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Abstract
Introduction Rheumatoid arthritis (RA) is a common autoimmune disease across the globe that is chronic and systemic 
as well. The disease is linked with autoantibodies and is inflammatory, eventually targeting several molecules along with 
certain modified self-epitopes. The disease majorly affects the joints of an individual. Rheumatoid arthritis is manifested 
clinically by polyarthritis linked with the dysfunction of the joints. This chiefly affects the synovial joint lining and is linked 
with progressive dysfunction, premature death, along with socioeconomic implications. The macrophage activation, along 
with the activation of certain defense cells, results in a response to self-epitopes that helps in providing a better understand-
ing of the disease pathogenesis.
Material and methodology For this review article, papers have been retrieved and reviewed from database including Pub-
Med, Scopus and Web of science. Relevant papers were taken fulfilling the criteria for writing this review article.
Results This has resulted in the establishment of several new therapeutic techniques that serve as potential inhibitors of 
such cells. Researchers have gained an interest in understanding this disease to provide strategies for treatment in the last 
two decades. This also includes recognition followed by the treatment of the disease at its early stages. Various allopathic 
treatment approaches often have chronic and toxic teratogenic effects. However, to avoid this issue of toxicity followed by 
side effects, certain medicinal plants have been used in treating RA.
Conclusion Medicinal plants possess active phytoconstituents that entail antioxidants as well as anti-inflammatory properties, 
making them a helpful alternative to allopathic drugs that are often linked with highly toxic effects. This review paper entails 
a thorough discussion of the epidemiology, pathophysiology, diagnosis, and management of RA. The paper will also focus 
on the use of herbal plants in the treatment of the disease to avoid the side effects that generally occur in allopathic treatment.
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Abbreviations
            ACPA  Anti-citrullinated protein antibodies
AKT  Ak strain transforming
ALT  Alanine transaminase
APC  Antigen-presenting cell
BMI  Body mass index
CCP  Anti-cyclic citrullinated peptide-2
CD4  Clusters of differentiation 4
CMV  Cytomegalovirus
COX  Cyclooxygenase
CRP  c-reactive protein
DMARDs  Disease-modifying antirheumatic drugs
DNA  Deoxyribonucleic acid
DR  D-related locus
EBV  Epstein–Barr virus
ERK  Extracellular signal-regulated kinase
ESR  Erythrocyte sedimentation rate
EXOSC1  Exosome component 1
FDA  Food and Drug Administration
FLS  Fibroblast-like synoviocytes
GM-CSF  Granulocyte macrophage colony-stimulat-

ing factor
HIV  Human immunodeficiency virus
HLA  Human leukocyte antigens
IFNs  Interferons
Ig  immunoglobulin
IL  Interleukin
iNOS  Inducible nitric oxide synthase
JNK  c-Jun N-terminal kinase

LOX  Lysyl oxidase
LTB4  Leukotriene B4
MAP Kinase  Mitogen activated protein kinases
MCP-1  Monocyte chemoattractant protein-1
MMPs  Matrix metalloproteinases
mRNA  Messenger ribonucleic acid
mTOR  Mammalian target of rapamycin
MTP  Microsomal triglyceride transfer protein
NF-kB  Nuclear factor-Κb
NO  Nitric oxide
NSAID  Non-steroidal anti-inflammatory drug
PDGF  Platelet-derived growth factor
PGE2  Prostaglandin E2
PI3Ks  Phosphoinositide 3-kinases
PIP  Prolactin-induced protein
RA  Rheumatoid arthritis
RANK  Receptor activator of NF-κB
RANKL  Receptor activator of nuclear factor kappa-

B ligand
RF  Rheumatoid factor
ROS  Reactive oxygen species
STAT4  Signal transducer and activator of tran-

scription 4
Th1  T helper type 1
Th2  T helper type 2
TNF  Tumor necrosis factor
TRAF  Tumor necrosis factor receptor–associated 

factor
WBC  White blood cell
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Introduction

Rheumatoid arthritis (RA) is among the chronic diseases 
that result in joint inflammation [1]. The disease is autoim-
mune and is generally characterized by autoantibodies to 
IgG. Inappropriate treatment of the disease often results 
in accumulating damage in joints along with certain irre-
versible disabilities in the joints of the patient [1]. The 
disease is heterogeneous in nature that shows variable 
pathogenetic mechanisms as well as clinical presentation 
implicated between those who have a similar diagnosis or 
across the varied phases of the disease [2]. Undeniably, 
although autoantibodies are considered to be an important 
characteristic of the disease and are known as seropositive 
RA whereas some individuals are negative for such kinds 
of autoantibodies and they are known as seronegative RA 
[2]. The complexity of the disease has been known for 
years now and this involves certain environmental factors 
that elicit disease in the genetically susceptible individu-
als. The disease has affected over 1% of the population 
between 25 and 50 years of age [3].

The disease results in several types of deformities in 
the joints of the knees, feet, spine, and hips. This results 
in pain, inflammation, joint stiffness, reduced strength of 
muscles, and loss of mobility. All of these lead to ham-
pering the activities of daily life [1]. Pro-inflammatory 
intermediaries play an important role in RA pathogenesis 
as they lead to the articular manifestation with the help of 
an expansion in inflammatory infiltration of certain cells 
like T cells, B lymphocytes, and macrophages, in addition 
to the bone erosion that results in autoantibody [4]. The 
production of pro-inflammatory mediators occurs due to 
several environmental as well as genetic factors as they 
activate the immune-like cells called monocytes, synovial 
fibroblasts, and macrophages taking part in the disease [5]. 
The activation of these immune-like cells causes the initia-
tion of CD4 +T cells that are antigen-activated. Further-
more, the activation of CD4+T-cell results in the genera-
tion of cytokines like interleukin-1 and 6, along with TNF, 
which is considered the principal mediator of RA. These 
cytokines are responsible for the obstruction in the proteo-
glycans and collagen [5]. The production of collagenases 
and MMP proteolytic enzymes is primarily responsible for 
cartilage damage. In addition, certain protein molecules 
like cytokines and chemokines are responsible for tissue 
deterioration and synovitis. This happens by attracting the 
neutrophils, monocytes, cyclooxygenase (COX)-2 enzyme, 
and lymphocytes that trigger hyperplasia along with the 
development of pannus in synovial joints, leading to apop-
tosis in fibroblasts of the synovium [6].

This review paper entails a thorough discussion of the 
disease’s epidemiology, pathophysiology, diagnosis, and 

management. The diagnosis and management of RA will 
include the new developments that have happened in the 
diagnosis of the disease along with some novel treatment 
strategies. The paper will also focus on the use of herbal 
plants for treating RA to avoid the side effects that gener-
ally occur in allopathic treatment [7]. It is known that the 
conventional drugs that have been used in the treatment 
regimen for arthritis help in preventing the worsening of 
joints by directly targeting the inflammatory mediators. 
This eventually reduces inflammation and pain. However, 
the continuous usage of conventional drugs in slowing the 
growth of disease adversely affects the human body over 
time. Moreover, patients treated with herbal plant medi-
cations were seen to have minimal effect on rheumatoid 
arthritis. They usually affect the cardiovascular and gas-
trointestinal systems. Thus, several practitioners are try-
ing to remediate the RA disease through herbal treatment 
in comparison to chemical drugs. Medicinal plants show 
fewer side effects along with being more compatible with 
prolonged consumption as compared to allopathic medica-
tions [8].

Classification

The criteria for classifying RA were proposed by the 
American Rheumatism Association for the first time in 
1958. The criteria were revised again in the year 1987 by 
the American College of Rheumatology [9].

(1) Hand joints arthritis: Swelling in wrist PIP or MCP for 
at least a period of 6 weeks.

(2) Arthritis in three or more joints: Swelling in soft tissue 
or fluid was observed for at least a period of 6 weeks.

(3) Morning stiffness: Morning stiffness is observed in and 
around the joints that often last for at least an hour 
before the maximal enhancement.

(4) Symmetrical arthritis: Concurrent participation of the 
same joint areas on both the sides of the body {this 
means bilateral involvement of Prolactin-induced 
protein (PIPs), Monocyte chemoattractant protein-
1(MCPs), or Microsomal Triglyceride Transfer Protein 
(MTPs)} for at least a period of 6 weeks.

