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Review Article

The possible role of green tea on osteoarthritis: a narrative report
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Abstract: Osteoarthritis (OA) is a chronic inflammatory condition that may affect millions of people 
around the world. The conventional non-surgical therapies are typically based on the use of analgesics, 
nonsteroidal anti-inflammatory medications (NSAIDs), and corticosteroids. Although these therapies can 
relieve symptoms, they are often associated with numerous adverse effects. Green tea (GT) and its bioactive 
compounds have been associated with the prevention and treatment of several inflammatory conditions. 
The main effects of GT on human health are related to the presence of the catechins (epicatechin, 
epigallocatechin, epicatechin-gallate, and epigallocatechin-gallate), which belong to a family of flavonoid-
like polyphenols. These bioactive compounds exhibit a plethora of antioxidants and anti-inflammatory 
actions. The purpose of this review was to show the effects of GT and its bioactive compounds on the 
therapeutic approach of OA. PUBMED and EMBASE were searched for this review. The antioxidant effects 
of GT polyphenols play important actions in inhibiting several signaling pathways related to inflammatory 
processes. The inhibition may affect IL-1, IL-6, IL-8, intercellular adhesion molecule-1 expression, 
monocyte chemoattractant protein-1, TNF-α, nuclear factor-kappa B mediated I kappa B kinase complex, 
and cyclooxygenase-2. Moreover, GT also scavenger properties against free radicals. The prevention of 
ROS production and consequent prevention of oxidative stress has an essential role in the inhibition of 
OA pathogenesis. Due to the impressive antioxidant and anti-inflammatory effects of this plant, we were 
surprised by the lack of studies that had used it in subjects with OA. For these reasons, and since OA is a 
chronic, degenerative, painful, and inflammatory condition (and the conventional treatments are associated 
with several adverse effects), we suggest that studies with humans should be performed to evaluate the effects 
of this plant or its components in the therapeutic approach or the prevention of OA. This review can assist 
physicians and multiprofessional teams in considering the use of GT in the therapeutic approach to OA
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Introduction

Osteoarthritis (OA) is a chronic inflammatory condition 
that may affect millions of people around the world. 
Patients present synovial inflammation, articular cartilage 
degradation, and subchondral bone lesion. Several joints 
such as knees, hips, shoulders, and feet may present this 
condition (1,2).

OA is incurable and, therefore, treatment should be 
conducted for life. The conventional non-surgical therapies 
usually are based on the use of analgesics, nonsteroidal 
anti-inflammatory medications (NSAIDs), hyaluronic acid, 
and corticosteroids. Although these therapies can relieve 
symptoms, they are often associated with numerous adverse 
effects. NSAIDs and acetaminophen are associated with 
gastrointestinal and cardiovascular issues, primarily if they 
are used for long periods (3-5). Due to these reasons, there 
is an increasing interest in the use of medicinal plants for 
treating or preventing this inflammatory condition (6,7) 
and green tea (GT) has been considered as adjuvant therapy 
(8,9).

GT is one of the most popular beverages consumed 
worldwide and is produced with the leaves of Camellia 
sinensis. GT and its bioactive compounds have been 
associated with the prevention and treatment of several 
pathological conditions. The bioactive compounds found in 
this plant include a plethora of antioxidants, vitamins, and 
flavonoid-like polyphenols (10).

The main effects of GT on human health are related to 
the presence of the catechins epicatechin, epigallocatechin, 
epicatechin-gallate, and epigallocatechin-gallate (ECGC), 
which belong to a family of flavonoid-like polyphenols. 
These compounds can promote significant anti-inflammatory 
and antioxidant properties and can generate benefits in 
different conditions such as inflammatory diseases, obesity, 
diabetes, cardiovascular diseases, and cancer (11-14).

Since GT and its bioactive compounds can have critical 
anti-inflammatory effects, the purpose of this review was to 
show the effects of this plant on the therapeutic approach to 
OA. We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/lcm-20-32).

