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Rheumatoid Arthritis(RA)is a persistentinflammatory and autoimmune affliction, which results
in significant impairment of mobility and a decline in the overall standard of living. The present
therapeutic strategies for the management of RA are frequently associated with adverse
reactions of notable severity. Medicinal plants containing Phytochemicals such as
Campesterol, Crocetin, Nigella Sativa, and Ginkgolic Acid have been recognized as significant
alternatives for the treatment of RA. This review article provides an overview of the bioactive
constituent campesterol, which exhibits the capacity to regulate interleukins and immune
modulationinvitroandin vivo experimental models. The current study aimed to obtain relevant
academic literature about the utilization of natural products in the treatment of arthritic
conditions. A systematic search strategy was employed, involving both electronic and manual
efforts, toquery prominent scholarly databasesincluding PubMed, Embase, Scopus, and Web of
Science. 76 publications were identified through this review, with 30 being deemed eligible for
inclusion. Four researchers have reported their discoveries on the efficacy of natural
constituents in the management of RA through investigations In Vitro & In Vivo. Scholarly
reports investigated the role of bioactive constituents of phytochemicals for RA treatment,
while 15 studies In Vivo evaluated the effectiveness of Campesterol, in alleviating arthritis
symptoms through their inflammatory responses and modulation of interleukin production.
This review presents notable findings suggesting that Campesterol appears to be particularly
effective in the expression of pro-inflammatory modulation of cytokines, and anti-
inflammatory cytokines, hence posing therapeutic potentialin RAmanagement.

INTRODUCTION

Rheumatoid Arthritis(RA)is a disorder of the auto-immune
system that mostly affects joints of the body whereby all of
them become inflamed [1]. The synovium of the joints is
also affected and swells up. All of these occur in a
complicated pattern where synovial cells proliferate and
fibrosis occurs. Pannus are formed while the bone and
cartilage undergo erosion [2]. Inflammation is caused by
cytokinesIL-6, IL-1,and TNF-a. RAis seen more frequently
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in women than men and there is a significant imbalance
betweenmalesandfemales, where women show increased
AlDs cases. In RA, the ratio of females to males is 3:1. RA
patients also have a mortality rate of two times more than
people without any autoimmune diseases [3]. The Global
Burden of Disease 2010 study included the dissemination of
an estimation regarding the global occurrence of RA. This
study constituted a thorough endeavor to assess the
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epidemiological status and patterns of 291illnesses across
187 nations. The worldwide occurrence of rheumatoid
arthritis(RA)amongindividuals aged 50 to 100 yearsin 2010
was ascertained to be 0.24% with a 95% confidence
interval (Cl) ranging from 0.23% to 0.25%. The present
study discovered that the occurrence of rheumatoid
arthritis(RA)in females was almost twice as common asin
males, with a mean of 0.35% having a 95% confidence
interval (Cl) between 0.34% to 0.37%; while males had a
mean of 0.13%, with a 85% Cl ranging from 0.12% to 0.13%
[4]. Most significant evidence suggests that autoimmune
diseases are based on control of the genes and especially
theonesinthe sexchromosomesare most likely to support
the female ratio being higher. Concomitantly, it has been
substantiated that sex hormones exert a significant
influence on the modulation of autoimmunity responsesin
both genders [5]. In RA, specifically, estrogens have been
suggested to be contributors to autoimmune diseases
such as RA. This is mostly seen in pregnant women where
RA occurs in remission. This is also in relation to the
immune system changing its response from Th1 to Th2
along with lesserinflammatory cytokines produced, due to
the hormonal fluctuation in pregnant females. It is also
suggested that to control this disease, anti-rheumatic
drugs should be used safely, throughout pregnancy and the
breastfeeding timeline [6]. Any other hormones taken for
contraception or such are contraindicated if the patient
has shown positive results for antiphospholipid antibodies
due to the higher risk of thrombophilia. Hormone
replacement therapy is also not recommended, in older
women going through post-menopause osteoporosis with
RA, since this increases the risk of cardiovascular disease
[7]. To understand a disease like RA, live models such as
animals are necessary so that drug trials and control
groups can be created. Rodent models have been used to
understand the pathogenesis of RA in humans but further
testing, drug therapy, and their potency, efficacy, and
safety are yet to be explored completely for human bodies
[8]. To develop drugs, the study of the pathogenesis of RA
will help researchers create other therapeutic targets
aside from the available ones. The most common models
used are arthritis induced by collagen, adjuvant-induced
arthritis, and others less used such as proteoglycan and
streptococcal cell wall-induced arthritis [9]. The root
cause of RAis not known to this day, but it has been seento
be attributed to genetics, environmental factors, and
hormones in combination with autoimmune development
and progression. There exist various risk factors which are
known to contribute to the onset and progression of
rheumatoid arthritis (RA) under certain circumstances.