(5) Radiographic changes: Radiographs of RA posteroan-
terior hand and wrist show the attrition or unequivocal 
bony decalcification.

(6) Rheumatoid factor: Identified by a method positive in 
less than 5% of normal controls.

(7) Rheumatoid nodules: Bony prominences or in juxta-
articular regions show subcutaneous nodules.
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Epidemiology

Worldwide prevalence

Most of the epidemiological studies for RA have been done 
and they show that the prevalence of the disease is in the 
range of 0.5–1.0% among white individuals. Although vig-
orous epidemiological studies have been limited to other 
regions, some of the data has been pointed toward an anal-
ogous range. This looks as if it might be quite analogous 
to the estimated reports in Western countries [10]. On the 
other hand, the disease prevalence varies between ethnici-
ties. A high incidence has been seen in Native American 
populations (approximately 5–6%). The adjusted ratios of 
disease prevalence were 0.45, 1.02, and 0.69 for females of 
Hispanic, African-American, or Asian descent, respectively, 
as compared with white females. Finally, the differences in 
terms of geography have been reported, though studies are 
narrow. For instance, in southern Europe, a lesser prevalence 
has been reported as compared with northern Europe [10].

Risk factors

Various risk factors, as summarized in Fig. 1, are involved 
in RA development; these risk factors include environmen-
tal factors, female sex, and genetics. Infectious agents, not 
getting enough vitamin D, bein exposed to silica, being 
overweight, smoking, and changes in the microbiota are all 
environmental risk factors [11].

Genetics

RA is a disease that has a strong genetic component. As per 
the studies, the phenotypic variance of RA is approximately 
60%. This is concerned with the patients of RA who have 
been tested positive for Anti-citrullinated protein antibodies 
(ACPAs), while in the case of seronegative disease it is com-
paratively less. On the other hand, in the case of monozy-
gotic twins, the disease concordance is around 12–15%. This 
means an understanding that the factors that are non-coding 
also play a significant role in propensity [12].

Class II HLA has a very strong association with RA. The 
shared epitope has been determined by a few alleles of HLA-
antigen, i.e., the D-related locus (DR). FLS may also be 
important for synovial T-cell activation, and one possibility 
is that FLS stimulates T cells by antigen presentation on 
MHC class II HLA-DR molecules. They are considerably 
linked to the risk of the development of RA [13]. However, 
the other risk loci that possess weaker links have also been 
recognized, among which the majority are related to inflam-
matory as well as immune pathways. Studies have shown 
that, as per the pathway analysis and functional annota-
tion, approximately 100 loci have been identified across the 
genome porting variants with RA susceptibility. Various 
proteins that are encoded by such genes could be potentially 
targeted by therapeutic agents [1]. The variants that have 
been associated with this disease are commonly mapped to 
the enhancer regions. This leads to the regulation of a few 
genes at secluded locations in a particular pattern. Therefore, 
genetically susceptible variants that map to diverse prov-
inces of a chromosome might be responsible for regulating 

Fig. 1  Etiological factors of rheumatoid arthritis
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the same gene [14]. It becomes important to understand this 
complex regulation as it helps in defining which genes are 
significant in which cell types for the predilection to this 
disease [14].

Epigenetics

A lot of studies have revealed that genetic variants that are 
linked with this disease are augmented in epigenetic marks 
of active chromatin in CD4+T cells. Histone acetylation 
and DNA methylation play a significant role in the develop-
ment of RA, along with the inclusion of epigenetics. In the 
case of monozygotic twins, DNA methylation at EXOSC1 
varies among the unaffected and the affected twin. Most of 
the studies related to this disease regarding DNA methyla-
tion in the cases of unrelated individuals recognise a total of 
nine clusters with a discrepancy pattern in the HLA region 
regarding methylation [15]. While, in comparison with 
healthy controls, the studies suggested that risk variants’ 
genetic effects of HLA act under DNA methylation that has 
been altered [15]. DNA methylation helps in providing the 
means through which environmental factors can persuade 
some alterations in cellular activity [16]. For instance, in 
the case of individuals who smoke, the level of methylation 
seems to be higher in individuals with ACPA-positive RA 
than in those with ACPA-negative RA; this difference in the 
level of methylation has not been observed in non-smokers 
[16].

Smoking

Tobacco use has long been associated with an increased 
risk of the disease. The link between the consumption of 
tobacco and the disease is strongest or even constrained to 
ACPA-positive disease in those with at least one copy of the 
shared epitope [10]. The relationship between smoking and 
the shared epitope increases the risk by 20-fold or somewhat 
even more than that as compared with non-smokers (non-
smokers-no shared epitope). The current status of smoking 
is linked with increased pro-inflammatory cytokines as well 
as increased disease activity. Changes to epigenetics can also 
change the higher risk that comes with smoking [17].

Sex

Usually, females are twice to thrice more prone to RA 
than males. The cumulative life span of risk regarding the 
development of adult-onset disease is estimated at 3.6% 
for females and 1.7% for males [10]. The frequency of 
the disease in females is higher, which is accredited to the 
corresponding possessions of estrogen on the individual’s 
immune system [1, 10]. However, the function of hormo-
nal factors in disease development remains controversial. In 

females, nulliparity has been seen as one of the reasons that 
increases the risk of this disease, while pregnancy is also 
linked with the remission of the disease. Although disease 
flickers are common in the postpartum period. In females, 
the disease is mostly symptomatic around the time of men-
opause or middle age. Males get sick later than females 
because they have much higher levels of ACPAs and are 
more likely to have RA [1].

Microbiota

Periodontal diseases are also linked with an augmented risk 
of disease development. Although RA and periodontal dis-
ease are quite different in clinical aspects, their mechanisms 
bear certain similarities, along with inflammatory bone ero-
sions as well as chronic inflammation [6]. Interestingly, the 
link between periodontal disease and RA is somewhere 
arbitrated by the oral microbiota [18]. For instance, Aggre-
gatibacter actinomycetemcomitans and Porphyromonas 
gingivalis are linked with the risk of rheumatoid arthritis. 
Aside from periodontal microbiota, gut microbiota has been 
shown to play an important role in the increased risk of RA. 
The diversity of gut microbiota has been seen to be lower in 
those who have RA as compared with the normal popula-
tion. Rare taxa, such as Actinobacteria, are more abundant in 
RA patients, while abundant taxa diversity is reduced [19]. 
Along with these, the levels of Prevotellacopriin intestine 
have been seen to spot early disease. This is because this 
bacterium has been found very commonly in those patients 
that are untreated with new-onset RA rather than in those 
who do not have RA or in those with established disease 
[19]. The current study shows that the peptides of another 
two new autoantigens that possess certain sequence homol-
ogy with Prevotella peptides along with some other species 
of gut bacteria have been isolated from the HLA-DR mole-
cules of those individuals that have been suffering from RA. 
This finding shows a strong linkage between autoimmunity, 
the environment, and disease.

Dust inhalation

Exposure to silica has been identified as one of the environ-
mental risk factors for RA. A study revealed that firefight-
ers, along with other emergency responders who had been 
exposed to dust at the site of the World Trade Center col-
lapse in the year 2001 in New York, the United States, had 
a high risk of systemic autoimmune diseases including RA. 
Glass fibres, silica, pulverised cement, asbestos, and other 
materials, among which certain elements are considered to 
be the risk factors for RA. Industrial exposure to textile dust 
is related to the augmented risk of RA development in the 
Malaysian female population [20].
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Others

Mycoplasma organisms, Campylobacter, Porphyromonas-
gingivalis, Salmonella, and Proteus mirabilis are some of 
the microbes that have been found in the environment and 
are associated with RA. In addition to this, viruses like the 
Rubella virus and Epstein–Barr virus (EBV) are the causes 
of RA. Furthermore, structural and functional changes 
in the intestinal microbiome have been linked to disease, 
with patients having less diversity in the gut microbiome 
than healthy people [21]. Certain factors are implicated in 
RA and are also known as modifiable lifestyle factors. For 
instance, obesity is one of the factors that is constantly as 
well as autonomously linked with a reserved rise in the risk 
of successive rheumatoid arthritis, with a peculiar ratio of 
around 1.45 in those individuals that have a body mass index 
(BMI) of more than or equal to 30 kg per  m2 as compared 
with individuals with less than 25 kg per  m2 of BMI. A self-
effacing connection has been discovered between long-term 
consumption of alcohol and a reduced risk of RA. When 
x-symptomology of posttraumatic stress disorder shown by 
women is elevated, the risk of developing RA also increases 
[21].

