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Abstract: Rheumatoid Arthritis is the most common, chronic autoimmune disease with no known cure, and a priority for
biological research in the twenty first century. The limitations in the efficacy and safety of current treatment strategies are
driving the need for new, safe and effective medications. Recent experimental findings focus on the potential of
neutraceuticals for the management of rheumatoid arthritis. In this review, we summarize the effect of several dietary
phytochemicals against RA with important biochemical findings. A number of dietary phytochemicals can either retard or
improve the RA by their anti-oxidative, anti-inflammatory, immunomodulatory and enzyme inhibitory effects. This
review suggests that the dietary phytochemicals have immense potential, to be developed as safe and effective treatment
options. More research is required to understand how dietary phytochemicals affect rheumatoid arthritis.
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INTRODUCTION
Arthritis is a chronic disease affecting the musculoskeletal system, particularly the joints. Generally, arthritis is
characterized by pain, swelling and stiffness of one or more
joints due to inflammation, irrespective of the underlying
causes. There are over 100 types of arthritis, each with
defined medical presentations, prevalence and prognoses.
Osteoarthritis, rheumatoid arthritis, septic arthritis and
psoriatic arthritis are the most common forms of arthritis.
Rheumatoid Arthritis (RA) is the most common autoimmune
disease and the second most familiar arthritis compared to
osteoarthritis [1, 2]. It is characterized by an autoimmune
response that causes chronic inflammatory destruction of
synovial joints [1, 2]. RA is associated with progressive
disability, systemic complications and premature death [3].
Specifically, uncontrolled active RA causes joint damage,
disability, decreased quality of life, and cardiovascular and
other comorbidities [4]. RA affects approximately 1% of
adults all over the world with 2-3 times higher occurrence in
women than men [5]. The prevalence of RA generally rises
with increasing age until approximately 70 years old. The
risk of getting RA in developing countries generally peaks at
earlier ages, with the peak age varying by particular location
[6, 7].
Standard treatment recommends a combination of nonpharmacologic and pharmacologic therapies. The pharmacological treatment of RA usually aims to prevent further
progression of the disease by relieving symptoms using
disease-modifying anti-rheumatic drugs (DMARDs) [8, 6].
Non-pharmacologic therapies include lifestyle changes,
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which vary depending on the patient's level of disability,
intended to improve their quality of life [9]. Reduced
progression of the disease and improved quality of life can
be achieved through the use of corticosteroids and biological
agents in the early course of the disease [10]. There are
significant side effects from these treatments in the later
stages of the disease, which affect the overall benefit of
using corticosteroids and biological agents. The trade-off
between the early benefit of these interventions and the later
negative consequences need to be considered in planning the
treatment of each patient.
A plethora of evidence suggests that diet and nutrient
supplementation has the potential for improving RA
management. These potential benefits are achieved by
alleviating symptoms, and slowing the progression of the
disease or by reducing the reliance on, or combating the sideeffects of pharmacologic therapy [11, 12]. Historically,
patients diagnosed with RA have tried changing their diets in
the hope that it may improve their symptoms. Patients
frequently sought dietary advice, in an attempt to include
nutritional changes as an additional treatment modality. The
patients were reluctant to use pharmacological treatment
exclusively for treating RA because of the negative side
effects [13, 14]. The therapeutic efficacy achieved through
diet is based on one or a set of phytochemicals, most often
the physiologically active secondary metabolites like
polyphenol, flavonoid, tannin, anthocyanine, glycoside etc.
The manipulation of diet is widely used by patients
worldwide in the recent time, often involving the inclusion
and/or exclusion of food items. Systematic scientific
consideration and analyses of the effect of these dietary
changes has not been undertaken and there is little
understanding of the effect of inclusion or exclusion of
particular phytochemicals in the diet and how they function
in the body to result in particular outcomes [15]. Therefore,
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we are interested in reviewing the therapeutic value of
dietary phytochemicals in a mechanistic view.
In the present review, we first go through the
pathophysiological basis of RA and identify the therapeutic
focus. Second, we will focus on the effect of dietary
phytochemicals, in particular the effect of polyphenols and
flavonoids on the prevention of the progression of RA.
Finally, we will suggest several promising future prospects
of dietary phytochemicals in RA.
