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Abstract 

Rheumatoid Arthritis (RA) is an autoimmune disorder marked by chronic systemic inflammation associated with persistent synovitis resulting 
in progressive destruction of cartilage and bone erosion particularly at the diarthrodial joints, which if untreated, may lead to permanent disability. 
Although considerable progress has been made in its treatment by the introduction of Disease-Modifying Antirheumatic Drugs (DMARDs), biologic 
therapies, and Janus kinase inhibitors, many patients still do not show significant improvement in the disease condition. Moreover, prolonged 
treatment is frequently associated with adverse effects and high treatment cost. Therefore, a need to identify complementary therapeutic approaches 
that are effective, safe and economical for the long-term treatment has been increasingly felt. These challenges have led to increasing interest in 
exploring natural products as potential therapeutic approaches for the management of RA.

Green tea (Camellia sinensis) contains several bioactive polyphenols, particularly catechins, which possess anti-inflammatory, antioxidant, and 
immunomodulatory activities and therefore known to regulate inflammation, oxidative stress, immune responses, cartilage destruction, and bone 
remodelling. These finding indicate that green tea polyphenol may serve as potential therapeutic candidates for the treatment of RA. However, 
further clinical studies are required to establish their efficacy and safety in the management of RA. The present review summarizes the therapeutic 
potential of green tea polyphenols as a complementary approach for the management of rheumatoid arthritis.
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Introduction

Over the last two decades, considerable progress has been 
made in the treatment of rheumatoid arthritis (RA), yet many 
patients still do not achieve satisfactory disease control. The advent 
of Disease-Modifying Antirheumatic Drugs (DMARDs), biologic 
agents and targeted synthetic therapies (tsDMARDs) has improved 
the management of RA. Their clinical efficacy and patient well-
being are still a goal due to a poor response to treatment, adverse 
effects, disease relapse and the high cost of long-term therapy. 
Therefore, the focus has now shifted to complementary therapeutic 
approaches, particularly those derived from natural products, 
which may simultaneously act on different inflammatory pathways 
involved in RA pathogenesis and help relieve disease symptoms [1]. 
RA is a chronic autoimmune disorder characterised by a sustained 
inflammatory process that affects the synovial joints, thereby 
leading to progressive damage of articular cartilage and bones.

The RA pathogenesis results from complex interactions among 
persistently activated immune cells, pro-inflammatory cytokines, 
oxidative stress, genetic background, and altered intracellular 
signalling pathways. These findings indicate that targeting one 
single molecular pathway cannot address the inflammatory process 
underlying joint inflammation, and, hence that a multi-pathway-
based approach could be an interesting alternative for the adjunctive 
treatment of RA [2]. This limitation has prompted growing interest 
in multi-targeted therapeutic strategies - particularly plant-derived 
natural products - which can simultaneously modulate several of 
the dysregulated pathways implicated in RA pathogenesis. Among 
these natural products, green tea polyphenols have recently 
emerged as promising therapeutic agents because of their ability 
to modulate multiple interconnected inflammatory pathways that 
play important roles in RA pathogenesis [3]. The major molecular 
targets and integrated therapeutic actions of green tea polyphenols 
in RA are summarised in Figure 1.

Multi-Target Therapeutic Actions of Green Tea 
Polyphenols

Network pharmacology helps explain how natural products 
act in complex diseases such as RA. In contrast to many drugs 
prescribed today that are designed to interact primarily with one 
target, plant-derived compounds often mediate effects on multiple 
pathways simultaneously. The combined effects of these biological 
interactions may be particularly important in autoimmune 
disorders, which often result from dysregulation of several 
inflammatory pathways [4]. This broader view also provides a 
useful basis for exploring phytochemicals as complementary 
therapeutic agents.

Green tea, prepared from dried leaves of Camellia sinensis, 
has been consumed for thousands of years as a health-promoting 
beverage. Its advantages are mainly due to the naturally occurring 

polyphenols, especially from the catechins, which include the 
catechins Epigallocatechin Gallate (EGCG), Epicatechin Gallate 
(ECG), Epigallocatechin (EGC), and Epicatechin (EC). These 
compounds exhibit significant antioxidant, anti-inflammatory and 
immunomodulatory activities and have demonstrated significant 
effect in a variety of chronic inflammatory disorders [5]. Rather than 
functioning as independent bioactive constituents, these catechins 
collectively influence multiple biological processes associated 
with RA [6]. This multi-target behaviour distinguishes green tea 
polyphenols from many conventional therapeutic agents that are 
designed to inhibit a single molecular pathway [7]. Consequently, 
green tea polyphenols have emerged as attractive candidates for 
complementary management of RA.