Mortality

Cardiovascular disease has been reported as a common 
cause of premature death in those who are suffering from 
RA. Individuals with this disease show increased rates of 
prevalence when it comes to cardiovascular risk factors; 
rates of hypertension, hyperlipidemia, diabetes mellitus, and 
obesity, and the rates are reported to be 9.9%, 6.0%, 18.6%, 
and 4.4%, respectively. Both genetic as well as serological 
factors play a significant role in the identification of people 
with RA who are generally at a higher risk of cardiovascular 
disease. A study has reported that females with RA show a 
high risk of total mortality (95% CI 1.25–1.57; HR 1.40) as 
compared with individuals that do not suffer from RA or 
respiratory disease [22].

Pathogenesis

Rheumatoid arthritis has been understood as a systemic dis-
ease along with certain immunological events that happen 
on mucosal surfaces outside the joint along with primary 
lymphoid tissues, whereas the central player is the synovium 
[4]. The synovium helps in serving two main functions in 
homeostasis. It helps in the production of lubricants that 
facilitate the surfaces of the cartilage to be operated in a 
low-friction environment, along with presenting important 
nutrients to the cartilage, which generally is deficient in its 

supply of blood [10]. The healthy synovium can be under-
stood as a delicate structure that consists of macrophage-like 
synoviocytes, an intimal lining that is composed of FLS, and 
a sub lining. This sub lining is made up of blood vessels, 
adipocytes, scattered immune cells, and fibroblasts [4]. The 
intimal lining does not count as a barrier in a conventional 
way because the lining is short of a basement membrane as 
well as tight junctions. So, it leaks a lot and proteins and 
cells can move through it pretty easily into the synovial fluid 
[10].

There are two main pathogenetic changes that are evident 
in the synovium in the case of individuals with RA. The first 
main pathogenetic change involves the expansion of the inti-
mal lining due to an increase in as well as activation of both 
synoviocyte types. These are understood as one of the most 
prominent sources of proteases and cytokines. The second 
pathogenetic change linked with RA is adaptive immune cell 
infiltration into the subliming of synovium [23] .

The cardinal sign of this disease is the cartilage and bone 
damage that occurs because of the synovial incursion into 
neighbouring articular structures [1]. The pathways that are 
involved in joint damage are heterogeneous. This comprises 
distinctive mechanisms between those who are ACPA nega-
tive and those who are ACPA positive, along with those 
who encompass some other autoantibodies. Neutrophils, 
mast cells, and macrophages altogether contribute to dam-
aging the joints by releasing MMPs and cytokines. The 
study showed that joint disorder happens because of certain 
mechanical factors that also involve unpretentious inflam-
matory involvement. Erosions of bone also occur because 
of the activation and maturation of osteoclasts. This matu-
ration and activation occur due to the receptor activator of 
the nuclear factor-κB ligand, which is generated by T cells. 
These osteoclasts potentially damage the mineralized bone 
matrix by constructing proteases [24].

The pro-inflammatory as well as tissue-damaging cellular 
activities that occur in synovitis are generally integrated by 
cytokine networks [1]. The main function that is played by 
cytokines when it comes to the pathogenesis of the disease 
is significantly established for TNF. They take part in the 
activation of leukocytes and production of MMP, followed 
by angiogenesis, along with promoting pain [4].

Cells, inflammation, and rheumatoid arthritis

The main indication of synovitis is engendering pain as well 
as swelling in the accretion of inflammation mediators in the 
joint synovium that leads to the erosion of bone and carti-
lage. The cell variants have been diagnosed to be activated 
where there is inflammation. The lymphocytes, along with 
macrophages from blood circulation, start migrating into the 
synovium, followed by macrophage maturation that results 
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in an increasing macrophage quantity in the synovium. This 
promotes the recruitment of inflammatory cells [4].

The hyperplastic synovial lining occurs due to the other 
migrated macrophages as well as synoviocytes that are 
quite similar to the fibroblasts. APC interaction with T cells 
occurs that leads to activation of T cell signalling followed 
by macrophage activation in the synovium. This macrophage 
activation releases the inflammatory mediators such as IL-1, 
IL-6, and TNF-alpha that cause the lymphocytes’ migration 
along with recruiting the PMN to enter into the joint space 
via hyperplastic synovial lining [4, 5].

The proteases such as MMP-1 and MMP-3 are released 
by PMN further and cartilage is destroyed by reactive oxy-
gen species (ROS). Cartilage destruction is mediated by 
the release of additional proteases that are matrix metal-
loproteinase-1 and 3. In addition to this, osteoclast activa-
tion occurs that results in destroying the bone in rheumatoid 
arthritis. This is done by releasing RANKL [4] Fig. 2.

NF‑kB signaling in RA

NF-kB plays a significant role in rheumatoid arthritis by tak-
ing part in inflammation. Consequently, the level of NF-kB 
is reported to be high in patients with arthritis. NF-kB sig-
nalling activation occurs due to various immune cells and 
the release of diverse stimuli of the RANKL receptor. The 
immune cells that wander at the synovium membrane and 

cause cartilage damage are T cells, B cells, macrophages, 
and synovial fibroblast. Thus, NF-kB is responsible for the 
mediation of high expression of chemokines (MMP-1 & 2, 
IL-8, MCP-1 & 2, iNOS, COX-1 & 2) and cytokines (TNF-
alpha, IL-6, IL-1beta, IL-18). The NF-kB-inducing kinase 
is activated due to the B-cell-activating factor and CD40 as 
they are reported to be highly expressed in individuals with 
arthritis [25].

RANKL‑RANK in RA

The main issues that are reported in arthritis include bone 
loss and erosion. It is well articulated by juxta-articular 
osteoporosis, which means loss of bone mass. In the case 
of osteoporosis, cells (osteoclasts) are the effectors that are 
related to the disease pathogenesis that results in osteo-
porosis. In RA, osteoclasts’ activation has been found to 
contribute to bone destruction [26]. while synoviocytes 
liberate the receptor activator for RANKL (NF-kB ligand). 
This activated NF-kB ligand results in the RANK activa-
tion of the osteoclast cell. The osteoclast (multinucleated 
or matured) displays the receptor of the RANK receptor 
on the membrane of the cell membrane [26]. The NF-kB 
ligand gets attached to the mature osteoclast, leading to the 
intracellular signalling pathways’ activation; this osteo-
clast, which is activated, encourages the TRAF protein, 
resulting in Src kinase protein activation. This leads to 

Fig. 2  Pathogenesis of rheumatoid arthritis and involvement of immune cells
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PI3K/mTOR/Akt pathway activation. This activation has 
taken place by both canonical as well as non-canonical 
pathways that help in mediating the inflammatory media-
tors that cause apoptosis, which results in osteoporosis.

Diagnosis

The diagnosis of RA is made easier by its clinical symp-
toms. Additional diagnostic symptoms include radio-
graphic abnormalities and a positive rheumatoid factor. 
X-rays, joint aspiration, antinuclear antibodies, CRP, and 
rheumatoid factor are all used in the investigation of RA 
[27].

Pre‑clinical RA

Rantapaa-Dahlqvist and coworkers showed in 2003 that high 
RF of different isotypes and CCP were present in preserved 
blood samples from a Swedish sample set of 83 patients 
with RA and controls, even years before the diagnosis of RA 
[28]. Soon later, Nielen et al. [29] used serum samples from 
the Dutch Sanquin biobank of blood donor samples, which 
included 79 patients with RA and controls, to show com-
parable results. Studies supporting this found comparable 
results over the following years, but with slightly different 
biomarkers (including various tests for autoantibodies) and 
in different cohorts, such as the United States Military, North 
American nurses, and a Norwegian sample set. C-reactive 
protein, many cytokines and chemokines, and gene expres-
sion in inflammatory pathways have all been shown to be 
higher before a diagnosis of RA [30], though the amount of 
increase varies from study to study.

