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Abstract

Rheumatoid Arthritis (RA) is a persistent inflammatory autoimmune illness that damages bones by causing joint
discomfort, edema, and stiffness. In RA, inflammatory cell infiltration and synovial hyperplasia lead to the generation of
proinflammatory cytokines like TNF-a and IL-1. To find phytochemical substances utilised in RA treatment, SciELO, Virtual
Health Library, and PubMed databases were searched for rheumatoid arthritis, herbal remedies, and medicinal plants. One
of the predominant transcription factors is NF-kB, in regulating inflammatory response. Translocation of active NF-kB into
the nucleus leads to gene transcription that produces proinflammatory cytokines. Oxidative stress changes transcription
factors, which affects inflammatory gene expression. Phytochemicals have treated various diseases, blocking NF-kB
translocation mitigates proinflammatory cascade activation (Withanolides, Gugglosterone, Epigallocatechin-3-gallate,
0-glucosylcimifugin, Andrographolide, Curcuminoids, and Resveratrol), Flavonoids (Quercetin, Hesperidin, Kaempferol,
Liquirin). Their therapeutic potential aids in creating safe and effective medicines for NF-kB-driven immune-inflammatory
disorders like RA. This study emphasises the involvement of NF-kB in a series of events of inflammation, highlighting the
role of phytochemicals in regulating its activity. [t also discusses the effectiveness of polyphenols in relieving RA by blocking

the signalling pathways and suggests a further study to support their usage.
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1. Introduction

Rheumatoid Arthritis (RA) is indeed a chronic
systematic autoimmune disease'. The most common
system targets are skin- RA, which can cause skin
conditions such as rheumatoid nodules and vasculitis.
Eyes- May irritate the eyes, leading to conditions such as
scleritis and uveitis. Lungs-RA can cause inflammation
and damage lung tissue, known as rheumatoid arthritis.
Heart- raises the chance of cardiovascular diseases such
as heart disease and stroke. Kidneys-RA can irritate
the kidneys, which can damage them. Salivary gland
disease causes inflammation of the salivary glands,
dry mouth, and other symptoms. Nerve tissue-RA can
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lead to nerve compression syndromes such as carpal
tunnel syndrome. Bones- May affect bone function,
resulting in decreased blood pressure. Bleeding-RA-
related bleeding can affect blood vessels, leading to
conditions such as vasculitis’ — an important factor
in the onset of RA progression and the release of
inflammatory cytokines. TNF-aq, for instance, is a pro-
inflammatory cytokine that triggers the inflammation
of the cells to activate and aggregate. This exacerbates
the inflammatory response by releasing additional
mediators of inflammation’.

In RA joints, antigen-activated CD4+ T
lymphocytes, monocytes, macrophages, and synovial
fibroblasts start and maintain the inflammatory
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response. These cells release inflammatory mediators
such as TNF-q, IL-1, and IL-6 (IL-6). These cytokines
activate immune cells and increase inflammatory
factors. In addition, chondrocytes, fibroblasts, and
osteoclasts secrete metalloproteinases, resulting in
Joint erosion, which dissolves cartilage and bone
extracellular matrix®.

Free radicals steal electrons, initiating a chain
reaction. In addition to influencing cytoskeletal
control, phagocytosis, flagging, separation, growth,
development, and demise of cells, ROS preserves
the redox conditions of cells. ROS can damage cell
membrane fatty acids and phospholipids if they
exceed solid values (chains of amino acids and
nucleic acids). Antioxidants are chemicals that
scavenge free radicals or inhibit cell oxidation.
SOD, CAT, and GSH-related chemicals control
cancer-suppressing responses, as do GPx, GR, and
Thioredoxin Reductase (TR). It promotes ROS
formation and oxidative phosphorylation and
generates ongoing hypoxia cycles; the increased
pressure factor inside the joints may cause persistent
oxidative pressure in the synovial membrane.
RA joints have hypoxia due to the inflammation
reaction’s rapid cell growth”.

Indeed, antioxidants have been a focal point in
exploring natural products for RA management. While
the precise capacity of antioxidants in RA treatment
remains a subject of debate due to conflicting evidence,
their potential value in combating inflammation is
well-documented. Antioxidants neutralize dangerous
molecules called free radicals, which can cause
tissue damage and inflammation in conditions like
RA. Therefore, the antioxidant properties of natural
products are often evaluated as a first step in research,
preceding investigations into their anti-inflammatory
effects. Despite conflicting evidence regarding the
direct impact of antioxidants on RA symptoms,
many patients report experiencing benefits from
incorporating antioxidant-rich foods or supplements
into their diet’.

