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Abstract

Rheumatic diseases such as osteoarthritis (OA), rheumatoid arthritis (RA), and low back pain
are very popular. The drugs available to treat these diseases are almost ineffective and have sig-
nificant side effects. There are several approaches used to replace conventional drugs to treat
these diseases. One of these methods is the use of herbal medicines. In this study, the effects of
herbal medicines and medicinal plants used in the treatment of these diseases include. Search-
ing for articles published in English from 1985 to 2020 using keywords include scientific and
traditional names of plants reviewing Scopus and PubMed databases. There is limited research
on the anti-rheumatic effects of these plants and the active ingredients. Therefore, further re-
search is needed to determine the mechanism of action, the interaction of effects, the efficacy
and safety of medicinal plants, and the potentially beneficial plant nutrients in treatment of
these diseases seems necessary. The aim of this review was to update information on OA and

chondrogenesis, also importance of herbal drugs for the management of arthritis.
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Introduction

Articular Cartilage

Articular cartilage is mainly composed of hy-
aline cartilage, which is found on the surfaces
of the bone joint in the diarthroidal joints. Joint
cartilage is a specialized connective tissue that
authorize for the unimaginable movement of
dissenting bones in the joint. Hyaline cartilage
is found in the rib cage at the sternum and is
distinguished from other cartilaginous forms by
its high content of type II collagen and the rich
proteoglycans matrix made by cartilage cells.
Synovial fluid provides pain-free movement
with endurance during life [1].

Articular cartilage forms a thin layer of tissue,
depending on the circumstances and position in
the body, its thickness varies. However, it is per-
fectly compatible with compressive strength. In
humans, depending on the joint, the thickness of
the articular cartilage can range from 1 to 4 mm
[2]. This tissue is capable to deform to increase
the total surface area of the contiguity surface
to decrease throughout stress. The relaxation of
articular cartilage stress, stating its viscoelastic-
ity properties, demonstrates its unparalleled ef-
ficiency in resistance to damage against applied
practical loads [3]. Furthermore, this tissue is
also capable of neutralizing the compression by
pressurization of the interstitial fluid with more
than 95% of the load carried by fluid [4]. The
function of articular cartilage in producing re-
sistance versus shear forces and compression is
associated with the particular adjustment of its
extracellular matrix macromolecules. In partic-

ular, the collagen fiber orientation and arrange-

ment greatly dictate the extent and orientation
of deformation caused by applied stress [5].
Articular cartilage is organized into four areas:
superficial, intermediate, deep, and calcified
cartilage. In the superficial region, the cartilage
cells are in the form of flat cells in close proxim-
ity to each other, and collagen fibers are placed
parallel to the joint surface. In the middle area,
the cartilage cells are oblique and the collagen
fibers are randomly arranged in different direc-
tions. Deep area cartilage is characterized by
spherical cartilage cells arranged in columns,
and collagen fibers in this area are perpendic-
ular to the surface of the joint. Collagen fibers
penetrate deep into the water inside the calcified
cartilage and provide structural stability for the
articular cartilage [6].

Chondrogenesis is affected by a variety of
mechanisms, including growth factors secret-
ed by the surrounding matrix, cytokines, oxy-
gen supply, and mechanical force. Hypoxia is
characteristic of the growth and regeneration of
articular cartilage and acts as a stimulant to ini-
tiate the expression of the gene that regulates
cartilage cells, causing the cells to proliferate,
differentiate, and metabolize. Mesenchymal
stem cells (MSCs) and cartilage cells are in a
hypoxic microstructure and respond to changes
in oxygen through the hypoxia-inducible factor
(HIF-a) induced during the growth and repair of
cartilage. HIF-a is a primary mediator for oxy-
gen measurement in mammalian cells [7].
Various signaling pathways have been identi-
fied to regulate the differentiation of cartilagi-
nous cells, including WNT/B and catenin path-
ways, bone morphogenetic protein (BMP) and
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conversion in tissue growth factor-f (TGF-f)
pathways, as well as Parathyroid hormone-re-
lated protein (PTHrP) [8]. Among these signal-
ing pathways, Bone morphogenetic protein
(BMP)/TGEFp plays a regulative role in the dif-
ferentiation of cartilage cells and osteoblasts,
and its expression increases in hypertrophic

chondrocytes [8].

Articular Disease

Illness, trauma or constant mechanical loading
can cause degradation of articular cartilage. The
main types of cartilage damage include: super-
ficial matrix disorder, regional thickness defect,
and complete thickness defect [9]. Superficial
matrix damage occurs from straight trauma
whereby the extracellular matrix (ECM) is dis-
turbed. However viable chondrocytes aggregate
into clusters and can polymerize new matrix.
Regional and partial thickness defects disrupt
the external surface of cartilage but do not ex-
pand into the subchondral bone. The complete
thickness defects arise from damage that pene-
trates profound into the subchondral bone [10].
These defects can induce a repair response due
to accessibility to the marrow cells; as regards,
they are typically filled with fibrocartilage.
This type of maintenance tissue is much weak-
er than hyaline cartilage and demonstrate poor
long-term proficiency due to poor compressive
strength and continuity and may cause degener-
ation [10,11].

Osteoarthritis (OA)
The pathologic feature of OA include articu-

lar cartilage degradation with subchondral bone

thickening, osteophyte organization, ligament
degeneration, synovial inflammation, and cap-
sule hypertrophy [12]. With the extension of
molecular biology, disease reclaiming osteoar-
thritis drugs have become a considerable matter
of interest for researchers. OA is an ordinary
chronic joint disease distinguished by affliction,
deformity, instability, and diminution of func-
tion and movement [13]. Unlike focal defects
which, in common, queer a younger population
who endure an acute trauma and implicate lo-
calized cure, OA affects elderly patients and
frequently the entire joint surface [14]. OA is
certainly one of the basic reasons of incapac-
itation in older adults over the age of sixty.
The communal increase in lifetime expectancy
makes OA one of the most significant reason of
disability [14]. The pathology mostly includes
knees, hips, cervical and lumbosacral spine, and
ankle. The distal, proximal inter-phalangeal, and
carpometacarpal joints may be affected, as well.
Signs and symptoms include affliction which is
exacerbated or happened by physical activity,
stiffness on walking and after inactivity, and
edema in joint [13-15]. Cartilage alterations in
OA mostly concern an inconsistency in tissue
remodeling due to changes in chondrocyte bear-
ing action [16]. OA articular surface displays
swelling which progresses with fibrillation and
finally to full-thickness erosions that expose
the subchondral bone [13]. Chondrocytes be-
come activated by producing ECM-degrading
enzymes such as matrix metalloproteinases
(MMPs) and MMPs with thrombospondin-like
motifs (ADAMTS). In particular, MMP-13

plays an important role in the degradation of
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Coll 1I; while ADAMTS-4 and -5 both act on
Aggrecan (AGG) [17,18]. For this aim, such
enzymes contribute to regulate the expression
of multiple cytokines, chemokines, inflammato-
ry mediators and matrix degrading enzymes by
activating several signaling pathways including
Notch and nuclear factor kappa-light-chain-en-
hancer of activated B cells (NFKB) [18], and
deregulating the expression levels of some
MicroRNAs (miRNAs) (endogenous small
non-coding RNAs that suppresses gene expres-
sion by binding to complementary segments of
messenger RNA and interfering with the forma-
tion of proteins by translation) [17,19,20]. The
progressive detriment of cartilage structural
architecture, together with an increased osteo-
clast function in the subchondral bone, causes
the presence of bony channels carrying inflam-
matory cells and blood vessels. In this way, the
resistance of natural articular cartilage to neo-
vascularization is dominate by the production
of proangiogenic factors such as Vascular En-
dothelial growth factors (VEGF) [21]. Another
key feature of OA is the presence of clonally
clusters due to the increased proliferation activ-
ity by chondrocytes that produce inflammatory
mediators, such as cytokines including inter-
leukin-1B (IL-1B), interleukin-6 (IL-6), tumor
necrosis factor-a (TNF-a), reactive oxygen spe-
cies (ROS) and nitric oxide (NO), all contribut-
ing and accelerating the degradation and trig-
gering apoptosis processes (presence of empty
lacunae and positivity for caspases mediators)
[22]. Ultimately, chondrocytes tend to differ-
entiate towards a hypertrophy-like phenotype
(enlarged cytoplasm mostly positive for Coll X

and MMP-13) and begin to deposit calcium in
the ECM as occurs in the endochondral ossifica-
tion procedure in the epiphyseal plate [22,23].
Generally, osteochondral alterations frequently
lead to an elevated aggregation of important
biochemical markers of tissue malfunction and
inflammation, which include procollagen pro-
peptide of Coll I and Coll IT (PINP; PIINP), car-
boxy-terminal procollagen propeptide of type
I and II collagen (PICP; PIICP), C-terminal
cross-linking telopeptides (CTX-II), osteocal-
cin (OC), total pyridinoline (PYD) in urine, and
bone sialoprotein (BSP) [24,25].

Articular Cartilage Repair

Contemporary curative procedure for articu-
lar cartilage repair have two principal focus-
es: marrow stimulation and cell/tissue-based
transplantation [26]. The marrow stimulating
surgeries such as transcortical Pridie drilling,
abrasion arthroplasty and microfracture induce
blood supply and recruit local stem/progenitor
cells into the affected lesion from bone marrow
through the subchondral bone [27,28]. The cell/
tissue-based transplantations fill the cartilage
defects and promote regeneration with autol-
ogous chondrocytes, osteochondral allografts,
cartilage allografts, or MSCs [29,30]. Both
strategies often include biomaterials as scaffolds
combined with biomechanical or biochemical
signals to better fill the defect areas, enhance
marrow stimulation, maintain chondrogenic
phenotype, or promote chondrogenesis in-vivo
or ex-vivo [26]. The biochemical signals widely
studied are growth factors such as TGF-f3 fam-
ily members (e.g. TGF-B1, 2, 3, and BMPs),
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IGF-1 and FGF-2 that are identified as function-
al stimuli to promote chondrogenic differentia-
tion and cartilage growth [31,32]. However, the
exogenous growth factors are costly and subject
to quick degradation, and their clinical efficacy
and safety remain to be established, raising the
demand for novel, effective, safe, bio-stable and
low cost alternatives [7].

Remedies with herbal medicines are one of the
main categories of complementary and alterna-
tive medicine with an increasing public interest.
Most complementary and alternative therapies
have not been well studied, and there is no cen-
tralized source of information about many of
the widely used herbal remedies. Currently, in
spite of the accessibility of traditional medicine
provenance and the clinical experiment of tra-
ditional medicine drugs, the essential evidence
of its effectiveness, term of use, and the area of
their effects, as well as information on how to
select a drug and its advantages over a drug with
an equivalent effect are not available. Tradition-

al, complementary and integrative system of

medicin is generally believed as one of the natu-
ral sources to discover novel therapies and have
been applied in both prevention and treatment,
especially for chronic disorders. This study re-
viewed the pharmacological treatments of OA

and chondrogenesis with herbal medicine.

Methods

Electronic databases including ISI Web of
Knowledge, PubMed, and Scopus, were
searched from 2010 to 2020. The search strat-
egy included a combination of the following
Medical Subjects Headings (MeSH) terms:
herbal medicines, osteoarthritis, chondrogen-
esis, and articular cartilage. Additionally, we
searched the references of retrieved articles to
find additional, potentially related studies. We
have considered herbal therapies which were
applied orally or topically. A total of 103 studies
were found via the electronic search. Finally, 36
studies fulfilled the eligibility criteria and were

included in this review (Figure 1).