Several recent prospective studies of early RA develop-
ment have supplemented the two early notable prospective 
studies of preclinical RA, but the majority of the early looks 
at preclinical RA were through studies of unintentionally 
collected samples from subjects prior to the development of 
RA. Among these is the Dutch “arthralgia” cohort, which 
includes people who report pain and stiffness in 44 joints 
but who test negative for IA at baseline based on the exami-
nation of two doctors. These people may test positive for 
RF and/or CCP2. In order to determine how frequently 
and when people develop arthritis, it is necessary to moni-
tor them prospectively. Early work reported that rates of 
development of RA in subjects with RF and CCP2 positive 
at baseline were approximately 40% over a median of 28 
months of follow up, with incident rates of 50% in less than 
2 years in patients who had baseline CCP levels above the 
75th percentile [31]. This was just one of many findings 
generated from this cohort.

Additional biomarker studies in preclinical RA

IgG, IgA, and IgM isotypes of CCP2 were present prior to 
a diagnosis of RA, with IgG being most commonly present 
prior to a diagnosis of RA (35%), followed by IgA (24%), 
and then IgM (12%). Furthermore, using multiplex technol-
ogy to identify ACPAs to a wide variety of antigens, Brink, 
Rantapaa-Dahlqvist and colleagues identified that immune 
responses to citrullinated proteins appear to be restricted to 
a small number of targets early in RA and expand towards 
the time of diagnosis of RA [32]. Moreover, while there 
was not a specific early antigen targeted across all subjects, 
autoantibodies to citrullinated fibrinogen and vimentin were 
early and did not seem to rise dramatically over time, while 
antibodies to other citrullinated antigens, including enolase 
and filaggrin, appeared later and rose prior to diagnosis; 
finally, antibodies to antigens such as citrullinated colla-
gen appeared only immediately prior to a diagnosis of RA, 
but increased in levels after the onset of clinically apparent 
arthritis. Similar results have been demonstrated in studies 
using the Dutch Sanquin biobank and the Dutch ‘arthral-
gia’ cohort, and the United States Department of Defense 
Serum Repository (DoDSR). Also, Suwannalai and his team 
showed that ACPA avidity seems to go up over time during 
preclinical RA until IA symptoms show up [33].

Medical history

It is important to assess both personal and family medical 
histories. The effects of medicine include the reduction of 
symptoms like pain, stiffness, discomfort, and trouble mov-
ing. RA status can also be determined by the distribution 
and number of afflicted joints. For example, the same joint 
on both sides typically becomes affected by the condition. 
Even so, the condition might just affect one joint. RA can 
affect both small and large joints, but it typically starts in 
small joints like the hands and feet [34].

Physical examination

All joints should be examined by the physician to check 
for warmth, swelling, discomfort, and restricted or painful 
motions. During a regular physical exam, rheumatoid nod-
ules and a low-grade fever may be found to be other signs 
[35].

Biochemical characteristics

The results of testing for CRP, adenosine deaminase, renal 
function, uric acid, and liver function should be assessed. 
Complete blood counts of people with RA often show that 
they have anaemia (lower haemoglobin or red blood cells) 
and thrombocytopenia [36].
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Rheumatic factor

Rheumatic factor is typically found in 80% of RA patients. 
Nevertheless, it may be found in people who have been 
given a diagnosis for another condition, such as infectious 
hepatitis, sarcoidosis, TB, parasitic infection, infectious 
mononucleosis, syphilis, Sjogren’s syndrome, or systemic 
lupus erythematosus [37]. Subjects having a family his-
tory of the condition are more likely to have the rheumatic 
factor found in them. Therefore, thorough knowledge 
of patients’ medical status and history is necessary for 
appropriate interpretation of the rheumatic component. An 
aggressive stage of the disease is indicated by a high titer 
of the rheumatic factor. The rheumatic factor test result 
that is normal or negative is 14 IU/ml. Rheumatic factor 
levels above 14 IU/ml are considered abnormally high or 
positive. Autoimmune conditions like RA are linked to an 
increased rheumatic factor. In order to diagnose RA from 
the standpoint of persistent polyarthritis, high titer IgM 
RF is utilized. It used to be the sole serologic indicator 
for RA diagnosis [38].

Classification criteria

The diagnosis of RA requires taking into account a number 
of criteria. These symptoms include morning stiffness in 
the joints, symmetrical arthritis, arthritis of the hand joints, 
and alterations in radiography. A patient’s desire for reas-
surance, explanation, and knowledge increases significantly 
after receiving a diagnosis of RA [39]. Inflammation, the 
rate of advancement, and the degree of structural alterations 
can all be determined through a thorough evaluation. The 
patient’s lifestyle as a whole, including their free time, job, 
and domestic responsibilities, should be assessed. In rheu-
matoid arthritis (RA), engaging in physical activity does not 
increase joint disease. Patients should begin with beginner 
activities to preserve muscular strength and joint mobility 
due to the possibility of developing growing joint rigidity 
and abnormalities. Patients with RA have decreased shoul-
der mobility and reduced knee flexion [40].

Prevention and management

The approaches that help prevent the disease are chiefly 
aimed at those individuals that have been dealing with undif-
ferentiated arthritis [1]. Preventive strategies include both 
pharmacological and risk factor modification strategies. 
Individuals who participate in oral health and/or smoking 
cessation programmes are less likely to develop RA. Along 
with this, increasing the number of fish you eat and losing 

weight have been thought of as ways to change risk factors 
that could help prevent the disease [10].

Pharmacological treatment of RA

TNF-blockers (etanercept, infliximab, adalimumab, and cer-
tolizumab), IL-1 antagonist tocilizumab, B-cell depleting 
rituximab, T-cell co-stimulator abatacept, IL-6 antagonist 
tocilizumab, and IL-1 receptor antagonist are medications 
for RA (anakinra). The side effects of tocilizumab include 
headaches, nasopharyngitis, upper respiratory tract infec-
tions, and gastrointestinal perforations. Agents that target 
proximal effects of the immune response and IL-17 are two 
novel biological medicines currently in research. Future con-
tributions from novel conventional drugs with DMARD-like 
effects are also possible. The results of clinical investigations 
with the kinase inhibitors SYK and JAK were positive, and 
more research is being done on additional targets [41].

Treatment for RA typically entails a four-pronged 
approach that is based on the principles of planned manage-
ment. Reducing pain and inflammation in RA is the goal of 
NSAIDs and steroidal anti-inflammatory medications (cor-
ticosteroids). Disease-modifying antirheumatic medications 
(DMARDs) and biological medicines slow the spread of 
damage and delay the onset of the illness. Drugs used to treat 
arthritis might interfere with conception and pregnancy; 
since RA affects more women than males, special care must 
be taken when devising management methods for women 
of reproductive years. RA can be treated with cyclosporine, 
azathioprine, minocycline, myochrysine, gold, sulfasalazine, 
hydroxychloroquine, leflunomide, and methotrexate, among 
other drugs [42].

Infliximab and methotrexate are frequent treatments for 
RA. Infliximab and methotrexate together are more effective 
than methotrexate alone in preventing bone and cartilage 
degeneration. Biologics and disease-modifying antirheu-
matic medications (DMARDs) are powerful immunosup-
pressants that raise the danger of developing life-threatening 
infections and, likely, several types of cancer. The elderly 
has the highest incidence of illnesses and cancers. The 
patient should get a blood test to rule out infectious disor-
ders such as tuberculosis, hepatitis, and others that are not 
readily apparent to the naked eye before beginning treatment 
with any biologic or DMARD. Certain disease-modifying 
antirheumatic drugs (DMARDs) are associated with an 
increased risk of liver disease [43].