Methods

Data sources

The databases MEDLINE-PubMed (National Library of 
Medicine, National Institutes of Health) and EMBASE 

were used to perform this review (from August 2000 to 
August 2020).

Focal question

This review was performed to answer the following focal 
question: Can green tea or its bioactive compounds bring benefits 
to the treatment of OA?

Search

Also following PRISMA guidelines (15), the combination 
of terms that were used for this search was osteoarthritis and 
Green Tea or Camellia sinensis or epicatechin or epigallocatechin, 
or epicatechingallate or epigallocatechingallate.

Results and discussion

We only find one clinical study that considered the use of 
GT or its bioactive compounds in the therapeutic approach 
of OA.

GT and its bioactive compounds

As mentioned before, GT leaves are rich in catechins, 
and the most relevant is epigallocatechin-3-gallate 
(ECGC), which corresponds to 30–60%. Epicatechin, 
epigallocatechin, and epicatechin-3-gallate correspond to 
6%, 18–28%, and 8–12%, respectively. Altogether, these 
constituents represent about 30–36% of the dry weight of 
the leaves. A cup of GT approximately contains 60 to 125 mg  
catechins, and many of the beneficial health properties are 
attributed to the polyphenol EGCG. These benefits include 
anti-inflammatory, antioxidant, anti-diabetic, anti-obesity, 
anti-cancer, and neuroprotective effects. Indeed, authors 
have shown that EGCG is 25–100 times more potent than 
vitamin C and vitamin E as an antioxidant (14,16-19).

The antioxidant effects of GT polyphenols play 
important actions in inhibiting several signaling pathways 
related to inflammatory processes. The inhibition may 
affect IL-1, IL-6, IL-8, intercellular adhesion molecule-1 
expression (ICAM-1), monocyte chemoattractant protein-1 
(MCP-1), TNFα, nuclear factor-kappa B (NF-κB) mediated 
I kappa B kinase complex (IKK), and cyclooxygenase-2 
(Cox-2) (Figure 1) (20-22).

Furthermore, EGCG also shows antioxidant actions 
once it shows scavenger properties. The prevention of ROS 
production and consequent prevention of oxidative stress 
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has a critical role in the inhibition of OA pathogenesis 
(Figure 1). EGCG can restore the enzymatic actions of 
glutathione peroxidase (GPX) and can regulate the levels 
of glutathione. Besides that, EGCG is capable of inhibiting 
the production of hydrogen peroxide and nitric oxide  
(12-14,16,23).

Some pathophysiologic aspects of OA

Usually, chondrocytes keep a dynamic equilibrium between 
production and degradation of the extracellular matrix, 
such as aggrecan and type II collagen, which are the most 
relevant proteoglycan in the articular cartilage. In the 
OA, there is a disorder of synovial joints presenting focal 
areas of articular cartilage damage, associated with new 
bone formation at the margin of the joints, modifications 
in the subchondral bone, synovitis, and thickening of the 
joint capsule. The results for these dysfunctions depend 
on the severity of the damage, but the characteristic 
clinical symptoms are inflammation, reduced range of 
motion, mild-to-severe pain, and deformity. In addition 
to the degradation of the articular cartilage, OA also 
involves damages to bone and synovium in the joints and is 
associated with lifestyle, diet, genetics, and aging (24,25).

The pathophysiology of OA is not fully understood, but 
it is known that the pathogenesis involves inflammatory 
processes, oxidative stress, osteoclastogenesis, and 
proteo ly t i c  degradat ion  o f  car t i l age  (Figure  2 ) . 

Chondrocytes are the only cells found in the cartilage 
matrix and are the central regulators of matrix catabolism 
and anabolism in the articular cartilage. In the presence of 
inductive stimuli, there is an increased activity or expression 
of cartilage proteinases, which are primarily synthesized by 
chondrocytes leading to OA (25).

