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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease of unknown cause. An
external trigger (e.g., cigarette smoking, infection, or trauma) that triggers an autoimmune
reaction, leading to synovial hypertrophy and chronic joint inflammation along with the
potential for extra-articular manifestations, is theorized to occur in genetically susceptible

individuals.[!!

WwWw.wjpr.net Vol 4, Issue 08, 2015. 2411



http://www.wjpr.net/

Patil et al. World Journal of Pharmaceutical Research

India has a high prevalence of arthritis, with about 15% people i.e. over 180 million people
affected by it.!?

The risk of arthritis increases with the increasing age.®Individuals are usually diagnosed
between the third and fifth decade of life .Y Women are more prone to acquiring this disease
in comparison to men.™ Therefore, individuals with RA may experience a lower quality of
life and amass a large amount of direct and indirect costs due to the managementof the

disease, hospitalizations, and physician visits.

Signs and symptoms of rheumatoid arthritis may include the following™

e Persistent symmetric polyarthritis (synovitis) of hands and feet (hallmark feature)
e Progressive articular deterioration

e Extra-articular involvement

e Difficulty performing activities of daily living (ADLS)

e Constitutional symptoms

RA can occur at any age, but in men onset before age 45 years is uncommon.®! The disease
can develop rapidly within weeks to months.!®! Commonly affected areas include the hands,
wrists, elbows, knee, metatarsophalangeal joint, shoulder, and cervical spine.”! The area of
joint involvement is symmetric and results in pain, morning stiffness lasting more than 1
hour, gelling (or locking with inactivity), tenderness, warmth, redness, and inflammation. ©

This article will deal with newer drugs which are already in use, ones which are in various

phases of development, identifying potential targets, the development of new vaccines.

Already In Use

1. Nonsteroidal Anti-Inflammatory Drug: (NSAIDs)

Drugs like Ibuprofen, Diclofenac Sodium, and Celecoxib etc., help in reducing the joint pain
and swelling. They do not have any role in suppressing the arthritis. Its pharmacological
effects are due to inhibition of cyclooxygenase-2 (COX-2) which decreases the synthesis of

prostaglandins involved in mediating inflammation, pain, fever, and swelling.

Ibuprofen and Celecoxib are the nonselective inhibitor of cyclooxygenase, an enzyme
involved in prostaglandin synthesis via the arachidonic acid pathway. lIbuprofen is a
nonselective inhibitor of cyclooxygenase, an enzyme involved in prostaglandin synthesis via

the arachidonic acid pathway. ! Celecoxib is a highly selective inhibitor of the COX-2 !
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Diclofenac Sodium acts by inhibition of the lipoxygenase pathways thus reducing formation
of the leukotrienes (also pro-inflammatory autacoids). It also may inhibit phospholipase A; as
part of its mechanism of action. These additional actions may explain its high potency it is
the most potent NSAID on a broad basis

2. Opioids
Opioid are often very effective against pain, they also carry a greater risk of side effects, such

as dizziness or drowsiness, than acetaminophen.™*”!

3. Disease-Modifying Anti-Rheumatic Drugs:(DMARDSs)

I. Methotrexate

Widely used DMARD. Used in combinations to Increase spectrum of activity.

Methotrexate anti-tumor activity is a result of the inhibition of folic acid reductase, leading to
inhibition of DNA synthesis and inhibition of cellular replication. !

11. Azathioprine

Its mechanism of action is due to incorporation of thiopurine analogues into the DNA
structure, causing chain termination and cytotoxicity.!*?

I11. Hydroxychloroquine

The mechanism of action of antimalarials in the treatment of patients with rheumatoid
arthritis is unknown but is thought to involve changes in antigen presentation or effects on the
innate immune system. For prolonged treatment of arthritis, adverse effects include the acute
symptoms, plus altered eye pigmentation, acne, anemia, bleaching of hair, blisters in mouth

and eyes, blood disorders, convulsions, vision difficulties. ™!

IV. Cyclophosphamide

It is an Alkylating agent.

Alkylating agents work by three different mechanisms: 1) attachment of alkyl groups to DNA
bases, resulting in the DNA being fragmented by repair enzymes in their attempts to replace
the alkylated bases, preventing DNA synthesis and RNA transcription from the affected
DNA, 2) DNA damage via the formation of cross-links (bonds between atoms in the DNA)
which prevents DNA from being separated for synthesis or transcription, and 3) the induction

of mispairing of the nucleotides leading to mutations.™*
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V.Cyclosporine

Cyclosporine binds to cyclophilin. The complex then inhibits calcineurin which is normally
responsible for activating transcription of interleukin 2. Cyclosporine also inhibits
lymphokine production and interleukin release.!*”!