Primary biological agents for RA are ineffective because 
they trigger the body’s production of biosimilars. The first 
biosimilar of infliximab (IFX), called CT-P13, has been 
approved by the European Medicines Agency. The Phase 
III clinical trials comparing CT-P13 or PLANETRA to the 
original IFX indicated that both were equally effective, with 
a similar safety profile and pharmacokinetics. Chemicals 
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are the source of nonbiologic DMARDs. Most are taken 
orally once or twice weekly, while others may be given as 
injections. Inhibiting the immune system with DMARDs 
slows the development of RA. Most doctors use methotrex-
ate because it is the DMARD that works the fastest and best 
[44].

A subset of DMARDs includes biologics. It’s possi-
ble that biologic DMARDs, as opposed to synthetic ones, 
would work faster and provide a more tailored response to 
inflammation than would be possible if the immune sys-
tem were to be suppressed. It is possible that they are being 
utilised now to treat patients who are resistant to standard 
DMARDs. These drugs don’t dampen the immune system 
overall like some other RA treatments do since they target 
specific points in the inflammatory process. Even when other 
medications have poor efficacy, a biologic can delay, adapt, 
or mitigate the illness for many people with RA. Cyclophos-
phamide greatly reduces B lymphocyte function and causes 
cytotoxic effects on T cells. Cyclophosphamide treatment 
has been linked to decreased immunoglobulin secretion. 
Many organs and tissues, including the heart and kidneys, 
are harmed by this medicine because of its cytotoxic effects. 
It is teratogenic; thus, it shouldn’t be used during pregnancy 
or breastfeeding [45].

Neovascularization is a critical part of the progression 
and maintenance of RA. For the synovium and its pannus, 
angiogenesis is crucial because it ensures a steady supply 
of inflammatory cells and blood-borne nutrients. There was 
an uptick in integrin v3 expression in the pannus’s blood 
vessels. The intra-articular administration of integrin v3 
antagonists has been demonstrated in an animal model [46].

After treatment with an intra-articular cyclic peptide 
(integrin v3 antagonist), joint inflammation, synovial infil-
tration, and pannus development are all decreased, and 
vascular apoptosis is triggered. In RA patients, this medi-
cation is also useful for avoiding erosion-related complica-
tions. Randomized clinical trials are required to prove its 
safety and effectiveness for RA treatment. Immunosuppres-
sion may be lifesaving for those with advanced RA. When 
it comes to immune suppression, the risk of spontaneous 
hematoma ablation is by far the most important aspect. It has 
been shown through research that many tissues need to be 
clarified, including: the best person to transplant stem cells 
(ii), the risk of death, especially in weak patients and elderly 
subjects (iii), the recurrence rate over a considerable follow-
up (iv), and the successful management with methotrexate 
a week after hematopoietic stem-cell transplantation [47].

Biological DMARDs alone or in combination 
with methotrexate

As a DMARD for RA, methotrexate is used alone. Metho-
trexate decreases tissue inflammation and prevents cartilage 

and tissue deterioration and disintegration. To improve the 
immunological response, it is given along with biological 
DMARDs. The folic acid antagonist methotrexate may con-
tribute to associated illnesses. Folic acid should therefore be 
given to methotrexate-using patients [48].

Rituximab

A B-cell surface-attaching antibody called rituximab lowers 
B-cell numbers in the blood for at least 6 months. If anti-
TNF therapy was unsuccessful, it was approved to treat RA 
when paired with methotrexate because of its clinical effec-
tiveness, which is comparable to that of anti-TNF therapy. 
Rituximab (MabThera) and methotrexate are typically used 
to treat neoplastic conditions, including follicular lymphoma 
and active, severe RA that is resistant to conventional anti-
rheumatic medications. Rituximab is given by slow intrave-
nous infusion [49]. B lymphocytes have a significant role 
in the aetiology of RA. Inflammatory cytokines, including 
TNF, are secreted by synovial B cells, which secrete a sig-
nificant number of inflammatory cytokines, including TNF, 
in RA. B cells may also function as antigen-presenting cells, 
which have the major histocompatibility complex and the 
foreign antigen complex on their surface. The T cell recep-
tor on T cells may then be used to recognise this complex. 
Patients with RA who are stressed out can use anti-anxiety 
medications [50].

Nonsteroidal anti‑inflammatory drugs

Since NSAIDs have both analgesic and anti-inflammatory 
properties, they are often recommended to treat localised 
inflammation. Only RA patients can benefit from using 
NSAIDs, as they cannot stop erosions or slow the course of 
the disease [51].

Analgesics

Aspirin, ibuprofen, naproxen, and paracetamol are NSAIDs 
that are used to treat RA. These medications block cyclo-
oxygenase, which prevents prostaglandin production 
throughout the inflammatory process. When used in high 
doses, all NSAIDs have anti-inflammatory properties and are 
beneficial. The primary drawbacks of NSAIDs as a class are 
associated with gastrointestinal, nephrotoxic, and cardiovas-
cular side effects. Also, it’s hard to know how a person who 
takes a certain NSAID will react [52].

Corticosteroids

Corticosteroids are used to reduce discomfort and slow the 
spread of the disease, which has a remarkable positive impact 
on RA patients. By blocking the enzyme phospholipase A2, 
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they display outstanding anti-inflammatory properties by 
stopping the production of arachidonic acid from phospho-
lipid in the cell membrane. However, corticosteroids’ side 
effects can include cataracts, diabetes mellitus, weight gain, 
osteoporosis, and hypertension. In some patients with severe 
RA, corticosteroids are injected into the joints [53].

Immunosuppressive medications

Since many years ago, using immunosuppressive medica-
tions to treat RA has been advised. Immunosuppressive 
drugs like chlorambucil, cyclosporine A, cyclophosphamide, 
azathioprine, and methotrexate have been given to people 
with active RA [54].

Hemopoietic stem‑cell transplantation (HSCT)

Although hemopoietic stem cell transplantation (HSCT) is 
efficient, further clinical research is required to determine 
how effective it is on a wide scale [55].

Vaccination

Despite DMARD selection, immunisation for human papil-
lomavirus, hepatitis A and B, influenza, and pneumococcus 
is recommended when indicated. The live vaccine is not rec-
ommended in subjects receiving DMARDS, but it may be 
recommended in patients who are not receiving DMARD 
medication. Vaccines can be used at any time during treat-
ment, but if they are given before DMARD therapy, the 
immune response may be less [56].

Janus kinase (JAK) inhibitors

JAK inhibitors are a new subclass of DMARDs that block 
the JAK, or Janus kinase, which is important in the body’s 
immunological response. These are medications that doc-
tors administer to patients who have refractory joint injuries 
to biologics and DMARDs. Tofacitinib is an orally given 
JAK kinase inhibitor. Tofacitinib is a targeted medicine that 
specifically inhibits enzymes involved in the inflammatory 
process of the joints [57].

TNF blockers

There are now five TNF blockers available for the treatment 
of RA [58]. Adalimumab, infliximab, and etanercept are 
classified as first-generation drugs, while golimumab and 
certolizumab are second-generation medications. The five 
TNF inhibitors can all be used to treat RA.

Surgery

If the condition does not respond to medical treatment, sur-
gery is advised. Some of the surgeries that are used to treat 
RA are synovectomy, arthroplasty or reconstructive surgery, 
and tendon realignment [59].

Synovectomy

The inflammatory synovium is removed during this surgery. 
It is feasible on knees, elbows, wrists, fingers, hips, and so 
forth. An orthopaedic therapist will help the patient under-
stand how their joints will move after surgery. Recovery is 
based on the surgical technique used and the location of the 
incision. When medication fails to reduce pain, synovectomy 
is advised. It may also be necessary if the pain continues 
after 6–12 months of medication, such as with DMARDs. 
Although synovectomy can reduce symptoms, it cannot treat 
RA [60].

Repair of tendons

Tendon rupture or loosening is brought on by joint inflam-
mation and injury near joints. Surgery is used to repair the 
tendons that surround the joints [61].

Replaces joints

When joints sustain serious deterioration, they are replaced. 
Inadequate use of medical therapy to treat clinical symptoms 
Joint replacement makes the outlook better, as only 4–13% 
of major joint replacements need to be redone within 10 
years. This is especially true for knee and hip joints [62].