These risk factors include but are not limited to advanced
age, gender, genetic predispositions, tobacco use, past
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obstetric history, early life exposures, and obesity [10].
Offspring of individuals who tested positive for anti-
citrullinated protein antibodies (ACPAs) or rheumatoid
factors (RFs) exhibit an elevated susceptibility to
rheumatoid arthritis (RA). Contrary to other factors of
pregnant or lactating mothers, it is seen that women who
breastfeed their children, lower the risk of developing RA
on their own. Patients had a higher probability of earlier
death due to premature atherosclerosis, cancer, and
infection before disease-modifying anti-rheumatic drugs
(DMARDs) and biological therapies were introduced [11].
The etiology of joint swelling in this particular condition
results primarily fromaninflammatory response within the
synovial membrane, involving the participation of
cytokines and chemokines. The key inflammatory
components within the affected area include tumor
necrosis factor(TNF), interleukin-6(IL-8), and granulocyte-
macrophage colony-stimulating factor[12]. Cytokines and
chemokines contribute to the initiation or exacerbation of
inflammation, by activating endothelial cells and
promotingthe accumulation of immune system cells within
the synovial compartment. Activated fibroblasts, B cells, T
cells, monocytes, and macrophages may ultimately induce
osteoclast generation through the action of receptor
activator of nuclear factor kappa-B ligand (RANKL), which
is expressed on B cells, T cells, and fibroblasts [13]. The
RANK receptor has been observed to be expressed in
various cell types including macrophages, dendritic cells,
and preosteoclasts [14]. Moreover, metalloproteinase and
a range of other enzymes ultimately facilitate the
degradation of the cartilage matrix within joints.
Rheumatoid arthritis (RA) may exhibit signs and symptoms
that bear similarity to those manifested by other rheumatic
diseases, yet the utilization of classification criteria can
expedite the diagnostic process. Patients can manifest
symptoms such as weight loss, fever, fatigue, and/or
weakness [15]. Furthermore, the laboratory diagnosis of
rheumatoid arthritis (RA) has been refined through the
discovery of specific biomarkers, which serve as
measurable indicators of the disease. In addition to an
augmented concentration of the C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR), the existence of
autoantibodies, such as anti-citrullinated protein antibody
(ACPA) and rheumatoid factor (RF), commonly imply
escalatedjoint deteriorationand enhanced mortality in the
affected individual [16]. It is noteworthy that rheumatoid
factor (RF) plays a direct role in mechanisms of cytokine
and macrophage activation. Furthermore, anti-
citrullinated protein antibodies (ACPAs) generate immune
complexes, whichinteract with RF, therebyintensifyingthe
effects of inflammation and ensuing joint degradation.
During the course of treatment for rheumatoid arthritis, it
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is expected that levels of anti-citrullinated protein
antibodies (ACPA) and rheumatoid factor (RF) will decline.
Although it is uncommon for patients to attain ACPA
seronegativity, it is plausible for them to achieve RF
seronegative. In recent times, various scholars have
brought to the forefront the precise mechanismunderlying
the onset of tissue damage inrheumatoid arthritis(RA)[17].
However, the etiological factors responsible for triggering
this autoimmune response involving self-antigens and
synovium, leading to inflammation and joint damage,
continue to be predominantly attributed to genetic and
environmental factors. Various populations have reported
the presence of polymorphismsin genes, particularlyinthe
locus of major histocompatibility complex Il, which appear
to be associated with susceptibility to RA[18]. The current
inquiry is focused on the identification of Human
Leukocyte Antigens (HLAs), specifically HLA-DR1, HLA-
DR4, HLA-DR6, and HLA-DR10, which are closely linked to
the predisposition towards Rheumatoid Arthritis (RA).