PATHOGENESIS OF RHEUMATOID ARTHRITIS
Physiologically, rheumatoid arthritis is characterized by
synovial inflammation and hyperplasia, autoantibody
production, cartilage and bone destruction [16]. The
molecular pathogenesis suggests a complex interplay
between the genetic and environmental factors leading to an
abstruse development of the autoimmune response as the
underlying event triggering the RA [4]. Large genome-wide
association studies have identified more than 30 loci
involved in RA pathogenesis. Both, HLA (e. g. DRB1*01,
DRB1*04, DRB1*13 and DRB1*15) and some non-HLA (e.
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g. PTPN22, IL23R, TRAF1, CTLA4, IRF5, STAT4, CCR6,
PADI4.) genes are known to predispose to RA heritability
with greater contribution by HLA genes toward RA, while
genetic susceptibility has also been associated with
environmental factors Fig. (1) [17].
The development of an autoimmune response is the
central tounderstanding RA, and is based onan intricate
gene-environment interaction leading to the loss of immune
tolerance and consequent microenvironmental changes of the
synovial [16]. An unbalanced immune system provides the
molecular stimulation, through complex cell-cell interactions
(involving local dendritic cells that express cytokines, HLA
class II molecules, and co-stimulatory molecules) necessary
for T-cell activation and proliferation [18, 19]. T-cell
activation causes antigen presentation and ‘T-cell-mediated
B-cell help’ that results in activation of B cells and
macrophages [20]. Macrophages are the central effectors of
synovitisact through the release of cytokines (e.g., TNF-α
and interleukin-1, 6, 12,15,18,23), production of prostanoids
and matrix-degrading enzymes, phagocytosis and antigen
presentation [21]. The proinflammatory cytokines like
interleukin-1 and tumor necrosis factor-α (TNFα) that

Fig. (1). Overview of RA pathophysiology. Here, ROS = Reactive oxygen species;RNS = reactive nitrogen species; DP = Dietary
phytochemicals. Intricate interaction between an array of genetic and environmental factors predispose to overwhelmed immune response in
an autoimmune fashion that involve pathogenic activation of T-lymphocytes, B-lymphocytes and macrophages. Such pathogenic immune
activation causes oxidative stress, inflammation and activation of matrix degrading enzymes those ultimately leads to manifestation of RA
like cartilage degradation, extracellular collagen degradation etc. Besides antioxidative effect, several dietary phytochemicals like
resveratrol,firulic acid, curcumin, genisteinetc halt or ameliorate inflammation. Several dietary phytochemicals like firulic acid, gallic acid
etc also inhibit the activation of degrading enzyme to restore the cartilage structure.
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stimulate synovial fibroblasts and chondrocytes in articular
cartilage to secrete enzymes that degrade proteoglycans and
collagen, leading to tissue destruction [22]. Beside cytokines
reactive oxygen intermediates and nitrogen intermediates
leads to oxidative stress is significantly involved in
degradation of cartilage, extracellular collagen and
intracellular DNA while antioxidants and oxidative enzymes
have been shown to ameliorate arthritis [23].
DIETARY PHYTOCHEMICALS IN RHEUMATOID
ARTHRITIS
The human diet contains a large range of food items of
plant and animal origin. Food of plant origin covers a large
range of phytochemicals including polyphenols, flavonoid,
alkaloid, glycosides, terpenoids, phytosterols sterols etc. The
contributions of such phytochemical constituents on
rheumatoid arthritis have been described below in brief.
Apigenin
Apigenin is a dietary flavonoid of flavone class found in
fruits, vegetables, spices and herbs. Activated RA fibroblastlike synoviocytes play a central role in both initiating and
driving RA. Apigenin inhibited the collagenase activity
involved in RA [24]. Apigenin enhances the cytotoxic
effects of TNF-related apoptosis-inducing ligand in human
rheumatoid arthritis fibroblast-like synoviocytes which is
likely mediated through inactivation of PI3-K/Akt signaling
pathway [25]. Shin et al. also suggested that the apigenininduced apoptosis of rheumatoid fibroblast-like synoviocytes
is mediated by reactive oxygen species and activation of
ERK1/2 [26]. Several other studies have already been
performed to clarify the related anti-inflammatory
mechanism of apigenin, leading to hopeful results. Apigenin
suppressed lipopolysaccharide (LPS)-induced nitric oxide
(NO) production in a dose dependent manner in macrophage
cells (RAW 264.7) with the attenuation of cyclooxygenase-2
(COX-2) expression. Pretreatment with apigenin also
reduced TNFa-induced adhesion of monocytes and
expression of cellular adhesion molecules upregulation of
vascular cellular adhesion molecule-1 (VCAM-1),
intracellular adhesion molecule-1 (ICAM-1), and E-selectin.
