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ABSTRACT

Acrthritis, encompassing rheumatoid arthritis (RA) and osteoarthritis (OA), represents a major global health burden
characterized by chronic inflammation, progressive cartilage degeneration, and functional disability. Although
conventional therapies including non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, and biologic
disease-modifying anti-rheumatic drugs (DMARDs) provide symptomatic relief, their long-term use is often
associated with significant adverse effects and economic limitations. Consequently, increasing attention has been
directed toward traditional medicinal plants as potential multi-target therapeutic agents. Ethnopharmacological
evidence from Ayurveda, Traditional Chinese Medicine, African traditional medicine, and other indigenous systems
documents extensive use of plant-based remedies for inflammatory joint disorders. Phytochemical investigations
reveal that bioactive constituents such as flavonoids (quercetin), polyphenols (curcumin, resveratrol), terpenoids
(boswellic acids, andrographolide), alkaloids (berberine), and catechins (epigallocatechin gallate) exert anti-
arthritic effects through modulation of key inflammatory pathways. These compounds suppress pro-inflammatory
cytokines (TNF-a, IL-1B, IL-6), inhibit NF-kB and JAK/STAT signaling, reduce oxidative stress, and prevent
matrix metalloproteinase-mediated cartilage degradation. Preclinical and clinical studies support their efficacy in
reducing disease activity, pain, and joint inflammation. However, challenges remain regarding standardization,
safety profiling, pharmacokinetics, and large-scale randomized clinical validation. Integration of
ethnopharmacology, phytochemistry, and modern molecular validation offers a promising framework for
developing safer, evidence-based anti-arthritic therapeutics.

KEYWORDS: Traditional medicinal plants, Rheumatoid arthritis, Osteoarthritis, Anti-inflammatory agents,
Natural products, Herbal therapeutics.

1. INTRODUCTION

Arthritis is a leading cause of disability worldwide,
characterized by joint inflammation, cartila%e
degeneration, synovial hyperplasia, and chronic pain.™
Osteoarthritis is primarily degenerative, whereas
rheumatoid arthritis is an autoimmune disorder marked
by persistent synovial inflammation and systemic
manifestations.”). The prevalence of arthritis increases
with aging populations and lifestyle factors such as
obesity and metabolic syndrome.!

Despite therapeutic advances, long-term use of NSAIDs
and corticosteroids is associated with gastrointestinal
ulceration, renal impairment, cardiovascular events, and
endocrine disturbances.*® Biologic DMARDs, though
effective, remain expensive and increase susceptibility to
infections.®!  These limitations have encouraged
exploration of plant-derived alternatives that offer multi-
target activity and improved safety profiles.!”)

Ethnopharmacology provides valuable insight into plant
species traditionally used to treat inflammatory disorders.
Approximately 25-30% of modern drugs originate from
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natural products or their derivatives.®! Numerous
medicinal plants used in traditional systems demonstrate
anti-inflammatory, antioxidant, and immunomodulatory
properties relevant to arthritis management.[gl

2. GLOBAL BURDEN OF ARTHRITIS

The Global Burden of Disease Study estimates that
osteoarthritis affects more than 528 million people
globally.*® Rheumatoid arthritis has a global prevalence
of approximately 0.5-1% of the adult population.™
Arthritis significantly reduces quality of life and
contributes to disability-adjusted life years (DALYs).

The socioeconomic burden includes healthcare costs,
productivity loss, and long-term disability.™ In low- and
middle-income countries, limited access to advanced
biologics has reinforced reliance on traditional plant-
based remedies.*¥

3. PATHOPHYSIOLOGY OF ARTHRITIS

3.1 Rheumatoid Arthritis

RA is characterized by: Autoantibody production (RF,
anti-CCP)*®]  Synovial hyperplasia and pannus
formation®*®, Pro-inflammatory cytokines: TNF-o, IL-
1B, IL-6M1 Activation of NF-kB and JAK/STAT
pathways!*® Matrix metalloproteinase (MMP) mediated
cartilage degradation.™*”!
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phytochemicals can modulate these molecular pathways,
offering multi-target therapeutic potential.!*!
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4. ETHNOPHARMACOLOGICAL OVERVIEW
Ethnobotanical surveys report over 450 plant species
used traditionally for arthritis management worldwide.
Major plant families include: Asteraceae, Fabaceae,
Lamiaceae, Zingiberaceae, Amaranthaceae.””!

Traditional medicinal systems documenting anti-arthritic
plants include: Ayurveda (India), Traditional Chinese
Medicine, African ethnomedicine, Native American
medicine.[25%]

Decoctions, poultices, oils, and powdered roots are
commonly used preparations.*

5. MAJOR TRADITIONAL ANTI-ARTHRITIC
MEDICINAL PLANTS

5.1 Withania somnifera (Ashwagandha)

Family: Solanaceae

Traditional system: Ayurveda

Traditionally used as a Rasayana herb for inflammatory
disorders.*"

Phytochemistry:  Withanolides,
lactones.?*

Alkaloids, Steroidal

Pharmacological evidence

Experimental studies demonstrate reduction in TNF-a
and IL-1 levels and suppression of NF-kB signalling.!*
Clinical studies suggest improvement in joint pain and
stiffness.*!

