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Rheumatoid arthritis: Pathophysiology,
treatment and improved efficacy of
targeted treatment using novel herbal
therapeutics formulations
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Abstract

Rheumatoid arthritis (RA) is a chronic, inflammatory autoimmune disease that leads to synovial inflammation,
destruction of articular cartilage, bone erosion, deformities, accompanied by pain, swelling, and stiffness, most
commonly in limbs. The pathophysiology elaborates on the role of T-helper (Th1) cells secreted in response to
interleukin-1 (IL-1) and 12, thus producing pro-inflammatory ILs whereas Th2 cells activated by IL-4 secretes
anti-inflammatory cytokines (IL-4, 5, 10 and 13). A neutralization of endogenous anti-inflammatory cytokines
mainly IL-10 by the production of anti-IL-10 monoclonal antibodies, results in the downregulation of anti-
inflammatory cytokines which lead to more severe collagen-induced arthritis. Conventional treatment for RA
includes non-steroidal anti-inflammatory drugs, glucocorticoids, non-biologics, and biological disease-modifying
anti-rheumatic drugs, a conjugate of the humanized monoclonal antibody, dendritic cells, etc. Although,
conventional therapy and newer treatments are effective but suffer from several limitations like serious adverse
effects, high cost, and invasive intervention. The information regarding disease, pathophysiology, treatment, and
novel interventions was collected through vigorous literature search from authentic search engines, books and
journals using relevant keywords. Novel herbal therapies using phytochemicals of Curcuma longa, Zingiber
officinale, Glycyrrhiza glabra, Withania somnifera, Tripterygium wilfordii, Boswellia serrata, Camellia sinensis,
Tanacetum parthenium, Commiphora wightii, Mukul, Plumbago zeylanica through their promising novel drug
delivery systems like microspheres, transdermal patches, ethosomes, liposomes, and phytosomes. have shown
promising response and efficacy via well-defined immune mechanism along with their easy accessibility, mild
or negligible adverse effects, thus gaining the edge over conventional and invasive therapies for RA. This review
indicates that there is a need to study these novel formulations, extensively on preclinical and clinical levels and
develop these herbal therapies as a promising alternative to conventional therapies for the treatment of RA.

Key words: Rheumatoid arthritis, cytokines, interleukins, herbal therapies, novel formulations, autoimmune
mechanism

INTRODUCTION a condition in which joints are painful, and stiff.”) RA makes

it more difficult for people to be physically active. So, not

he term “Arthritis” is a Greek word  being physically active is a risk factor for many chronic

I that is obtained from two words:  diseases. More than half of adults with diabetes or heart
arthron, meaning a joint and it is  disease also have arthritis.”) A related term which is now less

meaning inflammation. Rheumatoid arthritis

(RA) has been known as an autoimmune and Address for correspondence: '
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Inflammation typically involves redness,
heat, swelling, and tenderness.!" If the joints
are red, hot, swollen, and tender, this is often
described as inflammatory arthritis. Arthritis is
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often used by the doctors, is rheumatism. This term refers to
the conditions of stiffness, pain, and inflammation related to
joints, tendons, ligaments (which are small ‘cushions’ that lie
under a tendon to protect it from injury).[

In the Global Burden of Disease 2010 survey, the estimated
global prevalence of RA was 0.24% and was 2-fold higher
in women.’!' A key metric, years lived with disability,
was found to have increased from 48 to 55 per 100,000
population between 1990 and 2010 and was higher among
females than males.[*”7 When the cumulative lifetime
prevalence was considered in Olmsted County, Minnesota,
the risk for RA was appreciated as relatively higher,
approaching 4% in women compared with 2% in men.!®
The prevalence of RA in India is higher than that reported
from China, Indonesia, and the Philippines. Arthritis and
related conditions are the third-largest contributors, behind
cardiovascular disease and neurological disorders, to the
direct expenditure on health in the western world, and the
USA.P

India is continuing to use herbal drugs in the official
recognized alternate system of health which is safe. Herbal
drugs are the oldest sort of health care. There are some main
reasons for the uses of herbal formulations as there is a
growing concern over the dependence, the safety of drugs,
surgery, and conventional medicine is failing to completely
treat many of the most common health conditions. Also, the
most of the natural drugs are being shown to produce better
results than drugs or surgery without side effects.®!

Knowledge and use of plants as herbal medicines have
occurred in various populations throughout human
evolution.' The World Health Organization has
characterized natural medications as finished, labelled
therapeutic products which contains active pharmaceutical
ingredients, underground pieces of the plant, other material,
and combinations.!!-2!

In the past few years, Researchers and scientists focused
on the development of novel drug delivery systems for
herbal drugs.!'¥ The novel carriers should ideally fulfill two
needs. Firstly, it should deliver the drug at a rate directed
by the requirements of the body, throughout treatment. And
secondly, it should channel the active part of the herbal
drug to the site of action.'Y Traditional dosage forms are
not able to achieve these points. Within the formulation
of plant research, developing nano-dosage structures like
polymeric nanoparticles and nanocapsules, liposomes,
solid lipid nanoparticles, phytosomes, and nanoemulsions
have some favourable circumstances for herbal medicines
which including increment bioavailability, pharmacological
activity, solubility, bioavailability, stability, protection
from toxicity, improving tissue macrophages distribution,
sustained delivery, protection from physical and chemical
degradation.!'>!1¢) Thus, the nanosized novel drug delivery
systems of herbal drugs have a possible future for improving
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the movement and defeating issues identified with plant
medicines.!”

