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ABSTRACT

A frequent feature of chronic joint inflammatory
diseases like rheumatoid arthritis and osteoarthritis
is an increase in oxidative stress and inflammation,
which leads to increasing histological changes and
incapacitating symptoms. The powerful
conventional medications that are now in use,
which range from biological agents to painkillers,
are often linked to severe, even fatal, side effects.
Because of their reduced risk of side effects and
often equivalent effectiveness to traditional
medications, medicinal plants—which have been
used for millennia in traditional herbalism—are a
possible substitute.
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l. INTRODUCTION: --

Increased inflammation and oxidative
stress are prominent features of chronic joint
inflammatory diseases like osteoarthritis and
rheumatoid arthritis, which lead to progressive
histological changes and incapacitating symptoms.

About 15% of people have osteoarthritis,
one of the most prevalent musculoskeletal
conditions [1]. It is characterized by bone erosion
and irreversible articular cartilage destruction
brought on by pro-inflammatory cytokines such as
tumour necrosis factor a (TNF-a), interleukin 1
(IL-1), and interleukin 6 (IL-6). These mediators
reduced the synthesis of collagenase inhibitors,
collagen, and proteoglycans while increasing the
synthesis of collagenase or matrix
metalloproteinase (MMP) and the breakdown of

collagen type 1l [2]. Collagenase-1 and
collagenase-3 (also known as MMP-13) break
down collagen type Il, which is one of the

biochemical indicators of osteoarthritis [3].Many
times, the mechanism of action is unclear and/or
elusive. There is a dearth of clinical evidence in
humans, despite the fact that many of them have
been shown to be successful in in vitro or animal
model research. The following joint-friendly

medicinal plants have been tested in human studies:
Arnica montana, Boswellia spp., Curcuma spp.,
Equisetum arvense, Harpagophytum procumbens,
Salix spp., Sesamum indium, Symphytum
officinalis, Zingiber officinalis, Panax notoginseng,
and Whitania somniferous. The goal of this review
is to provide an overview of the scientific data that
is currently available on these plants.

Advanced age, sex, obesity, elevated
body mass index (BMI), genetics, ethnicity, food,
trauma, and certain physical or occupational
activities that imply biomechanical stress (e.g.,
pressure, load-bearing) across the joints are all
factors that raise the risk of osteoarthritis (OA)
[4,5,6]. Joint imaging for longer studies (one year
or more) and pain and physical function evaluation
for shorter studies are used to track the progression
of OA and its treatment. Visual analog scales (VAS)
are used to measure pain, and the Western Ontario
and McMaster Universities OA Index (WOMAC)
is used to measure functional impairment [7]. The
Karnofski Performance Scale Index [9] and the
Liquesce Functional Severity Index [8] are further
helpful instruments for evaluating functional
impairment.One percent of people have rheumatoid
arthritis (RA), a chronic progressive systemic
autoimmune disease that causes disability and
raises the risk of cardiovascular disease, cancer,
and death [10]. It is usually linked to elevated
levels of oxidative stress and inflammatory
mediators. Today, a wide range of medications are
used to treat RA, from powerful biological agents
that target particular immune and inflammatory
pathways, like TNF-alpha (TNF-o) inhibitors and
interleukin-1 receptor antagonists, to
steroidal/nonsteroidal  anti-inflammatory  drugs
(NSAIDs and painkillers) [11].Acetaminophen is
the most commonly used nonsteroidal anti-
inflammatory medicine at extremely high dosages
(4000 mg/day). In terms of painkillers, tramadol is
strongly advised, along with other opioids (such as
morphine) [12]. Among the TNF-a inhibitors used
to treat severe RA are etanercept, infliximab, and
rituximab. [13, 14]. Other treatment options for RA
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include methotrexate [16] and an IL-1 receptor
antagonist called anakinra [15].The majority of RA
cases, including the more severe ones, have shown
great success and efficacy with biologic therapy.
Unfortunately, there are many and often serious
side effects associated with using standard
medications for arthropathies [17]: NSAID-induced
gastrointestinal ulcerations, haemorrhagic events,
and nephrotoxicity [18]; TNFa inhibitor-induced
infusion hypersensitivity reactions and auto-
immune responses (e.g., lupus-like syndrome) [19];
biological drugs (Ankinra, rituximab, or abatacept)
[20]; methotrexate-induced fatal cytopenia [21];
etc.Numerous herbal extracts discussed in this
research shown advantages for pain management
and physical mobility in arthritic individuals with
minimal risk of adverse effects. Thus, there is a
rising interest in botanical medications, which have
been used for millennia and have no serious side
effects [22]. It's possible that these treatments are
improving the disease's progression in addition to
its symptoms [23].This review's objective is to
provide an overview of the scientific evidence on
medicinal plants that have been shown to have anti-
arthritic properties in vitro, in animal models, and
in human clinical trials. The data was gathered
from medical databases and literature. The terms
"medicinal plants or herb and osteoarthritis or
arthritis or rheumatoid arthritis,” "specific herb
Latin name or specific herb English name and
osteoarthritis or arthritis or rheumatoid arthritis"
(e.g., Curcuma longa or turmeric and osteoarthritis
or arthritis or rheumatoid arthritis) were used in a
literature search in the PubMed database.Only
medicinal plants that had been the subject of human
clinical trials were chosen, and they were listed
according to their Latin names. Using herbal
extracts and potentially active phytochemicals, we
have examined in vitro, animal, and human clinical
investigations for each of the plants in the study.
The related publications were located and assessed
for their applicability to the current paper's subject.
A manual search of numerous literatures, including
traditional medicine books, yielded additional
material.