Apigenin inhibits the production of pro-inflammatory
cytokines IL-1β, IL-8, and TNF in LPS-stimulated human
monocytes and mouse macrophages [27]. At the molecular
level such anti-inflammatory activity of Apigenin is
mediated by the suppression of NF-κB activation while
nuclear translocation and DNA binding activity of NF-κB,
p65 and the inactivation of the IKK complex were
concomitantly evident [28]. Such a profound antiinflammatory strategy obviously encourages the therapeutic
use of apigenin in the chronic inflammatory situation like
RA.
Arctigenin
Arctigenin is a naturally occurring phenylpropanoiddibenzylbutyrolactone lignin. There exist no direct clues to
the anti-RA effect of arctigenin but several promising
findings suggest the probable anti-RA effect of arctigenin.
The study of Zhao et al. provided an initial clue of the antiinflammatory mechanism of arctigenin. Their study showed
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that arctigenin suppressed lipopolysaccharide (LPS)stimulated NO production through down-regulation of iNOS
expression and iNOS enzymatic activity and proinflammatory cytokines secretion, including TNF-alpha and
IL-6 in a dose-dependent manner in LPS-stimulated
macrophage [29]. An another degree of resolution of antiinflammatory mechanism of arctigenin was from the studies
of Hyam et al. with the finding that arctigenin inhibited NFκB activation, as well as PI3K, AKT and IKKβ
phosphorylation in association with the inhibition of IL-1β,
TNF-α and IL-6 expression under inflammatory situation in
vivo [30]. Arctigenin suppresses the activation of MAP
kinases (ERK1/2, p38 kinase and JNK) through the
inhibition of MKK activities, resulting to AP-1 inactivation
that might inhibit the TNF-α production [31]. The arctigenin
also exerted its anti-inflammatory effect by inhibiting ROSdependent STAT signaling through its antioxidant activity
[32]. Another study also indicates passive evidence of the
antioxidant activity of the arctigenin that support antioxidant
activity mediated anti-inflammatory activity of arctigenin
[33]. Thus, arctigenin may be used in the RA associated
inflammatory complications.
Curcumin
Curcumin is the major curcuminoid of turmeric
(Curcuma longa). Intraperitoneal injection of extract
containing curcuminoids prior to arthritis induction
significantly inhibited acute (75%) and chronic (68%)
inflammation of joint [34]. Chandran & Goel first suggested
the safety and superiority of curcumin treatment in patients
with active RA [35]. Curcumin has reported to mediate antiinflammatory effects through the down regulation of
inflammatory enzymes like nitric oxide synthase (iNOS),
COX 2 and Arachidonate5-lipoxygenase (ALOX5); various
pro-inflammatory cytokine expressions like tumor necrosis
factor (TNF-α), interleukins (IL-1, IL-2, IL-6, IL-8, IL-12)
and chemokines. All these anti-inflammatory strategies of
curcumin are mediated through inactivation of the nuclear
transcription factor nuclear factor kappa B (NF-κB) while
NF-κB is the molecular correspondence of inflammatory
responses in arthritic patient [36-38]. Current report suggests
that curcumin is an alternative TNF-α blocker in vitro and in
vivo. Interestingly, low dose of curcumin is clinically
effective in the management and treatment of osteoarthritis
[11]. Moreover, curcumin is an efficient scavenger of free
radicals while free radical damage underlies chronic
inflammation [39, 40]. Curcumin showed superb
intracellular ROS scavenging activity where it easily transfer
electron or donate H-atom from two phenolic sites to
scavenge free radicals [40]. However, the process of arthritis
specific anti-inflammatory reactions seen when using
curcumin needs to be understood in more detail.