PubMed (18)

ISI(11)

Scopus (7)

/

Selected based on
inclusion criteria (36)

Figure 1. Schematic diagram of applied studies for
accomplishment of this review
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Results
Table 1: List of some herbs used in osteoarthritis and chondrogenesis
No Name of the Herb Family Part Used Active Ingredient Pathway Effect
Phytosterols, .
1 Avocado/soybean Lauraceae Leaves stigmasterol T I8, MH-)_.lB » PGE2,
y ca%n esterol the inhibition of NF-
P kB, producing TGF-
Epimedium eran- Rhizome and Icariin, epimedin | Inhibition of MMP-1,
2 P difloru n% Berberidaceae Root A, and epimedin | MMP-3, and MMP-
C 13, inhibiting NF-kB,
Punicalagins o .
§ Inhibited IL-1pB-in-
tarﬁlé(rilrs()lgr??}?(li | duced expression of
3 Pomegranate Punicaceae Fruiting bodies anin, and ella 3:: MMP-1, MMP-3, and
g and seeds > acid g MMP-13, activation
of MKK3, p38a-
MAPK
Leaf, Root L, 8-cineole, | ppipiion of lipooxy-
4 Oliban Oil Burseraceae extract, gum a-pinene, limo- enases TNF—E «IL}II—
tragacanth nene, globule g ’
Enriched by KEGG,
including osteoclast
differentiation, ara-
Fruiting bodies chidonic acid metab-
Cinnamomum leaves Cinnamaldehyde, olism, hypoxia-induc-
5 : Lauraceae ible factor (HIF)-1,
Cassia benzyl benzoate
nuclear factor kB
(NF-xB), Toll-like
receptors (TLRs), and
tumor necrosis factor
(TNF).
6-gingerol Inhibition of Cox-2
6 Ginger Rhizomes | Zingiberaceae Root 6-shogaol, and and 2g3(¥41¥%e_:gase5
6-paradol
Reducing the expres-
Flavonoids sion of INOS, COX-
7 Huangqi (Astrag- | . Root isoflavones, lactic Tzﬁgfa. IL_tl.B il.ld
alus Propinquus) cguminosac 00 polysaccharides ~0, mnactiva’ion
SADONINS of p38 and Erk1/2
p and inhibition of NF
kappaB
Proanthocvani- inhibition of NO,
8 Grape Seeds Vitaceae Seeds, fruit body dins ¥ PGE2 and IL-1B,
TNF-o and IL-17
inhibit the produc-
Harpagophytum . Harpagoside, gly- [ tion of IL-1B, IL-6,
9 procumbens Pedaliaceae Extract coside Iridous and TNF-a by RAW
264.7
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Neophytadiene,
Phtaleic acid, suppresses the ex-
Dibutyl phthal- pression of MMP-9
10 Urtica Dioica Urticaceae Leaves ate, Bis (2-ethyl | and MMP-3, inhibit-
hexyls') maleate, | ing NF-kB pathway
1,2-benzenocli activation
carboxylic acid
Activation of JAK2/
STAT3 and AKT
Danshen (Salvia . . Lo pathways, inhibition
11 Miltiorrhiza) Lamiaceae Salvianolic acid B of the NF-xB, PTEN,
AMPK, and ERK
signaling pathway.
Madecassoside, Production of
- . asiaticoside, pro inflammatory
12 Centella asiatica Apiaceae Leaves madecassic acid | cytokines, NO, and
and Asiatic acid oxidative stress

Avocado/soybean Unsaponifiables (ASU)
Avocado/soybean Unsaponifiables (ASU) are
natural vegetable extracts made from avocado
and soybean oils, consisting of the leftover frac-
tion (approximately 1%) that cannot be made
into soap after saponification. ASU is composed
of one third avocado and two thirds soybean
Unsaponifiables [33]. The major components
of ASU are phytosterols, B-sitosterol, campes-
terol, and stigmasterol, which are rapidly incor-
porated into cells. ASU is a complex mixture
of many compounds including fat-soluble vita-
mins, sterols, triterpene alcohols, and possibly
furan fatty acids [33,34]. The identity of the ac-
tive components remains unknown. The sterol
contents of ASU preparations are the primary
contributors to biological activity in articular
chondrocytes [35]. Some studies have suggest-
ed that the phytosterols (i.e., B-sitosterol, camp-
esterol, and stigmasterol) and isoflavones (i.e.,
daidzein, genistin, and glycetin) present in ASU
extract play an important role in inhibiting the
development of OA and RA [36].

The biological attributes of ASU function can

be characterized by proliferating the value of
collagen in tissues, increasing tissue lipids,
and the proportion of extractable components
in respect to insoluble substances, with con-
siderable enhancement in tissue proteases and
significant increases and activation of collage-
nase leucine peptidase serum [33,37,38]. With
regards to unsaponifiable extracts, they contain
substances characteristic of soybean and avoca-
do seed extracts, which rectify the metabolism
of connective tissue. Avocado extract stimulates
stromal related enzymes; while soybean extract
alone sensitively stimulates lysosomal enzymes
with an acidic pH and, to a lesser extent, some
neutral lysosomal proteases [39]. Consequently,
the association of both extracts which constitute
ASU exerts more powerful synergistic effects
[40]. The function of both indistinguishable in
the composition of granuloma has also been
confirmed. Increasing the ratio of macromole-
cules (collagen, glycoproteins) in both soluble
and insoluble parts of granuloma extract can be
explained as a symptom of increased destruc-

tion of these tissue compounds [41]. The favor
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able effects observed after ASU administration
and can be attributed to an reduce effect on col-
lagenolysis [42].

ASU has been used in numerous experimental
studies to test its possible biological effects. A
recent experimental evidence has recommend-
ed the use of ASU extract as a potent therapeu-
tic agent for various arthritic diseases [43]. So,
ASU has been studied for its anti-inflammato-
ry, anti-catabolic, and anabolic effects on car-
tilage metabolism, principally on chondrocytes
[44]. Some studies have explored the action of
ASU that seems to act on different molecular
mediators implicated in various target tissues/
organs [34]. The molecular mechanism of ASU
involves the inhibition of NF-kB activation.
NF-kB is a transcription factor that regulates
the inflammatory response in chondrocytes. It
normally resides in the cytoplasm; however,
once activated, it moves towards the nucleus
to induce the expression of pro-inflammatory
genes, including enzymes degrading the carti-
lage matrix [45]. Likewise, ASU reversed the
catabolic effect of IL-1p in human fibroblasts
by inducing a significant decrease in MMP-2,
MMP-3, and tissue inhibitors of MMP-1 in the
presence of IL-1pB [46]. The mechanism of ac-
tion of ASU in OA is not well elucidated, but
there is some evidence of its inhibitory effects
on MMPs and stimulating TGF-f synthesis,
which has a significant participation in cartilage
tissue homeostasis. ASU has an inhibitory ef-
fect on inflammatory and catabolic mediators,
thus preventing the destruction of cartilage.
Prevents the production of cytokines, chemok-
ines, PGE2, NO, and MMP. In human articular

cartilage cells stimulated in cultures with IL-1,
ASU suppresses IL-6, IL-8, MIP-1p, PGE2, and
NO [44].

For instance, some in-vitro studies reported that
ASU extract is capable of stimulating matrix
production and reducing the deleterious effect
of IL-1, possibly by producing TGF-f [34].
ASU is also known to stimulate and restore the
AGG production, even after IL-1p treatment,
decrease the MMP-3 production and stimulate
the tissue inhibitor of metalloproteinase's-1
(TIMP-1) production [34].

Hashemibeni etal. compared the efficacy of ASU
and TGF-B3 on chondrogenic differentiation of
human adipose-derived stem cells (hADSCs) on
PLGA/fibrin hybrid scaffold, stated that hAD-
SCs containing the ASU are an effective way
to potentially enhance cartilage specific genes
(Sox9, Coll 11, AGG) with less hypertrophy and
fibrosis in-vitro. Also, enhanced cellular viabil-
ity was observed in the ASU group compared
to the TGF-B3 group [38]. They compared the
efficacy of ASU and TGF-B1 on chondrogenic
differentiation of hADSCs. The study reported
that ASU improved proliferation and increased
the survival of differentiating chondrocytes in
fibrin scaffolds more effectively than TGF-f1
[47]. Ownby et al. made a mixture from ASU
and epigallocatechin gallate extract and studied
the responsiveness of articular chondrocytes of
the carpal joints of mature horses and tested its
ability to inhibit joint inflammation [48]. Anoth-
er study included 60 patients with knee OA. The
patients were given either ASU (300 mg daily)
or diclofenac (25 mg, 3 times/day) for 8 weeks

and results were estimated using WOMAC in
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dex. The study suggested that ASU can be a
promising substitute to NSAIDs due to its bet-
ter patient compliance and WOMAC score [49].

Herb Epimedium (HEP)

Herb Epimedium (HEP) is a widely used tra-
ditional Chinese herbal medicine in arthritis
[50,51]. Icariin (ICA) is the major active con-
stituent of HEP [47,51,52]. ICA could regulate
the anabolism of osteoblasts through the upreg-
ulation of BMP-4, BMP-2 and SMAD4 expres-
sion [53-55]. Some reports proved that I[CA was
a safe and strong chondrocyte anabolic agent
which could affect the proliferation of chon-
drocytes and reduce the degradation of ECM,
suggesting ICA-loaded biomaterials to be a po-
tential candidate for cartilage tissue engineering
[56]. In addition, ICA could promote the ex-
pression of chondrogenesis genes of chondro-
cytes like AGG, Coll II and Sox9 genes [57].
Recent study has identified that ICA stimulated
cartilage repair through the activation of HIF-
la in chondrocytes [7].

Hashemibeni et al. compared the efficacy of ICA
and TGF-B3 on chondrogenic differentiation of
hADSCs on afibrin scaffold. The results indicated
ICA to be a potential stimulator for chondrogene-
sis and in cooperation with TGF-33 could reduce
its hypertrophic effects [47]. In another study, na-
tal rabbit chondrocytes were embedded by ICA/
Coll I hydrogels to construct engineered grafts,
ICA upregulated the expressions of cartilage spe-
cific genes of seeded chondrocytes. Furthermore,
ICA can increase the synthesis of cartilage ma-
trix, accelerates and maintains the formation of

chondroid tissue. Finally, ICA improves the ef-

ficiency of the restoration of supercritical sized
osteochondral defects by engineered cartilage.
Even, ICA can enhance the integration of new
formed cartilage with subchondral bone. These
indicate that ICA may be a potential promoting
compound for cartilage tissue engineering [55].
Zhan j and colleagues in a study aimed to devel-
op ICA conditioned serum (ICS) together with
hyaluronic acid (HA) and determine their abili-
ty in repairing osteochondral tissue in a critical
sized defect in rabbit knees. ICA at a low dose of
0.94 g/kg has significantly promoted the prolifer-
ation of chondrocytes and enhances the secretion
of Glycosaminoglycan (GAG). Femoral condyle
from rabbits treated by ICS together with HA
was observed to be integrated with native car-
tilage and more subchondral bone regeneration.
ICS together with HA could promote the repair
and increase the neoformation of cartilage [58].
A study by Sun and colleagues reported that [CA
suppressed bone and cartilage deteriorations in
mice with collagen induced arthritis [59]. Yuan
Luo et al, in a mouse model of OA, showed that
ICA treatment decreased the destruction of car-
tilage, inhibited chondrocyte hypertrophy, pro-
moted chondrocyte differentiation, upregulated
the expression of parathyroid hormone related
protein (PTHrP) and down-regulated the ex-
pression of Thh. According to these findings ICA
may have an effective role in OA by its effects
on Thh and PTHrP signaling to adjust chondro-
cyte differentiation[8]. Studies revealed that ICA
prevented OA inflammation and chondrocytes
apoptosis though activation of autophagy via
inhibiting NF-kB signaling pathway [60]. Fur-
thermore, ICA exerted a chondroprotective effec
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through the inhibition of MMP-1, MMP-3, and
MMP-13 or the suppression of osteoprotegerin
(OPG), receptor activator of nuclear factor kap-
pa-B ligand (RANKL), and receptor activator
of nuclear factor kappa-B (RANK) system via
MAPK pathway in IL-1p stimulated chondro-
sarcoma cells [61,62]. However, the molecular
mechanisms of ICA alleviating OA and its rela-
tionship with NLRP3 inflammasome are not ful-
ly understood. Yan Zu et al. studied the effects
of ICA on OA which showed inflammasome
NLRP3 to play a key role in the pathogenesis of
OA. ICA could alleviate pyroptosis by inhibiting
NLRP3 signaling-mediated caspase-1 pathway,
thereby attenuating the damage of chondrocytes
and the occurrence of OA in rats. I[CA may be
a promising target drug for the treatment of OA
[63].