Figure 1. Multi-target molecular mechanisms underlying the 
complementary therapeutic potential of green tea polyphenols 
in rheumatoid arthritis. Green tea polyphenols act on multiple 
interconnected inflammatory, oxidative stress, immune-regulatory, 
cartilage-degrading, and bone-remodelling pathways involved 
in rheumatoid arthritis. Their combined actions may reduce 
synovial inflammation and oxidative stress, modulate immune 
responses, protect cartilage, and limit bone erosion. These multi-
target effects provide a biological rationale for their potential use 
as complementary therapeutics alongside conventional treatment. 
Several studies have reported that catechins can effectively 
reduce the production of pro-inflammatory cytokines, including 
Tumour Necrosis Factor-alpha (TNF-α), Interleukin-1 beta (IL-1β), 
Interleukin-6 (IL-6), and Interleukin-17 (IL-17). These cytokines 
are important contributors to RA-associated inflammation and play 
a major role in promoting joint damage in RA [8,9].

The anti-inflammatory effects of catechins are not limited to 
cytokine suppression. They may also regulate key intracellular 
signalling pathways, including Nuclear Factor-Kappa B (NF-κB), 
Janus Kinase/Signal Transducer and Activator of Transcription 
(JAK/STAT), Mitogen-Activated Protein Kinase (MAPK), and 
Phosphoinositide 3-Kinase/Protein Kinase B (PI3K/Akt) pathways 
[10]. These signalling pathways regulate genes involved in 
immune-cell activation and the production of inflammatory 
mediators, which can contribute to tissue damage over time. 
Their coordinated modulation may therefore produce broader 
immunomodulatory effects than selective inhibition of a single 
signalling pathway [11]. Modulation of inflammatory signalling may 
reduce cytokine production and, in turn, help limit oxidative stress, 
matrix degradation, osteoclast activation, and persistent synovial 
inflammation. Thus, the potential therapeutic effects of green tea 
polyphenols may arise from their combined action on several 
disease-associated molecular pathways rather than from inhibition 
of a single target. The principal molecular targets, biological effects, 
and therapeutic significance of green tea polyphenols in RA are 
summarised in Table 1.
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Table 1: Major molecular targets and complementary therapeutic actions of green tea polyphenols in rheumatoid arthritis.

Molecular target/pathway Effect of green tea polyphenols Therapeutic significance

TNF-α, IL-1β, IL-6, IL-17 Decreased production of pro-inflammatory cytokines [3,9] Reduced synovial inflammation

NF-κB Inhibition of inflammatory signalling [9,11] Suppressed inflammatory gene expression

JAK/STAT Modulation of signalling activity [3,9] Reduced inflammatory and immune activation

MAPK Modulation/inhibition of MAPK signalling [3,9] Decreased inflammatory signalling

PI3K/Akt Modulation of pathway activity [3,9] Regulation of cell survival and inflammatory signalling

Nrf2/HO-1 Activation of antioxidant defence [14] Enhanced protection against oxidative stress

MMP-1, MMP-3, MMP-9 Inhibition of matrix-degrading enzymes [8,17,22] Reduced cartilage and extracellular matrix degradation

ADAMTS-5 Inhibition of aggrecan-degrading activity [17,22] Reduced aggrecan degradation

Th17/Treg Modulation of Th17/Treg balance [3] Improved immune regulation

RANKL–RANK Inhibition of osteoclastogenic signalling [16,19,22] Reduced osteoclastogenesis and bone loss

Translational Evidence and Current Challenges

Substantial experimental evidence suggests the possible 
therapeutic role of green tea polyphenols in RA. Recent studies 
indicate that these phytochemicals regulate several processes 
involved in the disease, including inflammatory signalling, 
oxidative stress, immune-cell function, cartilage degradation, and 
bone remodelling [12]. The observation of synergistic effects across 
various biological systems suggests that green tea polyphenols 
would ideally act as multitarget complementary therapies, instead 
of targeting single molecular pathways.

