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Rheumatoid arthritis includes inflammation of joints and classified as autoimmune
disorder. The complete Freund’s Adjuvant induce Arthritis is the most widely used
animal model of arthritis. Spironolactone have immunomodulatory, antioxidant
and anti-inflammatory properties, so might be it can use as an antiarthritic drug.
The present work is to investigate the antiarthritic effect of spironolactone on CFA
induced arthritis. The female rats were divided into five group containing six
animal in each group and CFA induce arthritic rat were treated with spironolactone
(56 mg/kg and 28 mg/kg), methotrexate and vehicle till 21st day. The results of
treatment is evaluate by paw volume, body weight, ESR, arthritis index, TNF-α and
IL-6. The female rats were immunized with CFA to induce rheumatoid arthritis.
Spironolactone shows significant changes in all the parameters. The level of
cytokines is reduced by oral administration of spironolactone. The results are
nearly related as compare to methotrexate. Improvement in paw volume, body
weight, ESR, arthritic score, TNF-α and IL-6 indicates that spironolactone might be
used as the novel treatment of arthritis.
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INTRODUCTION
Arthritis is a collective term which include over
100 types of rheumatic diseases, which are
described by inflammation, inelasticity and pain
in muscular and skeleton system, categorized as
systemic and autoimmune disorder [1]. The age
which is generally affected by arthritis is
between 35-40 [2]. About 1% population is
influenced by RA, in which women are more
frequently influenced as compare to men in the
ratio of 3:1 [3]. The joint damage in RA is because
of disproportion in pro and anti-inflammatory
cytokines [4]. The synovial tissue is damaged by
generation of inflammatory cell in synovium [5, 6].
These inflammatory cells such as macrophages
and Fibroblast derived cytokines produce
cytokines and chemokines [7].TNF-α and IL-6 play
an important role in the pathophysiology of RA
[8].
Spironolactone (Fig. 1) is a steroid, used as a
diuretic it also possess anti-inflammatory,
immune
modifying,
antioxidant
and
antiproliferative properties [9].
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Figure 1: Spironolactone
Few studies describe its effect in Rheumatoid
Arthritis also [10]. Spironolactone (SPIR) acts by
blocking the binding of aldosterone to
mineralocorticoid receptor and exert antiinflammatory effect [11]. Aldosterone enhances
the level of cytokines by acting on pro
inflammatory cells [12]. The elevated level of
aldosterone in synovium leads to pannus
formation and cartilage destruction [13]. Only few
works were accessible related to spironolactone
in Rheumatoid Arthritis [14]. Spironolactone also
suppress the production of TNF-α, Granulocyte
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macrophages colony stimulating factor and IL-6
[15]. Few studies report that spironolactone exert
anti-inflammatory effect in severe cardiovascular
disorders [16]. Bradsheet describe the immune
modifying and anti-inflammatory effect of
Spironolactone in autism. Spironolactones exert
anti-inflammatory effect in ocular disease [17].
MATERIAL AND METHODS
Animals
Adult female Sprague dawley rats 6-8 week old
weighing about 200-250gms were purchased
from NIB, Noida. Animals were accommodated in
a constant room temperature (24-26˚C) and
humidity (40-60%). Food (Pellet, Golden feed,
Mehrauli) and drinking water available ad
libitum. The protocol was approved by IAEC and
caring of animals were performed as per the
CPCSEA guidelines (Registration Number:
1149/PO/ERe/S/07/CPCSEA).
Chemicals and Drugs
The chemicals were used CFA injection,
Spironolactone and Methotrexate obtained from
Sigma Adrich company USA, RPG life sciences
Mumbai and IPCA labs Mumbai, respectively. All
the chemicals, reagents and drugs used in the
study were of analytical grade.
Complete Freund’s Adjuvant Induce Arthritis
After the 7 days period of acclimatization to
laboratory condition, the female Sprague dawley
rats were divided in five groups (six animals in
each group), i.e control, arthritic control,
Spironolactone 28 mg/kg, Spironolactone 56
mg/kg and standard. Each group is treated as
follows:
Group I:

control group which receive 0.5%
Carboxymethylcellulose p.o

Group II: arthritic control group which receive
0.5% Carboxymethylcellulose p.o +
0.1 ml CFA s.c
Group III: 0.1 ml CFA p.o + 28 mg/kg
Spironolactone p.o
Group IV: 0.1 ml CFA s.c + 56 mg/kg
Spironolactone p.o
Group V: 0.1 ml CFA s.c + 1 mg/kg
Methotrexate (MTX) p.o
Arthritis was induced by injected 0.1ml of CFA
(10 mg/kg of Mycobacterium tuberculosis in
heated killed form which is suspended in 1 ml
paraffin oil) on day 0 in right hind paw. The body
weight and paw volume were measured at initial