Pomegranate

Pomegranate (Punica granatum L., Punicace-
ae) is an eatable fruit native to Iran which nowa-
days is grown and consumed all over the world.
It has been revered through the ages for its me-
dicinal attributes. This fruit has already been
used in traditional medicines for the treatment
of patients with hypertension, high glucose and
cholesterol, oxidative stress, and inflammato-
ry diseases. Studies have revealed that pome-
granate fruit is rich in bioactive compounds like
polyphenols, flavonoids, and anthocyanin [64].
The use of pomegranate juice is increasing in
popularity because of its high antioxidant con-
tent which has a preventive effect on oxidative
stress-related diseases [64,65]. Over the past

decades, researchers working on pomegranate

fruit have explored the therapeutic potential
and how they function in cartilaginous degen-
erative mechanisms to mimic the molecular
mechanism of inflammation and joint damage
[66-69]. They have shown that a standardized
pomegranate fruit extract (PFE) is highly effec-
tive in exerting human cartilage sparing effects
and is non-toxic to human cartilage cells. Pre-
treatment of human OA chondrocytes with PFE
inhibited IL-1B-induced expression of MMP-1,
MMP-3, and MMP-13, which are the classical
markers of inflammation and cartilage degrada-
tion in arthritic joints [70]. PFE selectively in-
hibited the IL-1p induced activation of MKK3,
p38a-MAPK isoform and DNA binding activity
of runt-related transcription factor 2 (Runx2).
Runx2-deficient mice with OA showed reduced
cartilage destruction and MMP-13 expression
[71]. Moreover, Runx2 regulates the induction
of genes of major cartilage degrading enzymes
MMP-13 and ADAMTS-5 (A disintegrin and
metalloproteinase with thrombospondin motifs
5) whose inhibition by PFE could potentially
reduce cartilage degradation [72]. In another
study, PFE significantly inhibited the excessive
production of IL-6 and IL-8 via suppression of
the JNK-, extracellular signal regulated kinases
(ERK)- MAPKs and NF-kB-signaling events
[73]. Studies have also shown that oil extract-
ed from pomegranate seeds is rich in punicic
acid and has anti-arthritic activity [74,75]. Ex-
periments on arthritic animals demnstrated that
consumption of pomegranate seed oil in diet
increases the bone mineral density and inhibits
the pro-inflammatory activities [75]. Bioavail-

able constituents and/or metabolites of PFE
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exert an anti-inflammatory effect by inhibiting
the activity of eicosanoid generating enzyme
COX-2 and the production of NO [68], which
are key mediators for inflammation in OA. This
further suggests that consumption of pomegran-
ate may be of value in inhibiting inflammatory
stimuli-induced cartilage breakdown and pro-
duction of inflammatory mediators in arthritis.
The cartilage protective effects by PFE were
reconfirmed by another study in the monoiodo-
actate induced OA animal model [76]. Shukla
et al. demonstrated that oral administration of
commercially prepared PFE (POMX) in inflam-
matory arthritis mouse model protects joints
from inflammatory arthritis. They have shown
that consumption of POMx potentially delayed
the onset and reduced the incidence of inflam-
matory arthritis in mice. They also showed that
in mouse macrophages, POMx abrogated mul-
tiple signal transduction pathways and down-
stream mediators implicated in the pathogene-
sis of arthritis [67]. A study by Garbacki et al,
using human chondrocytes showed that antho-
cyanin had a positive regulatory effect on pro-
teoglycans and Coll II synthesis [77]. Katani et
al. investigated the effect pomegranate extract
on chondrogenic differentiation of hADSCs on
fibrin scaffold, stated that hADSCs containing
pomegranate are an effective way to potentially

enhance Coll II genes [78].

Oliban Oil (Frankincense)

Frankincense is a type of aromatic resin ob-
tained from the species Boswellia [79], be-
longing to the family Burseraceae [80]. Sever-

al clinical studies have shown their biological

activity and confirmed their anti-inflammatory
and antitumor activities [81]. Boswellic acids
are the main active component of Frankin-
cense and responsible for its therapeutic effects
[82]. The chemical structure of boswellic acids
bears a striking resemblance to steroids, and
their mechanism of action differs from that of
non-steroidal anti-inflammatory drugs, and is
part of the immune system and inhibition of li-
poxygenase [83].

Boswellic acids, especially acetyl-11-ke-
to-B-boswellic acid are potent inhibitors of
S-lipoxygenase (5-LO), an enzyme that cata-
lyzes the generation of leukotrienes including
LTB4 [84], a molecule strongly implicated in
OA-associated inflammation [85]. Additional-
ly, Boswellic acid can inhibit toll-like receptor
(TLR)-mediated activation of monocytes, sup-
pressing LPS-induced production of NO, IL-
1B, and TNF-a [86,87]. Finally, derivatives of
Boswellic acid have been demonstrated to sup-
press IL-B-induced apoptosis of chondrocytes
as well as TNF-a induced production of MMP-
3 by synovial fibroblasts [88]; thus, demonstrat-
ing clear therapeutic potential for the treatment
of OA.

Oliban used to keep the eyes moist, and for the
treatment of moisture in wounds and toothache,
and with olive oil and honey for the treatment
of osteoarthritic and bone pain. Oliban oil with
olive oil and honey are used to treat joint af-
fliction and chronic cold-emerging pains [89].
Oleogam extract from Indian olibanum and oli-
banum resin have long been used to treat knee
inflammation. Because of its warm and dry na-

ture, Olibanum is impressive in drying and at
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taining the preparation and elimination of knee
sputum. According to clinical trial studies, Oli-
ban oil has been shown to have useful efficiency
in detracting joint pain and stiffness, reducing
mobility limitations, and enhancing mobility
[90].

Based on data collected from a variety of labo-
ratory studies, animal models and clinical trials
examining the anti-inflammatory effects of Oli-
banum, there are promising positive effects in
the treatment of inflammatory diseases such as
inflammatory bowel disease, rheumatoid arthri-
tis, osteoarthritis, asthma and cerebral edema
[91].

Wang Q et al. in a study showed significant sy-
novial concentration and therapeutic efficacy
can be achieved with topical Boswellic acid
treatment. These findings suggest that Boswel-
lic acid has potential as a disease-modifying
agent in OA [87].

Cinnamomum cassi

Cinnamomum cassia has multi-component
characteristics, and its mech—anism is relative-
ly complex. Traditional Chinese medicine often
used C. cassia to treat OA [92]. The positive
effects and relatively low toxicity of C. cassia
in treating OA have appealed to the consider-
ation of scientists and researchers. C. cassia can
be predicted to have efficiency in treating OA
by an anti-inflammatory effect, and intercede
cell proliferation, differentiation, and apopto-
sis, hence enhancing the balance of osteoblasts
(OB) and osteoclast (OC) and the antioxidant
effects [93,94]. Cinnamaldehyde can enhance

the activity of catalase, superoxide dismutase,

and glutathione peroxidase, and prohibit the
oxidation of chondrocytes. Laboratory stud-
ies demonstrated the anti-inflammatory and
anti-arthritic function of type-A procyanidins
polyphenoles from the bark of C. zeyllanicum
in rats [93,95].

Ginger Rhizomes (Zingiber officinale)

Ginger has been used for thousands of years
in Ayurveda and Chinese-Japanese medicine
to treat inflammation and rheumatism. Ginger
rhizomes have been proposed as a complemen-
tary treatment for rheumatoid arthritis, mus-
culoskeletal pain, and throat pain, being mod-
erately effective in patients with hip and knee
OA [96,97]. Ginger consists of a complex com-
bination of biologically active constituents, of
which the compounds gingerols, shogaols and
paradols reportedly account for the majority of
its anti-inflammatory properties [98]. It has also
been shown to be effective in relieving symp-
toms of OA, possibly via anti-inflammatory
properties by inhibiting the activation of TNF-a
and cyclooxygenase expression [99,100]. Gin-
ger also inhibits lipoxygenase, resulting in sup-
pression of inflammatory leukotrienes synthesis
[101]. Various ginger compounds and extracts
have been tested as anti-inflammatory agents,
where the length of the side chains determines
the level of effectiveness. However, a combina-
tion of ginger extracts is more effective in de-
creasing inflammatory mediators than an indi-
vidual compound [102].

Studies showed that ginger is used for debar-
ment because of its antibacterial, antiviral, an-

algesic, and anti-aging properties [103]. In a
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study, 28 patients with rheumatoid arthritis, 18
Patients with OA and 10 patients with muscu-
lar complaints, ginger was administered at the
dose of 1 to 2 g for 3 months to 2-5 years. 55%
of patients with OA reported reduction in pain
and 50% reported reduction in articular swell-
ing[104]. Wigler et al. found ginger to be sig-
nificantly more effective than placebo in reduc-

ing pain in patients with OA [105]

Huangqi (Astragali Radix, (Astragalus Propin-
quus))

Astragali radix from Astragalus membranaceus
(Fisc.) is one of the mainly administrated me-
dicinal herbs of the traditional Chinese medi-
cine having different medicinal attributes and
considerable healthy outline [106]. Astragali
radix extracts are reported to have several bi-
ological functions including immunomodu-
latory, antioxidant, anti-inflammatory and an
arthritic activity [107,108]. The mixture of the
dry root extract of AR was lately successfully
examined. It has several components, such as
calycosin, saponins, polysaccharides, and some
other isoflavonoids and astragalosides. AR has
displayed anti-inflammatory activity in zymo-
san air-pouch mice by reducing the expression
of iNOS, COX-2, IL-6, IL-1p and TNF-a, and
NO production. The documentation showed
that AR had an anti-inflammatory effect that
was interceded by the MKP-1 associated with
inactivation of p38 and Erk1/2 and inhibition of
NF kappaB-mediated transcription [109].
Choi et al. revealed that AR had a high block-
age effect on hyaluronidase (HAase) activity in

vitro and identified calycosin-7-O-p-d-glucopy-

ranoside (CG) as an active element of AR re-
sponsible for the effect [110]. Furthermore, AR
extracts or CG treatment was found to signifi-
cantly inhibit matrix degradation caused by re-
combinant human IL-1 or HAase in the human
articular cartilage explants and chondrocytes
[111]. Also, CG could inhibit the degradation
of cartilage directly and the release of degrad-
ed molecules like GAG from damaged tissues,
which occurred in parallel with the reduction in
the volume of synovial fluid. Astragalus poly-
saccharides (APS) inhibited cell growth and
proinfalmmatory responses in IL-1-stimulated
fibroblast-like synoviocytes (FLSs) without any
significant toxicity and side effects [112]. Choi
et al. demonstrated that intra-articular injec-
tions of CG significantly reduced the pathologic
changes resembling OA in a rabbit model by the
gross and histological observations of the carti-
lage and the fluid volume, protein content and
GAG content in the synovial fluid. Also, they
showed that the CG significantly alleviated the
pathologic changes in the OA-like rabbit knee
joints. This propose that CG from AR could
be a promising remedy for OA [108]. Jiang J
B demonstrated that polysaccharides isolated
from AR lowered plasma levels of TNF and IL-
1B and reduced the inflammation of knee syno-
vial tissue in a rat model of Rhomatoid Arthritis
[113].

