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ABSTRACT

The objective of the present review is to evaluate the therapeutic potential of phytochemicals against arthritis, which is asymptomatic disorder of
chronic joint inflammation followed by swelling and pain. Here, we discussed about the anti-arthritic activity of many phytomolecules such as
Norisoboldine, Berberine, Triptolide, Hesperidin Hesperidin, Madecassocide, Hydroxy napthoquinone, Ginsenoside, Cryptotanshinone, Kirenol,
Thymoquinone, Chlorogenic acid, Curcumin, Bromelain, Andrographolide and Allicin. These compounds are able to control inflammatory responses,
proinflammatory cytokines, osteoclast differentiation and to prevent bone erosion in the joints. In this article, we reviewed anti-arthritic activities
of phytichemicals from 2011-2019, using various scientific websites like PubMed, Google Scholar, Science Direct etc. Till date clinical trials
conducted with anti-arthritic phytomolecules are very less. Hence, more clinical trials are needed to bring plant molecules as safe and effective anti-

arthritic drugs in the market, either alone or in combination with other anti-arthritic agents.
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INTRODUCTION

Arthritis is not actually a disease; it is a symptomatic disorder of
chronic joint inflammation followed by swelling and pain. It occurs
due to malfunctioning of the immune system or, from the family
background or, from some injuries of joints in childhood. It can
affect the cartilages and bones places around the affected joints and
the internal organs like eyes, heart and lungs. Arthritis usually
observed in the hand, feet or, wrist of the human body [1].

Arthritis is especially of two types, rheumatoid arthritis (RA) and
osteoarthritis (OA). RA is an autoimmune disease followed by
chronic inflammation. This type of arthritis is happen due to
hyperplasia of synovial membrane, which causes large-scale bone
destruction around the joints. Some symptoms are there like pain,
stiffness, restricted movement etc. with cardiovascular, skeletal and
physiological disorders. There are some medications such as
nonsteroidal anti-inflammatory drugs (NSAID’s) and steroids, which
can control RA [2-4]. But these NSAID’s have some side effects such
as such as gastric ulceration and acute renal failure [3-7]. Women'’s
are more affected by RA rather than men [8]. In another side OA is a
disease of articular cartilage i.e. protective tissue present at the end
of the joints, which is wearing down day by day. It is causes joint
pain and disability in movement followed by formation of
osteophyte, joint space narrowing and chronic synovial
inflammation. It also affect entire synovial joint like synovium,
meniscus, ligaments etc [9]. Approximately 1.8 million of people
suffering with RA in United States of America and the actual causes
till unknown and these complications make the disease more
expensive. Some scientists are conceiving that the future treatment
of RA may be based on the two things, one is imprinting and another
one is epigenetics [10]. Rheumatoid arthritis is generally happening
in developed countries like US, than developing countries like China.
The female to male ratio for this disease is about 2-3:1 [11].

Osteoarthritis is also affecting more women after menopause than in
men and it affects mainly the joints of hands, hips and knees. It is
actually a disease cause’s cartilage degradation in the joints and the
most significant cause disability in the world [12].

Phytochemicals are most helpful in the treatment of arthritis, which
are very much effective in inflammatory, autoimmune and infectious
diseases [13]. In the present review, we have summarized
systematically the literature data on the phytochemical and
pharmacological investigations for the treatment of arthritis that have
been reported from the year 2011 to 2019, using various scientific
websites. Chemical structures of various phytochemicals used in the
treatment of arthritis are summarized in fig. 1. Our aim is to focus the
recent scientific evidence in our review paper, trying to find the right
mechanisms of these phytocompounds against arthritis.