Epigallocatechin-3-Gallate (EGCG)
Epigallocatechin-3-gallate (EGCG) is the ester of
epigallocatechin and gallic acid and the major active
component of green tea (Camellia sinensis). EGCG has
significant inhibitory effect on the collagen and Interleukin-1
beta (IL-1β) - induced inflammatory responses. The antiarthritis activity of EGCG was first discovered from the
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finding that consumption of EGCG-containing green tea
ameliorated collagen-induced arthritis in mice. This
improvement in arthritis was associated within a marked
inhibition of the inflammatory mediators cyclooxygenase 2
(COX-2), Interferon gamma (IFNγ), and tumor necrosis
factor alpha (TNFα) in arthritic joints, lower level of total
immunoglobulins (IgG) and type II collagen-specific IgG in
serum and arthritic joints [41]. Pre-incubation of human
chondrocytes derived from arthritic cartilage with EGCG
inhibits the IL-1β-induced inducible nitric oxide synthase
(iNOS) and COX-2 expression and activity that ultimately
resulted in the reduced nitric oxide (NO) and prostaglandin
E2 synthesis (PGE2) [42, 43]. The study of Lin et al. also
provided a mechanistic clue to EGCG’s effect on arthritis.
They found that intraperitoneal administration of EGCG
ameliorated arthritis and macrophage infiltration, and caused
a reduction in the amount of MCP-1/CCL2-synthesizing
osteoblasts [44]. The anti-inflammatory and anti-arthritic
effects of EGCG are also supported by in vitro and in vivo
data indicating that EGCG or EGCG containing green tea
can regulate the expression of cytokines, chemokines,
MMPs, aggrecanase, ROS, NO, COX-2, and PGE2 in cell
type relevant to the pathogenesis of OA and RA [45].
Besides these, EGCG has been reported to have bonepreserving and synovial fibroblast regulatory effect [46].
EGCG is also a potent antioxidant with mounting evidences.
Epigallocatechingallate effectively scavenge superoxide
anion, hydroxyl radical and other reactive oxygen species
(ROS) while ROS has a pathogenic role in rheumatoid
arthritis and excessive quantities of oxygen free radicals
have been identified in synovial fluid of 90% of patients with
RA [47, 48]. Several studies have shown that EGCG blunts
ROS mediated cytotoxicity in human chondrocytes and other
models of oxidative stress while considerably increased the
gene expressions of catalase, superoxide dismutase, and
glutathione peroxidase activities which are essential
components of a robust anti-oxidant defense system [49].
Therefore, EGCG may be a potential therapeutic agent
against arthritis offering incredible new options in the
treatment of arthritis as well as better quality of life for
arthritic patients.
Ferulic Acid
Ferulic acid is a natural organic compound of polyphenol
class. Available evidence suggests that ferulic acid
counteracts arthritis associated inflammation in different
trials either remarkably or partly. Phenolic compounds rich
fraction containing ferulic acid significantly inhibited the
adjuvant-induced arthritis while dimerization of the ferulic
acid has been reported to inhibit lipopolysaccharide (LPS)induced COX-2 expression in the mouse macrophage [50].
Co-incubation of sodium ferulate (a sodium salt of ferulic
acid) with chondrocytes while IL-1β causes a significant
attenuation of apoptosis rate of chondrocytes. Such an
amelioration was concurrent with the decreased expressions
of TNFα, TNFR-1, TNF receptor-associated death domain,
caspase-8 and caspase-3 in a dose-dependent manner [51]. In
vivo experiments, it was revealed that ferulic acid pretreatment lowers the level of hydrogen peroxide-induced IL1β, TNF-α, and MMP-1 whereas decreased expression of
MMP-1 and MMP-13 during ferulic acid post-treatment
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[41]. Sodium ferulate (SF), a natural derivative of ferulic
acid, significantly ameliorated acetic acid induced
inflammatory responses in rats, with the lowered
myeloperoxidase (MPO) activity, superoxide dismutase
(SOD) activity, malondialdehyde (MDA) levels, nitric oxide
(NO) levels, PGE2 levels. SF reduces the expressions of
iNOS, COX-2 and nuclear factor kappa B (NF-kB) p65
proteins in the colonic tissue [52]. SF also reverses cartilage
degradation processes and inhibits expressions of matrix
metalloproteinase-1 and BAX in a rat OA model. SF
prevents apoptosis of chondrocytes, represses NO synthesis
and attenuates the levels of matrix metalloproteinase-1/tissue
inhibitor of metalloproteinase-1 to prevent extracellular
matrix degradation in human OA chondrocytes [53]. The
study of Roy et al. revealed a significant reduction in the
activity of apoptosis and reduced expression of TGF-β1 and
IL-1β in the pancreatic β-cell due to ferulic acid treatment in
rats [54]. Moreover, FA may contribute to the prevention of
arthritis with the antioxidant and radical scavenging potential
in a passive way.