day by using plethysmometer and weighing
balance respectively. Drugs treatment was
started at day 0 and continued till day 21. Paw
volume and body weight were again measure at
7th, 14th and 21st day. At the end of experiment
animals were anaesthetized and blood sample is
withdrawn by retro orbital plexus and collected
in plain and EDTA Tubes for haematological and
biochemical analysis. The level of ESR, TNF-α and
IL-6 were determined.
Evaluation of Arthritis
Arthritis Score
The arthritic scale was measured by 4 point scale
as follows:
0 = no swelling
1= erythema of fingers
2= erythema and swelling of ankle
3= inflammation of whole paw
4= deformity of paw
At the end of experiment arthritic score of all rats
were recorded and for control group it is
describe as 0 represent the normal appearance
and no swelling.
Measurement of TNF-α and IL-6
TNF-α and IL-6 are measured by ELISA method
from the rat serum. TNF-α and IL-6 is estimated
by ELISA kit.
Measurement of ESR
ESR was measured in wintrobe tube, which is
100mm long. The blood sample was collected in
tube containing anticoagulant. EDTA tube is
generally used for this procedure. After mixing
the blood sample was withdrawn in wintrobe
tube .1hour later, the fall is RBCs was measured
in millimeters.
Statistical Analysis
The data were expressed as mean ± S.D (n=6).
The statistical significant analysis was done by
one way ANOVA followed by tukey test by using
statistical Graph Pad Prism software, version
8.1.1.
P˂0.05, P˂0.01 and P˂0.001 are
contemplating as statistically significant.
RESULTS
Effect on Body Weight
The rheumatoid arthritis is usually achieved with
reduction in body weight. Thus altered body
weight functions as a parameter during
rheumatoid arthritis. The effect of body weight is
shown in the table and figure in which body
weight is gradually reduced in CFA induced
group as compare to control group. In treatment
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groups altered body weight is compared with
CFA induced arthritis.

compare to control group. In treatment groups
altered paw volume is compared with CFA
induced arthritis.

Fig. 2, Represent a comparison of body weight in
the control, arthritic control, SPIR 28 mg/kg,
SPIR 56 mg/kg and MTX group on day 0, 7, 14
and 21. Control, SPIR and standard groups have
show minute changes in weight. Group –II is
arthritic group, which show decrease in body
weight as compare to day 0 (P ˂ 0.001).

Fig. 3.1 & 3.2, Represent a comparison of paw
volume in the control, arthritic control, SPIR 28
mg/kg, SPIR 56 mg/kg and MTX group. The
graph show the comparison of paw volume in
group I, II, III and IV on day 0, 7, 14 and 21.
Maximum paw volume was observed on day 7 in
arthritic control group, and then there is gradual
reduction in all the groups except control. SPIR
28 mg/kg, SPIR 56 mg/kg and MTX group
produced a significant reduction in paw swelling
on day 21, as compare to control († = P value ˂
0.001). Further the antiarthritic activity of SPIR
56 mg/kg was comparable that of Methotrexate
throughout the observation period.

Effect on Paw Volume
The antiarthritic effect of Spironolactone was
determined by measuring paw volume. It is the
crucial parameter to assess the Rheumatoid
Arthritis. The effect of paw volume is shown in
the table and figure in which paw volume is
gradually increased in CFA induced group as
250
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Figure 2: Showing effect CFA, SPIR 28 mg/kg, SPIR 56 mg/kg and MTX on body weight, n = 6 in each
group. The data represent the mean ± S.D of all groups. Statistical analysis was done using one way
ANOVA and Tukey test. *** = p – value ˂ 0. 001 vs. control groups.
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Figure 3.1: Showing effect CFA, SPIR 28 mg/kg, SPIR 56 mg/kg and MTX on paw volume, n = 6 in each
group. The data represent the mean ± S.D of all groups. Statistical analysis was done using one way
ANOVA and Tukey test. † = p – value ˂ 0.001 vs. Control group.
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Figure 3.2: Showing effect of Spironolactone on paw swelling in CFA induced arthritis in rats.

