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ABSTRACT

Rheumatoid arthritis (RA) is a chronic autoimmune
disease characterized by synovial hyperplasia, joint
inflammation, and progressive dysfunction. Among
its mediators, nitric oxide (NO) plays a dual role:
while essential for host defense, its excessive
production contributes to cytotoxicity and tissue
damage. Propionic acid derivatives, a major class
of nonsteroidal anti-inflammatory drugs (NSAIDs),
reduce inflammation partly through inhibition of
inducible nitric oxide synthase (iNOS) expression.
3-(4-Hydroxyphenyl)propionic acid, a propionic
acid derivative, has been suggested as a potential
therapeutic candidate for RA. This study aimed to
investigate the effects of 3-(4-Hydroxyphenyl)
propionic acid on cell viability and NO production
in phorbol myristate acetate (PMA)-induced and
unstimulated synovial fibroblasts (HIG-82). HIG-
82 cells were cultured to 85-100% confluence
and treated with eight concentrations of 3-(4-
Hydroxyphenyl)propionic acid (3.125-300 uM).
Ibuprofen and diclofenac (100 pM) served as
positive controls. Treatments were applied for
24, 48, and 72 hours. Cell viability was assessed
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay, while
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NO production was determined via the Griess
reaction. Absorbance was measured using an
enzyme-linked immunosorbent assay (ELISA)
microplate reader. Data were analyzed with one-
way Analysis of Variance (ANOVA) followed by
Tukey’s test and two-way ANOVA followed by
Bonferroni’s post hoc test using GraphPad Prism 5.
MTT assays showed that 3-(4-Hydroxyphenyl)
propionic acid was not cytotoxic to either PMA-
induced or unstimulated HIG-82 cells across all
tested concentrations (P > 0.05 vs. controls). Cell
viability declined with longer incubation times.
NO production was not significantly suppressed
by 3-(4-Hydroxyphenyl)propionic acid, with
only transient effects observed at 24 and 48 hours
in unstimulated cells. In conclusion, 3-(4-
Hydroxyphenyl)propionic acid, ibuprofen, and
diclofenac demonstrated no cytotoxicity in HIG-
82 synovial fibroblasts. However, unlike standard
NSAIDs, 3-(4-Hydroxyphenyl)propionic acid did
not effectively inhibit NO production, suggesting
limited potential as an anti-inflammatory agent
through iNOS modulation.

KEYWORDS: 3-(4-Hydroxyphenyl) propionic
acid, Phorbol-12-myristate 13-acetate (PMA),
Ibuprofen, Cell viability, Nitric oxide (NO).
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune
disorder characterized by persistent synovial
inflammation, joint swelling, pain, and progressive
structural damage. The disease process is driven
by an aberrant immune response in which synovial
cells become hyperplastic, leading to pannus
formation and joint destruction. RA pathogenesis
involves the infiltration of multiple immune cell
types, including T cells, B cells, macrophages,
neutrophils, and fibroblasts, coordinated by a
complex network of cytokines, growth factors,
and lipid mediators such as prostaglandins and
leukotrienes [1, 2]. Activation of innate immune
receptors, particularly Toll-like receptors (TLRs),
initiates intracellular signaling cascades including
nuclear factor kappa B (NF-kB) and mitogen-
activated protein kinases (MAPKSs). These pathways
induce the expression of pro-inflammatory
mediators such as tumor necrosis factor-o. (TNF-a),
interleukin-1 (IL-1), prostaglandins, and proteolytic
enzymes, which contribute to chronic inflammation
and tissue damage. Prostaglandin E2 (PGE2),
generated through the cyclooxygenase-2 (COX-2)
pathway, is a major contributor to pain, swelling,
and fever in RA [3-5].

Nitric oxide (NO) is another key mediator in the
inflammatory process. While physiologically involved
in vasodilation and host defense, excessive NO
derived from inducible nitric oxide synthase (iNOS)
exacerbates oxidative and nitrosative  stress,
promoting tissue injury [6]. Expression of iNOS is
upregulated in response to bacterial endotoxins
and pro-inflammatory cytokines, often in concert
with COX-derived eicosanoids [7, 8]. Phorbol
myristate acetate (PMA; also known as 12-O-
tetradecanoylphorbol-13-acetate, TPA) is a potent
activator of protein kinase C that mimics
diacylglycerol. PMA has long been used to stimulate
synovial fibroblasts, inducing collagenase and
matrix metalloproteinase (MMP) production [9].
In RA, overexpression of MMPs within the
synovial membrane accelerates extracellular
matrix degradation, cartilage erosion, and bone
destruction.