Different phytomolecules as anti-arthritic agents
Berberine

Berberine is an isoquinoline alkaloid, shown the therapeutic activity
on so many autoimmune diseases including rheumatoid arthritis. It
was given through oral route because its anti-arthritic effect was gut
dependent. The intestine is responsible for secretion of
neuropeptides, hormones and cytokines; which are regulated by the
herbal drug berberine. It ameliorates collagen-induced arthritis by
the reduction of bone destruction on joint and can be suppressing
Th17 cell frequency and interleukin-17 level in blood [14]. The dose
of berberine is 200 mg/kg per day, which has a significant effect on
swollen paw edema. This help to decrease the level of interleukin-
17A and immunoglobulin G and it also prevented bone erosion
partially [15]. Berberine is found from Coptidis rhizome and was
used as an antitumor and anti-inflammatory agent. But nowadays it
is showing its effects by treating rheumatoid arthritis fibroblast like
synoviocytes (RAFLSs) and can also be reduce the cyclin-dependent
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kinase 2, 4 and 6. Berberine shows in an apoptosis assay that it is
responsible for the apoptotic death of RAFLSs [16].

Triptolide

Triptolide, chemically diterpene triepoxide is a major extract found
from the Chinese herb, Tripterygium wilfordii Hook F. It showed an
immunosuppressive activity in the treatment of rheumatoid arthritis.
It has the ability to impede bone destruction in joints but due to its
multiorgan toxicity and poor water solubility, it could not be used
easily in clinical practice. Although it has a good promising activity in
the treatment of rheumatoid arthritis [17]. Triptolide is responsible
for damaging of female reproduction capacity, in exposure of 4 hour
with the dose 50 and 100 mg/l led to depletion and inactivation of
spermatids. After the 24 or 48 hour of exposing it cause in increasing
the number of apoptotic cells and decrease in mitotic germ cells and
oocytes. Triptolide is used in various treatments like rheumatism,
asthma, autoimmune disease, tumors etc. It is also used in organ
transplantation [18]. Triptolide showed some adverse effects like liver
toxicity, kidney toxicity and myelosuppresion. For reduction of its side
effects a nano-drug carrier system was developed. In this system the
drug i.e. Triptolide was loaded by poly-gamma-glutamic acid-grafted 1-
phenylalanine ethylester copolymer. This nano-drug carrier system
was characterized by photon scattering correlation spectroscopy and
transmission electron microscopy [19].

Norisoboldine

Norisoboldine is an isoquinoline alkaloid, the main chemical
constituent of root of Lindera aggregata. Norisoboldine exhibited
anti-arthritic activity by attenuating osteoclast differentiation and
bone erosion via the activation of aryl hydrocarbon receptor (AhR)
which helps in the regulation of differentiation of many cells. It also
inhibited nuclear factor kB (NF-kB) [20]. Norisoboldine are given as
orally for 10 consecutive days, from day 14 to day 23 of adjuvant
induced arthritis inducing rats after immunization. Norisoboldine
relieved adjuvant-induced arthritis (AIA) rats from the joint
destruction by reducing interleukin 6 (IL-6), prostaglandin E2
(PGE2), and matrix metalloproteinase (MMP-13) expression [21]. In
a comparative study of the intestinal absorption of norisoboldine in
normal and AIA rats, verapamil increased the permeability
coefficient (Perr) of norisoboldine by 88% in normal rats and 84%
and 86% on day 5 and day 10 in AIA rats, respectively [22].
Norisoboldine exhibited effects on adjuvant-induced arthritis in rats
by its pro-apoptotic mechanism [23].

Hesperidin

Hesperidin, a flavanone glycoside was found from the citrus fruits and
is known as vitamin P. It reduced nitric oxide, prostaglandin E2 and
cyclooxigenase-2 expression in interleukin-1p-stimulated
osteoarthritis chondrocytes. It inhibited the inflammatory responses
and activation of nuclear factor kB signaling pathway and finally was
used as a potent drug for the patients having osteoarthritis [24].
Hesperidin was found in the ethanolic extract of aerial parts of
Rosmarinus officinalis. Generally this bioflavonoid is found at a greater
extent in many plants belonging Rutaceae and Lamiaceae families. It
has a significant effect on gout arthritis, combined with ketorolac [25].