Arthritic Scale

4.5

0.001). Group IV (SPIR 56 mg/kg) has show
decrease level of ESR as compare to group III (P
˂ 0.001). Group V which is Methotrexate group
(Standard group) has show decrease level of ESR
as compare to group IV.
8
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Effect of Spironolactone on Arthritic Scale
Fig. 4 Represent a comparison of arthritic scale
in the control, arthritic control, SPIR 28 mg/kg,
SPIR 56 mg/kg and MTX group. Control group
shows normal appearance although arthritic
group show increase in arthritic score. Group –
III (SPIR 28 mg/kg) show decrease in arthritic
group as compare to arthritic group (P ˂ 0.001).
Group – IV (SPIR 56 mg/kg) show decrease in
arthritic score as compare to group - III (P ˂
0.001). Standard group show decrease in
arthritic index, as compared to group – III (P
value ˂ 0.001).
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Figure 5: Showing effect CFA, SPIR 28 mg/kg,
SPIR 56 mg/kg and MTX on ESR, n = 6 in each
group. The data represent the mean ± S.D of all
groups. Statistical analysis was done using one
way ANOVA and Tukey test. *** p value < 0.001
vs. arthritic group.
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Figure 4: comparison of the effect of
Spironolactone on arthritic score of CFA induced
arthritis with methotrexate treatment on rat.
Statistical analysis was done using one way
ANOVA and tukey test. *** p value < 0.001 vs
arthritic group.
Effect on ESR
Fig. 5 represents the effect of spironolactone on
ESR. As compare to arthritic control group the
spironolactone and standard group show
decrease in the value of ESR. Group I which is
control group show normal level of ESR. Group II
which is arthritic group show increased level of
ESR. Group III (SPIR 28 mg/kg) has show
decrease level of ESR as compare to group II (P ˂

Effect of SPIR on TNF-α and IL-6 level
Fig 6.1 & 6.2, represent the effect of
spironolactone on TNF-α and IL-6. Injecting CFA
produced an elevation in the level of TNF-α and
IL-6 in all tested animal. As compare to arthritic
group the spironolactone and standard group
show decrease in the value of TNF-α and IL-6.
Group I which is control group show normal
level of TNF-α and IL-6. Group II which is
arthritic group show increased level of TNF-α
and IL-6. Group III (SPIR 28 mg/kg) has show
decrease level of TNF-α as compare to group II (P
˂ 0.05). Group IV (SPIR 56 mg/kg) has show
decrease level of TNF-α and IL-6 as compare to
group III (P ˂ 0.001). Group V which is
Methotrexate group (Standard group) has show
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IL-6 (pg/ml)

decrease level of TNF-α and IL-6 as compare to
group IV.
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Figure 6.1: Showing effect CFA, SPIR 28 mg/kg,
SPIR 56 mg/kg and MTX on IL-6, n = 6 in each
group. The data represent the mean ± S.D of all
groups. Statistical analysis was done using one
way ANOVA and Tukey test. *** p value < 0.001
vs arthritic group.
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the present study there was a dose dependent
reduction in paw volume in the SPIR treated
group as compare to control.
In present work, the level of cytokines (TNF-α
and IL-6) are also determined, that are
overexpressed in Rheumatoid Arthritis. SPIR
produce inhibition of cytokines as compare to
control group. Improvement in the ESR level in
the SPIR 28 mg/kg indicates its positive effects in
the recovery of arthritis. In the present work, the
arthritic
index
is
slightly
higher
in
spironolactone 28 mg/kg dose and slightly lower
than in spironolactone 56 mg/kg as compare to
Methotrexate group. This work suggests that the
spironolactone possess antiarthritic activity as
compare to methotrexate. Methotrexate is a
potent
immunemodulatory,
antiarthritic
synthetic DMARD. NSAIDs used in the treatment
of rheumatoid arthritis give only symptomatic
relief and they do not completely cure the
disease. DMARDs used in the treatment of
arthritis act on inflammatory mediators and
inhibit the proinflammatory cytokines. The
serum cytokines TNF-α and IL-6 are responsible
in the progression of RA. The present work
describe that spironoloactone reduce the level of
cytokines as compare to arthritic group.
Spironolactone nearly reduces the level of serum
cytokines as compare to methotrexate.
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Figure 6.2: Showing effect CFA, SPIR 28 mg/kg,
SPIR 56 mg/kg and MTX on TNF-α, n = 6 in each
group. The data represent the mean ± S.D of all
groups. Statistical analysis was done using one
way ANOVA and Tukey test. *** p value < 0.001
and *p value < 0.05 vs arthritic group.
DISCUSSION
RA is a very annihilating condition, which
deficient in proficient treatment option. A
synthetic DMARDs are recently used to treat
arthritis, still low coasting and fewer side effect
drug treatment is deficit. The present research
work investigates the effect of spironolactone in
CFA induced arthritis. CFA induced arthritis is
the most widely used antiarthritic model and it
possess nearly similar pathological and
biochemical changes as compare to human RA. In