Grape Seeds (GS)

Grape seeds (GS) are rich sources of proan-
thocyanidins, which include polyhydroxycylan
oligomers or polymers. The beneficial therapeu-

tic properties of grape seed protein proteases are
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attributed to their conjugated metabolites. There
is a two-way correlation among intestinal mi-
crobiota and proanthocyanidins of grape seed.
In vitro and in vivo studies have shown that
grape proanthocyanidins have pharmacological
effects including antioxidant and anti-osteoar-
thritis properties [114].

Procyanidins (PCy) are active polyphenols
found in many plants such as grapes, pine
bark, cocoa and raspberries. PCy has numerous
health-promoting effects due to their antioxi-
dant activity, as well as their ability to inhibit
the synthesis of inflammatory mediators [115].
Previous studies have thus shown that PCy
from grape seed extract (GSE) had the ability
to alleviate inflammation in-vitro and in-vivo
through the inhibition of NO, PGE2 and IL-1
production [115,116]. Interestingly, it has also
been suggested that PCy may exert a protective
effect on the ECM degradation as observed in
OA through their targeted affinity with colla-
gen [117]. A preventive effect of procyanidin
B3 isoform on cartilage degradation has been
reported recently in a murine model of OA
[117]. Researchers reported the anti-arthritic ef-
fect of GSE by reducing the production of Coll
IT specific IgG2a and inflammatory cytokines,
such as TNF-a and IL-17 [118]. Suri et al. sug-
gested that vascular cartilage damage causes
pain[119]. GSE has been reported to be effec-
tive in inhibiting angiogenesis [120]. Therefore,
it is possible that GSE relieves pain by inhibit-
ing vascularization after monosodium iodoace-
tate (MIA)-induced arthritis treatment [121].

GSE may apply its therapeutic effects on the
MIA OA mouse not only through its antioxi-

dant activity, but also by its anti-inflammatory
function. Damavand et al. showed that pro-
gressive gene expression such as IL-1p, iNOS,
and COX2 can increase in cartilage cells in the
primary stages of MIA-induced OA [122]. Li
et al. demonstrated that GSE has anti-inflam-
matory effects as it inhibited the production of
inflammatory cytokines such as IL-1B3, TNF-a,
and prostaglandin E2, as well as NO [123]. Yun
Ju Woo et al. demonstrated that treatment with
GSE utilize the MIA-induced pain and histo-
logical changes in the knee joint. The antino-
ciceptive and anti-arthritic effects of GSE were
interceded by blockage of cartilage disruption,
synovitis and subchondral bone fracture, the de-
crease in secretion of nitro tyrosine and MMP-
13 and the suppression of osteoclastogenesis. It
is also proposed that the advantageous effects of
GSE in MIA-induced arthritis are secondary to
its antioxidant effects. They indicate that GSE
has great potential as a therapeutic constraint
for treating OA [123].

Proanthocyanidins exert chondroprotective
effects in human chondrocytes [124]. GS pro-
anthocyanidins decrease perichondrial inflam-
mation and alveolar bone loss by decreasing
MMP-13, MMP-8, HIF-1a, TNF-o and IL-17
levels and increasing osteoblastic activity [125].
GS proanthocyanidins extract also reduce the T
cell subset levels and upregulate Tregs and Th2
cytokine-producing cell numbers [126]; thus,
potentially opening up novel avenues for OA
treatment [121].

Harpagophytum procumbens (Devil's claw)
A perennial plant belonging to the Pedaliaceae
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family that grows in southern and eastern Afri-
ca. Its tuber is consumed due to its medicinal
properties [96]. Devil's Claw is a leafy plant
with horny roots and buds. The plant lacks a
disgusting odor but contains substances that
make it taste bitter. Devil's claw is used in tra-
ditional South African medicine for the treat-
ment of arthritis, headaches and for digestion,
neuralgia, back pain, nerve pain and fever [97].
Much research has been done on laboratory an-
imals and humans over the past three decades,
and the effectiveness of the devil's claw plant
has been proven to be due to anti-inflammatory,
anti-rheumatic, and analgesic properties. Ingre-
dients of H. procumbens include harpagoside,
harpagid, flavonoids (luteolin, camfrol), phenol
acids, cinnamic acid, caffeic acid, chlorogen-
ic acid, quinolones and phytosterols [99]. The
main ingredient, Harpagoside, is a glycosylated
iridoid and is responsible for most of its bio-
logical effects [103]. This active is converted
into another substance, harpagonin, in the body
which is also an anti-inflammatory compound
[127]. Its anti-inflammatory effects are exerted
by preventing the effects of TNF-o [128]. Harp-
agoside has been shown to inhibit indistinctive-
ly both COX-1 and COX-2 (37.2 and 29.5%,
respectively) activity and greatly inhibited NO
production in vitro [129]. Harpagoside, has also
been reported to inhibit the production of IL-1p,
IL-6, and TNF-o by RAW 264.7 mouse macro-
phages [130]. However, the effect of harpago-
side on IL-1B-induced inflammatory response
of OA chondrocytes has not been fully eluci-
dated. Earlier studies have established the role
of the transcription factors C/EBPf, NF-kB and

AP-1 in the transcriptional regulation of IL-6
[131]. Harpagoside had no effect on NF-kB
and C/EBPp activation in IL-1p-stimulated OA
chondrocytes. However, a significant suppres-
sion in the expression and activation of c-FOS,
that is one of the two main components of AP-1
transcription factor, was observed. c-Jun, anoth-
er major component of AP-1 was not affected
by harpagoside in IL-1p-stimulated OA chon-
drocytes [132].

Gagnier and colleagues reviewed six random-
ized trials and determined that devil's claw
standardized to 60 mg harpagoside was a mod-
erately effective treatment for osteoarthritis of
the spine, hip, and knee [128]. Hasseb et al.
suggested that harpagoside exert a significant
anti-inflammatory effect by inhibiting the in-
flammatory stimuli mediated by suppressing
c-FOS/AP-1 activity in OA chondrocytes under
pathological conditions [132].

Danshen (Salvia miltiorrhiza) Urtica dioica
(UD) (Stinging Nettle)

Urtica dioica (UD), often known as common
nettle or stinging nettle, is a herbaceous perenni-
al flowering plant in the family Urticaceae [133].
Originally native to Europe, much of temperate
Asia and western North Africa, the plant is now
found worldwide, including New Zealand and
North America [134]. Nettle is covered with
hairs called trichomes on leaves and stems that
act like hypodermic needles, injecting histamine
and other chemicals that cause a burning sensa-
tion during contact ("contact urticaria", a form
of contact dermatitis)[135]. Nettle leaves have

been used to treat hair loss, eczema, gout, urti-
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caria, allergic rhinitis, and RA, and roots have
been used to treat benign prostatic hypertrophy.
The plant has a long history of use as a source
for traditional medicine, food, tea, and textile
raw material in ancient societies [136]. A wide
range of phytochemicals, including flavonoids,
agglutinins, lignans, carotenoids, phenolic
compounds, and terpenoids, have been isolated
from nettle. U. dioica and its phytoconstituents
were reported for various pharmacological ac-
tivities which includes hypoglycemic and an-
ti-inflammatory activities [137]. Hox alpha, an
acid present in nettle extract, significantly sup-
presses the expression of MMP-9 and MMP-3
by human chondrocytes under exogenous IL-1f
conditions. This may be one of the mechanisms
by which nettle is effective in RA. Studies have
shown that nettle extracts inhibit IKB proteolyt-
ic decomposition by inhibiting IKB kinases or
upstream signaling molecules, thereby inhibit-
ing NF-kB pathway activation [138].

Stinging nettle was beneficial in patients with
osteoarthritis in 2 general ways: (1) pain relief
and (2) disease process modification. The intact
leaf hair’s sting could provide a counter irrita-
tion that decreases pain by depleting substance
P, similar to the effect of capsaicin. An extract
of the leaf, despite lacking the intact hairs, still
contains multiple potential modulators of in-
flammatory or pain pathways [139].

Danshen (Salvia miltiorrhiza), a traditional Chi-
nese medicine with a number of physiological
benefits, is widely used for the treatment of OA
disease [140]. The pharmacokinetic and phar-
macodynamic studies on the active components

of Danshen indicate that Danshen contains

mainly two types of constituents, lipid solu-
ble diterpenoid quinines (e.g., tanshinone and
cryptotanshinone) and water soluble phenolics
(e.g., danshensu, rosmarinic acid, salvianolic
acids, protocatechuic acid, and protocatechuic
aldehyde)[141,142]. Both components are re-
sponsible for the pharmacological activities of
Danshen. It has been reported that Danshen has
antioxidant and anti-inflammatory effects [143].
Danshen has been reported to prevent articular
cartilage degeneration in rabbits with OA by in-
hibiting oxidative stress [144].

The mechanism of the OA ameliorating effect of
Danshen was further investigated. Data showed
that the JAK2/STAT3 and AKT pathways were
activated by Danshen, and treatment with cor-
responding inhibitors treatment abrogated the
apoptosis inhibition effect of Danshen. This
information reveals that the JAK2/STAT3 and
AKT pathways are implicated in the OA ame-
liorating effect of Danshen [140]. Also, indicate
that Danshen alleviates the cartilage injury in
rabbit OA through inhibition of the NF-«xB sig-
naling pathway. Other pathways, such as PTEN,
AMPK, and ERK, are also downstream signal-
ing pathways of Danshen [145-147].

Xilin Xu and colleagues explored the effects
of Danshen on OA, The results of this study
showed that Danshen attenuated OA cartilage
destruction in-vivo and reduced oxidative stress
and apoptosis of chondrocytes in an OA mod-
el in-vitro [140]. Danshen was found to inhibit
SNP-induced chondrocyte apoptosis in-vitro,
and it rescued apoptosis related proteins im-
pacted by SNP. Danshen can also reduce pro

teoglycans loss in cartilage tissues [148]. Bai
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et al demonstrated that Danshen could prevent
the degeneration of articular cartilage by its an-
tioxidant effects in rabbits with OA. It has been
suggested that Danshen supplementation may
be useful in the treatment of OA [141].