MATERIALS AND METHODS

An extensive literature survey was conducted using the
relevant keywords like “RA”, “cytokines and interleukins
(ILs)”,  “herbal  therapies”, “novel formulations”,
“autoimmune mechanism” using authentic search engines
(PubMed, Science Direct and Google Scholar) and electronic
databases/indexed journals (Web of Science, Scopus, Direct,
Google scholar, Springer etc.) and traditional, Ayurvedic
and curriculum books covering important and relevant
information till date.

RA: CAUSES, PATHOPHYSIOLOGY AND
SIGN AND SYMPTOMS

Causes

RA is a chronic inflammatory disease characterized by a
heterogeneous clinical response to the different treatments.
RA begins slowly, starting in a few joints and then spreading
to other joints over a few weeks to a few months.["¥! As time
goes on, RA involves more joints on both sides of the body in
a symmetrical pattern. This means if joints in your right hand
are swollen, then joints in your left hand would probably be
swollen."” The symptoms of RA different from person to
person. Some people have only a few joints involved with
mild inflammation, whereas others have many joints involved
with severe inflammation. The symptoms of RA also vary
from times when the joints feel good to other times when the
joints become more stiff, sore, and swollen.?”!

RA mostly affects the synovial joints, which are lined with
a tissue called synovium and is characterized by chronic,
progressive inflammation joint destruction. Activated
macrophages are responsible for the production of
inflammatory cytokines that result in progressive inflammation,
joint swelling, bone erosion, and cartilage damage."-*?! These
results in chronic pain, swelling, stiffness, inflammation, and
functional impairment.>* RA is usually symmetrical and
typically affects the joints of the hands, the feet, and can affect
the whole body, including the heart, lungs, and eyes.™ The
main aim of drug therapy in RA is to reduce pain associated
with inflammation and to slow down the disease progression
by further prevention of joint destruction.*!

The most well-known joints affected by rheumatoid joint
inflammation are:

a. Between the fingers and the palms of the hand

b. Between the vertebrae

c. In the hips, knees, wrists.




Pathophysiology

The pathophysiology of RA remains unknown but
appears to involve a complex series of events involving
T-lymphocytes, B-lymphocytes, macrophages and many
cytokines and enzymes leading to the destruction of bone,
cartilage and also for inflammations in joints.?”! Tumour
Necrosis Factor-ot (TNF-o) and IL-1 appear to be intimately
involved in this process, but numerous other cytokines,
inflammatory mediators, and enzymes also seem to play
an important role [Table 1]. The co-stimulation-dependent
interactions among T cells, B cells, and dendritic cells are
shown as occurring primarily in the lymph node. These
events generate an autoimmune response to citrulline which
contains self-proteins. In the bone marrow and synovial
membrane, adaptive and innate immune pathways combine
to promote tissue remodelling and damage.”® Positive
feedback intervened by the interactions among chondrocytes,
osteoclasts, leukocyte and synovial fibroblasts along with the
molecular products of damage, drive the chronic phase in the
pathogenesis of RA.!

Infiltration of the synovial membrane with plasma cells,
dendritic cells, lymphocytes, macrophages, CD4+ T
lymphocytes, including T-helper 1 (Th1) cells and Th17 cells
play a central role by interacting with other cells in the
synovium.B% Regulatory T (T,,) cells have important
functions in peripheral immune tolerance. Dysfunction of

T, is considered as a pivotal cause of RA. T _ cells are a
distinct set of thymical produced T cells responsible for
suppressing autoreactive deleterious activities of effector T
cells like Th1 and Th17 by activation of IL-10.5 However,
the action of T cell is inhibited by inhibitors ILs like IL-6,
IL-15, IL-18, IL-32 and chemokines which are activated by
macrophages.>* Lymphoid follicles structure inside the
synovial membrane in which T cell-B cell associations lead
B cells to produce cytokines and autoantibodies, including
Rheumatoid factor (RF) and anti-citrullinated protein
antibody.”¥ Synovial macrophages - activated by immune
complexes produce pro-inflammatory cytokines, including
TNF, IL-1, IL-6 and IL-15.54%! Inflammatory cytokines
also act on synovial fibroblasts, to enhance swelling of the
synovial membrane and damage to soft tissues and cartilage
[Figure 1].

Damage-associated molecular pattern, Pathogen-associated
molecular pattern and proteases are the molecules release
by stressed cells and act as endogenous danger signals
to promote and exacerbate the inflammatory response
throughout the cycle from macrophages to fibroblast-like
synoviocyte.[*"

Activation of chondrocytes and osteoclasts is responsible
for the destruction of bone and cartilage. The RA joint is
hypoxic and this promotes new blood vessel formation
(neo-angiogenesis). The  inflammatory  granulation

Table 1: Actions of Immunologic Mediators in RA

Substance Source Stimulates (Inhibits)

IL-1, TNF Macrophages Major Histocompatibility Complex (MHC-I)
Expression, Chemotaxis Release of PGE,, IL-6,
GM-CSF, Collagenase, Metalloprotease!?52°!