Given individuals possessing a genetically vulnerable
background, environmental factors such as infections and
smoking have been postulated as significant instigating
factors. A comprehensive survey encompassing the
pathological features and etiological mechanisms
underlying the development of arthritis is presented.
Following the onset of vasculitis, the synovial membrane
undergoes infiltration by T and B cell populations. A higher
prevalence of CD4+ T cellsrelative to CD8+ T cells has been
observed among T cells. Moreover, there exists a presence
of activated cytotoxic T cells and natural killer cells (NK
cells). The migration of lymphocytes is facilitated by
adhesion molecules. The process of lymphocyte homing
results in a structural transformation of the synovial
membrane, whereby it acquires morphological features
that resemble those of a secondary immune organ. The
current study supportsthe notionthat activated CD4+ cells
associated with macrophages through MHC class Il
molecules are responsible for an increase in pathogenic
humoral and cellularimmune responses. The production of
rheumatoid factors and antibodies targeting type Il
collagen precipitate the formation of cytotoxic immune
complexes. "The formation of the pannus is triggered by
cellular interactions that result in the upregulation of pro-
inflammatory cytokines and growth factors." The degree of
invasiveness exhibited by the pannus is contingent upon
the specific HLA configuration [19]. In 70% of cases,
synovial tissue enriched with T cells is found to be positive
for HLA-DR4, whereas only 15% of B cell-enriched
membranes exhibit this particular HLA phenotype, as
reportedinreference[20]. The T-cell abundant phenotype
exhibits a heightened propensity towards aggressive
behavior. The pathological condition known as pannus is
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responsible for the destruction of both the articular
cartilage and the subchondral bone. The categorization of
cells present in the invasion site of the pannus exhibits
variegation. The predominant categorization offered by
investigators is that of macrophages, while alternative
characterizations have arisen from some investigators
labeling them as activated fibroblasts. The
aforementioned perspective is bolstered by scientific
investigations conducted on severe combined
immunodeficiency (SCID) mice. Rheumatoid arthritis (RA)
is distinguished by three distinct pathogenic mechanisms:
the persistent inflammatory reaction of the synovial
membrane. The present study investigates the augmented
immune-reactive responses of pathogenic T and B cells,
which are associated with the emergence of autoimmune
phenomena. The phenomenon of increased cellular
proliferationresulting in the expansion of synovial tissue is
commonly referred to as synovial tissue hyperplasia. The
inquiry on the initiating mechanism that subsequently
elicits the remaining mechanisms is presently unresolved
within academic discourse. The pathogenesis of
rheumatoid arthritis (RA) is critically influenced by the
pivotal role of macrophages and CD4+ cells, which are
associated through the medium of major
histocompatibility complex (MHC) class Il molecules. In
recent times, various scholars have brought to the
forefront the precise mechanism underlying the onset of
tissue damage in rheumatoid arthritis (RA)[17]. However,
the etiological factors responsible for triggering this
autoimmune response involving self-antigens and
synovium, leading to inflammation and joint damage,
continue to be predominantly attributed to genetic and
environmental factors. Various populations have reported
the presence of polymorphismsin genes, particularlyinthe
locus of major histocompatibility complex Il, which appear
to be associated with susceptibility to RA[18]. The current
inquiry is focused on the identification of Human
Leukocyte Antigens (HLAs), specifically HLA-DR1, HLA-
DR4, HLA-DR6, and HLA-DRI10, which are closely linked to
the predisposition towards Rheumatoid Arthritis (RA).
Given individuals possessing a genetically vulnerable
background, environmental factors such as infections and
smoking have been postulated as significant instigating
factors. A comprehensive survey encompassing the
pathological features and etiological mechanisms
underlying the development of arthritis is presented.