Recently, salvianolic acid B (sal B), a hydrophil-
ic component of Danshen, has also been report-
ed to promote cell growth and attenuate the de-
differentiation status of articular chondrocytes
[149]. Xiaohong Yang showed the biological
activity of Sal B on cultured chondrocytes. Sal
B treatments demonstrated enhanced anabolic
activity in the chondrocytes by elevating mito-
chondrial membrane potential and stimulated
cell survival and synthetic activity exhibited as
increased volumes of nucleic acids by specific
labeling and quantitative analysis [149]. Liu et
al. reported that S. miltiorrhiza with a higher
Sal B content exerts a therapeutic effect in RA
patients by suppressing synovial hyperplasia.
In addition, Sal B has shown a positive impact
on various experimental RA models [150]. Ma-
teen et al. reported that in RA, Malondialde-
hyde (MDA) levels are significantly increased
with decreased activity of glutathione (GSH),
Superoxide dismutase (SOD), and catalase
(CAT). Owing to the free radical-scavenging
and Nrf2-modulatory activities of Sal B [151],
it reduced oxidative stress by increasing GSH,
CAT, and SOD activities and normalizing MDA
levels. Therefore, Sal B can protect joint tissue
against the deleterious effects of free radicals by
elevating endogenous antioxidant levels, there-
by maintaining the integrity of synovial or joint
tissue and cartilage [152]. Xia ZB et al. Sal B

exerts a concentration-dependent effect on the

arthritis score, edema, paw swelling, oxidative
stress, and inflammatory markers, and amelio-
rate synovitis and cartilage erosion. Therefore,
Sal B (especially 40 mg/kg) has potential as an
adjuvant therapy for RA together with standard
drugs [153].

Centella asiatica (CA)

Centella asiatica (CA) or gotu kola is medicinal
plant widely used in India and across Asia for
treating a variety of diseases. The aerial parts
and roots are used for medicinal purpose, and
its chemical constituents have wide therapeutic
applications in areas of anti-inflammatory and
antioxidant activities [ 154]. Polyphenols, flavo-
noids, B-carotene, tannin, and Vitamin C found
in CA contribute in significant antioxidant activ-
ity of the herb [155]. Madecassoside (MA) is a
bioactive triterpenoid saponin with a molecular
weight of 975.12kDa that is isolated from the
gotu kola [156]. Previous studies have reported
that MA exhibits antioxidant and anti-inflam-
matory activities and is able to suppress the ac-
tivation of the NF-kB signaling pathway [157].
The researchers examined the protective role
of MA in bone marrow cells affected by IL-1p,
which showed regulated toxicity associated with
chondrocytes by modulating NF-kB signaling
in vitro and destroying weak cartilage in vivo.
These findings propound that MA has a possible
therapeutic effect on OA [156]. Anita Hartog
et al. illustrated that CA fraction can prohibit
the zymosan-induced cartilage atrophy in-vivo
without changing the zymosan-induced inflam-
matory cell infiltration and joint inflammations.
An in-vitro study showed that this cartilage pro-
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tective activity might at least partially be due to
the inhibition of NO efficiency. Thus, this CA
fraction indicates a possible disease-modifying
activity which could have advantages for OA
patients [158].

Sharma et al. showed CA (150 and 250 mg/kg)
exhibited high anti-inflammatory and antioxi-
dant

oral administration of CA inhibited collagen in-

activities both in-vitro and in-vivo. The

duced arthritis (CIA) progression by reducing
the production of pro-inflammatory cytokines,
NO, and oxidative stress without any toxicity.
The direct oxygen free radical scavenging ac-
tivity of CA might also contribute to its in-vivo
antioxidant activity. Therefore, in light of the
above findings, CA can be considered as a new
source of anti-arthritic natural antioxidant for

clinical application/dietary needs [159].

Discussion and Conclusion

Plants described in this review demonstrated
the importance of herbal medicines in the treat-
ment of rheumatoid arthritis and also introduce
good source for a new drug or a lead to make a
new drug. Treatment with herbal medicines is
one of the main components of complementary
medicine and alternative medicine with grow-
ing public interest.

Many patients use complementary and alterna-
tive therapies with the idea that natural remedies
that have been used for a long time are harm-
less; while they have no knowledge of their true
clinical efficacy and side effects. Physicians/
pharmacists' unfamiliarity with such drugs of-
ten limits their ability to guide patients. Most

complementary and alternative therapies have

not been well studied, and there is no central-
ized source of information about many of the
most widely used herbal remedies. Concomitant
use of complementary and alternative therapies
with prescription or over-the-counter medica-
tions, especially in the elderlies who are more
likely to take multiple medications, may lead to
adverse effects and herb-drug interactions.

It may also be important to clarify the mech-
anism of complementary and alternative thera-
pies in the discovery of new molecular targets
for the treatment of diseases.

Effective medicinal plants in the treatment of
rheumatic diseases, if used in combination with
conventional drugs, can reduce the required
dose of artificial drugs and thus reduce the side
effects of conventional drugs. For example,
nonsteroidal anti-inflammatory drugs are one of
the main treatments of rheumatologic diseases
such as OA and RA, but their gastrointestinal
and cardiovascular side effects limit their use.
In addition, unlike OA, there is no cure for OA,
and disease modifying the disease modifying
drugs used in rheumatoid arthritis includes im-
munosuppressive drugs (methotrexate, azathio-
prine) and cyclone with several major side ef-
fects.

It is concluded that a number of herbal med-
icines may be effective for the treatment of
symptom and pain associated with OA and RA.
The mechanism of action, the interaction of ad-
verse effects, the efficacy and safety of medic-
inal plants and the potentially beneficial plant
active ingredients in the treatment of rheumatic

diseases require further attention.

Traditional & Integrative Medicine 2020, Vol. 5, No. 3 143

http://jtim.tums.ac.ir



Herbal medicine used in osteoarthritis and chondrogenesis

M. Anvari et al.

Conflict of interests

We confirm that none of the authors has any

conflict of interest to disclose.

Acknowledgment

This study didn’t receive financially support.
We thank Sareh Dortaj Pharmacy student in
Dubai Pharmacy College, Dubai UAE for her

useful comments.

References

(1]

(2]

B3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

Temenoff J, Mikos A. Tissue engineering for regeneration
of articular cartilage. Biomaterials 2000;21:431-40.
Adam C, Eckstein F, Milz S, Schulte E, Becker C, Putz
R. The distribution of cartilage thickness in the knee-joints
of old-aged individuals—measurement by A-mode ultra-
sound. Clin Biomech 1998;13:1-10.

Kovach . A molecular theory of cartilage viscoelasticity.
Biophys Chem 1996;59:61-73.

Soltz MA, Ateshian GA. Interstitial fluid pressurization
during confined compression cyclical loading of articular
cartilage. Annals of biomedical engineering 2000;28:150-
159.

Eyre D. Articular cartilage and changes in arthritis: col-
lagen of articular cartilage. Arthritis Res Ther 2001;4:30.
Newman AP. Articular cartilage repair. Transl J] Am Coll
Sports Med 1998;26:309-324.

Wang P, Zhang F, He Q, Wang J, Shiu HT, Shu Y. Flavonoid
compound icariin activates hypoxia inducible factor-1a. in
chondrocytes and promotes articular cartilage repair. PloS
one2016;11:11-16.

Luo Y, Zhang Y, and Huang Y. Icariin Reduces Cartilage
Degeneration in a Mouse Model of Osteoarthritis and is
Associated with the Changes in Expression of Indian
Hedgehog and Parathyroid Hormone-Related Protein.
Medical science monitor: Med Sci Monit 2018;24:6695.
Jansen EJ, Emans PJ, Vanrhijn LW, Bulstra SK, Kuijer R.
Development of partial-thickness articular cartilage injury
in a rabbit model. Clin Orthop Relat Res 2008;466:487-
494.

Matsiko A, Levingstone TJ, O'Brien FJ. Advanced strat-
egies for articular cartilage defect repair. Materials
2013;6:637-668.

Beris AE, Lykissas MG, Papageorgiou CD, Georgoulis AD.
Advances in articular cartilage repair. Injury 2005;36:14-
23.

Carballo CB, Nakagawa Y, Sekiya I, Rodeo SA. Basic science
of articular cartilage. Clin Sports Med 2017;36:413-425.

[13]

[14]

[15]

[21]

[22]

[24]

[25]

[27]

(28]

[29]

Kidd B. Mechanisms of pain in osteoarthritis. Hss Journal
2012;8:26-28.

Sion S, Jones G, Palmer AJR, Agricola R, Price AJ, Vin-
cent TL, Weinans H, Carr AG. Osteoarthritis
2015;386:376-386.

Loeser RF, Goldring SR, Scanzello CR, Goldring MB.
Osteoarthritis: a disease of the joint as an organ. Arthritis
Rheum 2012;64:1697-1707.

Li Y, Xu L. Advances in understanding cartilage remodel-
ing. F1000Research 2015;4:3-6.

Li H, Wang D, Yuan Y, and Min J. New insights on the
MMP-13 regulatory network in the pathogenesis of early
osteoarthritis. Arthritis Res Ther 2017;19:248.

Saito T, Tanaka S. Molecular mechanisms underlying os-
teoarthritis development: Notch and NF-«xB. Arthritis Res
Ther 2017;19:94.

Marcu KB, Otero M, Olivotto E, Maria Borzi R, Goldring
MB. NF-«B signaling: multiple angles to target OA. Curr
Drug Targets 2010;11:599-613.

Ogando JJ, Tardaguila M, Alderete AD, Usategui A, Ramos
VM, Herrera DIM, Fuente L, Leén MIG, , Escudero S,
Canete JD, Toribio ML, Cases I, Montano AP, Pablos JL,
Maiies S. Notch-regulated miR-223 targets the aryl hydro-
carbon receptor pathway and increases cytokine produc-

Lancet

tion in macrophages from rheumatoid arthritis patients. Sci
Rep 2016;6:202223.

Mapp PI, Walsh DA. Mechanisms and targets of angiogen-
esis and nerve growth in osteoarthritis. Nat Rev Rheumatol
2012;8:390.

Kraan P, Berg W. Chondrocyte hypertrophy and osteoar-
thritis: role in initiation and progression of cartilage degen-
eration? Osteoarthritis Cartilage 2012;20:223-232.
Ripmeester EG, Timur UT, Caron MM, Welting TJ. Recent
insights into the contribution of the changing hypertrophic
chondrocyte phenotype in the development and progres-
sion of osteoarthritis. Front Bioeng Biotceh 2018;6:18.
Sharma AS, Jagga S, Lee SS, Nam JS. Interplay between
cartilage and subchondral bone contributing to pathogen-
esis of osteoarthritis. Int J Mol Sci 2013;14:19805-19830.
Roseti L, Desando G, Cavallo C, Petretta M, Grigolo B.
Articular Cartilage Regeneration in Osteoarthritis. Cells
2019;8:1305.

Makris EA, Gomoll AH, Malizos KN, Hu JC, Athanasiou
KA. Repair and tissue engineering techniques for articular
cartilage. Nat Rev Rheumatol 2015;11:21.

Hunziker EB. Articular cartilage repair: basic science and
clinical progress. A review of the current status and pros-
pects. Osteoarthritis Cartilage 2002;10:432-463.
Schindler OS. Current concepts of articular cartilage repair.
Acta Orthop Belg 2011;77:709.
Oldershaw RA. Cell sources for the regeneration of articu-
lar cartilage: the past, the horizon and the future. Int J Exp
Pathol 2012;93:389-400.