IL-1 Macrophages Lymphocyte Proliferation and Activation
Growth Factor Releasel?®32

IL-6 Fibroblasts, T-Lymphocytes T-Cell and B-Cell Function, GM-CSF Releasel®!

IL-10 Synovial Cells, B -Cells, IgM And IgG Release, (Inhibits TNF-A Action),

Memory CD4+T-Cells (Inhibits Activation of Antigen-Processing Cells And

T-Cells)®s7-3

IL-13 Synovial, Endothelial Cells T-cell migration and activation, TNF Production By

IFN-T (Interferon) T-Lymphocytes

GM-CSF (Granulocyte-Macrophage
Colony-Stimulating Factor)

PGE

2

Fibroblasts

Collagenase Fibroblasts
Growth Factors

Transforming Growth factor

Macrophages, Lymphocytes

T-Cells and Macrophages!®-28!

MHC-I and MHC-II Expression (Inhibits Collagenase
and PGE, Release)i**

Bone Marrow Cell Formation, IL-1 Production, PMN
Activation, Monocyte Attraction!28:2°!

Growth Factor Release, Cartilage Degradation,
Inflammation, Paini2%2°

Cartilage Degradation?829]
Synovial Tissue Proliferation®“®

Synovial Tissue Proliferation, IL-1 Production,
Monocyte Chemotaxis (Inhibits Lymphokine and
Protease Secretion, Synoviocyte growth)®“?

TNF-a: Tumour Necrosis Factor-o, RA: Rheumatoid arthritis, IL: Interleukin
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Figure 1: Adaptive and natural immune processes within the joint in rheumatoid arthritis from co-stimulation of dendritic cells
to inflammation, joint damage and tissue remodelling: ADAMTS: A disintegrin and metalloprotease with thrombospondin-1-like
domains; DAMP: Damage-associated molecular pattern; Dkk-1: Dickkopf-1; FcR: Fc receptor; FGF: Fibroblast growth factor;
GM-CSF: Granulocyte—macrophage colony-stimulating factor; HA: Hyaluronan, HSP: Heat-shock protein; IFN: o/B-interferon-
o/B; MMP: Matrix metalloproteinase; NLR: Nucleotide-binding oligomerization domain-like receptor; PAMP: Pathogen-
associated molecular pattern; PAR2: Protease-activated receptor 2; PDGF: Platelet-derived growth factor; RANKL: Receptor
activator of nuclear factor kB ligand; TGF-: Transforming growth factor 3; ThO: Type 0 helper T cell; Th1: Type 1 helper T cell;
Th17: Type 17 helper T cell; TLR: Toll-like receptor; TNF-o:: Tumour necrosis factor o; VEGF: Vascular endothelial growth factor;
Red arrow indicates inhibitory response; blue arrow indicates the stimulatory response to enzymes for the activation of other
inflammatory cells; black arrow indicated the progression of the events

tissue (pannus) shaped by the above sequence of events  c.
spreads over and under the articular cartilage, which is  d.
progressively disintegrated and destroyed. Muscles adjacent
to inflame tissue show atrophy and maybe infiltrated with
lymphocytes.B

e.
Signs and Symptoms

f.
The signs and symptoms of RA includes-
a. Pain and stiffness lasting for more than 30 min in the g.

morning time or after a long rest h.

b. Rheumatoid nodules
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Tender, warm, swollen joints!*!)

Joint inflammation affecting the wrist and finger joints
closest to the hand; other affected joints can include those
of the neck, shoulders, elbows, hips, knees, ankles, and
feet[36,33]

Symmetrical pattern. For example, if one knee is affected
by RA, the other one is also

Fatigue, fever and a general sense of not feeling well
(malaise)

Positive serum RF

Radiographic evidence of erosions or per articular
osteopenia in hand or wrist joints.”




TREATMENTS FOR RA

Conventional Treatment

The treatment of RA involves lifestyle changes and
medications. Many drugs are used for managing the pain,
inflammation and slowing the progression of RA, but none
completely cure the disease.****) The goal of the drugs
treatment for RA is to reduce disease activity and achieve
remission. All medications used for the treatment of RA along
with their molecule target have risks and show complications
[Table 2].

Alternative Treatments

Some alternative treatments are used to show appropriate

effect for the treatment of RA:

a. Physical therapy

b. Counselling- individual =~ motivational  counselling
sessions with a health professional and text messages
aiming at improving motivation for light intensity
physical activity is effective for RA patients[*

c. Fish oil and Mediterranean diet include whole grains,
legumes, fruit, vegetables, extra-virgin olive oil, and low
in red meat consumption, might have the potential to
reduce the risk of RA®

d.  Acupuncture alone or joined with other treatment
modalities is gainful to the clinical states of RA and can
improve capacity and personal satisfaction and merits
attempting!®!

e. Stress Reduction Techniques like meditation, prayer,
yoga, and hypnosis can be useful to treat RA.[¢

Herbal Medicines and Their Improved
Formulations Used for RA

Herbal medicines have been widely used as effective
medicines for the prevention and treatment of most kind of
health conditions.[”] Plants play a vital role in the treatment
of a various disorder of human and herbal formulations are
increasing patient compliance due to the reduction of side
effects allopathic drugs. RA is one of the most common
inflammatory conditions in developing countries.’®®! Now
a day’s scientists have a focus on developing a novel
drug delivery system for the treatment of RA using
herbal medicines.[®! Novel systems of herbal drugs not
only reduce the side effects, but also help to increase
the therapeutic value by reducing toxicity and increasing
bioavailability.’>’ Some following herbal medicines are
described [Table 3].