1.  ANTI-ARTHRITIC MEDICINAL
PLANTS: -

2.1 Traditional herbal medicine has utilized
Arnica Montana, a member of the Asteraceae
family, for centuries to treat conditions involving
the locomotor system that are caused by trauma,
strain, and/or inflammation [24]. It is also one of
the most frequently used natural remedies for

rheumatologic  conditions  [25].Research  on
animals. In the collagen-induced arthritis rat model,
an oral Arnica extract was demonstrated to reduce
the radiological and histological alterations in the
afflicted joints. This was accompanied by a
reduction in the levels of anti-type Il collagen
antibodies, NO, TNF-a, IL-1p, IL-6, and IL-12, as
well as an improvement in the oxidative status
(higher antioxidant levels and less peroxidative
injury) [24]. Clinical research on humans. A gel
made from fresh Arnica montana plants was
examined in an open multicentre trial for knee OA
and shown to be well tolerated, effective, and
symptom-relieving. Adverse effects were noted
infrequently. As befits a real Asteraceae herb,
allergy may be an issue [26]. Another study [28]
confirmed the findings of a double-blind study that
compared the effectiveness of Arnica montana and
ibuprofen in topical treatments for hand OA in 204
individuals. The study also indicated that Arnica
had fewer negative effects than ibuprofen. A
Cochrane review also recognized the effectiveness
of Arnica in treating hand OA locally when
combined with NSAIDs [29].

Phytochemicals that are active. Some
authors credit the anti-arthritic effectiveness to the
synergism of the primary active principles,
flavonoids and phenolic compounds, discovered in
a methanol extract that was effective on a rat model
of collagen-induced arthritis (CIA) [24].

2.2 Boswellia spp., fam. Burseraceae

Customary wisdom. Boswellia serrata
(BS) produces frankincense, a gum resin that has
been used for ages in Ayurvedic medicine (where it
is referred to as sallaki) to treat inflammatory
conditions [30], especially arthritis. These days, BS
is present in a lot of anti-arthritic combos.

studies conducted in vitro. A BS
preparation rich in active principles was able to
prevent the inflammatory response by blocking
Intercellular Adhesion Molecule 1 (ICAM-1) and
preventing cartilage degradation by
metalloproteinase-3 (MMP-3) [31]. Another study
found that a B. frére Ana formulation prevented the
breakdown of collagen and cartilage by reducing
the synthesis and activation of a number of
mediators and enzymes linked to inflammation,
including MMP-9 and MMP-13, cycloxygenase-2,
nitric oxide, and prostaglandin E2 [32].

It has been demonstrated that a polyherbal
formulation comprising Zingiber officinal root,
TINOSPORA Cord folia stem, PHYLLANTHUS
embolic fruit, and oleoresin of BS can prevent
cartilage degradation in the knee (reduced release
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of glycosaminoglycans and aggrecan) and has anti-
inflammatory properties (measured by decreased
nitric oxide levels) [33].

Another combination that has been
demonstrated to reduce inflammation and preserve
articular cartilage consists of three herbs (Uncaria
tomentosa, Boswellia spp., and Lepidium meyenii)
and an amino acid (L-leucine). Tested on OA
chondrocytes, it inhibited the activation of NF-xB
by IL-1B, which in turn stopped the activity of
inflammation-related enzymes (ion’s, MMP-9, and
MMP-13). This resulted in a greater production of
structural proteins (such as aggrecan and type Il
collagen) and a lower rate of NO production and
cartilage matrix deterioration (less
glycosaminoglycans-GAGs released).