Madecassocide

Madecassoside, a triterpenoid was found from the herb Centella
asiatica. The amount of madecassoside present as active ingredient
in that herb is 3.10+4.58 mg in 1 ml and its effective concentration
to exert its anti-arthritic action is 10 and 30 pmol/l. It inhibited
fibroblast like synoviocyte invasion and migration and it also
suppressed matrix metalloproteinase-13 transcription. It down-
regulated the phosphorylation and translocation of NF-kB [26].
Madecassoside has an excellent anti-rheumatoid effect with low
bioavailability in oral administration. It can regulate inflammatory
cytokine interleukin-10. It cannot be given interperitoneal or any
other route except oral because it exerted the anti-arthritic action
via intestine-dependent manner, not by absorption into blood [27].
It was considerably decreased the pad swelling of monosodium
urate triggered mice and inflammation of joint with gouty arthritis.
Gout is a type of arthritis which is caused by deposition of
monosodium urate crystals on joints. It ameliorate monosodium
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urate induced neutrophil cytosolic factor-1 and caspase-1.
Madecassoside shows the action on lowering the level of urate and
also improved renal dysfunction [28].

Hydroxy napthoquinone

Plumbagin, a 5-hydroxy 2-methyl 1,4-napthoquinone is a secondary
metabolite of Arnebia euchroma plant. It gave a significant effect on
inflammation and arthritis at a dose of 2 and 6 mg/kg, when it was
checked into a collagen-induced arthritis rat for 12 to 32 d as a daily
manner. The development of arthritis is prevented by inhibition of
proinflammatory cytokines and by regulation of the balance
between Th17 cells and regulatory T cells [29]. It protected joint
destruction by decreasing the level of interleukin-1f and showed
anti arthritic activity by suppressing paw swelling of Freund’s
adjuvant arthritis and collagen-induced arthritis models [30].
Another compound Lapachol containing hydroxy napthoquinone
group has also a significant effect on autoimmune arthritis. It
markedly suppressed the progression of collagen-induced arthritis
and antigen-induced arthritis. It was used as a potential therapeutic
agent for rheumatoid arthritis due to its inhibitory action on
dihydroorotate dehydrogenase [31].

Ginsenoside

The compound ginsenoside produce a by-product compound K, after
the degradation by intestinal bacteria. Chemically the compound K is
20-0-D-glucopyranosyl-20(S)-protopanaxadiol. It showed anti-
inflammatory and anti-arthritic activities by suppressing
cyclooxigenase-2, inflammatory cytokines such as interleukin-14,
tumor necrosis factor-a, interleukin-2 and interleukin-17
respectively [32]. The compound K regulated some cells like
endothelial cells, fibroblast synoviosytes, etc, which are involved in
rheumatoid arthritis. It was well tolerated due to its lower side
effects and was proven as potential agent for treatment of rheumatic
diseases [33].

Cryptotanshinone

Cryptotanshinone was obtained from the root of Salvia miltiorrhiza
plant. It inhibited the action of pro-inflammatory cytokines and
suppressed the production and activity of matrix metalloproteinase
9. It also prevented the osteoclast differentiation and nuclear factor
kB signaling. Cryptotanshinone showed its effect on collagen
induced arthritis in rats for the treatment of rheumatoid arthritis.
[34]. This compound exerted its anti-arthritic activity on adjuvant
induced arthritis in rats. Cryptotanshinone given intragastric at a
dose 50 and 100 mg/kg, and reduced the secondary inflammatory
responses. It also inhibited the production of interleukin-1.
Cryptotanshinone used in the treatment of rat paw edema and
polyarthritis index [35].

Kirenol

Kirenol is chemically a diterpenoid, extracted from the Herba
Siegesbeckiae, the Chinese herb. Kirenol was able to suppress the
inflammatory pathology in collagen-induced arthritis model in rats as
well as to suppress the production of interleukin 18 and tumor
necrosis factor a in adjuvant arthritis model in rats. It also inhibited
synovial hyperplasia, bone erosion and inflammation in the joint of
bones [36]. Kirenol clinically and histologically reduced the bovine
type II collagen induced arthritis at a dose 2 mg/kg. It ameliorated the
levels of tumor necrosis factor a, interleukin-17a and interleukin-6 in
synovial fluid, It also upregulated the regulatory T cells [37]. In an in
vitro experiment, kirenol at a dose of 0-80 pg/ml reduced the pro-
inflammatory cytokines. Kirenol was used in the treatment of
rheumatoid arthritis as a potential immunosuppressant [38].

