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ABSTRACT

Background: Non-steroidal anti-inflammatory drugs (NSAID) are widely used in temporomandibular joint osteoarthritis management.
However, the side effects of NSAIDs on multiple organs need to be anticipated. Curcumin is known for its anti-inflammatory and
analgesic potential, comparable to that of NSAIDs. In a previous study, structurally modified curcumin increased the pharmacological
effect and simultaneously reduced the toxicity and side effects of curcumin. Pentagamavunon-0 (PGV-0) is one of the active
components synthesized by the structure modification of curcumin. Purpose: In this study, we identify the potential target of PGV-0
on the pathogenesis of temporomandibular arthritis characterized by inflammation. Methods: We used a bioinformatics approach
to compare the PGV-0 target with curcumin and diclofenac sodium as controls. We identified overlapping gene targets of bioactive
compounds (PGV-0, curcumin, or diclofenac sodium) retrieved from the SwissTargetPrediction and GeneCards platforms, specifically
for temporomandibular arthritis. An interaction model among targets was developed using the STRING database and Gene Ontology
Panther to expound on the bioactive compound’s function on the key signaling pathway. Finally, we formulated a molecular docking
prediction between the bioactive compound and the target protein marker derived from the previous analysis using Molecular Operating
Environment tools. Results: This study found that curcumin and PGV-0 targeted different molecular pathways in temporomandibular
arthritis compared to diclofenac sodium. Curcumin and PGV-0 shared a similar pathway to curcumin by modulating metalloproteinases
(MMPs), especially MMP-9 and MMP-13. Moreover, diclofenac sodium influenced cyclooxygenase metabolism. Conclusion: In this
study, PGV-0 targeted metalloproteinase in temporomandibular arthritis pathogenesis. This finding underlines the PGV-0 advantage
in preventing metalloproteinase-related tissue damage in temporomandibular arthritis.
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INTRODUCTION

Pain in the oral and maxillofacial area is commonly derived
from the tooth or the temporomandibular joint (TMJ).
Patients with TMJ disorder report light pain to severe
dysfunction that plausibly debilitates wellness. A meta-
analysis study indicated the worldwide prevalence of TMJ
disorder in adults/elderly (aged 20-75 years) and children/
adolescents (aged 7-19 years) as 31.1% and 11.3%,

respectively.! In Indonesia, pain-related TMJ disorder is
found in 23.4% (95% CI = 20-27) of children and 36.9%
of adolescents (95% CI = 33-41).2 A systematic review of
86 clinical and in vivo studies reported a common finding
among them on the increase of inflammation cytokines
and inflammatory markers—including interleukin (IL)-
1B, IL-2, IL-6, IL-8, and IL-10, tumor necrosis factor
alpha (TNF-a), and bradykinin—in the synovial fluid of
individuals with TMJ disorder.
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The most common TMIJ disorder is osteoarthritis (OA),
a form of arthritis characterized by a chronic degeneration
of joint tissue. Clinically, patients with TMJ-OA report
pain, limited movement, and destruction of cartilage tissue
that is likely accompanied by bone absorption.*™ These
pathologic events in TMJ-OA are known to be associated
with chronic inflammation of joint tissue.>® Diclofenac
sodium is a non-steroidal anti-inflammatory drug (NSAID)
that is widely prescribed to reduce pain and inflammation in
the temporomandibular disorder. Long-term use of NSAIDs
causes side effects on the gastrointestinal, cardiovascular,
hepatic, renal, cerebral, and pulmonary organs.””'! As an
alternative natural ingredient to NSAIDs, curcumin has
been proven to have anti-inflammatory potential in TMJ-
OA.'*12 However, the compound is unstable and strongly
influenced by environmental pH and light. Furthermore,
curcumin has low oral bioavailability because of its low
solubility in aqueous solutions, instability in metabolic
processes, and difficulty in absorbing."?