VI.  Minocycline

Minocycline passes directly through the lipid bilayer or passively diffuses through porin
channels in the bacterial membrane. Tetracyclines like minocycline bind to the 30S ribosomal
subunit, preventing the binding of tRNA to the mRNA-ribosome complex and interfering

with protein synthesis.!*®!

VIl.  Mycophenolate Mofetil

Mycophenolate is hydrolyzed to form mycophenolic acid (MPA), which is the active
metabolite. MPA is a potent, selective, uncompetitive, and reversible inhibitor of inosine
monophosphate dehydrogenase (IMPDH), and therefore inhibits the de novo pathway of
guanosine nucleotide synthesis without incorporation into DNA. Because T- and B-
lymphocytes are critically dependent for their proliferation on de novo synthesis of purines,
whereas other cell types can utilize salvage pathways, MPA has potent cytostatic effects on
lymphocytes. MPA inhibits proliferative responses of T- and B-lymphocytes to both
mitogenic and allospecific stimulation. Addition of guanosine or deoxyguanosine reverses the
cytostatic effects of MPA on lymphocytes. MPA also suppresses antibody formation by B-
lymphocytes. MPA prevents the glycosylation of lymphocyte and monocyte glycoproteins
that are involved in intercellular adhesion to endothelial cells and may inhibit recruitment of
leukocytes into sites of inflammation and graft rejection. Mycophenolate did not inhibit early
events in the activation of human peripheral blood mononuclear cells, such as the production
of interleukin-1 (IL-1) and interleukin-2 (IL-2), but did block the coupling of these events to
DNA synthesis and proliferation.!*”!

VIII. Penicillamine

Penicillamine is a chelating agent recommended for the removal of excess copper in patients
with Wilson's disease.Ilt works by reducing numbers of T-lymphocytes, inhibiting
macrophage function, decreasing IL-1, decreasing rheumatoid factor, and preventing collagen

from cross-linking. [*#]
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4. Corticosteroids

Prednisone is a glucocorticoid receptor agonist. It is first metabolized in the liver to its active
form, prednisolone and binds with high affinity to specific cytoplasmic receptors. The result
includes inhibition of leukocyte infiltration at the site of inflammation, interference in the
function of mediators of inflammatory response, suppression of humoral immune responses,

and reduction in edema or scar tissue.[**!

e NSAIDs are often combined with DMARDs because they complement each other;

e But one NSAID should not be combined with another NSAID because it increases
the likelihood of their side effects;

e On the other hand, “DMARDs are often combined with one another for greater

effect.””

COMBINATION THERAPY OF DMARD:s:

Sr.No. | DRUG COMBINATION Result
1 Methotrexate And Sulfasalazine Modest peneflt which was not statlstlca_ll_y 3|gn|f|ga_nt.
Greater improvement in 1 year, No additional toxicity.
9 Methotrexate and Increased bioavailability, increased efficacy, and
' Hydroxychloroquine increased risk of toxicity.
3 Methotrexate and Ciclosporin No qddltlonal gdverse effect (exceptl_or_]: hypertrichosis
and increased in level of serum creatinine)
4 Methotrexate and Leflunomide Greater improvement, mild Ieucop_enlas and
neutropenias, elevated level of aminotransferase
Methotrexate And Azathioprine After 24 week greater improvement. Better results than
5. monotherapy.
6. Sulfasalazine and Leflunomide Better improvement and response than Leflunomide
monotherapy.
7 Hydrochloroquine- Methotrexate- Better action, quick response, more efficient.
' Sulfasalazine Adverse effect is swollen joints.

New Drugs

1. Leflunomide

Leflunomide is an immunomodulatory drug that achieves its effects by inhibiting the
mitochondrial enzyme dihydroorotate dehydrogenase (an enzyme involved in de novo
pyrimidine synthesis) (abbreviation DHODH), which plays a key role in the de novo (from
scratch) synthesis of the uridine monophosphate (rUMP), which is required for the synthesis
of DNA and RNA, hence leflunomide inhibits the reproduction of rapidly dividing cells,
especially lymphocytes. The inhibition of human DHODH by teriflunomide, the active
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metabolite of leflunomide, occurs at levels (approximately 600 nM) that are achieved during

treatment of rheumatoid arthritis (RA). 2%, 2!

2. Etanercept

There are two distinct receptors for TNF (TNFRs), a 55 kilo Dalton protein (p55) and a 75
kilo Dalton protein (p75). The biological activity of TNF is dependent upon binding to either
cell surface receptor (p75 or p55). Etanercept is a dimeric soluble form of the p75 TNF
receptor that can bind to two TNF molecules, thereby effectively removing them from

circulation.??