Synovial fibroblasts are therefore central players
in RA pathogenesis. The HIG-82 cell line, derived
from rabbit synovial fibroblasts, is a widely used
in vitro model to study the pathogenic behavior of

rheumatoid arthritis synovial fibroblasts (RASFs).
Activated RASFs perpetuate inflammation by
producing TNF-a, IL-1, chemokines, and matrix-
degrading enzymes, creating a self-sustaining cycle
of leukocyte recruitment and tissue injury [10].

Pharmacological management of RA includes
corticosteroids, disease-modifying antirheumatic
drugs (DMARD:s), biological agents, and nonsteroidal
anti-inflammatory drugs (NSAIDs). NSAIDs
remain the most widely used due to their efficacy,
accessibility, and relatively favorable safety profile
[11]. Among them, propionic acid derivatives
such as ibuprofen are well established for their
COX-inhibitory activity. 3-(4-Hydroxyphenyl)
propionic acid (HPPA) is a structurally related
compound, belonging to the propionic acid class,
with potential anti-inflammatory  properties
(Figure 1).

The present study aims to investigate the effects
of 3-(4-Hydroxyphenyl)propionic acid on cell
viability and NO production in PMA-stimulated
and unstimulated HIG-82 synovial fibroblasts. By
evaluating its cytotoxicity and potential role in
modulating iNOS-derived NO, this study seeks to
provide insights into the therapeutic potential of
HPPA as a candidate anti-inflammatory agent.

MATERIALS AND METHODS

Chemicals and reagents

Nutrient Mixture F-12 Ham and fetal bovine serum
(FBS) were purchased from Hyclone (Utah, USA).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) was obtained from Amresco (Solon,
OH, USA). 3-(4-Hydroxyphenyl)propionic acid
(HPPA), ibuprofen, and diclofenac were purchased
from Sigma-Aldrich (St. Louis, MO, USA). All
other reagents used were of analytical grade.

Drug preparation

HPPA and the reference NSAIDs (ibuprofen and
diclofenac) were dissolved in 100% dimethyl
sulfoxide (DMSO) to prepare 0.05 M stock solutions.
Working solutions were freshly prepared by
diluting the stock into complete culture medium to
obtain final concentrations of 300, 200, 100, 50,
25, 12.5, 6.25, and 3.125 uM. Ibuprofen and
diclofenac were used at 100 pM. The final
concentration of DMSO was maintained at 0.2%
in all experimental groups, including controls.
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Figure 1. Chemical structures of A: 3-(4-Hydroxyphenyl)propionic acid; B: Ibuprofen and C: Diclofenac.

Cell culture

The HIG-82 synovial fibroblast cell line (rabbit
origin) was cultured in F-12 Ham medium
supplemented with 10% FBS and 1% penicillin-
streptomycin under standard conditions (37 °C,
5% COz2). Subculturing was performed when cells
reached 90-100% confluence, according to the
guidelines of the American Type Culture Collection
(ATCC). The morphology and confluency of the
cells were monitored regularly under an inverted
microscope to confirm growth and absence of
contamination [12].

Cell treatment

Two experimental groups were established: PMA-
induced and non-induced cells. After seeding,
induced cells were treated with 50 pL of 100
ug/mL phorbol myristate acetate (PMA), whereas
non-induced cells were directly treated with test
compounds. HPPA was administered at serially
diluted concentrations (3.125 — 300 uM) in medium
containing 5% FBS and 0.2% DMSO. Ibuprofen
and diclofenac (100 pM each) served as positive

controls. The final volume per well was 100 pL.
All cells were incubated at 37 °C with 5% CO: for
24 hours before viability and nitric oxide assays
were performed.