Research on animals. Lactoperoxidase,
myeloperoxidase, catalase, superoxide dismutase
(SOD), glutathione (GSH), and nitric oxide (NO)
all showed improved antioxidant status and pro-
inflammatory mediator suppression when an
extract of BS was used in a rat model of collagen-
induced arthritis [22]. In a rat model of adjuvant-
induced arthritis, a combination of Withania
somniferous, BS, Zingiber officinale, and Curcuma
longa was shown to reduce inflammation and
arthritis while also lowering TNF-o and NO
production [34].

Clinical research on humans. Two high-
quality and two moderate-quality studies showing
superiority compared to placebo in reducing pain
and increasing functionality, as well as a moderate-
quality study indicating a favourable adverse events
profile, were cited in a Cochrane systematic review
that concluded that preparations from BS "show
trends of benefits" (when used for the treatment of
OA) coupled with a low burden of side effects [35].
Indeed, a handful of double-blind, randomized,
placebo-controlled studies done on patients with
knee OA indicated that Phyto preparations from BS
gum resin are able to relieve pain and boost
functionality after only a few days (a week or two
at most) with no major adverse effects [31,36].

When added to the standard management
of knee OA, a phytosomal Boswellia preparation
has been demonstrated to be helpful in reducing
symptoms (lower WOMAC (Western Ontario and
McMaster Universities questionnaire) Score) and
improving functional status (higher Karnofski
Scale Index) [37]. In those with hand arthritis
brought on by excessive strain at work, it also
speeds up functional recovery and reduces pain and
objective physical and humoral indicators of
inflammation [38]. In patients with osteoarthritis, a
combination of BS and Curcuma longa was found

to be safe and effective, reducing objective signs
and symptoms even more effectively than
celecoxib, a specific COX-2 inhibitor, and having
almost no adverse effects [39]. Nevertheless,
additional  research did not validate the
effectiveness of BS in the treatment of active RA
[40].

phytochemicals that are active. Initially,
11-keto-p-boswellic acid and acetyl-11-keto-p-
boswellic acid were the leading candidates among
the boswellic acids [41,42], a family of pentacyclic
triterpenes, which demonstrate the involvement of
bioactive principles. In a bovine serum albumin-
induced arthritis model, oral or local boswellic acid
therapy improved the synovial fluid proteins'
electrophoretic pattern and reduced leucocyte
infiltration into the knee joint [43]. Until recently,
these substances were thought to reduce
lipoxygenase-5 (LOX-5) in vitro and in animal
models, hence inhibiting the formation of
leukotrienes [30,44]. Additional mechanisms were
also cited, including decreased cleavage of C3 into
the active components C3a and C3b, inhibition of
NF-kB activation, and decreased production of pro-
inflammatory cytokines (TNF-a, IL-1, IL-2, IL-4,
IL-6, and IFN-y). These were demonstrated in a
number of in vivo studies using different models of
inflammation, either arthritic or non-arthritic (e.g.,
hypersensitive reaction in mice) [46]. The action
intensity of 11-keto-B-boswellic acid and acetyl-11-
keto-B-boswellic  acid, as well as their
bioavailability—the latter being too low to supply
quantities high enough for bioactivity—have been
questioned more recently [47]. However, B-
boswellic acid, another member of the family, was
suggested as the active principle. It can effectively
inhibit microsomal prostaglandin E synthase-1 and
the serine protease cathepsin G, which may be the
substrate of the BS preparations' ability to suppress
inflammation, and it can reach much higher levels
in plasma [17].

2.3. Curcuma spp., fam. Zingiberaceae

Customary ~ wisdom.  Turmeric, or
Curcuma longa (CL), is the most significant
member of the Curcuma genus that is utilized in
traditional medicine. Its rhizome has been used for
ages as a spice in food and as an Ayurvedic herb
valued for its anti-inflammatory qualities, which
explains why it is useful for arthritic disorders like
RA. [48].