The consumption of these herbal medicines is increasing
steadily throughout the world as alternative treatment for
RA. In India use of herbal drugs is much more because of
easy accessibility. Use of herbal medicines has some more
following benefits as lower cost, Effective with chronic
conditions, More Potency and efficiency, Widespread
availability, more protective, Reduce the risk of side effects,
Complete accessibility.®!

Table 2: Conventional therapies used in RA and their complications
Mechanism of action

Chemical Class Drugs Complications

Nausea, Paresthesias, Tremor,
Headaches, Gingival Hypertrophy,
Lymphoma#4-47!

Non-Biological
Disease Modifying
Anti-Rheumatic Drugs
(DMARDS)

Biological DMARDS

Cyclosporine (Alaren),
Azathioprine (Azasan),
Chloroquine (Neural),
Methotrexate

Suppress the function Of
Natural Killer Cells And
T-Cells, Inhibit IL-1 And
B-Lymphocytes

TNF-o Inhibitors and IL-1
Antagonist

Infections and Decreased
Neutrophil Counts, Dizziness,
Nausea, Hypersensitivity*&-52

Anakinra (Orencia), Abatacept
(Kineret), Etanercept,
Infliximab, Adalimumab

Immuno-Suppressants
and Anti-Inflammatory
Effects

Inhibit Prostaglandins,
Migration Along with
Other Monocyte and
Polymorph nuclear
Leukocyte Functions

Exacerbation, Organ- Threatening
Disease, Vasculitis!5354

Corticosteroids Prednisolone (Prelone) And

Cortisone (Cortone Acetate)

Serious Effect on
Gastrointestinal#2%

Non-Steroidal
Anti-Inflammatory Drugs

Aspirin (Ecitrin), Ibuprofen
(Motrin)

Cox-2 Inhibitors Celecoxib (Celebrax), Heart Attack and Stokes!®¢-%!

Etoricoxib (Arcoxia)

Inhibit Cyclooxygenase-2

Surgical treatment Psychological disadvantages,
post-operative site-specific

infections!®-62

TNF-o: Tumour Necrosis Factor-a, RA: Rheumatoid arthritis, IL: Interleukin
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Table 3: Herbal alternatives

Common Biological Source Chemicals Mechanism of Action Improved Formulations
Name (Family)
Turmeric  Curcuma longa Curcuminoids Inhibit Pro-inflammatory Nano Carriers, Micro
(Zingiberaceae) Cytokines and Chemokines Particles (Biodegradable
and Change the Expression of ~Starch, Transfersome)i37°!
various Transcription Factors,
Cell Cycle Proteins
Thunder  Tripterygium Diterpenoids Inhibit T-Cells and-Kappa Liposomesl’s7
God Vine  wilfordii B (xb) -Regulated Gene
(Celastraceae) Products
Salai Boswellia serrata Mono, Di, Tri and Inhibits 5-Lipoxygenase Phytosomes, Liposomes,
Guggul (Burseraceae) Tetraterpenes, Tetracyclic Niosomes!®
Triterpenic Acids
Ginger Zingiber officinale Sesquiterpenewith (-) Inhibit Pg Synthesis Transdermal Patches!®'#2
(Zingiberaceae) Zingiberene (Cyclooxygenase-1 and
Cyclooxygenase-2 Inhibitors),
5- Lipoxygenase
Feverfew Tanacetum Sesquiterpene Lactones, Inhibit 5- Lox, Enteric Coated Tablets
parthenium Parthenolide Phosphodiesterase-3 and Containing the Spray-Dried
(Asteraceae) Phosphordiesterase-4, Extract®
Release of Nitric Oxide,
Pg, E2 and TNF- From
Macrophages
Green Camellia sinensis Epigallocatechin-3- Gallate Inhibits DCs (Dendritic Cells)  Phytosomes(®+83]
Tea (Theaceae) And, T-cell-Mediated Immune
Responses
Guggul Commiphora mukul  E, Z-Guggulsterone (4,17 It downregulates Cox-2 and Liposomes, Vesicles,
lipid (Burseraceae) (20)-Pregnadiene-3, Mmp-9 Micelles!®®!
16-Dione)
Liquorice  Glycyrrhiza glabra Glycyrrhizin, Glycyhrritinic  Anti-Inflammatory Effects Ethosomal, Macrophages!®”!
(Fabaceae) Acid
Grape Vitis vinifera Pro-anthocyanidins, Inhibit Transcript Factors Nano-sponges!e&-l
Seed (Vitaceae) Resveratrol Like Nf-Kappa B or Activator
Protein-1
CONCLUSION helped me a lot in completion of this article within the limited

Herbal medicines are a promising alternative to conventional
therapy for arthritis because of their fewer side effects and low
cost. Formulation into new drug delivery technologies would
further enhance the effectiveness of plant actives/extracts as a
result of increased bioavailability and/or drug targeting.