MTT assay for cell viability

Cell viability was assessed by MTT assay
[13], which measures mitochondrial metabolic
activity. After treatment, culture medium was
carefully aspirated, and 20 pL. of MTT solution
(5 mg/mL in PBS, pH 7.2) was added to each
well. Plates were wrapped in aluminum foil and
incubated at 37 °C for 4 hours to allow the
formation of formazan crystals. Following
incubation, the medium was discarded and
crystals were dissolved in DMSO. Absorbance
was measured at 570 nm with a reference
wavelength of 630 nm using an ELISA microplate
reader. Cell viability was expressed as a
percentage relative to untreated controls using the
formula:

Cell viability (%) = Asample x 100%
A control
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Griess assay for nitric oxide production

Nitric oxide production was quantified by measuring
nitrite accumulation using the Griess reaction [14].
A 50 pL aliquot of culture supernatant was mixed
with 50 puL of Griess reagent in a 96-well plate.
A sodium nitrite standard curve (3.125-300 uM)
was prepared under the same conditions. Distilled
water was added to blank wells. Absorbance was
measured at 550 nm using a microplate reader,
and nitrite concentrations were calculated from
the standard curve. The percentage of inhibition
was determined by the formula:

Inhibition (%) ICT x 100%

where C represents the mean nitrite level in the
control group and T represents the mean nitrite
level in the treated group.

Statistical analysis

All experiments were performed in triplicate and
repeated independently three times. Data are presented
as mean + standard error of the mean (SEM).
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Statistical analysis was conducted using GraphPad
Prism version 5. Differences among treatment
groups were analyzed using one-way ANOVA
followed by Tukey’s multiple comparison test,
while two-way ANOVA followed by Bonferroni’s
post hoc test was applied to compare induced
versus non-induced cells. A p-value < 0.05 was
considered statistically significant.

RESULTS

Effects of 3-(4-Hydroxyphenyl)propionic acid
on cell viability

The effect of 3-(4-Hydroxyphenyl)propionic acid
on synovial fibroblast (HIG-82) viability was
examined under both non-induced conditions
and PMA-induced inflammatory conditions. Cell
viability was determined using the MTT assay at
24, 48, and 72 hours, and results were compared
with normal controls, negative controls, and
standard drugs (ibuprofen and diclofenac).

At 24 hours (Figure 2), non-induced cells showed
a dose-dependent response. At lower to moderate
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Figure 2. Effect of 3-(4-Hydroxyphenyl)propionic acid on HIG-82 cell viability at 24 hours.
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MTT assay

revealed no cytotoxicity in PMA-induced synovial fibroblast (HIG-82) cell at 24 hours incubation. Cells are
with or without the presence of inducer. Cells were induced with 100 ug/mL of PMA before exposing to various
concentrations of drugs for 24 hours. The normal control consists of cell and culture media while negative control
consists of cell with PMA and culture media. Ibuprofen and Diclofenac are control drugs. The values are expressed as
mean £ SEM of three independent experiments. The data was analyzed by using Two-way ANOVA followed by

Bonferroni post hoc test.

b Mean with different superscripts differ significantly (p<0.05) between different

concentrations. *¥: Mean with different superscripts differ significantly (p<0.05) within the same concentrations.
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concentrations (12.5 and 50 uM), the compound
significantly increased cell proliferation compared
with negative controls, suggesting a proliferative
effect in basal fibroblasts. However, at higher
concentrations (200 and 300 uM), proliferation was
reduced compared with 25 pM, indicating that very
high doses may blunt the proliferative response.
In contrast, PMA-induced cells did not show
this dose-dependent effect. While viability was
significantly different from normal controls, there
was no difference from negative controls across
concentrations, suggesting that the compound neither
enhanced nor reduced viability under inflammatory
conditions. Importantly, cell viability in all treated
groups remained above 50%, confirming absence
of cytotoxicity.

At 48 hours (Figure 3), non-induced cells again
exhibited increased proliferation at 6.25-100 uM
compared with negative controls, supporting the
earlier observation that the compound stimulates
fibroblast growth in the absence of inflammatory
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stress. However, in induced cells, viability declined
notably at 3.125 pM and 50 uM, with values
dropping below 50%. This suggested that, over
time, the compound lost its protective effect and was
unable to counteract the PMA-induced suppression
of cell viability. By contrast, both ibuprofen and
diclofenac increased viability in induced cells at
this time point compared with their 24-hour effects,
indicating that the standard anti-inflammatory drugs
exerted a delayed but beneficial effect not observed
with 3-(4-Hydroxyphenyl)propionic acid.