5.2 Zingiber officinale (Ginger)
Family: Zingiberaceae
Contains gingerols, shogaols, and paradols.k*!

Ginger extracts inhibit COX and LOX pathways,
reducing prostaglandin synthesis.*®! Randomized trials
show reduction in osteoarthritis pain scores.®”!

5.3 Curcuma longa (Turmeric)
Family: Zingiberaceae

Curcumin is the principal bioactive compound.®
It inhibits NF-kB, TNF-q, IL-1B, and COX-2.5!
trials demonstrate comparable efficacy to

Clinical
NSAIDs with fewer adverse effects.;*”

5.4 Boswellia serrata
Contains boswellic acids that inhibit 5-lipoxygenase.[*”

Randomized controlled trials report improvement in knee
OA symptoms.?

5.5 Tinospora cordifolia

Traditionally used in Ayurveda for
diseases.™?
Demonstrates
activity.[*4

inflammatory

immunomodulatory and antioxidant

However, cases of herb-induced liver injury have been
reported.[*!

Table 1: Selected Traditional Anti-arthritic Medicinal Plants.

Plant Major _ Mechanism of Evidence References
Phytoconstituents | Actions Level
Withania somnifera | Withanolides TNF-a inhibition Preclinical (31-34]
+ Clinical
Curcuma longa Curcumin NF-kB inhibition Clinical (35407
Zingiber officinale Gingeroles COX inhibition Clinical [35-37]
Boswellia serrata Boswellic acid 5-LOX inhibition Clinical 11471
Tinospora cordifolia | Diterpenoids Immunomodulatory | Preclinical [43-49]

6. PHYTOCHEMISTRY OF TRADITIONAL ANTI-
ARTHRITIC MEDICINAL PLANTS
Plant-derived anti-arthritic activity is largely attributed to

secondary  metabolites including polyphenols,
flavonoids, terpenoids, alkaloids, saponins, and
glycosides.  These  phytoconstituents ~ modulate

inflammatory signalin? cascades, oxidative stress, and
immune dysregulation.®

6.1 Flavonoids

Flavonoids such as quercetin, kaempferol, luteolin,
apigenin, and rutin are widely distributed in medicinal
plants used for arthritis.*”! These compounds suppress
NF-xB activation, inhibit COX-2 and iNOS expression,
and reduce pro-inflammatory cytokines.*®! Quercetin

inflammation and attenuates cartilage degradation in
experimental arthritis.!"!

6.2 Polyphenols

Polyphenols exhibit potent antioxidant and anti-
inflammatory effects by scavenging reactive oxygen
species (ROS) and modulating MAPK and NF-xB
pathways.*” Resveratrol has demonstrated protective
effects against cartilage destruction in collagen-induced
arthritis models.®!

6.3 Terpenoids and Triterpenes

Terpenoids, including boswellic acids, ursolic acid, and
andrographolide, exert anti-arthritic effects through
inhibition of 5-lipoxygenase and suppression of

specifically inhibits TNF-a-induced synovial leukotriene  synthesis.®¥  Ursolic  acid  reduces
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inflammatory cell infiltration and cytokine production in
experimental models.®

6.4 Alkaloids

Alkaloids  from  medicinal plants  demonstrate
immunomodulatory properties. Berberine inhibits Th17
cell differentiation and reduces IL-17 production in
rheumatoid arthritis models.>!

6.5 Saponins and Glycosides

Saponins such as ginsenosides and steroidal glycosides
regulate inflammatory mediators and prevent cartilage
degeneration.®®

7. ADDITIONAL PROMINENT ANTI-ARTHRITIC
MEDICINAL PLANTS

7.1 Andrographis paniculata

Contains andrographolide, a diterpenoid lactone with
potent anti-inflammatory activity.®® Clinical trials
indicate symptomatic improvement in rheumatoid
arthritis patients.®”

7.2 Tripterygium wilfordii
Used in Traditional Chinese Medicine for autoimmune
disorders. Triptolide suppresses T-cell activation and

Table 2: Phytochemical Classes and Molecular Targets.

inflammatory cytokines.®® Controlled clinical trials

demonstrate  efficacy in RA comparable to
methotrexate.”® However, toxicity concerns limit
widespread use.’*”

7.3 Camellia sinensis (Green Tea)
Epigallocatechin-3-gallate (EGCG) reduces
inflammatory  cytokine production and cartilage

degradation.® Experimental studies show inhibition of
IL-1B-induced MMP expression.?