3. Adalimumab

Adalimumab has been shown to reduce the signs and symptoms of moderate-to-
severe rheumatoid arthritis (RA) in adults. It has also been shown to have efficacy in
moderate to severe polyarticular juvenile idiopathic arthritis (JIA) in children 4 years of age
and older, and is approved for use in the treatment of that condition. In RA it can be used

alone or with methotrexate or similar medicines.?*!

4. Infliximab

Infliximab neutralizes the biological activity of TNFa by binding with high affinity to the
soluble and transmembrane forms of TNFa and inhibits binding of TNFa with its receptors.
Infliximab does not neutralize TNFb (lymphotoxin a), a related cytokine that utilizes the
same receptors as TNFa. TNFa activation normally induces the release of proinflammatory
cytokines, the enhancement of leukocyte migration and activation of neutrophils among
others. Neutralization of the biological activity of TNFa leads to an overall reduction

ininflammation.?*!

5. Anakinra
Anakinra binds competitively to the Interleukin-1 type I receptor (IL-1RlI), thereby inhibiting
the action of elevated levels IL-1 which normally can lead to cartilage degradation and bone

resorption.®!
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NEW POTENTIAL DRUGS

1. Nonsteroidal Anti-Inflammatory Drug: (NSAIDs)

I. COX-II Inhibitor

i. Etoricoxib: Etoricoxib selectively inhibits isoform 2 of cyclooxygenase enzyme (COX-
2). This reduces prostaglandins (PGs) generation from arachidonic acid.!*®!

ii. Calcitriol : Calcitriol (vitamin D) significantly inhibits the expression of the COX-2

gene.?"]

2. Andrographolide

Andrographolide is a bicyclic diterpenoid lactone derived from extracts of Andrographis

paniculata, a plant indigenous to South Asian countries that shows anti-inflammatory

properties. The molecular and cellular bases for this immunomodulatory capacity remain

unknown.

In vitro, this molecule was able to interfere with T cell proliferation and cytokine release in
response to allogenic stimulation. These results were consistent with the observation that T
cell activation by dendritic cells (DCs) was completely abolished by exposing DCs to
andrographolide during antigen pulse. This molecule was able to interfere with maturation of
DCs and with their ability to present antigens to T cells. Furthermore, in vivo immune
responses such as antibody response to a thymus-dependent antigen and delayed-type
hypersensitivity were drastically diminished in mice by andrographolide treatment. Finally,
the ability of andrographolide to inhibit T cell activation was applied to interfere with the
onset of experimental autoimmune encephalomyelitis (EAE), an inflammatory demyelinating
disease of the central nervous system that is primarily mediated by CD4 (+) T cells and
serves as an animal model for human multiple sclerosis. Treatment with andrographolide was
able to significantly reduce EAE symptoms in mice by inhibiting T cell and antibody

responses directed to myelin antigens.!?®

3. Janus kinase inhibitors

Cytokines play key roles in controlling cell growth and the immune response. Many
cytokines function by binding to and activating type | and type 1l cytokine receptors. These
receptors in turn rely on the Janus kinase (JAK) family of enzymes for signal transduction.
Hence drugs that inhibit the activity of these Janus kinases block cytokine signaling.
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More specifically, Janus kinases phosphorylate activated cytokine receptors. These
phosphorylated receptor in turn recruit STAT transcription factors which modulate gene
transcription.!*!

I. Filgotinib

Filgotinib is a Janus kinase inhibitor with selectivity for subtype JAK1 of this enzyme. They
show long-term efficacy in the treatment of various inflammatory diseases. However, their
lack of selectivity leads to dose-limiting side effects. The signal transmission of large
numbers of proinflammatory cytokines is dependent on JAKL. Inhibition of JAK2 may also
contribute to the efficacy against RA. Nonetheless it is thought that JAK2 inhibition might
lead to anemia and thrombopenia by
interferencewith erythropoietin and thrombopoietin andgranulocyte- macrophage colony-
stimulating factor. Therefore one might prefer to choose a more selective JAK1 inhibitor as a
primary therapeutic option. Filgotinib exerts a 30-fold selectivity for JAK1 compared to
JAK2. It is however still to be seen to what extent JAK2 inhibition should be avoided. %!

Time line®!

June 2011: results of first phase 2 trials

1. November 2014: initiation of DARWIN 1 and 2 trials
2. April 2015: expected date of DARWIN 1 trial results
3. June 2015: expected date of DARWIN 2 trial results

4. Tacrolimus
Tacrolimus is an immunosuppressant that is presently used in organ transplant patients. Like
abatacept, tacrolimus acts on T cells by preventing their activation and has been tested in RA

patients that have not responded to DMARDs.2 3

NEW TECHNIQUES

1. Acupuncture

One benefit to acupuncture is that it is a drug-free way to minimize pain. With drugs, people
often develop a tolerance, or the need for an increased dosage to achieve the same required
effect. However, this does not happen with acupuncture. In addition, acupuncture allows the
doctor to immediately examine a person's response to the treatment and make adjustments if

necessary.
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Usually, at least two sessions a week for four to five weeks is a normal course of treatment. It
may take several treatments before noticing any benefit. At least 5 or 10 treatments should be

tried before giving up.

