z center: 34435

W || 40 | I
LI 0375|_[ﬂ||

<offset>

I |0.000 |I
I 0.000 II
I 0.000 il

Figure 10. Grid box dimension of molecular docking anti-inflammatory property test.
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Interactions

[ conventional Hydrogen Bond
[] carbon Hydrogen Bond
B Fi-sigma
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I Amide-Pi Stacked
] Pi-Alkyl

Figure 11. The 2D Visualization of Ligan-Receptor.

In drug discovery, compounds exhibit-
ing more negative than positive control bind-
ing energies are considered promising drug
candidates (Kar et al. 2022; Terefe EM,
Ghosh 2022). This preference stems from
the understanding that a more negative
binding energy signifies a stronger and more
stable interaction between the receptor and
the ligand. Such a robust interaction is con-
sidered crucial for effective drug action. A
stronger bond between the ligand and the
receptor implies a lower likelihood of ligand
dissociation, leading to a prolonged thera-
peutic effect. Consequently, compounds
with more negative than positive control
binding energies are prioritized for further

Table 5. Molecular docking result.

investigation as potential drug candidates.
The 2D visualization of the interaction be-
tween ligand and receptor is shown in Fig-
ure 11.

The molecular docking results re-
vealed that spiraeoside, isoflavone, and fla-
vanonol exhibited the most favorable bind-
ing energies towards COX-2, with free
Gibbs energies of -9.20 kcal/mol, -9.20
kcal/mol, and -9.80 kcal/mol, respectively.
These promising compounds will be evalu-
ated using Lipinski's Rule of Five, Pre-AD-
MET simulations, and molecular dynamics
to assess their drug-likeness and potential
pharmacokinetic properties (Table 5).

Chemical compounds  Scientific name Parts used Binding energy (kcal/mol)
Reference Ligand - - -10.78
Flavanonol Ananas comosus Fruit Peel -9.80
Isoflavone Vitis vinifera Fruit -9.20
Spiraeoside Allium cepa Bulb Peel -9.20
Flavone Moringa oleifera Leaf -9.00
Leucodelphidine Caesalpinia pulcherrima Stem -8.90
Naringenin Citrus paradisi Seed -8.80
Anthocyanin Punica granatum Fruit -8.80
Chalcone Citrus reticulata Fruit Peel -8.60
Aurone Psophocarpus tetragonolobus  Leaf -8.60
Flavanone Citrus amblycarpa Fruit Peel -8.50
Epicatechin Malus domestica Fruit Peel -8.40
Catechin Camellia sinensis Leaf -8.40
Quercetin Zingiber officinale Leaf -8.30
Genistein Glycine max Seed -8.30
Dihydrochalcone Glycyrrhiza glabra Root -8.20
Acridine Citrus sinensis Fruit Peel -8.10
Triclosan Daucus carota Tuber -8.10
Daidzein Pueraria lobata Root -8.00
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Molecular dynamics simulations
Flavanonol exhibits the most favora-
ble average RMSD value among the sec-
ondary metabolite derivatives and the refer-
ence ligand, demonstrating remarkable sta-
bility during the 50ns molecular dynamics
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simulation. Its average RMSD value of
0.182499 A suggests superior stability com-
pared to other derivatives, making it a prom-
ising candidate for further investigation
through an in vitro approach in Figure 12
and Table 6.

Root Mean Square Deviation (RMSD)

2,5

1 Iiimﬂl;‘t..

0.5

RMSD (A)

25 30 35 40 45 50
Time (ns)

—— Reference Ligand Anthocyanin Chalcone Flavanonol

Figure 12. Root mean square deviation (RMSD) values of protein 5KIR for 50 ns.

Table 6. Average root mean square deviation (RMSD) values of protein 5KIR for 50 ns.

Secondary metabolite compounds

Average RMSD (A) value

Reference Ligand 0.249083
Flavanonol 0.182499
Isoflavone 0.186032
Spiraeoside 1.356695

Drug-likeness and ADMET prediction
The application of Lipinski's Rule of
Five revealed that only isoflavone and fla-
vanonol among the three compounds exhibit
characteristics favorable for oral bioavaila-
bility (Benet et al. 2016; Choy and Prausnitz
2011). According to this rule, molecular
weight plays a crucial role in determining the
absorption potential of a drug. Compounds
with molecular weights exceeding 500 Da
may face challenges penetrating biological
membranes, leading to delayed absorption.
Additionally, the number of hydrogen bond
donors and acceptors significantly impacts
physicochemical properties such as melting
point, solubility, and chelation ability. Spi-
raeoside fails to meet the criteria for hydro-
gen bond donors and acceptors, with eight