research on animals. A CL preparation
devoid of essential oil significantly reduced
periarticular damage and joint inflammation in an
animal arthritis model. This was correlated with a
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decrease in NF-kB activation and the subsequent
chain of events (involving mediators of
inflammation and injury such as chemokines,
cyclooxygenase 2, and receptor activator of nuclear
factor kappa-B ligand (RANKL)). [49]. It appears
that the capacity to stop the damaging alterations in
joints and periarticular bone is equivalent to
betamethasone [50,51]. The low water-solubility
issue that results in poor bioavailability may be
resolved with the aid of liposomal encapsulation
[52]. While slowing the advancement of OA, the
balance between osteoclasts and osteoblasts is
skewed in favour of bone formation [52]. In a rat
model of experimentally induced arthritis, a
combination of ginger and turmeric rhizomes
outperformed the powerful NSAID indomethacin
in terms of reducing joint histopathological changes
as well as extra-articular manifestations such as
iron deficiency anaemia, malnutrition (decreased
body weight gain, and hypoalbuminemia), and
systemic inflammation (leucocytosis,
thrombocytosis, and hyperglobulinemia) without
compromising kidney function or lowering the risk
of cardiovascular disease (favourable lipid and
oxidative profile) [53]. Clinical research on
humans. In treating osteoarthritis, a combination of
Curcuma longa and Boswellia serrata has been
demonstrated to be more effective than a standard
dosage of celecoxib, a selective COX-2 inhibitor,
improving patients' conditions both objectively and
subjectively. Laboratory tests (liver, kidney, and
hemogram) and clinical examinations have not
revealed any toxicity [39]. Extracts from Curcuma
domestica have been demonstrated to be effective
in treating osteoarthritis in the knee, lowering pain
and maintaining function at a rate comparable to
that of ibuprofen while having less adverse effects
on the gastrointestinal system [54]. Although a
recent meta-analysis discovered pertinent scientific
data supporting turmeric's effectiveness as a
treatment option for arthritis, it came to the
conclusion that additional research is required to
fully identify it [55].

Phytochemicals that are active. Due to its
capacity to positively impact a wide range of
signalling pathways and mediators, the active
ingredient, diferuloylmethane, a yellow phenolic
pigment also referred to as curcumin, has a
multifaceted beneficial action in various fields of
pathology (diabetes, cancer, inflammation, and
oxidative stress) [56]. It has been demonstrated to
reduce joint inflammation (as measured by
neutrophil infiltrate density) in a rat model of
arthritis, with zymosan infiltration being even more
efficacious than a low dosage of prednisone in the

first six hours following the arthritis-inducing event
[57].

The mechanism of action was thought to
include lowering systemic oxidative stress, as
evidenced by increased GSH, decreased
malondialdehyde, and enhanced serum SOD
activity [58]. Blocking glial activation reduced the
synthesis and secretion of inflammatory mediators
in the spinal cord, which was supported by similar
findings in studies on astrocyte and microglia
cultures [59].

Another phytochemical that may be active
in arthropathies is B-element, which is present in
Curcuma Wenyujin, a herb used in Traditional
Chinese Medicine to treat rheumatoid arthritis. The
inhibitory effect on the buildup of fibroblast-like
synoviocytes may be explained by this compound's
proliferative activity, which is helpful in neoplastic
disorders. According to one in vitro investigation,
the induction of apoptosis through elevated reactive
oXygen species generation and p38 mitogen-
activated protein kinase (MAPK) activation may be
the underlying mechanism [60].

2.4. Equisetum arvense, fam. Equisetaceae

Equisetum arvense, commonly referred to
as horsetail, has been used for centuries in
European ethnomedicine as an anti-inflammatory
treatment [61]. Research on animals has
demonstrated that Equisetum giganteum has a
downregulating effect on lymphocyte proliferation
in an animal model of arthritis induced by an
antigen challenge. The immunomodulatory action
of this plant, which is free of cytotoxicity, affects
both B and T lymphocytes
[62].The salutary effect of horsetail in
RA was substantiated by a study that refocused out
the drop in TNF- a as one of
the contributing mechanisms (63).

Active phytochemicals. Kynurenic
acid was proposed as a apparent middleman of
theanti-inflammatory and antalgic effect of
several sauces salutary in  RA, horsetail among
them (64). Theanti-inflammatory eventuality of
kynurenic  acid was showed until now only innon-
arthritic beast models
(e.g., acute experimental colitis in rat) (65).
Kynurenic acid is also an endogenous oxidative
metabolite of tryptophan, with glutamate-
receptor antagonist exertion, which
may explain incompletely its analgesic parcels.
One in vitro study showed that kynurenic acid
is suitable to inhibit the proliferation of
synoviocytes (66).Compared to human participants
with OA, its level was significantly lower in RA
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subjects [67], indicating the potential benefits of
kynurenic acid supplementation for RA patients.