Pentagamavunon-0 (PGV-0) or 2,5-bis(4’-hydroxy-
3-methoxybenzylidine) cyclopentanone is an analog of
curcumin (1,7-bis-[4’-hydroxy-3-methoxyphenyl]-hepta-
1,6-diene-3,5-dione). The PGV-0 synthesis increases
curcumin’s water solubility and stability at pH > 6.5.
This molecule has vast biological properties, such as anti-
inflammatory, antioxidant, and antimicrobial properties.
The anti-inflammatory property of PGV-0 is reportedly
similar to or better than that of curcumin.'*'¢ Therefore, we
postulated that PGV-0 would work as an anti-inflammatory
agent in temporomandibular arthritis. However, no previous
research has reported the potential target of the PGV-0 in
temporomandibular arthritis.

This study thus aimed to identify the potential target
of PGV-0 on the pathogenesis of temporomandibular
arthritis characterized by inflammation. We elucidate the
potential target of PGV-0 in temporomandibular arthritis
by using a bioinformatics approach to analyze, identify,
and interpret biomarkers and therapeutic targets of PGV-0.
As a comparison, we also analyze diclofenac sodium
(C4H,,CI,NO,) as a commonly used anti-inflammatory
and curcumin as the analog of PGV-0. Based on the
bioinformatics findings, we perform molecular docking
against several target enzymes involved in TMJ diseases to
confirm the target interaction. The information from this in
silico study provides a scientific basis for designing future
research that involves an in vitro/in vivo approach. An in
silico method using the Molegro Virtual Docker program
was employed to investigate the anti-inflammatory effects
of curcuminoids, turmeric extracts with zinc oxide, and
eugenol before an in vivo experiment.!’

MATERIALS AND METHODS

The chemical structure of PGV-0 was represented using
the Simplified Molecular Input Line Entry System
(SMILES) code as follows: COC1=CC(\C=C2/CC\C(=C/

C3=CC(0C)=C(0)C=C)C2=0)=CC=C10. The canonical
SMILES string was then inputted into SwissTargetPrediction,
restricting predictions to human protein targets. Bioactive
compounds with similar predicted targets as PGV-0 were
identified from the SwissTargetPrediction program (http://
www.swisstargetprediction.ch/, 2019 version), along with
curcumin and diclofenac sodium as reference compounds.

We identified potential targets by searching for
“temporomandibular arthritis” in GeneCards (https://www.
genecards.org/), which provides comprehensive molecular
information about drugs, targets, disease-related genes, and
gene function. We selected the top 321 genes generated in
GeneCards. A Venn diagram was created to determine the
overlap between the potential targets of each compound
and the genes expressed in arthritis. The overlaps were
identified as potential targets.

The interaction landscape between the overlapping genes
of temporomandibular arthritis and the molecular targets of
PGV-0, curcumin, and diclofenac sodium was constructed
using the Search Tool for the Retrieval of Interacting Genes/
Proteins (STRING) database (version 11.0b). The required
confidence score was set at 0.700 (high confidence). Active
interaction sources included text mining, experiments,
databases, co-expression, neighborhood, gene fusion, and
co-occurrence. The molecular action view visualized the
predicted associations.

We examined the upstream and downstream genes of
the main signaling pathways that link PGV-0, curcumin,
and diclofenac sodium to temporomandibular arthritis
using the Gene Ontology (GO) Panther Mapper system
(https://www.genome.jp/kegg/mapper.html). Furthermore,
we used the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway database to present our knowledge of the
molecular interaction, reaction, and relationship networks
for metabolism, genetic information processing, and cellular
processes of PGV-0 and temporomandibular arthritis.
This was performed to identify the top 10 pathways most
influenced. We used WebGestalt'® (http:/www.webgestalt.
org/) and selected overrepresentation enrichment analysis
(ORA) for the enrichment analysis using the KEGG
pathway database and functional annotation terms using
GO databases (false discovery rate <0.05 was selected as
the threshold).