Total replacement of joints

Damaged joints are removed with this treatment, and a metal 
and plastic prosthesis is implanted. The replacement of a 
joint is indicated when there is significant joint injury and 
inadequate medical intervention to control symptoms. Only 
4–13% of significant joint replacements occur over the long 
term, which is beneficial. requiring another intervention 
within 10 years. The most common knee and hip replace-
ments are common [63].

Complications associated 
with pharmacotherapy in RA

The conventional treatment approach uses pharmaco-
therapy. Due to various advancements in allopathic med-
icine, they have been found useful in reducing the dis-
ease progression of the disease as they help in providing 
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symptomatic relief along with improving the quality of 
life that has been impaired. However, using synthetic 
drugs for a prolonged time has resulted in various toxic 
side effects for the patient. Certolizumab pegol is an 
FDA-approved drug that has been used as an immuno-
suppressant in RA. However; the drug shows toxic effects 
by escalating the risk of urinary tract infections and res-
piratory infections. Similarly, there are some other drugs 
that show adverse effects on prolonged usage, such as 
respiratory infections and tuberculosis infection in indi-
viduals with RA, along with severe teratogenic effects 
[64] Table 1.

During pregnancy too, treating RA with anti-rheuma-
toid drugs such as cyclophosphamide, azathioprine, and 
methotrexate has been a challenging approach as they lead 
to various life-threatening teratogenic side effects, includ-
ing congenital abnormalities, issues with foetal growth, 
and a high risk of abortion. Therefore, recent therapies 
have been shifted towards complementary and alterna-
tive herbal medicines that show minimal side effects [65]. 
Such herbal medicines are made from various commonly 
used herbal medicinal plants. The advantage of using 
herbal plants includes the presence of active components 
like terpenes, phenols, sesquiterpene lactones, flavonoids, 
and carotenoids, along with their antioxidant and anti-
inflammatory properties. These properties make them an 
effective treatment approach for RA treatment [66].

Advantages of using herbal plants in RA 
treatment

Although patients frequently receive the above-mentioned 
mainstream medications, they have adverse side effects. 
Additionally, some of these medications are rather costly. 
A growing number of patients are turning to natural rem-
edies as a result of these restrictions, with over 36% of 
adults in the USA adopting complementary and alterna-
tive (CAM) therapies [72]. Numerous disorders, including 
cancer, infectious diseases, and autoimmunity, have been 
thoroughly researched in relation to natural goods. How-
ever, there are a number of grounds for scepticism from both 
the general public and professional communities, including 
challenges in evaluating the efficacy of these items and a 
lack of knowledge regarding their mechanism of action [73]. 
As the National Institutes of Health (NIH)/National Centre 
for Complementary and Integrative Health (NCCIH), USA, 
has also emphasised, identifying the mechanism of action of 
natural products is of utmost importance. Here is a summary 
of some of the most important research that backs the use of 
common natural items to treat arthritis Fig. 3.

Through a variety of mechanisms, including the inhi-
bition of effector molecules (such as pro-inflammatory 
cytokines and chemokines), the induction of anti-inflamma-
tory mediators (such as IL-4 and IL-10), the regulation of 
the Th17/Treg balance, and the modulation of osteo-immune 
cross-talk, natural products can control arthritic inflamma-
tion [74]. These outcomes are the result of bioactive sub-
stances found in plant-derived or other natural products 

Table 1  Complications associated with rheumatoid therapies during pharmacology treatment

Treatment/therapy Medicine/drug Application Significance ADR References

Disease-modify-
ing antirheu-
matic drugs 
(DMARDs)

Methotrexate, penicil-
lamine, sulfasalazine 
and gold salts

Swelling and pain in the 
joint reduces, weakening 
of acute-phase marker

Signalling inhibitors of 
TNF- α and IL-17

Nausea, Stomach upset, 
Vomiting, Muscle pain, 
Blood problems, Liver 
problem

[67]

Non-steroidal 
anti-inflam-
matory drugs 
(NSAIDs)

Paracetamol, tolmetin, 
diclofenac, indometha-
cin and ketoprofen

Pain and stiffness 
decreases

Jamming cyclooxygenase 
enzyme-1

Headache, Ulcer’s heart-
burn, Dizziness, Rashes, 
Wheezing

[68]

Biological agent TNF-α blocker adali-
mumab, certolizumab 
pegol and monoclonal 
ab against B cells—
rituximab

Succession of structural 
damage gets slower

T-cell costimulatory 
blockers, TNF inhibi-
tors, and IL-1 receptor 
antagonist

Infusion reactions, 
Headache, Peripheral 
edema, Fever, Insomnia, 
Decreased appetite, 
Abdominal pain, Low 
blood pressure

[69]

Corticosteroids Prednisone, prednisolone 
and methylprednisolone

Treating the short-term 
flare-ups

Inhibit macrophage 
buildup

Illness osteoporosis [70]

Cytotoxic drugs Cyclophosphamide Suppression of B-lym-
phocyte activity reduced 
immunoglobulin secre-
tion

Teratogenic [71]
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controlling inflammatory molecular mediators like MAPK 
(mitogen-activated protein kinase), NF-kB (nuclear factor 
kappa-light-chain-enhancer of activated B cells), and STAT3 
(signal transducer and activator of transcription 3). Natu-
ral products can also influence the Th17/Treg balance by 
regulating the relative levels of transcription factors such as 
STAT3, IRF-4 (interferon regulatory factor 4), RORt (RAR-
related orphan receptor gamma), and Foxp3 (forkhead box 
P3), as well as important cytokines such as IL-1, IL-6, and 
TGF- (transforming growth factor-). Similar to this, natural 
products can affect not only the T cell response but also the 
osteo-immune crosstalk and bone health by acting via cer-
tain cytokines (for example, IL-17) and other mediators like 
RANKL [75]. In this regard, natural items with the afore-
mentioned qualities could be used alone or in combination 
with other common anti-arthritic medications to treat RA. 
Such combination medicines must be thoroughly examined 
for their compatibility and efficacy, though, in order to rule 
out any unanticipated medication interactions that might 
alter the effectiveness and adverse effects of these thera-
peutic agents.

Given below is a list (Table 2) of various plants that 
includes active constituents and characteristics they exhibit. 
The assessment of these herbal plants has been done via 
various evidence-based data that demonstrate the chemical 
constituent and the mechanism of some of the herbal plants 
that are useful in repressing the molecular signaling path-
ways and/or inflammatory mediators that are involved in RA.

Clinical usage of herbal plants in herbal 
formulations

Herbal plants are often utilized as a complimentary ther-
apy alongside conventional medications in the treatment of 
arthritis. Various plants, including Withania somnifera, Can-
nabis, Emblica officinalis, Terminalia bellerica, Boswellia 
serrata,Terminalia chebula, Curcuma longa, Alpinia cal-
carata, Aconitum heterophyllym, Tinospora cordifolia 
(Guduchi), Cissampelos pariera, Picrorhiza kur and Cassia 
fifistula (Amaltas). Table 3 lists the many plants that contain 
active ingredients that are responsible for anti-inflammatory 

Fig. 3  Pharmacological anti-RA effect of medicinal plants
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Table 2  The various herbal plants used in the treatment of rheumatoid arthritis

Nomenclature Biological species Significance References

Marijuana Cannabis sativum Prevent the liberation of certain inflammatory intermediaries [65]
Lemon Citrus limon Reducing the proinflammatory factors’ levels such as IL-6, PGE2, 

ROS, TNF- α, and IL-1b
[8]

Saptaparni Alstonia scholarisa Significant reduction in the total number of leucocytes that have been 
migrated along with NO, LOX, and COX. So, it is anti-inflammatory 
as well as anti-oxidant in nature.