At 72 hours (Figure 4), a similar trend was observed.
In non-induced cells, concentrations of 6.25-50 uM
significantly increased proliferation compared with
negative controls, while 200-300 puM reduced
proliferation compared with lower doses, confirming
that excessive concentrations diminished the
compound’s stimulatory effect. In induced cells,
however, viability remained unchanged compared
with negative controls across all concentrations,
indicating persistent lack of benefit in the
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Figure 3. Effect of 3-(4-Hydroxyphenyl)propionic acid on HIG-82 cell viability at 48 hours. No cytotoxic
effect found on PMA-induced synovial fibroblast HIG-82 cell at 48 hours incubation except for
concentration at 3.125 uM and 50 pM. Cells are with or without the presence of inducer. Cells were induced
with 100 ug/mL of PMA before exposing to various concentrations of drugs for 48 hours. The normal control
consists of cell and culture media while negative control consists of cell with PMA and culture media. Ibuprofen
and Diclofenac are control drugs. The values are expressed as mean + SEM of three independent experiments.
The data was analyzed by using Two-way ANOVA followed by Bonferroni post hoc test. “*: Mean with
different superscripts differ significantly (p<0.05) between different concentrations. *: Mean with different
superscripts differ significantly (p<0.05) within the same concentrations.
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Figure 4. Effect of 3-(4-Hydroxyphenyl)propionic acid on HIG-82 cell viability at 72 hours. No cytotoxic
effect found on PMA-induced synovial fibroblast HIG-82 cell at 72 hours incubation except for
Ibuprofen. Cells are with or without the presence of inducer. Cells were induced with 100 ug/mL of PMA
before exposing to various concentrations of drugs for 72 hours. The normal control consists of cell and culture
media while negative control consists of cell with PMA and culture media. Ibuprofen and Diclofenac are control
drugs. The values are expressed as mean = SEM of three independent experiments. The data was analyzed by
using Two-way ANOVA followed by Bonferroni post hoc test. *°: Mean with different superscripts differ
significantly (p<0.05) between different concentrations. *¥: Mean with different superscripts differ significantly

(p<0.05) within the same concentrations.

inflammatory condition. Notably, ibuprofen reduced
viability below 50% at this stage, suggesting delayed
cytotoxicity after prolonged exposure, whereas
diclofenac did not produce such an effect. Taken
together, these results demonstrate that 3-(4-
Hydroxyphenyl)propionic acid is not cytotoxic at
any tested concentration or time point. In non-
induced fibroblasts, it promotes proliferation at
moderate concentrations, but this effect is not
sustained under PMA-induced inflammatory
conditions. Compared with the control NSAIDs,
the compound lacked therapeutic effects in
induced cells but avoided the delayed cytotoxicity
observed with ibuprofen at 72 hours.

Effects of 3-(4-Hydroxyphenyl)propionic acid
on nitric oxide production

The potential of 3-(4-Hydroxyphenyl)propionic acid
to regulate nitric oxide (NO) production was assessed
by quantifying nitrite accumulation using the Griess
assay. Both induced and non-induced synovial
fibroblasts were tested over 24, 48, and 72 hours.

At 24 hours (Figure 5), non-induced cells treated
with the compound showed variable inhibition of
nitrite accumulation, with the strongest inhibition
at 3.125 uM and the weakest at 100 uM. However,
these effects were not statistically significant across
concentrations, and no consistent dose-response
relationship was evident. In PMA-induced cells,
nitrite levels remained undetectable, suggesting
that PMA failed to induce measurable NO
production in HIG-82 fibroblasts, which prevented
further assessment of inhibitory effects under
inflammatory conditions. At 48 hours (Figure 6),
the compound produced a modest inhibitory effect
across most concentrations, with significant
inhibition observed only at 300 uM compared
with both normal controls and other treatment
groups. Even so, the percentage of inhibition was
generally below 40%, indicating only limited
suppression of NO production. Unexpectedly,
the positive control L-NAME exhibited negative
values, which undermined the reliability of
the assay and suggested technical limitations.
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Figure 5. Inhibitory effect of nitrite concentration at 24 hours incubation. The cell categories
involved are cell without the presence of inducer and cell with the presence of inducer. Cells were
induced with 100 ug/mL of PMA and treated with two-fold increasing concentration of 3-(4-
Hydroxyphenyl)propionic acid for 24 hours. The normal control consists of cell and culture media
while negative control consists of cell with PMA and culture media. The L-NAME was used
as NO inhibitor. The values are expressed as mean + SEM of three independent experiment
performed in triplicates. The data was analyzed by using One-way ANOVA followed by Tukey
multiple comparison test where p<0.05 indicates significant different between concentration.
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Figure 6. Inhibitory effect of nitrite concentration at 48 hours incubation.
a: Significantly different with normal control; b: Significantly different at 300 uM concentration.
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In induced cells, results again remained largely
negative, supporting the observation that PMA
did not reliably trigger NO release in this cell line.