We used the Molecular Operating Environment (MOE)
program (version 2010.12) with default settings to generate
the molecular interactions between the ligand and receptor
(unless stated otherwise). The structure of diclofenac
sodium, curcumin, and PGV-0 was drawn using the
program’s compound builder. The conformational structure
was then explored. Mitogen-activated protein kinase-1
(MAPK-1, PDB-ID: 5BVD), matrix metallopeptidase 13
(MMP-13, PDB-ID: 4JPA), cyclooxygenase-1 (COX-1,
PDB-ID: SWBE), and cyclooxygenase-2 (COX-2, PDB-ID:
3LN1) were chosen as the protein targets in this study. The
docking protocol of Hasbiyani et al. (2021) was followed.
The ligand conformation with the lowest docking score was
analyzed for the binding interaction."
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RESULTS

Initially, we identified a total of 321 genes associated with
temporomandibular arthritis from the GeneCards database.
Following this, the potential targets of the intended
compounds were retrieved from SwissTargetPrediction,
resulting in 58 genes related to diclofenac sodium and 100
genes for each of curcumin and PGV-0. From the obtained
data, we described the logical relationships between the
finite sets of genes associated with temporomandibular
arthritis, diclofenac sodium, curcumin, and PGV-0 in Venn
diagrams (Figure 1). The Venn diagram intersection ruled
out 8 genes as targets of diclofenac sodium and 6 genes
as targets of curcumin and PGV-0 in temporomandibular
arthritis.

The common target shared by diclofenac sodium,
curcumin, and PGV-0is PTGS1, which encodes the COX-1
enzyme. COX-1 catalyzes the first step in synthesizing
prostaglandins from arachidonic acid. Initial perspectives
viewed PTGS1 as a constitutively expressed housekeeping
gene, in contrast to the inducible PTGS2 (COX-2) enzyme,
which mediates pathological inflammatory responses.>’
While PTGS2 has been the therapeutic target for developing
anti-inflammatory drugs, emerging evidence suggests
PTGSI1 also contributes to regulating inflammation.

Our study results showed diclofenac sodium’s potential
drawbacks due to its influence on genes regulating hormonal
function. The HTR2A, ESR2, and DRD4 genes encode the
receptors of serotonin, estrogen, and dopamine, respectively
(National Library of Medicine — NIH, USA). Moreover,
curcumin also targets DRD4 genes, implying the possibility
of influencing neurological function. Unlike diclofenac
sodium and curcumin, PGV-0 is not shown to be related
to hormone-related genes. The molecular targets, such as
TNF-a, BLC-2, and LYN genes, are not aimed at diclofenac
sodium and curcumin. These genes are related to the innate
and adaptive immune response in terms of playing roles
in the apoptosis regulation of lymphocytes (BLC-2), mast
cell degranulation (LYN), and pro-inflammatory cytokines
(TNF-a).

2 :

Compared to PGV-0, curcumin dominates in molecular
targets involved in extracellular degradation. This is
shown by its interaction with MMP-3 and MMP-8, which
are not present as targets of PGV-0. On the other hand,
PGV-0 also targets TNF genes, which are important for
proinflammatory cytokine synthesis. These results indicate
that the slight difference in the molecular structure of
PGV-0 to curcumin leads to the possibility of distinct targets
of PGV-0 for temporomandibular arthritis.

We curated temporomandibular arthritis to determine
each gene’s interaction with diclofenac sodium, curcumin,
and PGV-0 and then visualized the network through
STRING web tools. Protein—protein interactions between
diclofenac sodium, curcumin, PGV-0, and inflammatory
targets were predicted using STRING v11.0. STRING
analyzes known and predicted protein—protein associations
with direct (physical) and indirect (functional) evidence. We
searched for interactions between each gene associated with
diclofenac sodium (Drugbank ID: DB01097), curcumin
(PubChem CID: 969516), or PGV-0 (no identifier, structure
formula provided), and inflammatory targets MMP-3
(P08254), MMP-13 (P45452), IL-1p (P01584), TNF-a
(P01375), and NF-kB (P19838).

We outlined three types of gene interaction in diclofenac
sodium, curcumin, and PGV-0, including co-expression,
co-occurrence, and insignificant association. Co-expression
indicates that two proteins show similar expression patterns
across conditions; they are often involved in similar
biological processes and pathways. Co-occurrence means
two proteins are often mentioned together in scientific
literature; they are often studied together and may interact
or be part of the same biological processes and pathways.
Insignificant means there is no significant evidence that the
two proteins interact or are functionally associated based
on the data sources in STRING.