[65]

Aloe vera Aloe vera Prevention of LPS-induced beginning of signaling pathways such as 
JNK, p38, nuclear factor kappa B, and ERK

[76]

Dalchini Cinnamomum verum Inhibition of TNF-α [65]
Guggul Commiphora mukul Barricade NF-kB along with downregulation of IL-1b, IL-12, IFN-c, 

and nitric oxide
[8]

Turmeric Curcuma longa Suppression of NF-kB activation and LOX inhibition [76]
King of bitter Andrographis paniculata Decreases PGE2 creation [77]
Barberry Berberis lyceum Royle Restriction of prostaglandin and phospholipase A2 [8]
Zereshk Ribes orientale Preventing the production of inflammatory mediators, such as PDGF, 

IFN-α, and cytokines
[8]

Salai Boswellia serrata Linn. Prohibition of COX-2, NF-kB, and LOX-5 [65]
Costus speciosus Rhizome Caragana pruinosa Downregulation of IL-1b, TNF-α, CRP, and IL-6 while the upregula-

tion of IL-10
[78]

Black oil Celastrus paniculatus Restraint of IL-6 and TNF-α [79]
Dhania Coriandrum sativum Restricting the TNF-α and pro-inflammatory cytokines [78]
Wolf’s-bane Aconitum vilmorinianum Betterment of vascular permeability and joint swelling [80, 81, 82]
Apamaraga Achyranthes Aspera Preventing leukocytes recruitment [78]
Bugleweed Ajuga decumbens Regulating the stability between formation and resorption of bone [78]
Cheese wood Alstonia boonei Improvement in the early as well as the late phase of pain [78]
Tooth cup Ammania baccifera Reduce the WBC and ESR count [77]
Devil tree Alstonia scholaris Displays the activity in reducing lymphocytes, total leukocyte, and 

macrophages/monocytes migration
[65]

Elephant creeper Argyreia nervosa Prevented the recruitment ofleukocytes. [78]
Kidamari Aristolochia bracteolata Maintenance of vascular permeability [65]
Jack in the pulp it Arisaema rhizomatum Reportedly displayed results against pro-inflammatory cytokines along 

with the secretion of RA factor
[78]

Carqueja Baccharis genistelloides Suppression of proliferation of synovial fibroblast along with inducing 
the progelatinase B and PGE2 production

[78]

Katsareya Barleria prionitis Reduces the level of ESR and have an activity regarding immuno-
modulatory

[83]

Paashaanbhed Bergenia stracheyi Balancing the activity of Th1/Th2 cytokine [84]
Kachnar Bauhinia variegate Modification in antioxidant enzymes like superoxide dismutase, glu-

tathione peroxidase, and catalase
[78]

Punarnava Boerhaavia diffusa Inhibiting inflammatory inhibitor [65]
Palash Butea monosperma Increment in the level of RBC and hemoglobin suppression of WBC 

and ESR level
[8]

Olibanum Boswellia carterii LTB4 leukotriene production is decreased alteration of leucocytes 
infiltration

[85]

Milkweed Calotropis gigantea Reduction in pro-inflammatory cytokines [78]
Sapanwood Caesalpinia sappan Inhibition of expression of pro-inflammatory cytokines (IL-1ß) and 

TNF-α
[86, 87]

Sodom apple Calotropis procera Inhibition of vascular permeability along with the cellular influx [87]
Flamingo Capparis erythrocarpos Inhibition of the liberations of pro-inflammatory cytokines [78]
One leaf senna Cardiospermum halicacabum Decreasing the level of RF and CRP in the serum [88]
Black willow Salix nigra Pro inflammatory inhibitor is inhibited [78]
Ashoka Saraca asoca Antagonistic action towards pro-inflammatory cytokines [89]
Khothalahimbutu Salacia reticulata Proliferation of IL-1β Regulation of mRNA expression is inhibited [78]
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and antioxidant activity. The preclinical and clinical stud-
ies that evaluated these herbal formulations provided evi-
dence-based data demonstrating the mechanism of such 
herbal plants and the active constituents of herbal plants 
responsible for suppressing the inflammatory mediators or 
the molecular signaling pathways involved in arthritis.

Nonpharmacological approach for RA

There are many risk levels of RA, and managing RA at 
each level helps both to prevent and to treat clinical cases of 
RA. At the first primary level, the twins and blood relatives 
of RA patients are the suspects, and they will be watched 
closely to lower the risk of pathogenesis symptoms. Risk 
factors need to be reduced at the secondary level, while 
patients’ prevention at the tertiary level will concentrate 
on damage-limiting strategies. The negative effects of RA 
should be kept to a minimum at the last stage of development 
to prevent relapse cases [91].

Patients with RA have extreme anxiety and depression, 
which worsens the situation. Poly unsaturated fatty acids 
(PUFAs) have been linked to a decrease in brain illnesses 
like anxiety and depression. Omega-3 PUFAs have been 
shown in numerous trials to lessen the feelings of anxiety in 
patients compared to controls [92]. As a result, RA sufferers 
can manage their condition using these nonpharmacological 
methods.

Future prospects

Future use of medicinal plants Due to the estimated 500,000 
plants that exist worldwide, the majority of which have not 
yet been investigated in medical practice, and the possibility 
that present and future research on medical activities will 

result in efficient disease treatment, medicinal plants have 
a bright future. The use of medicinal plants has a long his-
tory, but using the entire plant or raw materials for treatment 
or experimentation has a number of disadvantages, includ-
ing changes in the plant’s compounds in various climates, 
the concurrent development of synergistic compounds that 
result in the unexpected changes in bioactivity, or adverse 
effects of antagonists and changes or loss of bioactivity due 
to variability and accumulation, storage, and preparation 
of raw material. Easy analysis of the treatment results and 
identification of dangerous doses to regulate the effective-
ness of the therapeutic formulation [93]. Beginning with 
the isolation, purification, and identification of plant com-
ponents, chemistry included the creation of herbal remedies. 
Depending on the complexity of the chemicals, it could take 
weeks, months, or even years to identify the structures of 
active compounds from extracts when developing drugs 
from biological molecules derived from plant sources. 
Modern precision instruments like high-performance liq-
uid chromatography (HPLC/MS), liquid chromatography 
mass spectrometry (LC/MS), magnetic field, and nuclear 
magnetic resonance (NMR) have significantly increased the 
rate of bioassay-guided fractionation. NMR is a recent major 
breakthrough for the categorization of compounds that are 
extremely limited in quantity in their organisms of origin 
[94]. Despite decades of successful research into creating 
therapeutic plants, several obstacles still stand in the way 
of further progress. Research has been done on the herbal 
product’s quality. Standardisation of raw materials is a cru-
cial concern for the plant business. During development, 
processing, and collection, herbaceous plants are easily sus-
ceptible to infection. The two main issues with herbal medi-
cations are contamination and heavy metal pollution. To pro-
duce herbal pharmaceuticals, it is therefore vital to increase 
the number and quality of bioactive chemicals while also 
making an attempt to discover more new herbal drugs. The 

Table 2  (continued)

Nomenclature Biological species Significance References

Rue Ruta graveolens Lipid peroxidation, mediators, and oxidative stress are released reduc-
tion in cell influx

[78]

Water lettuce Pistia stratiotes Levels of ESR and C-reactive proteins are low [78]
Tambula Piper betel Reduced levels of CD4+T cell-specific IFN-γ in splenocytes. [77]
Agnimantha Premna serratifolia Leukocytes migration is suppressed [77]
Devil’s-claws Pisonia grandis Suppression of PGDF, GM-CSF, and IFN cytokines in CFA induced 

mediators
[77]

Fisalia Physalisangulata Protein denaturation isinhibited [78]
Tambula Piper betel Reduction in the levels of CD4+T cell in splenocytes. [90]
Chanca Phyllanthus amarus Reduction in the levels of ALT and 1T [78]
Ginger Zingiber officinale suppressing LPS-induced up expression of iNOS and COX-2 activities 

in murine macrophages
[90]

Green tea Camellia sinensis suppressed the anti-Bhsp65 antibody response [77]
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quality and safety of plant-derived medicines should be thor-
oughly and accurately studied due to the expanding use of 
natural substances worldwide, and traditional and millennial 
beliefs about these issues cannot be trusted. Therefore, sci-
entific and enlightening studies are essential to obtain reli-
able information for the use of medicinal plants in health 
care. On the other hand, one issue with medicinal plants is 

the extinction of plant species as a result of unethical usage 
of natural resources. According to the International Union 
for Conservation of Nature, there are between 50,000 and 
80,000 species of flowering plants that are utilised for thera-
peutic reasons. Among these figures, around 15,000 species 
are at risk of going extinct due to habitat loss and heavy 
harvesting, and 20% of their wildlife resources are declining 