At 72 hours (Data not shown), both induced and
non-induced cells showed predominantly negative
inhibition values across concentrations, further
highlighting the instability of nitrite measurements at
prolonged incubation times. These data suggest
that extended culture conditions may compromise
nitrite stability and limit the accuracy of the
Griess assay. Overall, the Griess assay results
were inconsistent and difficult to interpret. While
3-(4-Hydroxyphenyl)propionic acid showed some
inhibitory effect on nitrite accumulation at high
concentration (300 uM), the lack of reproducibility,
fluctuating values, and negative control results
preclude definitive conclusions. In particular,
the failure of PMA to induce NO in HIG-82
cells limits the relevance of these findings to
inflammatory conditions.

DISCUSSION

In vitro approaches have been shown to be useful
in studying the mechanism of action for
compounds/drugs [15, 16]. Collectively, the results
from this present study demonstrate that 3-(4-
Hydroxyphenyl)propionic acid is safe and non-
cytotoxic across a wide range of concentrations
and incubation times. The compound enhanced
proliferation of non-induced synovial fibroblasts,
particularly at moderate concentrations, but this
effect did not translate to PMA-induced cells,
where inflammatory stress suppressed its benefits.
Comparisons with control drugs further revealed
that, unlike ibuprofen and diclofenac, the compound
did not improve viability in inflamed cells but
also avoided the delayed cytotoxicity associated
with ibuprofen. With respect to nitric oxide
production, the compound showed limited and
inconsistent inhibitory effects, likely due to assay
variability and the inability of PMA to reliably
induce NO production in this model. These
findings suggest that while 3-(4-Hydroxyphenyl)
propionic acid may promote basal fibroblast
proliferation, its therapeutic potential under
inflammatory conditions remains inconclusive.

Propionic acid derivatives are among the most
widely used non-steroidal anti-inflammatory
drugs (NSAIDs), with established members such

as ibuprofen, naproxen, and ketoprofen showing
proven therapeutic effects in the management of
pain, musculoskeletal disorders, and rheumatic
diseases. These agents exert their primary effect
through inhibition of cyclooxygenase (COX)
enzymes, reducing the conversion of arachidonic
acid into prostaglandins, particularly PGE:, which
mediate inflammation, pain, and fever [17, 18].
However, despite their efficacy, propionic acid
NSAIDs are associated with well-documented
adverse effects, including gastrointestinal toxicity,
platelet dysfunction, and renal impairment, as well
as minor symptoms such as headaches, edema, and
rashes [19]. This has fueled interest in exploring
novel derivatives such as 3-(4-Hydroxyphenyl)
propionic acid, which may retain anti-inflammatory
benefits while exhibiting fewer adverse effects.

In this study, the compound’s effects were evaluated
in synovial fibroblasts (HIG-82), a relevant cellular
model of rheumatoid arthritis (RA) pathology.
Results from the MTT assay demonstrated that 3-
(4-Hydroxyphenyl)propionic acid was not cytotoxic
at any tested concentration, as cell viability
consistently remained above 50%. Moreover,
in non-induced cells, the compound enhanced
proliferation at moderate concentrations (6.25-50
uM), suggesting a role in maintaining basal
fibroblast survival and growth. This finding is
important because fibroblast viability is central to
joint homeostasis; excessive cytotoxicity could
exacerbate tissue injury, while controlled proliferation
could support tissue repair [20].

By contrast, in PMA-induced inflammatory
conditions, the compound failed to enhance
proliferation beyond the negative control,
indicating limited therapeutic efficacy in stressed
or inflamed fibroblasts. The effect was most
pronounced at 24 hours, when its potency was
comparable to ibuprofen and diclofenac, but
declined markedly at 48 and 72 hours. In fact,
while standard NSAIDs improved viability of
induced cells over time, 3-(4-Hydroxyphenyl)
propionic acid appeared time-limited in its
effectiveness, suggesting that its anti-inflammatory
potential may be restricted to early or acute phases
of inflammation rather than prolonged inflammatory
states. A notable observation was that ibuprofen
exhibited cytotoxicity after 72 hours, reducing
viability below 50%, consistent with reports of



3-(4-Hydroxyphenyl)propionic acid and cell viability in fibroblasts 27

delayed NSAID-induced toxicity in fibroblast and
epithelial models [21]. By avoiding such delayed
cytotoxicity, 3-(4-Hydroxyphenyl)propionic acid
may represent a safer long-term candidate,
although its lack of sustained efficacy remains a
critical limitation.