Following the onset of vasculitis, the synovial membrane
undergoes infiltration by T and B cell populations. A higher
prevalence of CD4+ T cellsrelative to CD8+ T cells has been
observedamong T cells. Moreover, there exists a presence
of activated cytotoxic T cells and natural killer cells (NK
cells). The migration of lymphocytes is facilitated by
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adhesion molecules. The process of lymphocyte homing
results in a structural transformation of the synovial
membrane, whereby it acquires morphological features
that resemble those of a secondary immune organ. The
current study supportsthe notionthatactivated CD4+ cells
associated with macrophages through MHC class Il
molecules are responsible for an increase in pathogenic
humoral and cellularimmune responses. The production of
rheumatoid factors and antibodies targeting type Il
collagen precipitate the formation of cytotoxic immune
complexes. "The formation of the pannus is triggered by
cellular interactions that result in the upregulation of pro-
inflammatory cytokines and growth factors." The degree of
invasiveness exhibited by the pannus is contingent upon
the specific HLA configuration [19]. In 70% of cases,
synovial tissue enriched with T cells is found to be positive
for HLA-DR4, whereas only 15% of B cell-enriched
membranes exhibit this particular HLA phenotype, as
reportedinreference[20]. The T-cell abundant phenotype
exhibits a heightened propensity towards aggressive
behavior. The pathological condition known as pannus is
responsible for the destruction of both the articular
cartilage and the subchondral bone. The categorization of
cells present in the invasion site of the pannus exhibits
variegation. The predominant categorization offered by
investigators is that of macrophages, while alternative
characterizations have arisen from some investigators
labeling them as activated fibroblasts. The
aforementioned perspective is bolstered by scientific
investigations conducted on severe combined
immunodeficiency (SCID) mice. Rheumatoid arthritis (RA)
is distinguished by three distinct pathogenic mechanisms:
the persistent inflammatory reaction of the synovial
membrane. The present study investigates the augmented
immune-reactive responses of pathogenic T and B cells,
which are associated with the emergence of autoimmune
phenomena. The phenomenon of increased cellular
proliferation resulting in the expansion of synovial tissue is
commonly referred to as synovial tissue hyperplasia. The
inquiry on the initiating mechanism that subsequently
elicits the remaining mechanisms is presently unresolved
within academic discourse. The pathogenesis of
rheumatoid arthritis (RA) is critically influenced by the
pivotal role of macrophages and CD4+ cells, which are
associated through the medium of major histo-
compatibility complex(MHC)class |l molecules.
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Rheumatoid arthritis (RA) is an affliction characterized by
inflammation, for which the initial course of treatment
typically involves the administration of medications with
anti-inflammatory qualities, including glucocorticoids
(GCs)and non-steroidal anti-inflammatory drugs (NSAIDs),
by conventional practice. This therapeutic modality offers
expeditious relief of pain and amelioration of inflammation
among patients diagnosed with rheumatoid arthritis.
Disease-modifying anti-Rheumatic drugs (DMARDs)
commonly utilized in the management of rheumatoid
arthritisinclude Methotrexate, Sulfasalazine, Leflunomide,
and (HCQ) Hydroxychloroquine. Disease-Modifying anti-
Rheumatic Drugs(DMARDs)are agents with a slow onset of
action that exhibit beneficial effects in ameliorating both
the symptoms and radiographic progression of the disease
[21]. The standard objective of therapy for Rheumatoid
Arthritis (RA) is the reversal of inflammatory processes.
Failure toimplement appropriate treatment measures may
culminate in the onset of permanent disabilities in
patients. Therapeutic measures for rheumatoid arthritis
encompass pharmacological interventions, modifications
in lifestyle, and surgical procedures, which collectively
have the potential to mitigate the degeneration of joint
structures and alleviate symptoms such as pain and
inflammation. It is imperative that in every management
approach, a systematic evaluation of response based on
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disease activity should be conducted reqularly. This
enables an adaptation strategy or treating to target
approach to be implemented. Mild-to-moderate
rheumatoid arthritis (RA) can potentially be effectively
managed in select patients, as the disease may be
controllable without instances of exacerbation. In
contrast, severe rheumatoid arthritis (RA) may present
with persistent indicators and manifestations, as reported
in the literature [22].A fundamental form of sterol called
Campesterol contains a hydroxyl group situated at position
C-3 in its steroid skeleton. The sterol structure is fully-
saturated, except for the presence of a 5-6 double bond in
the B ring. Campesterol (CAS 474-62-4) is classified as a
member of Phytosterols, whichis characterizedasa3beta-
sterol, a 3beta-hydroxy-Delta (5)-steroid, and a C28-
Steroid [23]. The substance in question serves as a
metabolite in mice. The aforementioned substance
originates from a hydride of campestane, denoted by the
molecular formula C28H480, molecular weight 400.7 g/mol
and IUPAC name is(3S,8S,9S,10R,13R,14S,17R)-17-[(2R,5R)-
5,6-dimethylheptan-2-yl]-10,13-dimethyl 2,3,4,7,8,
9,11,12,14,15,16,17-dodecahydro-1H-cyclopental a]
phenanthren-3-ol)[24].