A recent study from China shows that both traditional acupuncture and electroacupuncture —
a type in which pulsating electrical currents are sent through the needles to stimulate target
areas — may reduce tenderness. All 36 participants had a standardized treatment, whether they
received traditional acupuncture or electroacupuncture. During a total of 20 sessions
throughout a 10-week period, needles were placed at a depth of about 10 to 20 millimeters
and left in place for 30 minutes.*”

2. Acupressure: Acupressure relieves arthritic pain in 3 ways.

I. When an acupressure point is held it should increased energy to move through the body
and this energy that can heal the joints and relieve pain.

Il. Release of endorphins: When acupressure points were held neurochemicals are released
called endorphins that doctors know relieve pain. These are natural chemicals that the body
manufactures, and acupressure allows them to circulate through the body.

I11.Relieving pain is by releasing stress and tension. This increases circulation and enables
the person to be relaxed instead of stressing against their arthritic pain. By being more
relaxed you can cope better with it, breathe easier, and have more energy in your daily life.r*®!
3. Physiotherapy

Physiotherapy treatment is important in helping patients with RA manage their disease. In
conjunction with occupational therapists, physiotherapists educate patients in joint protection
strategies, use of assistive devices, and performance of therapeutic exercises.®

I. Cold/Hot Applications

Il. Electrical Stimulation

I11. Hydrotherapy

IV. Joint Protection Strategies

V. Therapeutic Exercise

V1. Massage Therapy

4. YOGA
It's important to keep muscles strong to support the joints, and movement is important to

reduce stiffness.”
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AYURVEDIC TREATMENT

RA is known as AMAVATA in Ayurveda, Ama means Toxins are combined with Vata
dosha localized in the joints and produces pain, swelling and stiffness.

In the initial stage, ayurvedic medications that metabolize the Ama (toxins) and eliminate
them out of the body are prescribed. Later, medications that pacify the aggravated Vata dosha

are prescribed by assessing the changes in patient’s condition.

To be followed

Use garlic in regular diet. Buttermilk with garlic is an excellent remedy of rheumatoid
arthritis. Use whole grains that are rich in fibre such as wheat, millet, barley, horse gram,
brown rice. Consume honey mixed with water. (Older the honey, the greater its benefit) Milk
boiled with dry ginger can be taken in the morning and evening instead of tea and coffee.
Consume milk mixed with 3 Gms of turmeric powder. Turmeric is very effective to control

inflammation of the joints.

To be avoided

Unhealthy and irregular dietary habits can trigger the abnormal immune response and
increase the pain in the joints. Curd, Black gram, fermented food items; deep fried oily foods
should be avoided. Avoid common foods that cause allergies such as dairy products, peanuts,
beets, soy, red meat, processed foods, artificial additives and preservatives, white flour and
white sugar. Alcohol, tobacco, tea, coffee, soft drinks and ice creams should not be
consumed. Avoid food items that cause indigestion and flatulence. Try to avoid keeping
awake at nights and sleeping during daytime. Consume fruits in their whole form and avoid
them in the form of juices. Whole fruits with their fibre content aids in proper digestion and
regulates the bowel movements.*®!

Role of Surgery

Rheumatoid arthritis surgery may involve one or more of the following procedures:
e Total joint replacement

e Tendon repair

e Joint fusion

e Synovectomy
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e Arthroscopy
Arthroscopy is performed to clean out bone and cartilage fragments (a process called

debridement) that cause pain and inflammation.®

VACCINATIONS

People with RA have an increased risk of infections and mortality and recommended
vaccinations can reduce these risks. The killed influenza vaccine should be received annually.
The pneumococcal vaccine should be administered twice for patients under the age 65 and
once for those over 65.Lastly, the live-attenuated zoster vaccine should be administered once
after the age 60, but is not recommended in patients on a tumor necrosis factor alpha

bIOCker.[40 41 42 43]

CONCLUSION

RA is a disorder of joint stiffness. There are many drug classes of NSAID,DMARDS,which
are used. But this individual drug couldn’t give desired effect. Thus new drugs which provide
moderate effect with less adverse effects are formulated. Combination of drugs with regular
exercise is recommended as it is useful to maintain muscles strength and overall physical

function effective in the treatment.
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