The interaction network model (Figure 2) indicated
that diclofenac sodium targeted inflammatory-related
protein synthesis. Meanwhile, curcumin and PGV-0 gene
interactions were more related to the matrix extracellular
degradation via MMP regulation. MMPs are involved

™ ™ / ™
Arthritis| g LR Arthriti5|' 6 Arthritis 6 PGV-0
313 sodim 315 315 94
50 \

CXCL8 HTR2A MMP3  MMP8 TNF PTGS1
PTGS2 ESR2 MMP9 PTGS1 MMP9  BCL2
PTGS1 MAPK1 MMP13 DRD4 MMP13  LYN
OPRM1 DRD4

Figure 1. The estimated number of target genes of (A) diclofenac sodium, (B) curcumin, and (C) pentagamavunon-0 (PGV-0) based
on the intersection between associated genes in temporomandibular (TM) arthritis collected from GeneCards and prediction

targets of each compound from SwissTargetPrediction.

Copyright © 2025 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021.
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index

DOI: 10.20473/j.djmkg.v58.i4.p367-375


https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v58.i4.p367-375

370 Robin et al. Dent. J. (Majalah Kedokteran Gigi) 2025 December; 58(4): 367-375

in extracellular matrix degradation, leading to cartilage
destruction in arthritis, including temporomandibular
arthritis. Specifically, MMP-9 and MMP-13 mediate
pathological processes resulting in the degradation of
collagen and the onset of inflammatory symptoms in
temporomandibular arthritis patients.2'">3

The results of the GO Panther analysis also support this
hypothesis. According to this analysis, the genes associated
with diclofenac sodium, curcumin, or PGV-0 that overlap
with temporomandibular arthritis contributed to several
molecular functions, biological processes, and cellular
components (Figure 3).

The GO Panther study showed that in the molecular
function category, diclofenac sodium, curcumin, and PGV-0
correlated with 10 molecular functions. The intermolecular
binding activity in diclofenac sodium showed the highest
percentage, followed by catalytic activity and molecular
transducer activity. Curcumin and PGV-0 are dominated

by cytoskeletal motor activity, continued by catalytic
and molecular transducer activities. In biological process
categories, diclofenac sodium predominates cellular
processes, biological function, and stimulus response.
Curcumin and PGV-0 play a more significant role in
immune, cellular, and localization processes. Based on the
cellular component category, all three substances work to
dominate cellular anatomical entities.

Curcumin and PGV-0 influence identical pathways in
temporomandibular arthritis (Figure 4). Both substances were
found to have the highest activity in the neuroinflammatory
response. Curcumin alleviates neuroinflammation by
suppressing TNF-a, IL-1f, nitric oxide, and NF-«xB
gene expression.”* However, more evidence is needed to
highlight PGV-0 action against neuroinflammation. Unlike
diclofenac sodium, curcumin and PGV-0 consistently
showed a strong relationship with extracellular matrix
metabolism, including collagen processing and binding,

@ Gene 1 Gene 2 Known Interaction
ESR2 MAPK1 insignificant
ESR2 PTSG2 co-expression
MAPK1 PTSG2 insignificant
MAPK1 CXCRS8 co-expression
PTSG2 CXCRS8 co-expression
PTSG2 PTSG1 co-expression
CXCRS8 PTSG1 co-expression
b Gene 1 Gene 2 Known Interaction
MMP13 MUP3 Go-occurence
MMP13 MMP9 co-expression
MMP9 MMP8 co-expression
MMPO MUP3 Co-occurence
MMP9 PTGS1 co-expression
MMP8 MMP3 co-occurence
C Gene 1 Gene 2 Known Interaction
Frest MMP9 PTGS1 co-expression
MMP9 MMP13 co-expression
MMP9 BCL2 co-expression
MMP9 TNF co-expression
PTGS1 TNF co-expression
PTGS1 BCL2 insignificant
MMP13 BCL2 insignificant
MMP13 TNF co-expression
TNF BCL2 co-expression
LYN TNF insignificant
LYN BCL2 co-expression

Figure 2. Visualization of the protein—protein interaction from target predictions of (A) diclofenac sodium, (B) curcumin, and