2.5. Harpagophytum procumbens, fam.
Pedaliaceae

Customary wisdom. A "celebrity” among
natural therapies for osteoarthritis, Harpagophytum
procumbens (HP), often called devil's claw, is an
African medicinal plant that has been approved by
the German Commission E for the treatment of
degenerative illnesses of the musculoskeletal
system [68]. In vitro research. HP extracts
demonstrated chondroprotective effect, which may
be due to a number of mechanisms, including
inhibition of matrix metalloproteinases and elastase
and decreased generation of inflammatory
mediators (such as TNF-a and interleukin-1p) [69].

Research on animals. At 5 and 10 mg/kg, a
dried aqueous extract of HP has demonstrated a
notable dose-dependent analgesic and anti-
inflammatory effect in rats. However, the isolated
harpagoside ingredient had no effect on paw
oedema caused by carrageenan. This suggests that,
at least at the dosage employed in this
investigation, harpagoside may not have an anti-
inflammatory effect [70,71]. This implies that the
anti-inflammatory action might be caused by other
HP components.

Clinical research on humans. The clinical
picture of individuals with knee and hip
osteoarthritis was considerably improved in terms
of pain, movement limitation, and joint crepitus by
a variety of HP tuber extracts (equivalent to 50-60
mg harpagoside daily, administered for a variable
period between 8 and 16 weeks, depending on the
study) according to several human clinical studies
[72,73,74]. The WOMAC questionnaire, VAS,
Lequesne Index, doctor's examination, and/or the
dosage of painkillers were used to gauge the
intensity of pain and other symptoms.

phytochemicals that are active. The iridoid
glycosides (harpagoside, harpagide, and
procumbide), which are more abundant in tubers
and roots, are the main phytochemicals that have an
anti-osteoarthritis action. However, it is important
to note that extracts from the entire plant appear to
have a more effective medicinal impact than those
made from isolated portions [75]. Through the
suppression of iINOS and COX-2 expression
through the inhibition of NF-xB activation,
harpagoside decreased the synthesis of several pro-
inflammatory mediators in vitro [76]. However, in
one animal model of inflammation (carrageenan-
induced paw oedema) [70], it exhibited no anti-
inflammatory efficacy.

The experimenters hypothecated that HP'santi-
inflammatory parcels might be attributed to
phytochemicals other than harpagoside( 70,77).

2.6. Panax notoginseng, fam. Araliaceae

Customary wisdom. For many years,
Panax notoginseng (PN), sometimes referred to as
sangi in Chinese, has been used in medicine to heal
severe injuries, aches, and swellings [78].

In vitro research. In vitro production of
pro-inflammatory mediators (TNF-alpha, IL-1,
inducible NOS, and MMP-13) was reduced by an
n-butanol extract of PN [79]. Research on animals.
By inhibiting the synthesis of TNF-alpha, IL-1,
iNOS, and MMP-13, PN, when combined with two
additional  herbs  (Rehmanniaglutinosa  and
Eleutherococcussenticosus), exhibited a
suppressive impact on collagen-induced arthritis in
mice [80].

clinical research on humans. In 57 patients
with knee OA, the same combination of PN with
Rehmanniaglutinosa and
Eleutherococcussenticosus, given as 400 mg
capsules every day for six weeks, improved
physical function and pain as measured by the
Korean version of the WOMAC questionnaire.
Phytochemicals that are active. The primary osteo-
active phytochemicals set up in PN
are allowed to be saponins. In patients with RA, PN
saponins increased the healing of autograft tendon
in bone tunnel [81] and enhanced the effects of
standard treatment (diclofenac sodium,
leflunomide, and prednisone) on joint swelling,
tenderness, and pain index, as well as morning
stiffness, VAS, and immunological parameters [82].