Thorough studies are needed to gain knowledge about the
exact mechanism of action of these actives to make the
correct choice of a drug delivery system to achieve maximum
efficacy. Herbal medicines formulated into a novel drug
delivery system thus can prove to be a therapy of choice for
arthritis patients due to its safety, efficacy, and affordability.

ACKNOWLEDGMENT

We would like to express my special thanks of gratitude to
our family, friends, teaching an d non-teaching staff who

International Journal of Green Pharmacy ¢ Jul-Sep 2021 ¢ 15 (3) | 213

time frame.

REFERENCES

1. Ranade SY, Gaud RS. Current strategies in herbal drug
delivery for arthritis: An overview. Int J Pharm Sci Res
2013;4:3782.

2. Onakpoya 1J, Spencer EA, Perera R, Heneghan CIJ.
Effectiveness of curcuminoids in the treatment of
knee osteoarthritis: A systematic review and meta-
analysis of randomized clinical trials. Int ] Rheum Dis
2017;20:420-33.

3. Cross M, Smith E, Hoy D, Carmona L, Wolfe F, Vos T,
et al. The global burden of rheumatoid arthritis:
Estimates from the global burden of disease 2010 study.
Ann Rheum Dis 2014;73:1316-22.

4. Chou PC, Chu HY. Clinical efficacy of acupuncture
on rheumatoid arthritis and associated mechanisms:




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A systemic review. Evid based Complement Altern Med
2018;2018:8596918.

Davis JM. Rheumatoid arthritis: A severe disease that
preventive approaches would greatly benefit. Clin Ther
2019;41:1240-5.

Holmqvist M, Ljung L, Askling J. Acute coronary
syndrome in new-onset rheumatoid arthritis:
A population-based nationwide cohort study of time
trends in risks and excess risks. Ann Rheum Dis
2017;76:1642-7.

Crowson CS, Matteson EL, Myasoedova E, Michet CJ,
Ernste FC, Warrington KJ, et al. The lifetime risk of
adult-onset rheumatoid arthritis and other inflammatory
autoimmune rheumatic diseases. Arthritis Rheum
2011;63:633-9.

Myasoedova E, Crowson CS, Kremers HM, Therneau
TM, Gabriel SE. Is the incidence of rheumatoid arthritis
rising? Results from Olmsted county, Minnesota, 1955-
2007. Arthritis Rheum 2010;62:1576-82.

Firestein GS. Evolving concepts of rheumatoid arthritis.
Nature 2003;423:356-61.

Chuang SY, Lin CH, Huang TH, Fang JY. Lipid-
based nanoparticles as a potential delivery approach
in the treatment of rheumatoid arthritis. Nanomaterials
2018;8:1-16.

Dewing KA, Setter SM, Slusher BA. Osteoarthritis and
rheumatoid arthritis 2012: Pathophysiology, diagnosis,
and treatment. Clin Advis 2012;15:44.

Bécéde M, Alasti F, Gessl I, Haupt L, Kerschbaumer A,
Landesmann U, et al. Risk profiling for a refractory
course of rheumatoid arthritis. Semin Arthritis Rheum
2019;49:211-7.

Kumar AB, Habbu P, Thimmasetty, Lakshman, Hullatti P,
Kumar SR. Phytosomes as novel drug delivery system for
herbal medicine-a review. Syst Rev Pharm 2016;8:5-7.
Devasagayam TP. Introduction to serial reviews: Recent
advances in Indian herbal drug research. J Clin Biochem
Nutr 2007;40:73.

Sarangi MK, Padhi S. Novel herbal drug delivery
system: An overview. Arch Med Sci 2018;6:171.
Bonifacio BV, da Silva PB, Dos Santos Ramos MA,
Negri KM, Bauab TM, Chorilli M. Nanotechnology-
based drug delivery systems and herbal medicines :
A review. Int ] Nanomed 2014;9:1-15.

Saraf S. Applications of novel drug delivery system for
herbal formulations. Fitoterapia 2010;81:680-9.

Aletaha D, Smolen JS. Diagnosis and management
of rheumatoid arthritis: A review. J Am Med Assoc
2018;320:1360-72.

Mclnnes 1B, Schett G. Pathogenetic
from the treatment of rheumatoid arthritis.
2017;389:2328-37.

Rein P, Mueller RB. Treatment with biologicals in
rheumatoid arthritis: An overview. Rheumatol Ther
2017;4:247-61.

Raterman HG, Lems WF. Pharmacological management
of osteoporosis in rheumatoid arthritis patients: A

insights
Lancet

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

International Journal of Green Pharmacy ¢ Jul-Sep 2021 < 15 (3) | 214

review of the literature and practical guide. Drugs Aging
2019;36:1061-72.

Abbasi M, Mousavi MJ, Jamalzehi S, Alimohammadi R,
Bezvan MH, Mohammadi H, et al. Strategies toward
rheumatoid arthritis therapy; the old and the new. J Cell
Physiol 2019;234:10018-31.