Chondrocytes are also responsible for the production of 
pro-collagen N-proteinases, which may include disintegrin 
and metalloproteinase with thrombospondin motifs 
(ADAMTS)-3. These proteinases are related to the removal 
of the N-terminal pro-peptide of type II pro-collagen, 
augmenting the cartilage matrix anabolism (26,27).

Increased catabolism of the cartilage matrix (cartilage 
collagen and aggrecan) results in the degeneration of 
articular cartilage in arthritic processes. MMPs (MMP-
2 and MMP-13) and aggrecanases (ADAMTS-4 and 
ADAMTS-5) have been detected in OA (28,29).

Chondrocytes, osteoclasts, and stromal cells should also 
be mentioned once they produce the Receptor Activator 
Factor kβ Ligand (RANKL). The connection of RANK 
to RANKL in osteoclasts precursor cells leads to the 
activation of I Kappa B Kinase (IKK) and phosphorylation 
of I Kappa B alpha (IkBα) that are related to the activation 
of osteoclastogenesis. Moreover, in OA, interleukins such 
as IL-1β, IL-6, IL-8, IL-17, and TNF-α are associated 
with increased production of RANKL resulting in bone 
resorption (30-32).

This scenario of inflammation and increased levels of 

Figure 1 Effects of green tea and EGCG in inflammatory and oxidative processes. IL, interleukin; TNF-α, tumor necrosis factor; NFκβ, 
nuclear factor kappa-β; ICAM-1, intercellular adhesion molecule-1; MCP-1, monocyte chemoattractant protein; COX-2, cycloxygenase-2; 
SOD, superoxide dismutase; CAT, catalase; GPX, glutathione peroxidase.
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cytokines and proteases results in the death of chondrocytes 
and synoviocytes stimulation leading to the recruitment of 
mononuclear and polymorphonuclear factors collaborating 
to more cartilage destruction. In addition to the increase in 
pro-inflammatory cytokines and TNF-α, the presence of 
prostaglandin-2 (PGE-2) and free radicals such as reactive 
oxygen and nitrogen species are linked to the pathogenesis 
of the disease (33,34).

GT and OA 

Fechtner et al. (22) showed the molecular mechanisms 
for the differences in the anti-inflammatory actions of 
epigallocatechin, epicatechingallate, and epigallocatechin-
gallate in the culture of humans RASFs. They showed that 
there are different effects of the catechins on the IL-1β 
signal transduction pathways. The authors observed that 
Epigallocatechin, and EGCG promoted anti-inflammatory 
action in human RASFs due to the inhibition of IL-1β-
induced mediators such as IL-6 and IL-8, COX-1/2), and 
MMP, which may work as the basis for anti-inflammatory 
actions attributed to the GT extracts.

The production of cytokines and MMP in human 

RASFs is directly associated with augmented levels of 
prostaglandins in response to IL-1β (35) and a study showed 
that EGCG inhibited the expression of TNF-α, and IL-1β-
induced COX-2 in human OA chondrocytes (8,36).

EGCG is also related to the regulation of the expression 
of inducible nitric oxide synthase; it is capable of inhibiting 
IL-1β, induced phosphorylation, and degradation of IκBα to 
downregulate NFκB translocation (37). This catechin can 
also inhibit the expression of MMP-1 and MMP-13 and the 
catabolism of proteoglycan and type II collagen in human 
cartilage and can inhibit ADAMTS-1, ADAMTS-4, and 
ADAMTS-5 (24,38,39).