HO
Figure 3: Structure of Campesterol
Literature Review
Historical therapies for rheumatoid arthritis encompassed
the use of medications such as Aspirin and colloidal Gold.
The aforementioned therapies demonstrated a relief in
symptoms; however, they lacked significant impact in
terms of deceleration or modification of the progression of
the disease. The use of steroids is known to facilitate
prompt relief from symptoms and in some cases exhibit
properties of disease modification. However, prolonged
utilization of Steroids is commonly associated with severe
negative consequences such as Hypertension, Diabetes,
Osteoporosis, and Cataracts. Cyclosporine has been
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employed as a treatment modality; nonetheless, it may
prove to be inadequate or ineffectual for specific patients,
whilst manifesting an array of adverse consequences[25].
Nonsteroidal anti-Inflammatory Drugs (NSAIDs), such as
Ibuprofenand Naproxen, were deemed potential treatment
options for rheumatoid arthritis (RA). The utilization of
Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) has been
established to mitigate symptoms of musculoskeletal
conditions, such as pain, swelling, and stiffness, as well as
enhance physical functionality. Nevertheless, it should be
noted that NSAIDs do not exhibit any perceptible impact on
the impairment of joints, and therefore cannot be
classified as Disease-Modifying anti-Rheumatic Drugs
(DMARDS). As per current guidelines, the use of NSAIDs is
not preferred [26]. Currently, there exists a more
comprehensive comprehension of the pathophysiological
mechanisms and pathways implicated in rheumatoid
arthritis (RA). Such an understanding has facilitated the
potential for pharmacological development targeting
specific anatomical locations. There exist two primary
classifications of disease-modifying anti-rheumatic drugs
(DMARDs), namely biological and synthetic. The
conventional synthetic DMARDs (csDMARDs), despite their
therapeutic efficacy in the management of rheumatoid
arthritis (RA), lack site-specificity and indeterminate
mechanisms of action for alleviating the aforementioned
disease. In contrast, focused and synthetic Disease-
Modifying anti-Rheumatic Drugs (DMARDs) are designed to
act on a particular therapeutic target, such as the Janus
kinase(JAK)enzyme. Onthe otherhand, biological DMARDs
operate at a site-specific level, by targeting various
molecules suchas TNF, IL-6, IL-1, Bcells, or T cells[27, 28].
During the process of angiogenesis, the generation of new
blood vessels within the synovial tissue heavily relies on
endothelial cells, which serve as an essential source [29].
This study posits that Vascular Endothelial Growth Factor
(VEGF) is a fundamental activator that requlates various
phases of angiogenesis, whilst Vascular Endothelial
Growth Factor Receptor 2 (VEGFR2) is the main mediator
responsible for VEGF-controlled endothelial signaling[30].
The vascular endothelial growth factor (VEGF) exhibits
binding affinity for its cognate receptor, VEGFRZ2, thereby
triggering phosphorylation events at two specific tyrosine
residues, namely Y1173 and Y949, that are conserved in
homologous sequences of VEGFR2. The process of
phosphorylated Y1173 binding with phosphorylated
phospholipase C y(PLCy)and subsequent activationis well
documentedinthe scholarly literature [ 31]. This activation,
inturn, leadstothe activation of the ERK1/2 pathway, which
ultimately leads to changes in gene transcription. These
changesinfluence critical biological processes suchascell
migration, proliferation, and homeostasis. The process of
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phosphorylating Y949 results in the stimulation of the
sarcoma gene (c-SRC) situated at intercellular junctions,
thereby determining the subsequent signaling pathways
that affect cell morphology, viability, and the permeability
of blood vessels [32]. In contemporary times, it has been
observed that the utilization of anti-VEGF/VEGFR2
therapies presents beneficial outcomes in animal models
of rheumatoid arthritis(RA). Moreover, such therapies hold
significant therapeutic potential for individuals with RA.