[30] Tuan RS, Chen AF, Klatt BA. Cartilage regeneration. J Am

144

Traditional & Integrative Medicine 2020, Vol. 5, No. 3

http://jtim.tums.ac.ir



Herbal medicine used in osteoarthritis and chondrogenesis

M. Anvari et al.

Acad Orthop Surg 2013;21:303.
Pourmollaabbassi B, Hashemibeni B, and Esfandiari E. A

modification in hip osteoarthritis: the ERADIAS study.
Ann Rheum Dis 2014;73:376-384.

review study: effect of growth factors on human mesen- [44] Henrotin YE, Sanchez C, Deberg, Piccardi N, Guillou GB,
chymal stem cells differentiation into cartilage tissue Anat Msika P, Reginester G. Avocado/soybean unsaponifiables
Sci J 2015;12:183-190. increase aggrecan synthesis and reduce catabolic and proin-

[32] Shea CM, Edgar CM, Einhorn TA, Gerstenfeld LC. BMP flammatory mediator production by human osteoarthritic
treatment of C3H10T1/2 mesenchymal stem cells induc- chondrocytes. J Rhemuatol 2003;30:1825-1834.
es both chondrogenesis and osteogenesis J Cell Biochem [45] Gabay O, Gosset M, Levy A, Salvat C, Sanchez C, Pigenet
2003;90:1112-1127. A, Sautet A, Jacques C,Berenbaum F. Stress-induced sig-

[33] Christiansen BA, Bhatti S, Goudarzi R, Emami S. Man- naling pathways in hyalin chondrocytes: inhibition by Av-
agement of osteoarthritis with avocado/soybean unsaponi- ocado—Soybean Unsaponifiables (ASU). Osteoarthr Cartil
fiables. Cartilage 2015;6:30-44. 2008;16:373-384.

[34] Salehi B, Rescigno A, Dettori T, Calina D, Docea AO, Singh [46] Lasserre CK, Miller CC, Ejeil A, Gogly B, Dridi M, Piccar-
L. Avocado—Soybean Unsaponifiables: A Panoply of Poten- di N, Guillou B, Pellat B, Godeau G. Effect of avocado and
tialities to Be Exploited. Biomolecules 2020;10:130. soybean unsaponifiables on gelatinase A (MMP-2), stro-

[35] Lippiello L, Nardo JV, Harlan R, Chiou T. Metabolic effects melysin 1 (MMP-3), and tissue inhibitors of matrix metal-
of avocado/soy unsaponifiables on articular chondrocytes. loproteinase (TIMP-1 and TIMP-2) secretion by human
Evid Based Complementary Altern Med 2008;5:191-197. fibroblasts in culture. J Periodontol 2001;72:1685-1694.

[36] Eser O, Songur A, Yaman M, Cosar M, Fidan H, Sahin O, [47] Bahrami M, Valiani A, Amirpour N, Rani MZR, Hashem-
Hakan M, Sadik B. The protective effect of avocado soy- ibeni B. Cartilage tissue engineering via icariin and adi-
bean unsaponifilables on brain ischemia/reperfusion injury pose-derived stem cells in fibrin scaffold. Adv Biomed Res
in rat prefrontal cortex. BrJ Neurosurg 2001;25:701-706. 2018;7.

[37] Hashemibeni B, Valiani A, Esmaeli M, Kazemi M, Aliak- [48] Ownby SL, Fortuno LV, Au AY, Grzanna MW, Rashmir-Ra-
bari M, and Iranpour FG. Comparison of the efficacy of ven AM, Frondoza CG. Expression of pro-inflammatory
piascledine and transforming growth factor 1 on chondro- mediators is inhibited by an avocado/soybean unsaponifi-
genic differentiation of human adipose-derived stem cells ables and epigallocatechin gallate combination. Inflamma-
in fibrin and fibrin-alginate scaffolds. Iran J Basic Med Sci tion 2014;11:8.

2018; 21:212. [49] Darestani RT, Bakhshi H, Sahraee R. Comparing the effi-

[38] Hashemibeni B, Mardani M, Valiani A, Pourentezari M, cacy and safety of Diclofenac and Piascledine in patients
Anvari M, Yadegari M, Mangoli E. Effects of Avocado/ with knee osteoarthritis. Pajoohandeh 2013;17:272-278.
Soybean on the Chondrogenesis of Human Adipose-De- [50] Zhang DW, Cheng Y, Wang NL, Zhang JC, Yang MS, Yao
rived Stem Cells Cultured on Polylactic-Co-Glycolic Acid/ XS. Effects of total flavonoids and flavonol glycosides
Fibrin Hybrid Scaffold. Appl Biotechnol Rep 2019;6:145- from Epimedium koreanum Nakai on the proliferation
150. and differentiation of primary osteoblasts. Phytomedicine

[39] Cho SJ, Oh SH, Pridmore RD, Juillerat MA, Lee CH. Pu- 2008;15:55-61.
rification and characterization of proteases from Bacillus [51] Qin Z, Liao D, Chen Y, Zhang C, An R, Zeng Q, Li X.
amyloliquefaciens isolated from traditional soybean fer- A widely metabolomic analysis revealed metabolic alter-
mentation starter. J Agric Food Chem 2003;51:7664-7670. ations of epimedium pubescens leaves at different growth

[40] Taylor JF, Goudarzi R, Yazdi PG, Pedersen BA. In vitro stages. Molecules 2020;25:137.
effects of arthrocen, an avocado/soy unsaponifiables agent, [52] Hashemibeni B, Pourentezari M, Valiani A, Zamani M,
on inflammation and global gene expression in human Mardani M. Effect of icariin on the chondrogenesis of hu-
monocytes. Int J Chem 2017;9:31. man adipose derived stem cells on poly (lactic-co-glycolic)

[41] Henrotin Y. Avocado/Soybean Unsaponifiables (Piacle- acid/fibrin composite scaffold. Int J Adv Biotechnol Res
dine® 300) show beneficial effect on the metabolism of 2017;8:595-605.
osteoarthritic cartilage, synovium and subchondral bone: [53] Hsieh TP, Sheu SY, Sun JS, Chen MH, Liu MH. Icariin
An overview of the mechanisms. AIMS Medical Science isolated from Epimedium pubescens regulates osteoblasts
2018;5:33-52. anabolism through BMP-2, SMAD4, and Cbfal expres-

[42] Emst E. Avocado—soybean unsaponifiables (ASU) for sion. Phytomedicine 2010;17:414-423.
osteoarthritis—a  systematic review. Clin Rheumatol [54] Zhao J,Ohba S, Shinkai M, Chung UI, NagamuneT. Icariin
2003;22:285-288. induces osteogenic differentiation in vitro in a BMP-and

[43] Maheu E, Cadet C, Marty M, Moyse D, Kerloch I, Coste Runx2-dependent manner. Biochem Biophys Res Com-
P, Dougados M, Mazi¢res B, Spector T, Halhol H, Grouin mun 2008;369:444-448.

J, Lequesne M. Randomised, controlled trial of avocado— [55] Li D, Yuan T, Zhang X, Xiao Y, Wang R, Fan Y. Icariin:
soybean unsaponifiable (Piascledine) effect on structure a potential promoting compound for cartilage tissue engi-
Traditional & Integrative Medicine 2020, Vol. 5, No. 3 145

http://jtim.tums.ac.ir



Herbal medicine used in osteoarthritis and chondrogenesis

M. Anvari et al.

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

neering. Osteoarthr Cartil 2012;20:1647-1656.
Liu MH, Sun JS, Tsai SW, Sheu SY, Chen MH. Icariin
protects murine chondrocytes from lipopolysaccharide-in-
duced inflammatory responses and extracellular matrix
degradation. Nutr Res Rev 2010;30:57-65.

Zhang L, Zhang X, Li KF, Li DX, Xiao YM, Fan Y]J,
Xhanh XD. Icariin promotes extracellular matrix synthesis
and gene expression of chondrocytes in vitro. Phytother
Res 2012;26:1385-1392.
Zhang J, Zhang D, Wu C, Liu A, Zhang C, Jiao J, Shang M.
Icariin-conditioned serum engineered with hyaluronic acid
promote repair of articular cartilage defects in rabbit knees.
BMC Coplem altern 2019;19:1-9.

Sun P, Liu Y, Deng X, Yu C, Dai N, Yuan X, Chen L, Yu
S, Si W, Wang X, Wu D, Liu S, Pang H. An inhibitor of
cathepsin K, icariin suppresses cartilage and bone degrada-
tion in mice of collagen-induced arthritis. Phytomedicine
2013;20:975-979.

Mi B, Wang J, Liu Y, Liu J, Hu L, Panayi AC, Liu G, Zhou
W. Icariin activates autophagy via down-regulation of the
NF-«B signaling-mediated apoptosis in chondrocytes.
Front Pharmacol 2018;9:605.

Wang Z, Ding L, Zhang S, Jiang T, Yang Y, Li R. Effects
of icariin on the regulation of the OPG-RANKL-RANK
system are mediated through the MAPK pathways in
IL-1B-stimulated human SW1353 chondrosarcoma cells.
Int J Mol Med 2014;34:1720-1726.
Zeng L, Rong XF, Li RH, Wu XY. Icariin inhibits MMP-1,
MMP-3 and MMP-13 expression through MAPK path-
ways in IL-1B-stimulated SW1353 chondrosarcoma cells.
Mol Med Rep 2017;15:2853-1858.

Zu'Y, Mu Y, Li Q, Zhang ST, Yan HJ. Icariin alleviates
osteoarthritis by inhibiting NLRP3-mediated pyroptosis. J
Orthop Surg Res 2019;14:307.
Zarfeshany A, Asgary S, Javanmard S. Potent health effects
of pomegranate. Adv Biomed Res 2014;3:100.
Shuid AN, Mohamed IN. Pomegranate use to attenuate bone
loss in major musculoskeletal diseases: an evidence-based
review. Curr Drug Targets 2013;14:1565-1578.

Ahmed S, Wang N, Hafeez BB, Cheruvu VK, Haqqi TM.
Punica granatum L. extract inhibits IL-13-Induced expres-
sion of matrix metalloproteinases by inhibiting the activa-
tion of MAP kinases and NF-«B in human chondrocytes in
vitro. Nutr J 2005;135:2096-2102.

Shukla M, Gupta K, Rasheed Z, Khan KA, Haqqi TM.
Consumption of hydrolyzable tannins-rich pomegranate
extract suppresses inflammation and joint damage in rheu-
matoid arthritis. Nutrition 2008;24:733-743.
Shukla M, Gupta K, Rasheed Z, Khan KA, Haqqi TM. Bio-
available constituents/metabolites of pomegranate (Punica
granatum L) preferentially inhibit COX2 activity ex vivo
and IL-1beta-induced PGE 2 production in human chon-
drocytes in vitro. inflammation 2008;5:9.

Akhtar N, Haqqi TM. Current nutraceuticals in the man-

[72]

[76]

[77]

agement of osteoarthritis: a review. Ther Adv Musculo-
skelet Dis 2012;4:181-207.
Ahmed S, Wang N, Hafeez B, Cheruvu V, and Haqqi T. ex-
tract inhibits IL-1beta-induced expression of matrix metal-
loproteinases by inhibiting the activation of MAP kinases
and NF-kappaB in human chondrocytes in vitro. J Nutr
2005;135:2096-2102.
Kamekura S, Kawasaki Y, Hoshi K, Shimoaka T, Chikuda
H, Maruyama Z. Contribution of runt-related transcrip-
tion factor 2 to the pathogenesis of osteoarthritis in mice
after induction of knee joint instability. Arthritis Rheum
2006;54:2462-2470.