Gallic Acid
Gallic acid (3, 4, 5-trihydroxybenzoic acid), a natural
polyphenolic acid found in gall nuts, sumac, oak bark, tea
leaves, grapes and win. Several alternative finding suggest to
figure out the anti-RA effect of gallic acid. Gallic acid
treatment inhibited the expression of several proinflammatory genes in dose and time dependent manner in
TNF-a treated fibroblast like synoviocyte derived from
patients with rheumatoid arthritis (RA FLS) [55]. Gallic acid
also induces caspase-3 dependent apoptosis of RA FLS [56].
Furthermore, gallic acid possesses a profound antiinflammatory effect [57]. Gallic acid inhibits histamine
release and pro-inflammatory cytokine TNF-α and IL-6
production in human mast cells [58]. Therefore, gallic acid
has immense potential to treat inflammatory condition while
RA is a chronic inflammatory situation.
Genistein
Genistein is a phytoestrogen of isoflavone class.
Genistein inhibits the growth of rheumatoid arthritis
fibroblast-like synoviocytes under the stimulation of
cytokines (IL-1β & TNF-α) and growth factor-induced
(EGF). Such an inhibition was marked by decreased cell
number, tritiated thymidine incorporation and cell cycle
arrest at the G1 restriction point; genistein decreased colony
numbers under anchorage-independent condition stimulated
by EGF in serum [59]. In the collagen-induced rheumatoid
arthritis rat model, genistein modulated a Th1-predominant
immune response with significant suppression of the
secretion of IFN-γ, and it augmented the IL-4 production
thus, keeping the Th1/Th2 balance [60]. In macrophage cell
line (RAW 264.7), genistein effectively inhibited the LPSinduced overproduction of TNF-α, IL-6, and NF-κB
activation [61]. In inflammation, genistein inhibited iNOS
protein and NO production in a dose-dependent manner
concomitantly with the inhibition of STAT-1 and NFkappaB activations [62]. Genistein also significantly
suppressed TNF-α-induced production of adhesion
molecules and chemokines such as sICAM-1, sVCAM-1,
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sE-Selectin, MCP-1 and IL-8, which play key role in the
firm adhesion of monocytes to activated endothelial cells
(ECs) [63].
Kaempferol
Kaempferol is a natural flavonol of the flavonoid type.
Kaempferol has the capacity to inhibit the proliferation of
both normal and IL-1β stimulated rheumatoid arthritis
synovial fibroblasts (RASFs), which are involved in the
destruction of both articular bone and cartilage. This
inhibitory activity of Kaempferol was marked by the down
expression of MMP-1, MMP-3, COX-2 and PGE2 induced
by IL-1β. Kaempferol, which also inhibited the
phosphorylation of ERK-1/2, p38 and JNK, the activation of
NF-κB induced by IL-1β as well [64]. In LPS-activated
macrophage, kaempferol inhibited iNOS expression and NO
production in a dose-dependent manner. In addition,
Kaempferol inhibited the activation of the STAT-1(Signal
transducer and activator of transcription 1) that is another
important transcription factor for iNOS expression [62]. The
study of Gong et al. also provides a mechanistic clue to the
anti-inflammatory activity of kaempferol. They found that
kaempferol can suppress eosionphil infiltration as well as a
dose-dependent attenuation of TNFα-induced expression of
epithelial intracellular cell adhesion molecule-1 and
eosinophil integrin β2 that contribute to the amelioration of
allergic and inflammatory airway diseases [65]. Kaempferol
inhibits IL-4-induced STAT6 activation while IL-4-driven
STAT6 activation has been reported to play an active role in
the progression of inflammatory diseases [66]. All these
adumbrate an implicit therapeutic potential of kaempferol
against RA.