(C) pentagamavunon-0 using the STRING tool.
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Figure 3.
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as well as metallopeptidase activity. This finding indicates
that curcumin and PGV-0 have an alternative mechanism
for protecting the integrity of the extracellular matrix. This
underlined our gene target analysis result that showed
curcumin and PGV-0 targeted MMP gene expression.
We hypothesized that both curcumin and PGV-0
provide more protection against cartilage tissue damage
due to arthritis in the TMJ compared to diclofenac sodium.
We considered simulating the interaction of diclofenac
sodium, curcumin, and PGV-0 with inflammatory and tissue
destruction markers related to temporomandibular arthritis,
PTGS2, MAPK-1, and MMP-13, using the molecular
docking approach. To compare the potential collateral
impact of the anti-inflammatory activity on platelet and
gut protection function, we evaluated the interaction of all

a. Diclofenac

synaptic transmission, dopaminergic

oxidoreductase activity, acting on peroxide as acceptor

antioxidant activity
dioxygenase activity I
response to tumor necrosis factor
response to molecule of bacterial origin

response 10 loxic subslance

regulation of trans-synaptic signaling
response to oxidative siress

|
positive regulation of cell motility |
|
I

agents with PTGS1 (Figures 5). Furthermore, we compared
the docking score to describe the binding affinity between
ligand and target (Table 1).

The molecular docking results based on analysis in
MOE (Table 1) showed a more stable interaction between
MAPK-1 and COX-2 with curcumin or PGV-0 than with
diclofenac sodium. The free energy of binding between
MMP-13 and curcumin or PGV-0 was shown to be more
negative than with diclofenac sodium. This indicates that
curcumin and PGV-0 might provide better inflammatory
control. However, a recent meta-analysis study failed
to provide evidence that curcumin has a superior anti-
inflammatory effect compared to diclofenac sodium due
to a lack of data.?® This lack calls for future unbiased
randomized clinical trials. Regarding this suggestion,

0
Enrichment ratio

b. Curcumin

neurcinflammatory response
collagen metabolic process
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collagen binding

endoderm development
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Figure 4. Enrichment analysis based on the KEGG pathway for (a) diclofenac sodium, (b) curcumin, and (c) pentagamavunon-0

(PGV-0).
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Table 1. The molecular docking results based on MOE analysis
Naltive ligand Diclofenac Curcumin PGV-0
Protein PDB ID RMSD Docking Score Docking Score Docking Score Docking Score
(A) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
MAPK-1 5BVD 1.29 —-15.27 —11.34 —13.61 -13.77
MMP-13 4JPA 1.38 —-10.84 —9.88 —13.47 —14.39
COX-1 SWBE 0.34 —14.77 —10.95 -15.12 -16.17
COX-2 3LNI1 0.57 —13.90 —12.26 —20.67 —17.46

Native Ligan

TNF-a

COX-1

MMP-13 MMP-9 COX-2

Diclofenac

Figure 5. Three-dimensional visualization for molecular docking analysis on diclofenac sodium, curcumin, and PGV-0 activity toward

PTGS-1, PTGS-2, MAPK-1, and MMP-13 receptors.

Cl

Figure 6. The chemical structures of (A) diclofenac sodium, (B) curcumin, and (C) pentagamavunon-0.
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we also recommended evaluating COX-1 expression
parameters, as this study showed that the more negative
docking score of the interaction between COX-1 and
curcumin, or PGV-0 implies their potential to also influence
COX-1 expression.

DISCUSSION

Curcumin’s low bioavailability hinders its development as
an oral anti-inflammatory agent. Hence, PGV-0 (Figure 6C)
was introduced to improve curcumin’s physicochemical
properties, increase its effectiveness, and reduce its toxicity
and adverse effects.'*!> With higher bioavailability, PGV-0
is expected to provide optimal therapeutic effects at lower
doses.

Diclofenac sodium belongs to the family of phenylacetic
acid of NSAIDs approved by the Food and Drug
Administration of the USA to treat arthritis. It inhibits
prostanoid synthesis, thus constraining the COX-2 activity
and preventing the progression of inflammation. However, it
also halts COX-1 activity, which is needed for homeostasis,
especially related to platelet activity and protection of the
gastric mucosa from acidity. Although diclofenac sodium is
proven to be more specific to COX-2, the side effects—for
example, the development of gastritis caused by a decline
in the protective effect—remain problematic.?%-?’