Thymoquinone

Thymoquinone, an active constituent of the plant Nigella sativa has
been used to cure many diseases. It reduced paw weight and
improved histological changes in rat model of rheumatoid arthritis.
In comparison with methotrexate in pristine induced arthritis,
Thymogquinone significantly reduced the clinical score; interleukin-
18 and tumor necrosis factor a. Thymoquinone had disease
modifying and anti-inflammatory effects [39]. It is called as Kalonji
in Southern Asia, its Arabic name is Habat-ul-sauda and black cumin
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is its English name. It prevented renal dysfunction, which is
associated with rheumatoid arthritis but the efficacy is limited.
Thymoquinone and methotrexate both reduced clinical score
inflammation, serum creatinine, total leukocyte count, triglyceride,
total cholesterol and blood urea. But, Thymoquinone showed similar
effectiveness as methotrexate with lesser adverse effects [40]. It
showed anti-arthritic effect in Freund's Complete Adjuvant induced
arthritic rats by decreasing paw swelling at a dose 10 mg/kg/day. It
also showed its anti-inflammatory effects by inhibition of
leukotrienes and prostaglandins. Thymoquinone normalized
hematological parameters such as lymphocytes, neutrophil,
monocytes and hemoglobin concentration. It suppressed the mRNA
expression levels of toll-like receptors 2, 4, interleukin-1, nuclear
factor kB and tumor necrosis factor a. Thymoquinone may be used
as alternative disease-modifying anti-rheumatic drugs in treatment
of rheumatoid arthritis. After the administration of Thymoquinone,
according to the levels of alanine transaminase, creatinine, aspartate
amino-transferase and urea in the serum, stated that it has no
nephrotoxic or hepatotoxic effect [41].

Chlorogenic acid

Chlorogenic acid, a phenolic compound, inhibited inflammatory pathway
via regulating the gene expression in arthritis. At a dose 30 or 60 mg/kg,
Chlorogenic acid decreased joint swelling via inhibiting proinflammatory
cytokine production and decreasing the histological damage in bone
joint of collagen induced arthritic mice. It also decreased the elevated
levels of B cells activating factors (BAFF) at both mRNA and protein
levels through the transcriptional activity of BAFF promoter. Chlorogenic
acid inhibited the proliferation of fibroblast-like synoviocytes [42].
Chlorogenic acid showed effects on the expression of matrix
metalloproteinase-1, matrix metalloproteinase-3, matrix
metalloproteinase-13 while increasing the expression of tissue inhibitors
of metalloproteinase-1 by investigating through quantitative real-time
Polymerase Chain Reaction (PCR) and Enzyme-Linked Immunosorbent
Assay (ELISA) at the levels of both protein and mRNA. It suppressed the
degradation of inhibitor of kB-a and interleukin-13 induced nuclear
factor kB activation. This investigation proved that the Chlorogenic acid
may be used as a potent agent for the treatment of osteoarthritis [43]. At
a dose of 40 mg/kg, it controlled CD3, CD4 and CD8 of T cell count.
Chlorogenic acid suppressed CD80/86 and the helper T cells cytokines.
[44].

Curcumin

A yellow hydrophobic polyphenol compound that derived from the
herb Curcuma longa is named as Curcumin. It was used in many
chronic diseases where it acts by metastasis, inhibition of cell
proliferation, interleukin-1f, nuclear factor kB and tumor necrosis
factor a. Intravenous injection of Curcumin was administered in
adjuvant-induced arthritis to study the effect on paw swelling and
inflammatory cytokines. Due to its low oral bioavailability it was
administered by formulating the drug into oil-water nanoemulsions
with a diameter of approx. 150 nm. It showed effect on rheumatoid
arthritis by downregulating inflammatory mediators [45]. Curcumin
markedly reduced rheumatoid arthritis in 28 d and 48 d at a dose
110 mg/ml/kg/day. Curcumin has complex chemical structure
which is responsible for its high pleiotropic activity that has the
ability to control many signaling pathways. It reduced the
inflammation of joints by suppressing soft tissue swelling, ankylosis
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and erythema of joints, when was administered as oral
supplementation [46]. An experiment was done to check that how to
increase the effect of Curcumin. Firstly, Curcumin was mixed with
milk and ghee. Then, it was administered to rats through oral route
for continuously 21 d. Curcumin showed a significant effect on
reducing inflammation of arthritic joints [47].