Quercetin
Quercetin is a flavonoid. In rheumatoid arthritis
fibroblast-like synoviocytes, quercetin causes apoptosis in a
dose-dependent manner concomitantly with enhanced
caspase-3 and caspase-9 cleavages [67]. Quercetin caused a
concentration-dependent loss of mitochondrial membrane
potential and cytochrome c release to cytosol and also
decreased Bcl-2/Bax ratio, indicating that quercetin-induced
apoptosis is through mitochondrial pathway [68]. In chronic
rat adjuvant-induced arthritis, quercetin inhibits macrophagederived cytokines and nitric oxide (NO) and thus possess
potential anti-inflammatory therapeutic and preventive agent
targeting the inflammatory response of macrophages [69].
Quercetin supplementation reduced tumor necrosis factoralpha and interleukin-1beta mRNA levels simultaneously
with reduced levels of circulating macrophage
chemoattractant protein 1, nitric oxide, and prostaglandin
E(2) [70]. In another study, quercetin inhibited neutrophil
activation, synoviocyte proliferation, and angiogenesis [71].
Resveratrol
Resveratrol is a polyphenol present at high concentration
in grape skin, seeds, and red wine. Resveratrol prevents
synovial hyperplasia by inducing the by caspase-9 dependant
apoptosis of human rheumatoid arthritis synovial cells
(MH7A) [72]. Byun et al. (2008) showed that the resveratrol
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induces the apoptosis of fibroblast-like synoviocytes derived
from patients with rheumatoid arthritis by activating
caspase-8 and caspase-9 without affecting the levels of Bax,
Bcl-XL, and Bcl-2 [73]. Several other researchers also
provide a mechanistic view toward the anti-RA effect of
resveratrol. Nuclear factor kappa B (NF-κB) is a pivotal
transcription factor in synovial cells, and is involved in the
activation of the TNF-α and IL-1β genes while resveratrol
inhibits TNF-α and IL-1β expression suppressing NF-κB
activity in human chondrocytes [74]. The chondro-protective
effects of resveratrol were associated with suppression of
iNOS and COX-2 [75]. Resveratrol modulates collageninduced arthritis by inhibiting Th17 and B-cell function that
lies at upstream point in RA pathogenesis [76]. The
antioxidant property of resveratrol can also be involved in
the anti-RA effect as the resveratrol reduce NO levels
resulting reduced physiological oxidative stress [77]. In
addition, resveratrol was found to be an effective scavenger
of hydroxyl, superoxide, and metal-induced radicals as well
as showing antioxidant abilities in cells producing ROS [78].
Therefore, the pharmacological property of resveratrol might
be used against RA associated inflammatory responses.
CONCLUDING REMARK
RA is a chronic disease with no known cure that affects
many people. It is an important challenge for biological
research in the twenty first century. Despite of supportive
treatment, current treatment medications are limited in their
efficacy and are frequently toxic. With the growing interest
in neutraceuticals among people with RA, patients often look
for dietary therapeutic options to treat their condition.
Patient’s need a more thorough and systematic investigation
of the effect of dietary phytochemicals on RA to educate
their treatment decisions.
The wide and varying range of symptoms involved in
RA, such as inflammation, oxidative stress and other
secondary events have made the RA an illness that is
difficult to diagnose and treat. This review clearly suggests
that dietary photochemicals have immense potential, to be
developed as a safe and effective treatment option while
targeting RA. A number of dietary phytochemicals can retard
or improve the RA symptoms through their anti-oxidative,
anti-inflammatory,
immunomodulatory
and
enzyme
inhibitory effects.
More research should be designed to evaluate the
influence of different dietary phytochemicals in RA specific
situations. There is a large and important opportunity to
figure out the precise effect of dietary phytochemicals in
upstream pathophysiological points of RA like
T-lymphocyte
activation,
B-lymphocyte
activation,
phagocytes activation etc. The effect of dietary
phytochemicals in proinflammatory response, oxidative
stress associated with RA and other enzyme system
especially of the degrading type may elicit excellent
supportive treatment approaches. In that respect, utilizing
both cellular and animal models may help to reveal the
extent of the medicinal influence. Finally, clinical studies
using human subjects should be used to test the potential,
safety and efficiency of dietary phytochemicals.
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