Tetsunaga T, Nishida K, Furumatsu T, Naruse K, Hirohata
S, Yoshida A, Saito T, Ozaki T. Regulation of mechani-
cal stress-induced MMP-13 and ADAMTS-5 expression
by RUNX-2 transcriptional factor in SW1353 chondro-
cyte-like cells. Osteoarthr Cartil 2011;19:222-232.
Rasheed Z, Akhtar N, Anbazhagan AN, Ramamurthy S,
Shukla M, Haqqi TM. Polyphenol-rich pomegranate fruit
extract (POMXx) suppresses PMACI-induced expression of
pro-inflammatory cytokines by inhibiting the activation of
MAP Kinases and NF-kB in human KU812 cells. inflam-
mation 2009;6:1.

Zarfeshany A, Asgary S, Javanmard SH. Potent health ef-
fects of pomegranate. Adv Biomed Res 2014;3:36-38.
Spilmont M, Léotoing L, Davicco MJ, Lebecque P, Mer-
cier S, Noirault SM, Pilet P, Rios L, Wittrant Y, Coxam V.
Pomegranate seed oil prevents bone loss in a mice model
of osteoporosis, through osteoblastic stimulation, osteo-
clastic inhibition and decreased inflammatory status. J
Nutr Biochem 2013;24:1840-1848.

Hadipour-Jahromy M, Mozaffari-Kermani R. Chondro-
protective effects of pomegranate juice on monoiodoace-
tate-induced osteoarthritis of the knee joint of mice. Phy-
totherapy Research: An International Journal Devoted to
Pharmacological and Toxicological Evaluation of Natural
Product Derivatives 2010;24:182-185.

Garbacki N, Angenot L, Bassleer C, Damas J, Tits M. Ef-
fects of prodelphinidins isolated from Ribes nigrum on
chondrocyte metabolism and COX activity. Arch Pharma-
col 2002;365:434-441.

Katani M, Zolfaghari B, Soleimani M, Valiani A, and Hash-
emibeni B. The effect of pomegranate extract on produc-
ing type ii collagen in differentiation of adipose-derived
stem cells into chondrocytes. Journal of Isfahan Medical
School 2018;35:1540-5.

Razavi SZE, Karimi M, Kamalinejad M. The efficacy of
topical oliban oil (Boswellia Carterii B.) in relieving the
symptoms of knee osteoarthritis. Physical Medicine, Re-
habilitation, and Electrodiagnosis 2019;1:7-13.

Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthri-
tis Outcome Score (KOOS)—validation and comparison to
the WOMAC in total knee replacement. Health Qual Life
Out 2003;1:17.

146

Traditional & Integrative Medicine 2020, Vol. 5, No. 3

http://jtim.tums.ac.ir
p:/1]



Herbal medicine used in osteoarthritis and chondrogenesis

M. Anvari et al.

(81]

(85]

[92]

Kaboli PJ, Doebbeling BN, Saag KG, Rosenthal GE. Use
of complementary and alternative medicine by older pa-
tients with arthritis: a population-based study. Arthritis
Care Res 2001;45:398-403.

Striggow F, Schmidt W, Mack T. Method of treating cere-
bral ischemia with hydrogenation products of frankincense
extracts. ed: Google Patents, 2010.

Qurishi Y, Hamid A, Zargar M, Singh SK, Saxena AK. Po-
tential role of natural molecules in health and disease: Im-
portance of boswellic acid. ] Med Plants Res 2010;4:2778-
2785.

Safayhi H, Mack T, Sabieraj J, Anazodo MI, Subramanian
LR, Ammon H. Boswellic acids: novel, specific, nonre-
dox inhibitors of 5-lipoxygenase. J Pharmacol Exp Ther
1992;261:1143-1146.

Pelletier JP,Boileau C, Boily B, Brunet J, Mineau F, Geng
C, Reboul C, Laufer S, Lajeunesse D, Pelletier JM. The
protective effect of licofelone on experimental osteoar-
thritis is correlated with the downregulation of gene ex-
pression and protein synthesis of several major cartilage
catabolic factors: MMP-13, cathepsin K and aggrecanases.
Arthretis Res Ther 2005;7:1091.

Syrovets T, Biichele B, Krauss C, Laumonnier Y, Simmet
T. Acetyl-boswellic acids inhibit lipopolysaccharide-medi-
ated TNF-o induction in monocytes by direct interaction
with IkB kinases. J Immunol 2005;174:498-506.

Wang Q, Pan X, Wong H, Wagner C, Lahey L, Robinson
W, Sokolove J. Oral and topical boswellic acid attenuates
mouse osteoarthritis. Osteoarthr Cartil 2014;22:128-132.
Sengupta K, Kolla JN, Krishnaraju AV, Yalamanchili N,
Rao CV, Golakoti T, Raychaudhuri S, Raychaudhuri SP.
Cellular and molecular mechanisms of anti-inflammatory
effect of Aflapin: a novel Boswellia serrata extract. Mol
Cell Biochem 2011;354:189-197.

Walker-Bone K, Javaid K, Arden N, Cooper C. Medical
management of osteoarthritis. BMJ 2000;321:936-940.
Baer PA, Thomas LM, Shainhouse Z. Treatment of osteo-
arthritis of the knee with a topical diclofenac solution: a
randomised controlled, 6-week trial [ISRCTN53366886].
BMC Musculoskelet Disord 2005;6:44.

Badria FA, El-Farahaty T, Shabana AA, Hawas SA, El-Ba-
toty MF. Boswellia—curcumin preparation for treating
knee osteoarthritis: a clinical evaluation. Altern Comple-
ment Ther 2002;8:341-348.

Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen
M, Bridgett L, Williams S, Guillemin F, Hill CL, Laslett
LL, Jones G, Cicuttini F, Osborne R, Vos T, Buchbinder
R, Woolf A, March L. The global burden of hip and knee
osteoarthritis: estimates from the global burden of disease
2010 study. Ann Rheum Dis 2014;73:1323-1330.

Zhou G, Li R, Xia T, Ma C, Shen J. Utilizing network phar-
macology to explore the underlying mechanism of Cin-
namomum cassia Presl in treating osteoarthritis. Int J Clin
Exp Med 2019;12:13359-13369.

[94] Hootman JM, Helmick CG, Barbour KE, Theis KA, Bor-
ing MA. Updated projected prevalence of self-reported
doctor-diagnosed arthritis and arthritis-attributable activity
limitation among US adults, 2015-2040. Arthritis Rheu-
matol 2016;68:1582-1587.

[95] Vetal S, Bodhankar SL, Mohan V, Thakurdesai PA. Anti-in-
flammatory and anti-arthritic activity of type-A procyani-
dine polyphenols from bark of Cinnamomum zeylanicum
in rats. Food Sci Hum Well 2013;2:59-67.

[96] Fiebich B, Heinrich M, Hiller K, Kammerer N. Inhibition
of TNF-a synthesis in LPS-stimulated primary human
monocytes by Harpagophytum extract SteiHap 69. Phyto-
medicine 2001;8:28-30.

[97] Loew D, Mdllerfeld J, Schrodter A, Puttkammer S, Kasz-
kin M. Investigations on the pharmacokinetic properties
of Harpagophytum extracts and their effects on eicosanoid
biosynthesis in vitro and ex vivo. Clin Pharmacol Ther
2001;69:356-364.

[98] Tjendraputra E, Tran VH, Liu-Brennan D, Roufogalis BD,
Duke CC. Effect of ginger constituents and synthetic ana-
logues on cyclooxygenase-2 enzyme in intact cells. Bioorg
Chem 2001;29:156-163.

[99] Brien S, Lewith GT, and McGregor G. Devil's Claw (Harp-
agophytum procumbens) as a treatment for osteoarthritis:
areview of efficacy and safety. J Altern Complement Med
2006;12:981-993.

[100] Frondoza CG, Sohrabi A, Polotsky A, Phan PV, Hungerford
DS, Lindmark L. Anin vitro screening assay for inhibitors of
proinflammatory mediators in herbal extracts using human
synoviocyte cultures. In Vitro Cell Dev-an. 2004;40:95-101.

[101] Bartels E, Folmer V, Bliddal H, Altman RD, Juhl C, Tarp S,
Zhang W, Christensen R. Efficacy and safety of ginger in
osteoarthritis patients: a meta-analysis of randomized pla-
cebo-controlled trials. Osteoarthr Cartil 2015;23:13-21.

[102] Lantz RC, Chen G, Sarihan M, Solyom A, Jolad S, and
Timmermann B. The effect of extracts from ginger rhi-
zome on inflammatory mediator production. Phytomedi-
cine 2007;14:123-128.

[103] Grantl, McBean D, Fyfe L, Warnocka. A review of the bi-
ological and potential therapeutic actions of Harpagophy-
tum procumbens. Phytother Res 2007;21:199-209.

[104] Srivastava K, Mustafa T. Ginger (Zingiber officinale) in
rheumatism and musculoskeletal disorders. Med Hypothe-
ses 1992;39:342-348.

[105] Wigler I, Grotto I, Caspi D, Yaron M. The effects of Zintona
EC (a ginger extract) on symptomatic gonarthritis. Osteo-
arthr Cartil 2003;11:783-789.

[106] Gao J, Liu ZJ, Chen T, Zhao D. Pharmaceutical properties
of calycosin, the major bioactive isoflavonoid in the dry
root extract of Radix astragali. Pharm Biol 2014;52:1217-
1222.

[107] Huh J E, Seo DM, Back YH, Choi DY, Park DS, Lee JD.
Biphasic positive effect of formononetin on metabolic ac-
tivity of human normal and osteoarthritic subchondral os-

Traditional & Integrative Medicine 2020, Vol. 5, No. 3 147

http://jtim.tums.ac.ir



Herbal medicine used in osteoarthritis and chondrogenesis

M. Anvari et al.

teoblasts. Int Immunopharmacol 2010;10:500-507.

[108] Choi S, Heo T, Min BH, Cui J, Choi B, Park S. Alleviation
of osteoarthritis by calycosin-7-O-3-D-glucopyranoside
(CQ) isolated from Astragali radix (AR) in rabbit osteoar
thritis (OA) model. Osteoarthr Cartil 2007;15:1086-1092.

[109] Liu J, Zhao Z, Chen H. Review of Astragali radix. Chin
Herb Med 2011;3:90-105.

[110] ChoiL, Lee Y, Heo T. Screening of hyaluronidase inhibito-
ry and free radical scavenging activity in vitro of tradition-
al herbal medicine extracts KSBB Journal 2003.

[111] Park SR, Heo TR. Inhibitory effect of Astragali radix on
matrix degradation in human articular cartilage. J Microbi-
ol Biotechn 2005;15:1258-1266.

[112] Yu SY, OuYang HT, Yang JY, Huang XL, Yang T, Duan JP,
Cheng JP, Chen YX, Yang Y, Qiong P. Subchronic toxicity
studies of Radix Astragali extract in rats and dogs. J Ethno-
pharmacol 2007;110:352-355.

[113] Jiang JB, Qiu JD, Yang LH, He JP, Smith JW, LI HQ. Ther-
apeutic effects of astragalus polysaccharides on inflamma-
tion and synovial apoptosis in rats with adjuvant-induced
arthritis. Int J Rheum Dis 2010;13:396-405.

[114] Unusan N. Proanthocyanidins in grape seeds: An updated
review of their health benefits and potential uses in the
food industry. J Funct Foods 2020;67:103861.

[115] Sharma V, McNeill JH. To scale or not to scale: the princi-
ples of dose extrapolation. Br J Pharmacol 2009;157:907-
921.

[116] Pallarés V, Fernandez-Iglesias A, Cedd L, Castell-Auvi A,
Pinent M, Ardévol A. Grape seed procyanidin extract re-
duces the endotoxic effects induced by lipopolysaccharide
in rats. Free Radic Biol Med 2013;60:107-114.