Nitric oxide (NO) is a key mediator of
inflammation, produced by nitric oxide synthases
(NOS) including the inducible isoform (iNOS),
which is upregulated by cytokines and stressors
such as LPS or TNF-a [22]. Excess NO
contributes to joint inflammation and cartilage
destruction in RA, making iNOS inhibition a
desirable therapeutic target [23]. In this study,
however, the Griess assay failed to demonstrate
consistent suppression of NO production by 3-(4-
Hydroxyphenyl)propionic acid. At 24 hours,
results fluctuated without a clear dose response;
at 48 hours, inhibition was only significant at
300 uM, and by 72 hours, values were largely
negative. Importantly, PMA failed to induce
detectable NO production in HIG-82 cells,
consistent with prior reports that synovial fibroblasts
are poor NO producers when stimulated with
PMA alone [24]. This experimental limitation
prevented robust assessment of the compound’s
potential to regulate iNOS-mediated pathways.

Nevertheless, high concentrations (300 uM) did
appear to modestly reduce nitrite accumulation in
non-induced cells, raising the possibility that the
compound may indirectly modulate oxidative
stress under basal conditions. Excessive NO and
other reactive oxygen species (ROS) are known to
accumulate in response to cellular stressors,
including exposure to high drug concentrations
[25]. Therefore, the observed inhibition may reflect
an antioxidant-like response rather than targeted
suppression of iNOS. More physiologically relevant
models, such as cytokine-stimulated fibroblasts or
macrophage co-culture systems, are required to
clarify this mechanism. Taken together, these
findings suggest that 3-(4-Hydroxyphenyl)propionic
acid has a favorable safety profile and can
enhance fibroblast viability in non-inflammatory
conditions, but its therapeutic impact under
inflammatory stress is limited. Unlike ibuprofen
and diclofenac, which demonstrated sustained
benefits in induced cells, the compound’s effects

were largely confined to early incubation (24 hours)
that diminished thereafter. The inability to assess
NO regulation due to experimental constraints
further underscores the need for improved models
and more rigorous assays.

Interestingly, this study is the comparative
approach, directly evaluating 3-(4-Hydroxyphenyl)
propionic acid alongside established NSAIDs
across multiple incubation periods, providing
insights into both short- and long-term effects.
However, there are notable limitations. First, the
use of PMA as the sole inducer may not fully
replicate the complex inflammatory environment
of RA joints, where cytokines such as IL-1j,
TNF-a, and IFN-y play major roles. Second,
the inability of PMA to reliably induce NO
production in HIG-82 fibroblasts restricted
interpretation of Griess assay results. Third, the
study did not evaluate downstream molecular
markers such as COX-2 or NF-kB activity, which
could help link observed effects to known NSAID
mechanisms. Despite these limitations, the
findings are valuable in demonstrating that 3-(4-
Hydroxyphenyl)propionic acid is non-cytotoxic
and may offer a safer alternative to ibuprofen for
prolonged exposure. Its lack of efficacy in
induced fibroblasts highlights the need for
structural modification or combination approaches
to enhance potency under inflammatory stress.
Future studies should employ more physiologically
relevant models, including cytokine-stimulated
fibroblasts, macrophage co-cultures, or in vivo
arthritis models, to better elucidate its therapeutic
potential. Furthermore, mechanistic studies at the
protein and gene expression level (COX-2, NF-
kB, iNOS) are essential to confirm whether its effects
are mediated through canonical NSAID pathways
or through novel antioxidant-like mechanisms.

CONCLUSION

Overall, this study demonstrates that 3-(4-
Hydroxyphenyl)propionic acid is a safe and non-
cytotoxic compound that supports basal synovial
fibroblast proliferation but exhibits limited therapeutic
activity under PMA-induced inflammatory
conditions. While its early proliferative effects
and lack of delayed cytotoxicity suggest potential
safety advantages over conventional NSAIDs
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such as ibuprofen, the compound failed to sustain
benefits in inflamed cells and showed inconsistent
regulation of nitric oxide production due to the
limited responsiveness of the PMA-induced model.
These findings indicate that although the compound
may hold promise as a safer scaffold for future
anti-inflammatory drug development, its current
efficacy under inflammatory stress remains
inconclusive. To establish its true therapeutic
potential, future research should incorporate more
physiologically relevant inflammatory models and
conduct deeper mechanistic evaluations involving
COX-2, NF-xB, and iNOS pathways.
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