2. Methodology

A preliminary literature survey was performed to
identify phytochemicals and their therapeutic actions
in the treatment of rheumatoid arthritis. To gather
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relevant information regarding medicinal plants used
in the context of RA. A thorough approach literature
survey in the PubMed, Google Scholar, and Virtual
Health Library databases.

3. Phytochemical Strategies of
Rheumatoid Arthritis

3.1 Role of NF-kB in Inflammation
factor-kappa B (NF-xB) is
transcription factor involved in expressing many
genes in various cell types’. In RA patients, NF-kB

Nuclear a vital

activation is noticed in the synovial tissue at both
early and later stages of the disease, suggesting
its involvement throughout disease progression.
The inflammatory process in RA is commenced
by the interaction between Antigen-Presenting
Cells (APCs) and T cells, which is a critical step in
initiating an inflammatory response. The induction
of NF-kB-dependent genes, and coordinated
regulation of IFN-y, IL-2, and IL-2R, are triggered
by this interaction which promotes T-cell activation
and proliferation. T cells that are activated generate
molecules such as TNF, RANKL, and CD40 ligands,
which interact with receptors on APCs, resulting
in additional NF-kB activation. This amplifies the
inflammatory response, supporting T-cell survival
and multiplication. Activation of NF-xB is essential
in the immune response towards a Thl phenotype,
releasing pro-inflammatory cytokines that sustain
the inflammatory cascade in RA®.

3.2 Inhibitory Actions of Bio-chemicals on
NF-kB
Phytochemicals, natural substances derived from
plants, have been extensively studied for their ability
to inhibit the activation and deactivation of the
transcription factor NF-kB (nuclear factor kappa B).
Given the central role of NF-«B in modulating immune
and immunological responses and its role in various
pathological states, blocking its activity may provide
therapeutic benefits’ depicted in Figure 1.
Plant  chemicals such as Triterpenes,
thymoquinones, flavonoids, sesquiterpene lactones,
steroids, terpenoids, sterols and phytoalexins have
anti-inflammatory, anti-arthritic, and antioxidant
properties (Figure 1).
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Figure 1. Mechanism of action of phytochemicals on inflammation.

3.2.1 Withania somniferum

Withania somnifera (Ashwagandha, WS), a potent
herb inhibiting NF-xB activation, is used to treat RA'’.
Withanolides fall under the ergostane-type steroid group,
where C-22 and C-26 atoms are linked to the C-1 oxide
and the d-lactone functional group. A strong withanolide
called withaferine A inhibits NF-kB activity'"'%.

3.2.2 Tripterygium wilfordii

Tripterygium wilfordii Hook f (TWHEF), referred to as
Thunder God Vine, is a popular herb in Chinese herb.
TWHE is effective in the treatment of several infectious
diseases'’. TWHF extract includes over 70 components,
including glycosides, B-sitosterol, dulcitol, triterpenoids,
sesquiterpenoids, and diterpenoids. TWHF extract’s
medicinal benefits come from triptolide, a diterpene
triepoxide. Recent research indicates that TWHF
inhibits transcription factors like NF-AT, AP-1, and NF-
kB (Nuclear factor of activated T cells) .

3.2.3 Commiphora mukul

Plant sterol Guggulsterone (4,17(20)-pregnadiene-
3,16-dione) is obtained from the gum resin(guggulu)
of C. mukul. This plantin Ayurvedic therapy is believed
to be responsible for hyperlipidemia, arthritis and
obesity. Considerable anti-inflammatory properties
of guggulsterone are mediated by inhibition of NF-«kB
signaling>""".

3.2.4 Camellia sinensis

Epigallocatechin-3-gallate (EGCG) found abundantly
in C. sinensis (green tea) contributes to the antioxidant
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and anti-inflammatory response extracted. EGCG
interferes with the suppression of NF-kB pathway,
lowering its quantity and translocating to the nucleus,
which prevents RA from binding DNA and is also
known to inhibit nuclear translocation of NF-kB'%.

3.2.5 Saponshnikovia divaricata

Saposhnikovia divaricata, an Indian plant of Mexican
origin known as “fangfeng” in China, contains
sesquiterpene lactones, that exhibit anti-inflammatory
effects, commonly used to treat arthritis. Essential oils,
coumarin, mannitol, glycosides, polyacetylene, and
bioactive chromate are found in the dried root'**’.

3.2.6 Andrographis paniculata

Andrographis paniculata (AP), belongs to family
Acanthaceae, treats inflammation, digestive issues,
and more. The aerial section of the plant contains
andrographolide, a labdane diterpene with medicinal
effects that prevents NF-kB activation by preventing
binding to its consensus sequence”’.