7.4 Harpagophytum procumbens (Devil’s Claw)
Traditionally used in  African medicine for
musculoskeletal pain. Harpagoside reduces COX-2
expression and improves osteoarthritis symptoms.®*!
Clinical trials demonstrate modest efficacy in knee
OA.[64]

7.5 Cissus quadrangularis

Traditionally used for bone and joint disorders.
Demonstrates  anti-inflammatory and  antioxidant
properties in experimental arthritis.

Phytochemical Class | Representative Compound | Molecular Target | References
Flavonoids Quercetin NF-xB, TNF-a 47-49
Polyphenols Resveratrol MAPK, ROS 50-51
Terpenoids Boswellic acid 5-LOX 52
Alkaloids Berberine IL-17, Th17 54
Catechins EGCG MMPs 61-61

8. MECHANISMS OF ACTION

Plant-derived compounds exert multi-target actions
Inhibition of pro-inflammatory cytokines (TNF-a, IL-1B,
IL-6), Suppression of NF-kB and JAK/STAT pathways,
Reduction of oxidative stress and ROS, Inhibition of
MMP-mediated cartilage degradation, Modulation of
immune cell differentiation (Th1/Th17 suppression)©67®!

9. CLINICAL EVIDENCE
Several randomized controlled trials have evaluated
plant-based therapies:

Curcumin  demonstrated
diclofenac with improved safety.

comparable
(71

efficacy to

Boswellia serrata extract reduced pain and improved
physical function in OA.I"

Tripterygium wilfordii showed significant improvement
in RA disease activity.["!

Ginger extract reduced knee OA pain scores.["!

And[ro]graphis paniculata showed symptomatic benefit in
RAl 75

Table 3: Selected Clinical Trials of Anti-arthritic Medicinal Plants.

Plant Study Design | Sample Size Outcome References
Curcuma longa RCT 45 |DAS28 score 71
Boswellia serrata RCT 75 |Knee pain 72
Tripterygium wilfordii RCT 207 |RA activity 73
Zingiber officinale RCT 261 LOA pain 74
Andrographis paniculata RCT 60 Symptom relief 75
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10. SAFETY, TOXICITY AND HERB-DRUG
INTERACTIONS

renaissance and conservation of herbal resources.
Chin Med, 2014; 9: 26.

While herbal medicines are often perceived as safe, 10. GBD 2019 Diseases and Injuries Collaborators.
adverse events have been documented: Global burden of 369 diseases and injuries in 204
Hepatotoxicity associated with Tripterygium wilfordii.l’ countries and territories, 1990-2019. Lancet, 2020;
Herb-induced liver injury from Tinospora cordifolia.*® 396: 1204-22.
Gastrointestinal irritation with high-dose ginger."” 11. Almutairi K, Nossent J, Preen D, Keen H,
Herb—drug interactions with anticoagulants and Inderjeeth C. The global prevalence of rheumatoid
immunosuppressants require caution.[’® arthritis: a meta-analysis based on a systematic
review. Ann Rheum Dis, 2021; 80: 113-9.
11. CHALLENGES AND FUTURE PERSPECTIVES 12. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M,
Lack of standardization of herbal extracts." Abbasifard M, et al. Global burden of 369 diseases
Variability in phytochemical composition.®” and injuries in 204 countries and territories, 1990—
Limited large-scale clinical trials.[® 2019. Lancet, 2020; 396: 1204-22.
Need for pharmacokinetic and toxicity profiling.® 13. Cross M, Smith E, Hoy D, Carmona L, Wolfe F,
Integration of omics-based validation approaches. Vos T, et al. The global burden of hip and knee
osteoarthritis. Ann Rheum Dis, 2014; 73: 1323-30.
Future research should emphasize bioactive compound 14. World Health Organization. WHO Traditional
isolation, mechanism-based drug design, and well- Medicine Strategy 2014-2023. Geneva: WHO;
designed multicenter trials. 342! 2013.
15. Aletaha D, Smolen JS. Diagnosis and management
12. CONCLUSION of rheumatoid arthritis. Lancet, 2018; 391: 250-65.
Traditional anti-arthritic medicinal plants represent a 16. Bartok B, Firestein GS. Fibroblast-like
valuable reservoir of bioactive compounds targeting synoviocytes: key effector cells in rheumatoid
inflammatory and degenerative pathways in arthritis. arthritis. Immunol Rev, 2010; 233: 233-55.
Integration of ethnopharmacology, phytochemistry, and 17. Mclnnes IB, Schett G. The pathogenesis of
modern validation provides a rational framework for rheumatoid arthritis. N Engl J Med, 2011; 365:
novel therapeutic development. While promising, further 2205-19.
rigorous clinical evaluation and safety standardization 18. O'Shea JJ, Schwartz DM, Villarino AV, Gadina M,
are required to translate traditional remedies into Mclnnes 1B, Laurence A, et al. The JAK-STAT
evidence-based therapeutics. pathway: impact on human disease and therapeutic
intervention. Nat Rev Rheumatol, 2013; 9: 313-28.
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