Table 3  Commercial products available in market

Commercial product Ingredient

Flexibility 60 capsules bottle Cyperus rotundus, Withania somnifera, Tinospora cordifolia
Shigru Moringa oleifera Lam.
Osteoseal 60 capsules bottle Cissus quadrangularis, Moringa oleifera, Asparagus racemosus
GNC triflex fast acting Boswellia serrreta, Curcuma longa
Allen A28 rheumatism drop Rhus Toxicodendron, Arnica Montana, Gaultheria procumbans, Guaiacum officinale, Ruta gravelens, Hypericum 

perforatums
Cissus tvs0038 Cissus quadrangularis
Yograj guggulu Piper longum, Plumbago zeylanica, Cuminum cyminum, Embelia Ribes, Cedrus deodara, Commiphora wightii, 

Elettaria cardamomum, Piper chaba, Tribulus terrestris, Cinamomum tamala, Cyperus rotundus
Rhuma gel Withania somnifera (L.) Dunal, Eucalyptus globules, Asparagus racemosus, Curcuma amada, Sesamum indi-

cum L.
Rumartho Commiphora wightii, Vanda Roxburghii, Withania somnifera (L.) Dunal
Mahayograj Guggulu 40 tabs Ficus religiosa, Zingiber officinale, Piper longum, Piper retrofractum, Plumbago indica, Apium graveolens, 

Ferula assa-foetida, Foeniculum vulgare, Holarrhena pubescens, Nigella sativa, Embelia Ribes, Picrorhiza kur-
rooa, Commiphora wightii, Annona squamosa, Blend of Terminalia chebula,Terminalia bellirica, Phyllanthus 
emblica

Dabur rheumatil oil Mentha×piperita, Syzygium aromaticum, Commiphora wightii, Eucalyptus L’Hér, Zingiber officinale, Gaultheria
Maharasandi kwath Pluchealanceolata, Alhagicamelorum, Ricinuscommunis, Curcuma zedoaria, Sidacordifolia, Cedrusdeodara, 

Tribulus terrestris, Acorus calamus, Adhatodavasica, Withania somnifera, Aconitum heterophyllum, Asparagus 
racemosus, Barleriaprionitis, Cassia fistula, Ficusreligiosa, Terminalia chebula, Coriandrum sativum, Zingiber 
officinale, Cyperusscariosus, Piper retrofractum, Boerhaaviadiffusa, Argyreiaspeciosa, Tinospora cordifolia, 
Foeniculum vulgare, Solanum indicum, Solanum surattense

Organic navara red rice Plectranthus amboinicus
Artho care Boswellia serrata, Curcuma longa, Ocimum tenuiflorum/Ocimum Sanctrum
Aamvatari ras Plumbago indica, Blend of Terminalia chebula, Terminalia bellirica, Phyllanthus emblica, Ricinus communis, 

Commiphora wightii
Guaiacum mt Guaiacum officinale
Peedantak oil Glycyrrhiza glabra, Aconitum ferox, Acorus calamus, Piper longum, Nardostachys jatamansi, Scindapsus 

officinalis Schoott., Cinnamomum tamala, Curcuma longa, Eclipta prostrate L., Butea monosperma, Rubia 
cordifolia, Inula racemose, Zingiber officinale, Pavonia Odorata, Asparagus racemosus, Pimpinella anisum, 
Foeniculum vulgare, Plumbago zeylanica Linn., Ricinus communis, Datura stramonium, Calotropis procera, 
Trachyspermum ammi, Celastrus paniculatus, Strychnos nux-vomica, Pluchea lanceolata, Paederia foetida, 
Vitex negundo, Solanum Xanthocarpum, Allium sativum, Habenaria intermedia, Sesamum indicum L., Lilium 
polyphyllum

Ajmodadi churna Embelia ribes Burm.f., Apium graveolens, Plumbago indica, Cedrus deodara, Rock salt, Argyreia nervosa, Termi-
nalia chebula, Piper longum,Piper nigrum L.,Glycine max

Saindhavadi taila Calotropis gigantea (L.) Dryand., Rock salt,Piper nigrum L., Eclipta prostrate L., Plumbago indica L., Curcuma 
longa Linnaeus, Sesamum indicum L., Berberis aristata DC.

Bala taila 100 ml Tinospora cordifolia, Sida cordifolia, Curcuma zedoaria, Pluchea lanceolata, Pinus roxburghii, Elettaria car-
damomum, Cedrus deodara, Rubia cordifolia, Pterocarpus santalinus, Aquilaria malaccensis, Prunus puddum 
Roxb., Cyperus scariosus, Abutilon indicum, Vigna trilobata, Vitex negundo Linn., Teramnus labialis. Spreng, 
Glycyrrhiza glabra, Malaxis muscifera, Ocimum tenuiflorum, Butea monosperma, Mesua ferrea, Abelmoschus 
moschatus, Indigofera tinctoria Linn., Crocus sativus, Saxifraga aizoon, Parmelia perlata, Myrica esculenta, 
Aegle marmelos, Coccinia grandis, Syzygium aromaticum, Cinnamomum camphor, Pimenta dioica, Nar-
dostachys jatamansi, Saussurea costus, Callicarpa macrophylla Vahl., Justicia adhatoda, Tabernaemontana 
divaricate, Sesamum indicum L.
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as a result of excessive plant consumption and expanding 
human populations [95]. As a result, it is important to take 
into account the environmental code of ethics that protects 
biodiversity when using natural resources to find new natural 
remedies. GAPs (good agricultural practises) are intended to 
control production, guarantee quality, and allow the stand-
ardisation of herbal medications [96]. GAP is a method that 
uses top-notch, secure, and uncontaminated (raw pharma-
ceuticals) herbal remedies to deal with a variety of issues. 
Environmental ecology, production sites, germplasm, culti-
vation, collection, and quality features of pesticide detection, 
macroscopic or microscopic validation, chemical identifica-
tion of active chemicals, and metal element checking are just 
a few of the extensive items covered by GAP [97]. The GAP 
is seriously promoted and implemented in many nations. For 
instance, GAP has encouraged the growing of conventional 
medicinal plants in China in regions where these plants 
are currently traditionally grown [98]. Despite the fact that 
many people today utilise herbal remedies as part of their 
basic healthcare, there are still numerous questions concern-
ing the effectiveness and safety of employing plants. The 
use of herbal medicines in conjunction with conventional 
treatment has the potential to improve healthcare, but there 
are still many significant obstacles that must be overcome. 
One of the major issues in this discipline is the absence of 
accurate translation and interpretation of publications and 
research findings on plants by experts worldwide. In reality, 
researchers and practitioners should receive training in the 
utilisation of plant chemicals in both traditional and mod-
ern medicine in order to realise the effective integration of 
plants into a medical system. Additionally, the empirical 
justifications for plant use in conventional medicine should 
be transformed into arguments that are supported by data. 
Finally, it is important to provide answers to a number of 
queries regarding the standardisation of herbal medications 
and natural products as well as safety, precise dosage, treat-
ment length, side effects, acute and chronic toxicities, and 
safety. If these problems are fixed, using plants as medicine 
will be a safe and cost-effective choice.

Conclusion

As discussed in this paper, our research into the epidemi-
ology, pathogenesis, genetics, diagnosis, management, 
and combining herbal plant formulations in therapies for 
treating RA has reached a state which has turned from an 
extremely immobilising disease for which no effectual medi-
cation existed that could potentially control the disease well. 
Despite the fact that various allopathic drugs have shown a 
success rate in providing relief from symptoms as well as 
aiding in the control of disease progression, these drugs/allo-
pathic medications have been linked to a number of noxious 

side effects. The review article is concerned with the emerg-
ing use of several herbal medicinal plants that have some 
active chemical constituents that have been found to be help-
ful in exhibiting potent therapy for RA. In order to maximise 
therapeutic success, nonpharmacological strategies should 
be used in conjunction with pharmaceutical therapies.
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