hydrogen bond donors and 12 hydrogen
bond acceptors. Furthermore, the octanol-
water partition coefficient (log P) is a critical
factor influencing drug absorption. A log P
value greater than 5 indicates increased lip-
ophilicity, potentially hindering absorption.
Conversely, compounds with highly nega-
tive log P values may exhibit poor solubility
in lipid bilayer membranes, further impeding
their ability to permeate these barriers. Fi-
nally, molar refractivity measures the polar-
izability of a drug molecule and should fall
within the range of 40-130 m*mol according
to Lipinski's Rule of Five. Based on these
criteria, spiraeoside is deemed unsuitable
for oral administration due to its violation of
multiple Lipinski's Rule of Five parameters
(Table 7).
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Table 7. Lipinski’s rule of five tests.

. Molecular Hydrogen Hydrogen Octanol Water Molar re-
Chemical . ! - Number of
mass (Dal- bond do- bond ac- partition coeffi-  fractivity N
compounds . 3 violation
ton) nors ceptors cient (log P) (m3/mol)
40-130
Parameter <500 (Da) <5 <10 O<logP <5 3 *»1
(m3/mol)
Reference
Ligand 300 0 4 0 0 1
(RCX)
Flavanonol 240 1 1 2.363900 66.590286 O
Isoflavone 222 0 1 3.302799 65.819489 0
Spiraeoside 464 8 12 0.781600 106.184853 2

*The red colour indicates that the chemical compound does not meet the criteria of the corresponding

parameter

Absorption test analysis

The absorption potential of drug can-
didate compounds was evaluated by as-
sessing their intestinal absorption and skin
permeability. Based on intestinal absorption
data, Spiraeoside exhibited an absorption
value below 80%, indicating poor intestinal
uptake. Conversely, skin permeability re-
sults revealed that the reference ligand, fla-

vanonol, and spiraeoside demonstrated fa-
vorable skin permeability values of -2.946
log Kp, -2.918 log Kp, and -2.735 log Kp, re-
spectively. A lower skin permeability value
indicates a higher ability of the drug com-
pound to permeate the skin and enter the
body via topical administration (Yu et al.
2021). The pharmacokinetic profile for the
absorption test analysis is shown in Table 8.

Table 8. The pharmacokinetic profile of the absorption test analysis with reference ligand RCX

Chemical Water Cacoz Intestinal Skin Per- P—glyf:o— P—egFO— P—glyf:o—
Compounds  Solubility P.e.rmea- Absorp- meability protein .proltelm ! .pro.telm .
bility tion (%) substrate inhibitor inhibitor
Parameter > -4 >0.9 > 80% <-2.5 Negative  Negative  Negative
fi(;?r:gn(cl:?eCX) -4.217 1.289 98.413 -2.717 Negative  Negative  Negative
Flavanonol -3.266 1.227 94.820 -2.918 Positive Negative  Negative
Isoflavone -4.351 1.767 96.388 -2.205 Positive Negative  Positive

Distribution test analysis

Regarding drug distribution, we exam-
ined the volume of distribution (VDss) and
blood-brain barrier (BBB) permeability. The
VDss value represents the theoretical vol-
ume in which the entire drug dose must be
evenly distributed to achieve the same con-
centration as in blood plasma. Spiraeoside
exhibited the most favorable distribution vol-
ume, with a value of 1.999 log L/kg. Accord-
ing to BBB permeability results, spiraeoside
is the only compound with limited brain pen-
etration due to its log BB value being less
than -1.
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Metabolism test analysis

The metabolism assessment explicitly
centred on the effect of the test compounds
on CYP2D6 substrate-inhibitor activity. In-
hibiting cytochrome P450 enzymes can po-
tentially disrupt drug metabolism, making it
crucial to assess the inhibitory potential of
compounds on CYP2D6. Based on the
CYP2D6 substrate-inhibitor activity results,
none of the test compounds exhibited any
inhibitory or interfering effects on the
CYP2D6 enzyme.



Excretion test analysis

Clearance (CLTOT) and OCT2 sub-
strate activity are crucial for predicting drug
excretion. CLTOT values range from 0.006
to 0.888 in the tested compounds. None of
the compounds interact with OCT2, sug-
gesting they are not substrates. Additionally,
no effect on OCT2 transport was observed.
The absence of OCT2 interaction is advan-
tageous for these compounds.

Toxicity test analysis

The toxicity of the test compounds
was evaluated through Ames Toxicity, LDso,
and Maximum Tolerated Dose (MTD) as-
sessments. The Ames test results indicate
that the reference ligand and flavanonol ex-
hibit positive mutagenicity, suggesting a po-
tential for carcinogenic properties. LD50
classification reveals that the reference lig-
and and spiraeoside fall under GHS toxicity
class 5, implying low acute toxicity. In con-
trast, all other compounds belong to GHS
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toxicity class 4. When analyzed using the
Hodge and Sterner toxicity class tabulation,
all compounds fall under toxicity class 4 at
the tested dose, indicating relatively low tox-
icity. Among the test compounds, flavanonol
exhibits the highest MTD value of 0.98 log
mg/kg/day, indicating the highest tolerable
dose.