Rasheed et al. (40) investigated the effects of EGCG OA 
cartilage and found that this compound promoted the up-
regulation of the expression of 19 miRNAs and the down-
regulation in the expression of 17 miRNAs (the expression 
of 1311 miRNAs were unchanged) in IL-1β-stimulated OA 
chondrocytes of humans. EGCG led to the inhibition of 
the expression of IL-1β-induced ADAMTS-5 and led to the 
up-regulation in the expression of hsa-miR-140-3p. These 
results provided valuable insights into the molecular basis 
for the effects of EGCG in OA and indicated that this role 
in OA chondrocytes might be associated with its capacity to 

Figure 2 The development of osteoarthritis is associated with several factors such as lifestyle, aging, an increase of pro-inflammatory 
mediators, and oxidative stress leading to degradation of the cartilage and pain. Green tea polyphenols can reduce inflammation and 
oxidative stress and could be considered in the reduction of the cartilage degradation and pain. IL, interleukin; TNF-α, tumor necrosis 
factor-α; MMP, matrix metalloproteinase; CXCL, chemokine (C-X-C motif) ligand; COX, cycloxygenase; PGE-2, prostaglandin-2.
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inhibit inflammatory pathways via modulation of miRNAs 
expressions.

Furthermore, EGCG can improve IL-1β-mediated 
suppression of the synthesis of transforming growth factor β,  
and can enhance the production of type II collagen and 
aggrecan core protein in articular chondrocytes (41).

A study performed by Comblain et al. (42) evaluated the 
effects of a mixture of GT, curcuminoids, and hydrolyzed 
collagen on the inflammatory and catabolic mediators in 
osteoarthritic human chondrocytes. Their results showed 
that about 4,000 genes were differentially expressed 
according to inflammation, cartilage catabolism, and 
angiogenesis. Moreover, they observed that the mixture 
promoted beneficial effects on OA physiopathology 
due to the regulation in the release of key catabolic and 
inflammatory factors. The authors postulated that these 
findings suggest that these natural ingredients could be used 
in the management of OA.

Comblain et al. (9) performed a randomized, double-
blind, prospective, placebo-controlled study showing the 
effects of a diet supplemented with GT, curcuminoids 
extract and hydrolyzed collagen in owner’s dogs with 
OA. The inclusion criteria were the presence of clinical 
and radiographic signs of OA (presence of subchondral 
bone sclerosis and osteophytes) on at least one limb, 
and no evidence of systemic disease. After three months 
of treatment, animals that received the supplemented 
diet presented a significant decrease in pain that was not 
observed in the control group. The biomarkers of OA did 
not present statistical differences between the treated group 
and placebo.

Hashempur et al. (43) performed a randomized open-
label active-controlled clinical trial with adults with knee 
OA that were allocated to receive the GT extract and 
diclofenac (treated group) or diclofenac alone (control 
group) for four weeks. They observed that the group that 
received the plant presented a significant reduction in 
the following scores: total WOMAC, WOMAC physical 
function scores, and VAS pain when compared to the 
control group. They did not see significant differences 
regarding WOMAC pain and stiffness scores between 
groups. No adverse effects were reported for patients 
included in the treated group. These results suggest that 
GT could be considered as a safe adjuvant in the treatment 
and control of pain, and for the improvement of knee joint 
physical function in subjects with OA.

For the reasons mentioned above, we suggest that GT 
and its bioactive compounds, mainly ECGC, could have a 

role in improving the severity of symptoms of OA (Figure 2).

Conclusions

Due to the impressive antioxidant and anti-inflammatory 
effects of this plant, we were surprised by the lack of 
studies that had used GT in subjects with OA. For these 
reasons, and since OA is a chronic, degenerative, painful, 
and inflammatory condition that affects millions of people 
around the globe (and the conventional treatments are 
associated with several adverse effects), we suggest that 
clinical trials, observational studies, and other studies with 
humans should be performed to evaluate the effects of 
this incredible plant or its components in the therapeutic 
approach or the prevention of OA.

Summary

GT and its bioactive compounds play an important anti-
inflammatory role and can be used as a therapeutic adjuvant 
in inflammatory diseases. However, for OA, there are 
still very few clinical trials that show evidence of clinical 
improvement of the disease. For this reason, new studies 
must be performed so that doctors can consider this plant as 
an adjunct to treatment.
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