Goldring SR, Hartman EE. A 55-year-old woman with
rheumatoid arthritis. ] Am Med Assoc 2000;283:524-31.
Guo Q, Wang Y, Xu D, Nossent J, Pavlos NJ, Xu J.
Rheumatoid arthritis: Pathological mechanisms and
modern pharmacologic therapies. Bone Res 2018;6:9.
Olsson Reckner A, Skogh T, Wingren G. Comorbidity
and lifestyle, reproductive factors, and environmental
exposures associated with rheumatoid arthritis. Ann
Rheum Dis 2001;60:934-9.

Lamba N, Lee S, Chaudhry H, Foster CS, Klemm M.
Areview of the ocular manifestations of rheumatoid
arthritis. Cogent Med 2016;3:1243771.

Quéméneur L, Gerland LM, Flacher M, Ffrench M,
Revillard JP, Genestier L. Differential control of
cell cycle, proliferation, and survival of primary T
lymphocytes by purine and pyrimidine nucleotides.
J Immunol 2003;170:4986-95.

Kosmaczewska A, Ciszak L, Swierkot J, Szteblich A,
Wiland P, Frydecka I. Alterations in both the activatory
and inhibitory potential of peripheral blood CD4+ T cells
in rheumatoid arthritis patients correlate with disease
progression. Pathol Oncol Res 2014;20:235-43.
Calabrese LH, Wilke WS, Perkins AD, Tubbs RR.
Rheumatoid arthritis complicated by infection with the
human immunodeficiency virus and the development of
Sjogren’s syndrome. Arthritis Rheum 1989;32:1453-7.
Glimcher LH, Murphy KM. Lineage commitment in the
immune system: The T helper lymphocyte grows up.
Genes Dev 2000;14:1693-711.

Vercoulen Y, Prakken BJ. Arthritis therapy: A role for
regulatory T cells? Int J Clin Rheumtol 2011;6:111-4.
Malemud C. Defective T-cell apoptosis and T-regulatory
cell dysfunction in theumatoid arthritis. Cells 2018;7:223.
Gerards AH, de Lathouder S, de Groot ER,
Dijkmans BA, Aarden LA. Inhibition of cytokine
production by methotrexate. Studies in healthy volunteers
and patients with rheumatoid arthritis. Rheumatology
2003;42:1189-96.

Choy EH. Cytokine pathways and joint inflammation in
rheumatoid arthritis. N Engl J Med 2001;344:907-16.
Alunno A, Carubbi F, Giacomelli R, Gerli R. Cytokines
in the pathogenesis of rheumatoid arthritis: New players
and therapeutic targets. BMC Rheumatol 2017;1:1-13.
Aggarwal A, Misra R. Methotrexate inhibits interleukin-6
production in patients with juvenile rheumatoid arthritis.
Rheumatol Int 2003;23:134-7.

Baljit K, Qadrie ZL, Amit B, Gautam SP. A never-ending
story of rheumatoid arthritis. Int J Pharm Pharm Sci
2020;12:10-7.

Ohashi K, Burkart V, Floh¢ S, Kolb H. Cutting edge:
Heat shock protein 60 is a putative endogenous




sing novel formulations

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

ligand of the toll-like receptor-4 complex. J Immunol
2000;164:558-61.

Wagner U, Pierer M, Wahle M, Moritz F, Kaltenhéuser S,
Hiantzschel H. Ex vivo homeostatic proliferation of
CD4+T cells in rheumatoid arthritis is dysregulated
and driven by membrane-anchored TNFo. J Immunol
2004;173:2825-33.

Braun A, Takemura S, Vallejo AN, Goronzy JJ,
Weyand CM. Lymphotoxin B-mediated stimulation of
synoviocytes in rheumatoid arthritis. Arthritis Rheum
2004;50:2140-50.

Jutley GS, Latif ZP, Raza K. Symptoms in individuals
at risk of rheumatoid arthritis. Best Pract Res Clin
Rheumatol 2017;31:59-70.

Ghosh R, Alajbegovic A, Gomes AV. NSAIDs and
cardiovascular diseases: Role of reactive oxygen species.
Oxid Med Cell Longev 2015;2015:536962.

Wilsdon TD, Hill CL. Managing the drug treatment of
rheumatoid arthritis. Aust Prescr 2017;40:51-8.

Pincus T, Yazici Y, Sokka T, Aletaha D, Smolen JS.
Methotrexate as the “anchor drug” for the treatment
of early rheumatoid arthritis. Clin Exp Rheumatol
2003;21:31.

Donahue KE, Gartlehner G, Jonas DE, Lux L], Thieda P,
Jonas BL, et al. Systematic review: Comparative
effectiveness and harms of disease-modifying
medications for rheumatoid arthritis. Ann Intern Med
2008;148:124-34.

Luo Q, SunY, Liu W, Qian C, Jin B, Tao F, et al. A novel
disease-modifying antirheumatic drug, iguratimod,
ameliorates murine arthritis by blocking IL-17 signaling,
distinct from methotrexate and leflunomide. J Immunol
2013;191:4969-78.