In vitro test

The anti-inflammatory potential of fla-
vanonol was evaluated in vitro following the
identification of promising candidates
through in silico screening. Molecular dy-
namics simulations assessed the conforma-
tional stability of flavanonol and other test
compounds over a 50 ns timeframe. Fla-
vanonol exhibited a more stable RMSD pro-
file than the different compounds, suggest-
ing enhanced structural integrity. The anti-
inflammatory activity of flavanonol was fur-
ther validated in vitro using sodium diclo-
fenac as a positive control in Figure 13.

Absorbance of Flavanonol Extract in Pineapple

0.250
0211

0.200

0.150
0.108

0.100 0.086

Absorbance

0.050

0.000
BSA
Without
Treatment

Positive
Control

Negative
Control

0.110

400

PPM

0.111 0103
0.093

1000

600 800

Figure 13. The absorbance of pineapple extract.

The anti-inflammatory efficacy of the
pineapple flavanonol extract peaked at a
concentration of 600 ppm, as evidenced by
the highest average absorbance value
(0.11133 au) among all tested concentra-
tions, surpassing even the positive control
group. This finding suggests that the 600
ppm concentration of pineapple flavanonol
holds significant promise as a potential anti-
inflammatory drug due to its ability to pre-
vent protein denaturation. The 400 ppm con-
centration also exhibited promising anti
-inflammatory potential, as its absorbance

value exceeded that of the positive control
group. Despite the modest difference in ab-
sorbance values (approximately 0.002 au),
the effectiveness of the 400 ppm concentra-
tion of pineapple flavanonol as an anti-in-
flammatory agent remains noteworthy.

The ICs value of pineapple extract,
determined using the linear regression
eguation between log concentration (X) and
percentage inhibition (Y) in Figure 14, was
calculated to be 2.9271 pg/ml. This ICsg
value falls within the classification of strong
compounds, indicating that a relatively low
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concentration of pineapple flavanonol can
effectively prevent protein denaturation.
Consequently, flavonoid compounds in

pineapple are considered potent anti-inflam-
matory agents with therapeutic potential.

Percentage Inhibition and IC50 Value

[ ] -0.439%x + 1.46 R* = 0.652

30.00%
o

27 84%

20.00%

Percentage Inhibition

10.00%

0.00%

28.97%

22.95%

L ]
8.65%

2.6 2.7

23 29 30

Log Concentration

Figure 14. Percentage inhibitions and ICso value.

Pineapple extract harbors flavonoid
compounds, a versatile group of molecules
with the potential to serve as the foundation
for therapeutic agents targeting diverse
chronic diseases. Among the secondary
metabolite derivatives of flavonoids is fla-
vanonol, a compound exhibiting pharmaco-
logical properties, notably anti-inflammatory
activity. The multifaceted biological activities
of flavonoids stem from their phenolic struc-
ture (Ginwala et al. 2019; Kumar and Pan-
dey 2013; Rupasinghe 2020; Ullah et al.
2020). The anti-inflammatory effects of fla-
vonoid compounds are attributed to their
ability to inhibit cyclooxygenase and lipoxy-
genase pathways and suppress histamine
and leukocyte accumulation. Further, flavo-
noids can contribute to the anti-inflammatory
process by hindering the secretion of arachi-
donic acid and lysosomal enzymes (Al-
Khayri et al. 2022; Vezza et al. 2016). The
limitations faced in this study were specifi-
cally the extraction of flavanonol secondary
metabolites to achieve more optimal results.
Conducting phytochemical analysis on the
negative control and pineapple extract to
identify the best test compound for actively
inhibiting Staphylococcus aureus bacteria
growth and protein-denaturing abilities.

CONCLUSION
Among the 18 secondary metabolite

derivatives evaluated using in silico assays,
flavanonol from pineapple extract emerged
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as the most promising antibacterial and anti-
inflammatory agent. Molecular dynamics
simulations confirmed flavanonol's stability
in acting as a ligand for targeted proteins
OAX in Staphylococcus aureus bacteria and
RCX in human COX-2 enzyme. Antibacterial
in vitro testing revealed a positive correlation
between flavanonol concentration against
bacterial growth inhibition. Additionally, fla-
vanonol demonstrates high anti-inflamma-
tory activity as it can inhibit protein denatur-
ation, a key step in the inflammatory pro-
cess.
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