Green tea catechins can suppress the production of several 
pro-inflammatory cytokines, including Tumour Necrosis Factor-
alpha (TNF-α), Interleukin-1 beta (IL-1β), Interleukin-6 (IL-6), and 
Interleukin-17 (IL-17), which are important mediators of synovial 
inflammation and joint damage. Reduced cytokine production 
can limit the inflammatory response and thereby subsequent 
recruitment and activation of immune cells within the synovial 
tissue [8]. Apart from regulating cytokine production, green 
tea polyphenols affect several intracellular signalling pathways 
involved in inflammation. Experimental evidence suggests that 
these compounds are capable of suppressing the activation of NF-
κB, JAK/STAT, MAPK, and PI3K/Akt pathways. As these pathways 
are closely related to each other, their combined action may provide 
wider anti-inflammatory effects than acting on a single molecular 
target alone [11,13]. Oxidative stress represents another major 
driver of RA progression. Excessive generation of reactive oxygen 
species amplifies inflammatory signalling, damages synovial 
membrane, and accelerates cartilage degeneration. Green tea 
polyphenols not only scavenge reactive oxygen species directly but 
also activate the nuclear factor erythroid 2–related factor 2 (Nrf2)/
Heme Oxygenase-1 (HO-1) antioxidant pathway, thereby enhancing 
the expression of endogenous antioxidant enzymes, including 
superoxide dismutase, catalase, and glutathione peroxidase [14]. 
This dual antioxidant action contributes to the preservation of 
synovial homeostasis and protection against oxidative tissue injury 

[15].

Green tea polyphenols contribute to the preservation of joint 
architecture as well [16]. They inhibit the expression of Matrix 
Metalloproteinases, Particularly MMP-1, MMP-3, and MMP-9, as 
well as A Disintegrin and Metalloproteinase with Thrombospondin 
Motifs 5 (ADAMTS-5), which is a key aggrecanase that are 
responsible for degradation of matrix proteins [17]. Consequently, 
use of green tea reduces the degradation of collagen and 
proteoglycans of the matrix, resulting in preservation of cartilage 
integrity that delays joint damage. The immunomodulatory effects 
of green tea polyphenols thus further strengthen their therapeutic 
potential. Several studies have reported that the green tea 
polyphenols reduce macrophage activation and regulate dendritic-
cell maturation, while restoring the balance of pro-inflammatory 
Th17 cells and Treg cells for normal immune response [18]. Such 
coordinated regulation of innate and adaptive immune responses 
is able to reduce synovial inflammation while promoting immune 
tolerance in the patients.

Moreover, green tea polyphenols have been shown to inhibit 
osteoclast differentiation by inhibiting the Receptor Activator of 
Nuclear Factor-κB Ligand (RANKL)─receptor activator of nuclear 
factor-κB (RANK) signalling pathway, thereby maintaining bone 
integrity while reducing bone resorption [19]. This ability of green 
tea polyphenols is suggestive of their potential to slow disease 
progression rather than merely alleviate clinical symptoms [20]. 
Importantly, these biological effects are not achieved separately 
but result from the collective effects of green tea polyphenols 
on multiple inflammatory networks. This effect is evident by its 
suppression of inflammatory signalling that decreases cytokine 
production, which subsequently reduces oxidative stress, limits 
matrix degradation, attenuates osteoclast activation, and restores 
immune homeostasis. Thus, green tea polyphenols appear to 
regulate several pathways involved in RA rather than a single 
target. This supports their possible use as complementary agents 
in RA management (Figure 1).
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Figure 1: Multi-target molecular mechanisms underlying the complementary therapeutic potential of green tea polyphenols in rheumatoid 
arthritis.