2.7. Salix spp., fam. Salicaceae

Customary wisdom. Since they were first
described in the Ebers papyrus (c. 1550 BC) [85]
and later by all of the great medical masters of
antiquity, the Middle Ages, and the contemporary
day [86], several species of the genus Salix, or
willow, were already widely used for pain
treatment in antiquity [83,84]. In vitro research.
The ability of willow bark extract (WBE) to
counteract activated monocytes by inhibiting the
activity of pro-inflammatory cytokines (TNFa),
enzymes (COX-2), and mediators (NF-«xB) is at
least largely responsible for its ability to reduce
inflammation  [87]. Research on animals.
Two beast models of  arthritis, one acute and
one habitual, were used to study the medium of
WABE'santi-inflammatory exertion.
WBE was superior to acetylsalicylic acid(ASA) in
loweringleukotriene situations and inhibiting COX-
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2, and it was just as effective as ASA in lowering
prostaglandin situations. It also reduced
inflammatory infiltration and exudate and stopped
the cytokine surge with a potency at least equal to
ASA. More effectively than ASA or celecoxib (a
specific COX-2 inhibitor), WBE had a positive
impact on oxidative stress by raising GSH and
lowering malondialdehyde levels. Even though
WBE is more effective than ASA, its salicin
content is significantly lower on a molar basis than
ASA's salicylate content. This suggests that active
principles other than salicin may contribute to
WABE's anti-inflammatory and antioxidative action,
with polyphenols being one potential candidate, at
least in terms of protection against free radicals
[88]. Another investigation on the collagen-induced
arthritis animal model confirmed the capacity to
reduce oxidative stress and pro-inflammatory
cytokines [89]. Clinical research on humans. The
English Reverend Edward Stone carried out the
first clinical trial of aspirin in the 18th century,
though it was uncontrolled and non-randomized.
The good fellow was able to cure fever in 50
patients after being struck by the bitterness of
aspirin, which was similar to quinine [86]. He also
suspected that aspirin had antifebrile properties.
Willow dinghy excerpt, at acureof 240 mg
salicin/ day, was shown in a two- week, double-
eyeless, randomized, placebo-
controlled study to be effective in controlling the
symptoms of OA cases,, particularly in reducing
pain, albeit with a somewhat muted effect [90]. In
two additional six-week randomized, controlled,
double-blind trials, patients with OA and RA,
respectively, received the same dosage of willow
bark extract. The herbal preparation was compared
with a strong NSAID (diclofenac) and a placebo. In
both trials, willow bark extract did not substantially
outperform a placebo in terms of pain alleviation,
which is a sobering finding [91]. Physicians and
patients alike rated WBE as superior to
conventional therapy in terms of both therapeutic
efficacy and adverse effects when used for hip and
knee degenerative disease in a six-week, open,
multicentric observational research with reference
treatment [92]. Higher doses should be
investigated, according to a comprehensive analysis
that found that WBE is effective in treating low
back pain with intermediate evidence but
insufficient data for OA and RA [84].

WBE was well tolerated and significantly
reduced pain in 436 people with OA and back pain
in lengthier (six-month) observational research
[93]. Phytochemicals that are active. While salicin
has historically been thought of as the active

principle, some believe that other phytochemicals,
such as polyphenols and flavonoids, which have
demonstrated inhibitory activity on COX-2 and
reduced the synthesis of pro-inflammatory
mediators in vitro in human monocytes and
differentiated macrophages, may be responsible for
the full spectrum of effects of WBE
[87,88,94,95,96].

2.8. Sesamum indicum, fam. Pedaliaceae

Customary wisdom. In several Asian
traditional remedies, sesame oil (SO), which is
derived from Sesamum indicum (Sl), is used to
relieve pain in inflammatory disorders of the skin,
teeth, joints, etc. [97].

Research on animals. The physiological
effects of oxidative stress, such as decreased
plasmatic levels of thiobarbituric acid reactive
compounds and decreased gamma-glutamyl
transferase activity in the joints and spleen, were
mitigated by SO in a rat model of adjuvant-induced
arthritis (Freund's adjuvant) [98]. SO significantly
reduced the inflammatory response in a rat model
of acute gout-like arthritis by thinning the
inflammatory infiltrate, lowering the levels of
inflammatory mediators (TNF-a, IL-1pB, and IL-6),
blocking nuclear factor-«B (NF-kB) activity (at
least in the mast cells), and activating the
complement system [97]. By preventing oxidative
aggression (a decrease in lipid peroxidation,
superoxide anion and peroxynitrite production, and
an increase in glutathione and glutathione
peroxidase levels) in the muscles linked to nuclear
factor erythroid-2-related factor, SO reduced joint
pain in another rat model of OA [1]. Through its
minor  constituents  (without these  minor
constituents, SO is inactive), SO is active in
experimentally induced arthritis, reducing bone loss
as well as clinically visible joint inflammation,
serum markers (inflammatory eicosanoids, RA
markers, oxidative stress related molecules, and
cytokines), and the activity of hydrolytic enzymes
[99]. Clinical research on humans. Oral
administration of sesame combined with standard
therapy vyielded superior results in terms of
objective and subjective signs than standard
therapy alone in a study of individuals with knee
OA [100]. After two months of treatment, the
administration of sesame seeds was linked to a
statistically significant decrease in the levels of
high-sensitivity C-reactive protein (hs-CRP) and
malondialdehyde in the serum of patients with knee
OA in a placebo-controlled experiment. and,
following therapy, markedly decreased IL-6 levels
[101]. Phytochemicals that are active. The lignans
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appear to be responsible for Sl's capacity to defend
against the harmful effects of oxidative stress and
inflammation, including aging, cancer, and
cardiovascular disease, to mention a few. Sesamin
and sesamolin, its hydroxylated form, are present.
Sesamol (3,4-methylene-dioxy-phenoal), a phenolic
molecule that is produced when sesamolin breaks
down, shows comparable biological activity [102].
In an animal model of adjuvant-induced arthritis,
sesamol has been shown to reduce periarticular
bone resorption, cartilage deterioration, and joint
inflammation. Pro-inflammatory cytokine levels
and tissue-destructive enzyme activity decreased in
tandem with this effect [103]. Furthermore, oxidant
equilibrium was restored, as evidenced by a rise in
protective enzyme activity and a drop in oxidative
stress indicators [103]. Sesamol's ability to
scavenge hydroperoxides allows it to stop iron's
oxidation state and, as a result, the transformation
of dormant LOX (Fe2+) into active LOX (Fe3+),
which inhibits this enzyme that promotes
inflammation [102].Sesamin has been shown to
prevent cytokine-induced cartilage degeneration by
slowing down the breakdown of constitutive
glycosaminoglycans and collagen in a study on
porcine cartilage explants exposed to the pro-
inflammatory action of TNF-a and oncostatin M
(as an animal RA model) [104].