Curcumin (Figure 6B), derived from turmeric (Curcuma
longa) plants, is among the alternative compounds to
diclofenac sodium. A randomized, open-label, parallel,
active-controlled clinical study of 139 patients with knee
OA showed a comparable anti-inflammatory effect of the
administration of 500 mg curcumin to 50 mg diclofenac
sodium three times a day. However, fewer adverse effects
were reported by patients who received curcumin. Although
not statistically significant, the number of patients who
needed acetaminophen rescue was higher in the curcumin
group than in the diclofenac sodium group.2%28

This study indicated that diclofenac sodium,
curcumin, and PGV-0 might have different mechanisms
in temporomandibular arthritis pathogenesis. Unlike
diclofenac sodium, curcumin and PGV-0 targeted matrix
metalloproteinases (MMP)-related genes, MMP-9 and
MMP-13. Moreover, curcumin also targeted MMP-3
and MMP-8. This finding was in line with the previous
experimental research on curcumin, as it played an
important role in regulating MMP in the pathogenesis of
OA. Furthermore, MMP-13 is known to be involved in
cartilage degradation in OA.?> Curcumin has been shown
to downregulate the expression of MMP-3 and MMP-
13 in chondrocytes, thus exerting a chondroprotective
effect.?’ A previous study demonstrated that curcumin
inhibits MMP-13 production induced by IL-1f in articular
chondrocytes by suppressing the NF-kB pathway.>® In the
case of the predicted target of diclofenac sodium, it was
found that the MAPK-1 gene was only being targeted by
the diclofenac sodium. However, another study reported

that curcumin stimulates the MAPK pathway of human
articular chondrocytes.>!

The overall finding of this study predicts the potential
of PGV-0 as an anti-inflammatory and protective
agent against cartilage degradation in TMJs. Using the
bioinformatics approach, we showed that PGV-0 shared a
similar mechanism with curcumin but was different from
diclofenac sodium.

Several studies have reported increased levels of
MMP-9 and MMP-13 in the synovial fluid of patients
with temporomandibular arthritis compared to healthy
individuals.?>*> MMP-9 breaks down collagen types IV and
V, allowing for immune cell migration and inflammation
in the TMJ. Meanwhile, MMP-13 cleaves key collagen
types II and III in cartilage tissue. Developing targeted
therapies against MMP-9 and MMP-13 may alleviate
TMI arthritis symptoms and impede further advancement
of this debilitating condition. In addition to MMP, co-
expression and co-concurrence of innate and adaptive
immune function of TNF, LYN, and BCL-2 genes were
found in PGV-0. This indicates that PGV-0 orchestrated
the inflammatory response, providing an additional effect
from curcumin.

A previous study reported that diclofenac sodium,
curcumin, and PGV-0 exhibit anti-inflammatory and
analgesic properties.'®!>33 However, according to the
KEGG enrichment analysis (Figure 6), diclofenac sodium
has a different mechanism from curcumin and PGV-0
in temporomandibular arthritis. Diclofenac sodium is
mainly related to synaptic transmission, dopaminergic,
and oxidoreductase activity. Both the KEGG enrichment
and gene target analyses in this study showed diclofenac
sodium’s relation with dopamine. As dopaminergic has been
reported to influence the analgesic effect of paracetamol,*
diclofenac sodium has the potential to similarly act as an
analgesic through the dopaminergic pathway. In contrast,
KEGG enrichment analysis failed to show the relationship
of curcumin and PGV-0 with the dopaminergic pathway.
Studies demonstrate that curcumin can downregulate matrix
MMPs, especially MMP-13, which plays a pivotal role in
cartilage degradation.?>° An in vitro study revealed that
curcumin inhibits IL-1p-induced MMP-13 production in
chondrocytes by suppressing the phosphorylation of p38
and INK-MAPK signaling pathways.

In conclusion, this bioinformatic study showed that,
as an analog of curcumin, PGV-0 targeted MMP in
temporomandibular arthritis pathogenesis. This finding
underlined the advantage of PGV-0 in preventing MMP-
related tissue damage in temporomandibular arthritis.
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