Kapoor B, Singh SK, Gulati M, Gupta R, Vaidya Y.
Application of liposomes in treatment of rheumatoid
arthritis: Quo vadis. Sci World J 2014;2014:978351.
Buckley F. Comparative efficacy of novel DMARDs as
monotherapy. ] Manag Care Spec Pharm2015;21:409-23.
Brady BL, Tkacz JP, Lofland J, Meyer R, Bolge SC.
Prescribing patterns of intravenous golimumab for
rheumatoid arthritis. Clin Ther 2015;37:2028-36.

Lin YJ, Anzaghe M, Schiilke S. Update on the
pathomechanism, diagnosis, and treatment options for
rheumatoid arthritis. Cells 2020;9:880.

Zengin O, Onder ME, Alkan S, Kimyon G, Hiiseynova N,
Demir ZH, et al. Three cases of anti-TNF induced
myositis and literature review. Rev Bras Reumatol
2017;57:590-5.

Melville AR, Kearsley-Fleet L, Buch MH, Hyrich KL.
Understanding  refractory ~ rheumatoid  arthritis:
Implications for a therapeutic approach. Drugs
2020;80:849-57.

Joseph RM, Hunter AL, Ray DW, Dixon WG. Systemic
glucocorticoid therapy and adrenal insufficiency in
adults: A systematic review. Semin Arthritis Rheum
2016;46:133-41.

Ene CG, Rosu A, Gheorman V, Calborean V, Cojan TS,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

International Journal of Green Pharmacy ¢ Jul-Sep 2021 ¢ 15 (3) | 215

Rogoveanu OC, et al. Incidence of osteoporosis
and the risk of fracture in patients with rheumatoid
arthritis undergoing corticosteroid treatment. Rev Chim
2018;69:1851-4.

Solomon DH, Husni ME, Wolski KE, Wisniewski LM,
Borer JS, Graham DY, et al. Differences in safety of
nonsteroidal antiinflammatory drugs in patients with
osteoarthritis and patients with rheumatoid arthritis:
A randomized clinical trial. Arthritis Rheumatol
2018;70:537-46.

Quan LD, Thiele GM, Tian J, Wang D. The development
of novel therapies for rheumatoid arthritis. Expert Opin
Ther Pat 2008;18:723-38.

Turesson C, O’Fallon WM, Crowson CS, Gabriel SE,
Matteson EL. Extra-articular disease manifestations in
rheumatoid arthritis: Incidence trends and risk factors
over 46 years. Ann Rheum Dis 2003;62:722-7.

Bodkhe R, Balakrishnan B, Taneja V. The role of
microbiome in rheumatoid arthritis treatment. Ther Adv
Musculoskelet Dis 2019;11:1-16.

Rooney CM, Mankia K, Emery P. The role of the
microbiome in driving RA-related autoimmunity. Front
Cell Dev Biol 2020;8:1013.

Krause ML, Matteson EL. Perioperative management
of the patient with rheumatoid arthritis. World J Orthop
2014;5:283-91.

Ghattas L, Mascella F, Pomponio G. Hand surgery in
rheumatoid arthritis: State of the art and suggestions for
research. Rheumatology 2005;44:834-45.

Young BL, Watson SL, Perez JL, McGwin G, Singh JA,
Ponce BA. Trends in joint replacement surgery in patients
with rheumatoid arthritis. ] Rheumatol 2018;45:158-64.
Thomsen T, Aadahl M, Beyer N, Hetland ML,
Loppenthin K, Midtgaard J, et al. Motivational
counselling and SMS-reminders for reduction of
daily sitting time in patients with rheumatoid arthritis:
A descriptive randomised controlled feasibility study.
BMC Musculoskelet Disord 2016;17:1-13.

Philippou E, Nikiphorou E. Are we really what we eat?
Nutrition and its role in the onset of rheumatoid arthritis.
Autoimmun Rev 2018;17:1074-7.

Xu Y, Hong S, Zhao X, Wang S, Xu Z, Ding S, ef al.
Acupuncture alleviates rheumatoid arthritis by immune-
network modulation. Am J Chin Med 2018;46:997-1019.
Fair DC, Rodriguez M, Knight AM, Rubinstein TB.
Depression and anxiety in patients with juvenile
idiopathic arthritis: Current insights and impact on
quality of life, a systematic review. Open Access
Rheumatol Res Rev 2019;11:237-52.

Bhupinder K, Reena G, Gupta M. Natural products in
treatment of rheumatoid arthritis. Int J Green Pharm
2017;11:S356-63.

Chopra A, Saluja M, Tillu G. Ayurveda-modern medicine
interface: A critical appraisal of studies of Ayurvedic
medicines to treat osteoarthritis and rheumatoid arthritis.
J Ayurveda Integr Med 2010;1:190-8.

Rahman M, Beg S, Verma A, Al Abbasi FA, Anwar F,




70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Saini S, et al. Phytoconstituents as pharmacotherapeutics
in theumatoid arthritis: Challenges and scope of nano/
submicromedicine in its effective delivery. JPharm
Pharmacol 2017;69:1-14.

Pisetsky DS. Advances in the treatment of rheumatoid
arthritis: Costs and challenges. NC Med ]
2017;78:337-40.

Baranwal V, Irchhaiya R, Alok S. Antiarthritic activity of
some indigenous plants. Res J Pharmacogn Phytochem
2012;4:152-7.