3.2.7 Curcumalonga

Curcumin, indeed a component found in the rhizome
of turmeric, has been documented to possess anti-
arthritic properties. Curcumin a diarylheptanoid, is
one of the three major curcuminoids that comprises
up to 3-4 % of total composition. Curcuminoids
are a group of phenolic components that impart
turmeric its characteristic yellow colour. Curcumin’s
inhibitory effects on NF-kB have been thoroughly
studied**".
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3.2.8 Vitis vinifera

Resveratrol ~ (trans-3,4'hydroxystilbene) is a
polyphenolic phytoalexin available in the skin of red
grapes (Vitis vinifera) and demonstrates antioxidant,
anti-inflammatory, immunomodulatory, and anti-
arthritic properties” and exhibited chondroprotection
by Reactive Oxygen Species (ROS) production and
inhibition of IL-1p. It modulates the translocation of
nuclear NF-kB by regulating IxB**"’.

4. Role of Polyphenols and Flavonoids
in RA

Antioxidants include polyphenols like flavonoids,
phenolic acids, and stilbenes like resveratrol. They
directly scavenge and reduce oxidative stress and
safeguard lipids, proteins, and DNA by neutralising
free radicals and Reactive Oxygen Species (ROS).
Polyphenols initiate antioxidant enzymes glutathione,
peroxidase, catalase, and Superoxide Dismutase
(SOD). Strengthening the body’s antioxidant defences.
Polyphenols in plants can influence inflammatory
pathways and signalling cascades, including NF-«xB
suppression, which affects pro-inflammatory gene
expression. These drugs inhibit COX and lipoxygenase
enzymes to lower cytokines, prostaglandins, and
leukotrienes. Polyphenols can also reduce macrophage
and neutrophil synthesis of inflammatory mediators
and migration to inflammation sites”*~".

The phenylpropanoid metabolic pathway produces
flavonoids’'~*”. Besides being antioxidants, flavonoids
can reduce inflammation. They inhibit NO, eicosanoids,
pro-inflammatory cytokines, and Nuclear factor-«xB
transcription®*,

4.1 Phytocompounds in the Treatment of RA

Quercetin, a flavonoid, reduced IL-17 A and IL-21
production and helped treat RA*. Hesperidin explored
potential protective activity against RA with a significant
decrease in joint degradation and serum TNF-a
levels™. The traditional plants Oroxylum indicum and
Scutellaria baicalensis and contain abundant baicalin
and aglycone (baicalin-2). They possess antioxidant
and anti-inflammatory qualities by reducing ROS
formation, NF-kB activity, cyclooxygenases, and
TNF-a. This makes it possible for RA therapy
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targets’’. Gentakwanin, Hydroxygenkwanin, luteolin,
and apigenin from Daphne genkwa were anti-
inflammatory and immunomodulatory. RA was
effectively countered by reducing levels of ROS, NO,
TNF-a, IFN-y, IL-6, and 1L-2°%. Glycyrrhiza uralensis
roots contain a flavonoid compound called liquiritin,
which reduces inflammation by causing alterations
in the mitochondrial membrane, inducing apoptosis
in the synovial membrane, and encouraging DNA
fragmentation”. Oroxylin A, an anti-inflammatory
flavonoid, lowered TNF-a, IL-6, IL-1f3, and IL-17 levels
in the serum. T-cell assay demonstrated increased
regulatory T cells, indicating strong anti-inflammatory
activity’’. Kaempferol reduces TNF-a production
and inhibits fibroblast-like synoviocyte migration,
invasion, and proliferation, which are crucial for
cartilage degradation. It significantly reduces synovial
inflammation and cellular infiltration in RA*"*%,

3.2 Stilbenes

Stilbenes group of polyphenolic non-flavonoid
compounds usually found in red wine, peanuts, berries,
grapes, etc., are antioxidants and anti-inflammatory.
Resveratrol, a stilbene found in grape skin, also slows
ROS and MDA expression and also inhibits NF-kB
expression™’.

4. Conclusion

Plants provide many substances that are effective in
the treatment of diseases. Phytochemical that inhibit
NF-kB activity, transactivation, and DNA binding
may be helpful anti-inflammatory medicines. New
RA medicines are enhancing the quality of life. Why
natural RA treatments need studies is inexplicable.
Plant polyphenols and flavonoids have the potential
to delay or improve RA progression through their
enzymatic, immunomodulatory, anti-inflammatory,
and antioxidant qualities. Thus, these secondary
metabolites may help create RA medications that
enhance quality of life. This review summarised herbs
and herbal compounds that treat RA models in situ and
in vitro. RA treatment with these substances focuses
on anti-inflammatory and antioxidant properties.
Many chemicals have drug-like characteristics worth
studying. Some chemicals’ pharmacological behaviour
demands optimization.
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