2.9. Symphytum officinalis, fam. Boraginaceae

Customary  wisdom.  Comfrey, or
Symphytum officinalis, is a medicinal plant that
has long been used in Europe to treat inflammatory
conditions  [105,106]. In  vitro  research.
Polymorphonuclear leukocytes' respiratory burst
was markedly suppressed by a comfrey extract,
indicating that it may have anti-inflammatory
properties [107]. Research on animals. By
preventing rat paw oedema caused by carrageenan,
comfrey extracts demonstrated anti-inflammatory
properties [108,109].

Clinical research on humans. According to
a study on individuals with OA of the knee who
were between the ages of 50 and 80, topically
applied comfrey preparation reduced pain, but it
was unable to slow down the rate of cartilage
degradation or the burden of inflammatory
molecules; the only obvious side effect was local
rash [110].

Another study on a comparable sample of
people who had been suffering from OA of the
knee for years found that a comfrey-containing
ointment enhanced their quality of life by reducing
pain and boosting knee mobility [111].
Phytochemicals that are active. In a variety of in

vitro models, phenolic acids (such as rosmarinic
acid), glycopeptides, and amino acids are thought
to be at least partially responsible for the anti-
inflammatory properties of comfrey root extracts
[108,112]. Rosmarinic acid prevented the
production of prostaglandins and the aggregation of
erythrocytes caused by gelatine and carrageenan
[113].

2.10. Zingiber officinalis, fam. Zingiberaceae

Customary wisdom. Ginger, or Zingiber
officinalis (ZO), is a prominent spice in Asian
cooking and is utilized in ethnomedicine as a
traditional treatment for joint ailments [48].

In vitro research. By blocking COX-1,
COX-2, and LOX, ZO is believed to have anti-
inflammatory properties [114,115,116]. However,
the synthesis of pro-inflammatory cytokines (TNF-
a, IL-6, and monocyte chemotactic protein-1) in
RAW 264 cell culture was strangely boosted by the
squeezed ginger extract [117]. Research on
animals. Squeezed ginger extract administered
orally had two effects on mice's peritoneal cells'
production of TNF-a: ZO extract increased it at
first, but after several administrations, it lowered it
[117]. Furthermore, it raised the level of
corticosterone in the blood, which could help
explain why ZO has anti-inflammatory properties
According to a number of other studies, ZO extract
improved the clinical condition of OA patients as
measured by their VAS pain score, decreased the
need for rescue medication, had mainly mild
gastrointestinal side effects, and had efficacy and
satisfaction scores that were comparable to or
better than those of the standard treatment
recommended by the orthopedic specialist
[119,120,121].clinical ~ research on  humans.
According to a recent study, patients with knee OA
who take ZO powder (1 g/day) for three months see
a decrease in their serum levels of nitric oxide and
high-sensitivity reactive protein (hs-CRP). After
three weeks of treatment, the inflammatory markers
began to decline [118]. According to a number of
other studies, ZO extract improved the clinical
condition of OA patients as measured by their VAS
pain score, decreased the need for rescue
medication, had mainly mild gastrointestinal side
effects, and had efficacy and satisfaction scores that
were comparable to or better than those of the
standard treatment recommended by the orthopedic
specialist [119,120,121]. According to a different
study, 21 patients with confirmed knee and hip OA
experienced significantly less arthritic pain when
standing and moving after receiving 1000 mg of
glucosamine and 340 mg of one ZO preparation
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(EV.EXT 35 Zingiber officinalis extract) orally
every day for four weeks. Furthermore, because
this  medication increased the levels of
gastroprotective prostaglandins (PGE1, PGE2, and
PGF20) in the stomach mucosa and decreased
gastrointestinal pain, it was more safe than
diclofenac (100 mg/day) plus glucosamine (1000
mg/day) [122]. But in one cross-over research,
which involved a one-week wash-out phase
followed by three treatment periods of three weeks
each, there was no discernible difference between
ginger extract and a placebo in OA patients [123].