Translational Evidence, Future Perspectives, and 
Conclusion

The therapeutic potential of green tea polyphenols is supported 
by a growing body of evidence. In this respect, in vitro studies have 
demonstrated their ability to suppress inflammatory cytokine 
production, inhibit synovial fibroblast proliferation, reduce oxidative 
stress, and downregulate matrix-degrading enzymes [21], while 
preclinical animal models of RA have consistently demonstrated 
reductions in paw swelling, inflammatory cell infiltration, cartilage 
destruction, and bone erosion following treatment with green tea 
polyphenols [22]. These findings collectively support the biological 
plausibility of green tea polyphenols as complementary therapeutic 
agents in RA.

Despite encouraging preclinical findings, clinical evidence 
remains limited. Available human studies are generally 
characterised by small sample sizes, differences in study 
populations, heterogeneous study designs, variable treatment 
durations, and differences in green tea formulations and dosages. 
Such variation among the groups makes it difficult to establish 
standard therapeutic recommendations. At present, there is 
insufficient clinical evidence to support their use as alternatives 
to conventional disease-modifying therapies. However, green tea 
polyphenols can be considered promising complementary agents. 
More clinical studies are required to determine the appropriate 
dose, pharmacokinetic behaviour and suitable formulation. Well-
designed multicentre randomised controlled trials are also needed 
to establish their safety and efficacy in patients with RA.

In addition to limited clinical evidence, the low oral 
bioavailability of green tea polyphenols is an important challenge 
for their use in clinical practice [23]. There are a number of 
factors that compromise their therapeutic efficacy including poor 
bioavailability, poor intestinal absorption, rapid metabolism, and 
limited systemic stability [24]. Recent advances in drug delivery 
systems, including nanoformulations, liposomes, phytosomes, and 
polymeric nanoparticles, provide an opportunity to increase the 
catechin stability, improve bioavailability, and facilitate targeted 
delivery to inflamed synovial tissues. Computer-aided drug 
discovery approaches, including in silico Absorption, Distribution, 
Metabolism, Excretion, And Toxicity (ADMET) prediction and 
pharmacokinetic modelling, provide useful tools for identifying 
and optimising catechins and their derivatives with better drug-like 
properties. Such approaches support their further development 
and experimental evaluation [25].

Future Perspective

In our opinion, future research on complementary treatment 
of RA should focus not only on finding new herbal antioxidants, but 
also on understanding how natural products affect the different 
molecular pathways involved in disease progression. Green tea 
polyphenols provide a good example of this approach, as they 
affect inflammatory signalling, oxidative stress, immune responses, 
cartilage damage, and bone remodelling [26]. Their action on 
several disease-related processes makes them suitable candidates 
for further study as complementary agents in RA.
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To understand these effects in greater detail, complementary 
medicine research needs to move beyond studies that mainly 
describe the pharmacological activity of natural products. Greater 
attention should be given to their molecular targets and the 
pathways through which they act [27]. Modern methods such as 
systems pharmacology, network pharmacology, molecular docking, 
molecular dynamics simulations, in silico ADMET prediction, 
pharmacokinetic modelling, Artificial Intelligence (AI), Machine 
Learning (ML), and multi-omics analysis provide useful tools to 
study compound-target interactions and the molecular networks 
affected by natural products [28]. Combining these computational 
methods with laboratory evidence may help in identifying promising 
phytochemicals, understanding their mechanisms of action, and 
evaluating their therapeutic potential in RA. The findings from 
computational analysis need to be confirmed through laboratory 
studies before clinical evaluation. Computational predictions 
should be used to guide further laboratory work rather than being 
treated as a replacement for experimental evidence [29,30].

Conclusion

The available evidence indicates that green tea polyphenols 
interact with multiple molecular targets involved in the pathogenesis 
of RA and have potential as complementary therapeutic agents. The 
demonstrated effect of tea polyphenols on inflammatory cytokines, 
intracellular signalling pathways, oxidative stress, immune-cell 
action, to bone remodelling and cartilage degradation suggests 
that they orchestrate and regulate many biological functions 
that contribute to pathogenesis and progression of RA. Although 
preclinical data appear promising, green tea polyphenols require 
substantial clinical translation before a regimen becomes a standard 
practice for the management of RA. Future research should involve 
directions are required that involve systems pharmacology 
approaches, targeted delivery of polyphenols, computer-aided 
drug design tools, and robust clinical trial investigation to enhance 
understanding of green tea polyphenols effectiveness, safety and 

clinical utility in RA.
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