Particularly noteworthy among these therapies are Avastin
(Bevacizumab), a VEGF Humanized Monoclonal Antibody,
and Sorafenib, a Proangiogenic Receptor Tyrosine Kinase
Inhibitor, which primarily impedes the expression of
VEGFR2 [33]. CAS, a bioactive Phytosterol with broad
applications in nutritional complements and
pharmaceutical products, has arich historical provenance
and can be extracted from a diverse array of plant species.
The elementisfrequently usedinthe creation of functional
foods and pharmaceutical materials due to its capacity to
reduce inflammation, combat oxidative stress, and lower
cholesterol levels. These beneficial properties make it a
valuable ingredient in producing pharmaceutical raw
materials, as affirmed by [34]. The participation of
Phytosterols in multiple physiological mechanisms has
been documented in the literature. These mechanisms
include suppressing the growth of cancer cells, inhibiting
angiogenesis, and facilitating apoptosis of cancer cells
[35]. It is widely accepted within the scientific community
that the characteristics exhibited by synovial angiogenesis
bear a striking resemblance to those displayed by tumor
angiogenesis, as reported by Fearon et al., in 2016. Thus, it
is postulated that CAM has the potential to impede synovial
angiogenesis in Rheumatoid Arthritis (RA) by exerting a
modulatory influence on endothelial cells (ECs),
consequently mitigating the extent of joint inflammation
and damage. Inarecent study[36]Fearon et al, utilized the
GSEA method to examine the transcriptome of synovial
endothelial cells (ECs) in individuals with Rheumatoid
Arthritis (RA). Notably, findings exhibited were that ECs
exhibited significant enrichment in terms of proliferation
and migration. Subsequently, the study revealed that the
(VEGF)Vascular Endothelial Growth Factor [37], the (PI3K)
Phosphatidylinositol 3-kinase-Protein kinase B (AKT)-the
mechanistic target of rapamycin (mTOR), and the
transforming growth factor-beta (TGF-f) cascades, which
are associated with angiogenesis (the formation of new
blood vessels), were stimulated in endothelial cells (ECs).
Consequently, in this investigation, the author employed
human umbilical vein endothelial cells (HUVECs) and
collagen-induced arthritis (CIA) mice as model systems to
investigate the impact of CAM on synovial angiogenesis,
along with its plausible mechanism. The management of
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RA has incorporated therapeutic interventions with a
primary emphasis onthe modulation of theimmune system
and suppression of synovial inflammation [38]. The
currently available therapeutic medications for
rheumatoid arthritis (RA), encompassing a range of
pharmaceuticals such as NSAIDs (Non-Steroidal Anti-
inflammatory Drugs), Corticosteroids, Immuno-
Suppressants, Biologicals & Regenerative Therapies, have
demonstrated efficacy but are accompanied by notable
adverse effects. Anincreasedrisk of developing infections
and certain malignancies has been observed among
individuals diagnosed with rheumatoid arthritis (RA) who
receive extended biological agent therapy [39]. Moreover,
individuals diagnosed with Rheumatoid Arthritis who are
undergoing treatment with Methotrexate and low-dose
Prednisone are at a heightened risk of developing
opportunistic infections, as evidenced by research
conducted by Dudics et al.,[40]. Consequently, there exists
a pressing need for the development of novel Rheumatoid
Arthritis (RA) therapeutics that are both efficacious and
devoid of any deleterious side effects. In consideration of
this matter, natural products exhibiting potent antioxidant
and anti-inflammatory properties pose as auspicious
complementary agents or substitutes to rheumatoid
arthritistherapeutics.

CONCLUSIONS

Despite the efficacy of current treatments for Rheumatoid
Arthritis (RA), their prolonged application frequently
results in notable adverse effects. For centuries, natural
products have been employed in CAM (Complementary
Alternative Medicine), Traditional Chinese Medicine (TCM),
Homeopathy, and Tibb for managing Rheumatoid Arthritis
(RA). The present review yields findings indicating that
utilizing natural compounds for the management of
Rheumatoid Arthritis may bring about a more secure, safe,
and effective therapeuticapproach, asitis associated with
a lower incidence of undesirable outcomes or potential
adverse effects.
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