Devi V, Jain N, Valli K. Importance of novel drug
delivery systems in herbal medicines. Pharmacogn Rev
2010;4:27-31.

Shakibaei M, John T, Schulze-Tanzil G, Lehmann I,
Mobasheri A. Suppression of NF-kB activation by
curcumin leads to inhibition of expression of cyclo-
oxygenase-2 and matrix metalloproteinase-9 in human
articular chondrocytes: Implications for the treatment of
osteoarthritis. Biochem Pharmacol 2007;73:1434-45.
Rahimi HR, Nedaeinia R, Sepehri Shamloo A,
Nikdoust S, Kazemi Oskuee R. Novel delivery system
for natural products: Nano-curcumin formulations.
Avicenna J Phytomed 2016;6:383-98.

Kim GY, Kim KH, Lee SH, Yoon MS, Lee HJ, Moon DO,
et al. Curcumin inhibits immunostimulatory function of
dendritic cells: MAPKs and translocation of NF-kB as
potential targets. J Immunol 2005;174:8116-24.
Kothavade PS, Bulani VD, Deshpande PS,
Chowdhury AS, Juvekar AR. The petroleum ether
fraction of Celastrus paniculatus Willd. seeds
demonstrates anti-arthritic effect in adjuvant-induced
arthritis in rats. J Tradit Chinese Med Sci 2015;2:183-93.
Yuan J, Ye H, Li S. Comparison of methotrexate with
Tripterygium wilfordii Hook F in the management of
rheumatoid arthritis. J Bioanal Biomed 2015;7:1-2.

Ma J, Dey M, Yang H, Poulev A, Pouleva R, Dorn R,
et al. Anti-inflammatory and immunosuppressive
compounds from Tripterygium wilfordii. Phytochemistry
2007;68:1172-8.

Chen BJ. Triptolide, a novel immunosuppressive and
anti-inflammatory agent purified from a Chinese herb
Tripterygium wilfordii Hook F. Leukemia Lymphoma
2001;42:253-65.

Takada Y, Ichikawa H, Badmaev V, Aggarwal BB.
Acetyl-11-Keto-p-boswellic acid potentiates apoptosis,
inhibits invasion, and abolishes osteoclastogenesis
by suppressing NF-kB and NF-kB-regulated gene
expression. J Immunol 2006;176:3127-40.

International Journal of Green Pharmacy ¢ Jul-Sep 2021 « 15 (3) | 216

81. Ahalya S, Venkatesh BA, Vijayasarathi R, Shalini TV.
Anti-inflammatory effect of an Ayurveda polyherbal
topical application and exploration of its mechanism of
action. J Ayurveda Integr Med Sci 2017;2:10924.

82. Grzanna R, Lindmark L, Frondoza CG. Ginger-an herbal
medicinal product with broad anti-inflammatory actions.
J Med Food 2005;8:125-32.

83. Islam MA, Alam F, Solayman M, Khalil MI,
Kamal MA, Gan SH. Dietary phytochemicals: Natural
swords combating inflammation and oxidation-
mediated degenerative diseases. Oxid Med Cell Longev
2016;2016:.

84. Hong RK, Rajaiah R, Wu QL, Satpute SR, Tan MT,
Simon JE, et al. Green tea protects rats against
autoimmune arthritis by modulating disease-related
immune events. J Nutr 2008;138:2111-6.

85. Sami AG, Ahmad HA, Gehan AG, Xiao-Wan Z,
Yeong-Ho C, Youn-Jin P, ef al. Regulation of cartilage
and inflammatory biomarkers in rheumatoid arthritis
patients treated with green tea therapy. Afr J Pharm
Pharmacol 2014;8:263-73.

86. Ragavi R, Surendran SA. Commiphora mukul: An
overview. Res J Pharm Technol 2018;11:3205-8.

87. Huang QC, Wang MJ, Chen XM, Yu WL, Chu YL,
He XH, et al. Can active components of licorice,
glycyrrhizin and glycyrrhetinic acid, lick rheumatoid
arthritis? Oncotarget 2016;7:1193-202.

88. Lu J, Zheng Y, Yang J, Zhang J, Cao W, Chen X,
et al. Resveratrol alleviates inflammatory injury and
enhances the apoptosis of fibroblast-like synoviocytes
via mitochondrial dysfunction and ER stress in rats with
adjuvant arthritis. Mol Med Rep 2019;20:463-72.

89. Manna SK, Mukhopadhyay A, Aggarwal BB. Resveratrol
suppresses  TNF-induced activation of nuclear
transcription factors NF-kB, activator protein-1, and
apoptosis: Potential role of reactive oxygen intermediates
and lipid peroxidation. J Immunol 2000;164:6509-19.

90. Kim SH, Bang J, Son CN, Back WK, Kim JM. Grape
seed proanthocyanidin extract ameliorates murine
autoimmune arthritis through regulation of TLR4/
MyD88/NF-kB signaling pathway. Korean J Intern Med
2018;33:612-21.

91. Nighojkar PA, Momin M, Phadatare SP. Rheumatoid
arthritis-pharmacology and its management with
traditional herbs. Indian J Tradit Knowl 2017;16:284-9.

Source of Support: Nil. Conflicts of Interest: None declared.