Bromelain

Bromelain is the active ingredient of crude extract of Ananus comosus,
pineapple, belonging to the family Bromeliaceae. Bromelain was used
in the treatment of osteoarthritis in combination with trypsin and
rutin. It showed effectiveness in the treatment of osteoarthritis and
rheumatoid arthritis in combination with Diclofenac [48]. Bromelain
decreased swelling and pain by inhibition of cyclooxigenase-2 (COX-2)
and prostaglandin E2 (PGE2) expression in rheumatoid arthritis. It
ameliorated the inflammation by protection of cartilage from damage
in rheumatoid arthritis at a dose 100 and 500 mg/kg [49]. In an
experiment, it showed a significant effect on knee treatment suffering
in osteoarthritis at a dose 10 mg/kg [50].

Andrographolide

Andrographolide is a diterpenoid lactone isolated from Andrographis
paniculata and showed anti-inflammatory activity by inhibiting the
expression of interleukins and reduced dendritic cells maturation. It
also inhibited the translocation of p65 subunit of nuclear factor kB and
interfered in binding to the DNA. It was potentially used in treatment
of rheumatoid arthritis and other autoimmune diseases by reducing
the growth and proapoptotic effects [51]. Methotrexate is widely used
for the treatment of arthritis, but due to its hepatotoxicity, it has poor
compliance to the patient. Incorporation of Andrographolide with
methotrexate increased the strength of methotrexate and exerted
hepatoprotective action. The combination of these drugs reduced the
levels of serum tumor necrosis factor o, interleukin 18 and
interleukin-6. The combined therapy of Andrographolide and
methotrexate shows a better treatment against arthritis than a single
one by increasing of anti-arthritic activity [52]. Andrographolide was
used in rheumatoid arthritis along with joint pain and significantly
inhibited Complete Freund's Adjuvant induced rats paw edema by
inhibiting the production of nitric oxide and tumor necrosis factor-o in
a dose-dependent manner. It suppressed inflammatory responses by
inhibiting the signaling pathway and two key inflammatory enzymes.
[53]. Andrographolide reduced severity of arthritis and the joint injury
by protecting autoimmune arthritis via inhibiting microtubule-
associated protein kinase (MAPK) pathways [54].

Allicin

To show the effectiveness of allicin, it was treated in rheumatic
conditions, where allicin treatment exhibited the most prominent
activity in the treatment of rheumatoid arthritis [55, 56]. In another
study, allicin was evaluated for its anti-arthritic activity in albino
rats where arthritis was induced by Turpentine and reference drug
was used Pioxicam. Finally, allicin exhibited good activity [57]. Lin et
al. observed the effect of allicin on the IL-1B-Induced inflammatory
cytokines in Human Osteoarthritis Chondrocytes [58]. Allicin
showed potential in the treatment of ankylosing spondylitis (AS) as
an anti-inflammatory agent. Allicin markedly reduces AS perhaps at
a dose of 200mg/kg b.w. via alleviating the secretion of the
inflammatory factors in mice [59].

Triptolide
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CONCLUSION

Plant is a rich source for the development of novel lead against
arthritis. Current knowledge of this review will help the researchers
to search for new phytochemicls with anti-arthritic activity. It is very
probable that in the coming years, more phytochemicls will get
entry into the commercial market as anti-arthritic agents. More
clinical trials are needed for this development of safer and effective
molecules from plant and to bring them in the market as anti-
arthritic drugs, either alone or in combination with other anti-
arthritic agents. It is expected that further elucidation of the
molecular mechanisms behind the action of these phytochemicals
not only can lead to discovery of new drugs for symptomatic relief of
arthritic conditions like inflammation and pain, but also can make it
possible to stop further progress or even reverse the damage caused
by arthritis. From this review it should be evident that there are
many bioactive molecules in plants that exert anti-arthritic activity
at a particular dose. This review makes an attempt to give current
scientific account of use of valuable phytochemicals in arthritis.
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