[117] Aini H, Ochi H, Iwata M, Okawa A, Koga D, Okazaki M.
Procyanidin B3 prevents articular cartilage degeneration
and heterotopic cartilage formation in a mouse surgical
osteoarthritis model. PLoS One 2012:7.

[118] Cho ML, Heo YJ, Park MK, Oh HJ, Park JS, Woo YJ.
Grape seed proanthocyanidin extract (GSPE) attenuates
collagen-induced arthritis. Immunol Lett 2009;124:102-
110.

[119] Suri S, Gill SE, de Camin SM, McWilliams DF, Wilson D,
Walsh DA. Neurovascular invasion at the osteochondral
junction and in osteophytes in osteoarthritis. Ann Rheum
Dis 2007;66:1423-1428.

[120] LulJ, Zhang K, Chen S, Wen W. Grape seed extract inhibits
VEGEF expression via reducing HIF-1a protein expression.
Carcinogenesis2009;30:636-644.

[121] Woo YJ, Joo YB, Jung YO, Ju JH, Cho ML, Oh HJ, Jhun
JY, Park MK, Park JS, Kang CM, M. Sung MS, Park SH,
Kim HY, Min JK. Grape seed proanthocyanidin extract
ameliorates monosodium iodoacetate-induced osteoarthri-
tis. Exp Mol Med 2001;43:561.

experimental osteoarthritis. Osteoarthr Cartil 2004;12:284-
295.

[123] Li WG, Zhang XY, Wu YJ, Tian X. Anti-inflammatory
effect and mechanism of proanthocyanidins from grape
seeds. Acta Pharmacol Sin 2001;22:1117-1120.

[124] Miller MJ, Bobrowski P, Shukla M, Gupta K, Haqqi TM.
Chondroprotective effects of a proanthocyanidin rich Am-
azonian genonutrient reflects direct inhibition of matrix
metalloproteinases and upregulation of IGF-1 production
by human chondrocytes. Inflammation 2007;4:16.

[125] Toker H, Yuce YB, Alpan AL, Gevrek F, Elmastas M. Mor-
phometric and histopathological evaluation of the effect
of grape seed proanthocyanidin on alveolar bone loss in
experimental diabetes and periodontitis. J Periodontal Res
2018;53:478-486.

[126] Ahmad SF, Zoheir KM, Abdel-Hamied HE, Ashour AE,
Bakheet SA, Attia SM, Abdallah AR. Grape seed proan-
thocyanidin extract has potent anti-arthritic effects on col-
lagen-induced arthritis by modifying the T cell balance. Int
Immunopharmacol 2013;17:79-87.

[127] Gagnier JJ, Tulder MW, Berman B, Bombardier C. Herb-
al medicine for low back pain: a Cochrane review. Spine
2007;32:82-92.

[128] Gagnier JJ, Chrubasik S, Manheimer E. Harpgophytum
procumbens for osteoarthritis and low back pain: a system-
atic review. BMC Complem Altern M 2004;4:13.

[129] Anauate MC, Torres LM, Mello SBV. Effect of isolat-
ed fractions of Harpagophytum procumbens DC (devil's
claw) on COX-1, COX-2 activity and nitric oxide produc-
tion on whole-blood assay. Phytother Res 2010;24:1365-
1369.

[130] Inaba K, Murata K, Naruto S, Matsuda H. Inhibitory ef-
fects of devil’s claw (secondary root of Harpagophytum
procumbens) extract and harpagoside on cytokine produc-
tion in mouse macrophages. J Nat Med 2010;64:219-222.

[131] Grassl C, Luckow B, Schlondorff D, Dendorfer U. Tran-
scriptional regulation of the interleukin-6 gene in me-
sangial cells. Clin J Am Soc Nephro 1999;10:1466-1477.

[132] Haseeb A, Ansari MY, Haqqi TM. Harpagoside suppresses
IL-6 expression in primary human osteoarthritis chondro-
cytes. J Orthop 2017;35:311-320.

[133] Riehemann K, Behnke B, Schulze-Osthoff K. Plant ex-
tracts from stinging nettle (Urtica dioica), an antirheumatic
remedy, inhibit the proinflammatory transcription factor
NF-Kb. Febs Lett. 1999;442:89-94.

[134] Teucher T, Obertreis B, Ruttkowski T, Schmitz H. Cytokine
secretion in whole blood of healthy subjects following oral
administration of Urtica dioica L. plant extract. Arzneimit-
tel-Forschung 1996;46:906-910.

[135] Shiozawa S, Shimizu K, Tanaka K, Hino K. Studies on the
contribution of c-fos/AP-1 to arthritic joint destruction J

[122] Dumond H, Presle N, Pottie P, Pacquelet S, Terlain B, Net- Clin Invest 1997;99:1210-1216.
ter P, Gepstein A, Livne E, Jouzeau J. Site specific changes [136] Schulze-Tanzil C, Souza PD, Behnke B, Klingelhoefer S,
in gene expression and cartilage metabolism during early Scheid A, Shakibaei M. Effects of the antirheumatic rem-
148 Traditional & Integrative Medicine 2020, Vol. 5, No. 3

http://jtim.tums.ac.ir
p:/1]



Herbal medicine used in osteoarthritis and chondrogenesis

M. Anvari et al.

edy Hox alpha-a new stinging nettle leaf extract-on matrix
metalloproteinases in human chondrocytes in vitro. Histol
Histopathol 2002.

[137] Ahmed KM, Parsuraman S. Urtica dioica L.,(Urticaceae):
a stinging nettle. Sys Rev Pharm 2014;5:6.

[138] Efthimiou P, Kukar M, and MacKenzie CR. Complemen-
tary and alternative medicine in rheumatoid arthritis: no
longer the last resort!. HSS journal 2010;6:108-111.

[139] Rayburn K, Fleischbein E, Song J, Allen B, Kundert M,
Leiter C, Bush T. Stinging nettle cream for osteoarthritis.
Altern Ther Health Med 2009;15:60.

[140] Xu X, Lv H, Li X, Su H, Zhang X, Yang J. Danshen atten-
uates cartilage injuries in osteoarthritis in vivo and in vitro
by activating JAK2/STAT3 and AKT pathways. Exp Anim
2018;67:127-137.

[141] Bai B, Li Y. Danshen prevents articular cartilage degener-
ation via antioxidation in rabbits with osteoarthritis. Osteo-
arthr Cartil 2016;24:514-520.

[142] Luo H, Kong W, Hu Y, Chen P, Wu X, Wan L, Yang M.
Quality evaluation of Salvia miltiorrhiza Bge. by ultra
high performance liquid chromatography with photodiode
array detection and chemical fingerprinting coupled with
chemometric analysis. J Sep Sci 2015;38:1544-1551.

[143] Chun-Yan S, Qian-Liang M, Rahman K, Ting H, Lu-Ping
Q. Salvia miltiorrhiza: Traditional medicinal uses, chemis-
try, and pharmacology. Chin J Nat Medicines 2015;13:163-
182.

[144] Basedow M, Williams H, Shanahan EM, Runciman WB,
Esterman A. Australian GP management of osteoarthri-
tis following the release of the RACGP guideline for the
non-surgical management of hip and knee osteoarthritis.
BMC Res Notes 2015;8:536.

[145] Huang MQ, Zhou CJ, Zhang YP, Zhang XQ, Xu W, Lin
J, Wang PJ. Salvianolic acid B ameliorates hyperglycemia
and dyslipidemia in db/db mice through the AMPK path-
way. Cell Physiol Biocheml 2016;40:933-943.

[146] Shen Q, Ma X, Hua Y, Chen M, Wang Y, Zhou Q, Ye W,
Zhu X. Aquaporin 3 Expression Induced by Salvia Miltior-
rhiza via ERK1/2 Signal Pathway in the Primary Human
Amnion Epithelium Cells from Isolated Oligohydramnios.
Curr Mol 2016;16:312-319.

[147] Ye YT, Zhong W, Sun P, Wang D, Wang C, Hu LM, Qian
JQ. Apoptosis induced by the methanol extract of Salvia
miltiorrhiza Bunge in non-small cell lung cancer through
PTEN-mediated inhibition of PI3K/Akt pathway. J Ethno-
pharmacol 2017;200:107-116.

[148] Xu X, Lv H, Li X, Su H, Zhang X, Yang J. Danshen atten-
uates osteoarthritis-related cartilage degeneration through
inhibition of NF-kB signaling pathway in vivo and in vitro.
Biochem Cell Biol 2017;95:644-651.

[149] Yang X, Liu S, Li S, Wang P, Zhu W, Liang P,Tan J, Cui
S. Salvianolic acid B regulates gene expression and pro-
motes cell viability in chondrocytes. J Cell Mol Med
2017;21:1835-1847.

[150] Liu QS, Luo XY, Jiang H, Xing Y, Yang MH, Yuan GH,
Tang Z, Wang H. Salvia miltiorrhiza injection restores
apoptosis of fibroblast-like synoviocytes cultured with se-
rum from patients with rheumatoid arthritis. Mol Med Rep
2015;11:1476-182.

[151] Mateen S, Moin S, Khan AQ, Zafar A, Fatima N. Increased
reactive oxygen species formation and oxidative stress in
rheumatoid arthritis. PloS One 2016;11.

[152] Lin M, Zhai X, Wang G, Tian X, Gao D, Shi L, Wu H,
Fan Q, Peng J, Liu K, Yau J. Salvianolic acid B protects
against acetaminophen hepatotoxicity by inducing Nrf2
and phase II detoxification gene expression via activation
of the PI3K and PKC signaling pathways. J Pharmacol Sci
2015;127:203-210.

[153] Xia ZB, Yuan YJ, Zhang QH, Li H, Dai JL, Min LK. Sal-
vianolic acid B suppresses inflammatory mediator levels
by downregulating NF-xB in a rat model of rheumatoid
arthritis. Medical science monitor: Med Sci Mon Int Med J
Exp Clin Res 2018;24:2524.

[154] Prakash V, Jaiswal N, Srivastava M. A review on medicinal
properties of Centella asiatica. Asian J Pharm Clin Res
2017;10:69.

[155] Chandrika UG, Kumara PAP. Gotu kola (Centella asiat-
ica): nutritional properties and plausible health benefits.
in Advances in food and nutrition research 2015;76:125-
157.

[156] Mogbel SAA, He Y, Xu L, Ma C, Ran J, Xu K, Wu L.
Rat Chondrocyte Inflammation and Osteoarthritis Are
Ameliorated by Madecassoside. Oxid Med Cell Longev
2020;2020.

[157] Cao W, Li XQ, Zhang XN, Hou Y, Zeng AG, Xie YH,
Wang SW. Madecassoside suppresses LPS-induced
TNF-a production in cardiomyocytes through inhibition
of ERK, p38, and NF-kB activity. Int Immunopharmacol
2010;10:723-729.

[158] Hartog A, Smit HF, van Der Kraan PM, Hoijer MA, and
Garssen J. In vitro and in vivo modulation of cartilage deg-
radation by a standardized Centella asiatica fraction. Exp
Biol Med 2009;234:617-623.

[159] Sharma S, Gupta R, Thakur SC. Attenuation of collagen
induced arthritis by Centella asiatica methanol fraction via
modulation of cytokines and oxidative stress. Biomed En-
vron Sci 2014;27:926-938.

Traditional & Integrative Medicine 2020, Vol. 5, No. 3 149

http://jtim.tums.ac.ir