phytochemicals that are active. It was
believed that pungent components of ZO
contributed to this medicinal plant's anti-
inflammatory properties. For example, 1-dehydro-
[10]-gingerdione  decreased = NF-kB-regulated
expression of inflammatory ~ genes in
lipopolysaccharide S-activated macrophages and
inhibited kB kinase [ activity necessary for NF-«B
activation [124]. 6-Dehydrogingerdione reduced
the expression of the genes for iINOS, COX-2, IL-
1B, IL-6, and TNF-a in RAW 264.7 macrophages in
vitro. [114]. In vitro, other ZO drugs (10-gingerol,
8-shogaol, and 10-shogaol) demonstrated the
ability to reduce COX-2 activity [115].

2.11. Whitaniasomnifera, fam. Solanaceae
Ashwagandha, or Withaniasomnifera
(WS), is a powerful anti-inflammatory and anti-
osteoarthritic herb used in Ayurveda [125].In vitro.
The WS extract was found to have no effect on the
synthesis of 1L-6, but it suppressed the production
of pro-inflammatory cytokines (TNF-alpha, IL-
1beta, and IL-12) in peripheral and synovial fluid
mononuclear cells from rheumatoid arthritis
sufferers when liposaccharyde S was present in
vitro [126]. Additionally, the WS extract had
inhibitory effects on collagenase activity against
the breakdown of type | collagen in the bovine
Achilles tendon, which could be helpful in the
treatment of joint diseases [127].
research on animals. In rats with experimentally
induced arthritis, WS root powder protected bone
collagen [128].Clinical research on humans. The
aqueous extract of WS significantly reduced pain,
stiffness, and disability scores in human patients
with knee joint discomfort, according to a
randomized, double blind, placebo-controlled trial
[129]. Phytochemicals that are active. One of the
substances believed to contribute to the positive
benefits of WS in OA individuals is withaferin A, a
member of the steroid class of phytochemicals
[126]. Mice with monosodium urate crystal-
induced arthritis showed increases in paw volume,

lysosomal enzymes, lipid peroxidation, and TNFa,
but whitaferin A returned to almost normal levels
[130]. According to molecular docking and
molecular dynamics simulation studies, withaferin
A suppresses NF-xB activation by inhibiting the
formation of the NF-xB Essential Modulator/IxB
kinase B association complex and by targeting a
critical cysteine 179 in IxB kinase B [131,132].

1. CONCLUDING REMARKS

In patients with arthritis, a number of
medicinal plant extracts demonstrated patterns of
clinical and biochemical advantages with minimal
risk of adverse effects, which call for additional
research, including imaging and histological
analysis. Due to variations in study design and
technique, the pursuit of efficacious herbal
supplements as a supplemental treatment for
degenerative arthropathies is a complicated matter
and entails a protracted process from which
conclusions are challenging to draw [133]. The
trials that are now available did not assess how
plant extracts affect the course of the disease or
whether they prevent arthropathies from getting
worse. Longer-term studies ought to be conducted
for this reason.

The biological mechanisms of herbal

extracts found in vitro or in animal research have
hardly been validated in humans, with most of the
existing studies concentrating solely on assessing
the clinical alleviation brought about by the herbal
treatment.Despite their benefits, herbal remedies
present a number of issues, including the potential
for adulteration due to drug-herbal interactions,
inadequate bioavailability, lack of standardization,
and a lack of national and international regulatory
requirements [134,135,136,137].
Before herbal treatments may be included in OA
and RA therapy guidelines, more proof of the
safety, effectiveness, and mechanisms of action of
medicinal plants is required.
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