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Abstract o Pannus formation
o Cartilage destruction

Rheumatoid arthritis (RA) is a progressive » Bone erosion
autoimmune inflammatory disorder characterized
by synovial hyperplasia, cytokine overexpression, The pathological hallmark of RA involves

oxidative stress, and irreversible joint destruction.
Although synthetic anti-inflammatory drugs remain
the primary treatment modality, their prolonged

dysregulated immune response where
activated macrophages and T-lymphocytes

use leads to severe systemic complications. release inflammatory mediators including
Phytochemical-rich medicinal plants represent a TNF-a, IL-1B, IL-6, and prostaglandins
promising multi-target therapeutic strategy due to [1].

their  antioxidant, immunomodulatory, and

cytokine-suppressive properties.

The transcription factor NF-xB plays a

The present study investigates mechanistic aspects central role in regulating inflammatory

of anti-arthritic activity of selected medicinal plant gene expression. Persistent activation of
extracts through phytochemical characterization, NF-«B contributes to chronic
antioxidant  profiling,  protein  denaturation inflammation and joint destruction [2].

inhibition, and membrane stabilization assays. The

extracts  demonstrated  significant  radical C " 1d h thot ¢
scavenging activity (IC50 = 46 ug/mlL), inhibition onventional drugs such as methotrexate

of protein denaturation (81.9%,), and stabilization and biologics target specific pathways but
of erythrocyte membranes (78.3%) at 500 ug/mL are associated with:

concentration. Statistical evaluation confirmed
A."igniﬁcant. efficacy (p < 0.05). Mechanistic « Hepatotoxicity
interpretation suggests modulation of NF-«xB . .

signaling pathway, inhibition of pro-inflammatory ¢ Nephrotoglclty . )
cytokines, and reduction of oxidative stress. These o Increased infection risk
findings support further pharmacological and e High cost

molecular investigations toward development of

plant-based  disease-modifying  anti-rheumatic Hence, natural phytochemicals capable of

agents. multi-target modulation offer promising
Keywords—Rheumatoid arthritis, NF-xB alternatives.
inhibition, Cytokines, Oxidative stress,
Phytochemicals, Anti-inflammatory activity. Molecular Pathogenesis of Rheumatoid
Arthritis
Introduction:
A. Cytokine Cascade
Rheumatoid arthritis is a chronic systemic
autoimmune disease affecting TNF-a stimulates production of IL-1 and
approximately 1% of the global IL-6, leading to:
population. The disease is characterized
by: e Synovial proliferation
e Osteoclast activation
e Persistent synovial inflammation e Matrix metalloproteinase release
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B. Oxidative Stress

Reactive oxygen species (ROS) contribute
to:

e Lipid peroxidation
o DNA damage

e Protein oxidation

FElevated ROS levels correlate with disease
severity in RA patients [3].

Role of Phytochemicals in Inflammatory
Modulation

A. Flavonoids
Flavonoids inhibit:
e NF-kB activation
e (COX-2 enzyme

e Prostaglandin synthesis

They also enhance endogenous antioxidant
enzymes such as superoxide dismutase

(SOD).

B. Phenolic Compounds

Phenolics act as hydrogen donors and
neutralize free radicals, reducing oxidative
damage.

C. Terpenoids and Alkaloids

These compounds exhibit:

e Immunomodulatory effects

e Inhibition of inflammatory
mediators

e Suppression of  macrophage
activation

Materials and Methods

A. Extraction and Phytochemical
Evaluation

Methanolic extracts were prepared using
Soxhlet apparatus. Qualitative screening
confirmed presence of:

o Flavonoids
¢ Phenolics
o Tannins

o Alkaloids

e Saponins

Total phenolic content: 89.3 mg GAE/g
Total flavonoid content: 57.6 mg QE/g.

B. Antioxidant Activity (DPPH Assay)

Extract demonstrated significant radical
scavenging with IC50 value of 46 pg/mL.

C. Protein Denaturation Assay

Dose-dependent inhibition observed:

Concentration % Inhibition

100 pg/mL 42.6%
250 png/mL 61.8%
500 pg/mL 81.9%
Diclofenac 87.5%

D. Membrane Stabilization Assay

The  extract protected erythrocyte
membranes against hemolysis with 78.3%
stabilization at highest concentration.

E. Statistical Analysis

One-way ANOVA indicated significant
difference between control and treated
groups (p < 0.05).

Discussion

The results indicate strong correlation
between phenolic content and anti-
inflammatory activity. The proposed

mechanisms include:

1. Suppression of NF-«xB signaling
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2. Reduction of TNF-a and IL-6
expression

3. Inhibition of
synthesis

4. Stabilization of
membranes

5. Scavenging of reactive oxygen
species

prostaglandin

lysosomal

The multi-target action of phytochemicals
provides therapeutic advantage over
single-target synthetic drugs.

Comparative Therapeutic Perspective

Compared to synthetic NSAIDs, plant
extracts offer:

o Lower toxicity

e Reduced
complications

e Antioxidant protection

e Potential disease-modifying
properties

gastrointestinal

Future Research Directions

e In vivo validation using collagen-
induced arthritis model

e Molecular docking studies

e Isolation and structural elucidation
of active compounds

e Clinical trials

e Nanoformulation for enhanced

bioavailability
Conclusion

The present study demonstrates that
phytochemical-rich ~ medicinal  plant
extracts exhibit significant anti-arthritic
activity through antioxidant and anti-
inflammatory mechanisms. These findings
provide scientific evidence supporting
traditional use and indicate potential for
development of safer disease-modifying
anti-rheumatic agents.
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