CONCLUSION
The current study investigates that dose of 56
mg/kg
of
spironolactone
showed
the
antiarthritic activity in CFA induced arthritic
model. It can nearly prevent the joint, cartilage
and bone destruction. The therapeutic effect of
spironolactone is nearly similar to the
antiarthritic effect of spironolactone. The present
study suggested that spironolactone may be used
in the treatment of RA, as potent alternative
DMARDs.
REFERENCES
[1] C. M. Porth, Essentials of Pathophysiology:
Concepts of Altered Health States, Wolters
Kluwer Health/Lippincott Williams &
Wilkins, 2011, 3rd edition, 2011.
[2] A. J. Mac Gregor and A. J. Silman,
“Rheumatoid arthritis and other synovial
disorders: classification and epidemiology,”
in Rheumatology, M. C. Hochberg, A. J.
Silman, J. S. Smolen, M. E. Weinblatt, and M.
H. Weisman, Eds., vol. 1, Mosby, London,
UK, 2004.
[3] S.
E.
Gabriel
and
K.
Michaud,
“Epidemiological studies in incidence,
109

Saiffi et al. / Indian Journal of Novel Drug Delivery 11(2), Apr-Jun, 2019, 105-110

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

prevalence, mortality, and comorbidity of
the rheumatic diseases,” Arthritis Research
and Therapy, 2009, 11, 1-82.
I. B. McInnes and G. Schett, “Cytokines in
the
pathogenesis
of
rheumatoid
arthritis,” Nature Reviews Immunology,
2007, 7, 429–442.
G. S. Firestein, “Evolving concepts of
rheumatoid arthritis,” Nature, 2003, 423,
356–361.
Y. Okada, D. Wu, G. Trynka et al., “Genetics
of rheumatoid arthritis contributes to
biology and drug discovery,” Nature, 2014,
506, 376–381.
D. E. Furst and P. Emery, “Rheumatoid
arthritis pathophysiology: update on
emerging cytokine and cytokine-associated
cell targets,” Rheumatology, 2014, 53,
1560–1569.
B. Bresnihan, J. M. Alvaro-Gracia, M. Cobby
et al., “Treatment of rheumatoid arthritis
with recombinant human interleukin-1
receptor
antagonist,” Arthritis
and
Rheumatism, 1998, 41, 2196–2204.
Komarova E, Rebrov B. Effectiveness of
spironolactone in complete therapy of
rheumatoid arthritis. Eur Med Health
Pharm J, 2014, 7, 11-13.
Syngle A, Vohra K, Kaur L, et al. Effect of
spironolactone on endothelial dysfunction
in rheumatoid arthritis. Scand J Rheumatol,
2009, 38, 15-22.
Laura Carone, Stephen G. Oxberry, Robert
Twycross, Sarah Charlesworth, Mary
Mihalyo,
and
Andrew
Wilcock,
Spironolactone, Journal of pain and
symptom management, 53, 288-293.
Delcayre C, Swynghedauw B. Molecular
mechanisms of myocardial remodeling. The
role of aldosterone, J Mol Cell Cardiol,
2002, 34, 1577-1584.
Sugiyama T, Yashimoto T, Hirono Y, et al.
Aldosterone increases osteopontin gene
expression in rat endothelial cells. Biochem
Biophys Res Commun, 2005, 336, 163-167.
Inderjeet Verma, Ashit Syngle and Pawan
Krishan, 2017, Therapeutic effects of
spironolactone on a collageninduced
arthritis model of rheumatoid arthritis, The
Egyptian Rheumatologist, 39, 57–63
Bendtzen K, Hansen PR, Rieneck K,
Spironolactone/Arthritis Study Group.
Spironolactone inhibits production of
proinflammatory cytokines, including
tumour necrosis factor-a and interferon-c,
and has potential in the treatment of

arthritis. Clin Exp Immunol, 2003, 134,
151–158.
[16] Miura R, Nakamura K, Miura D, Miura A,
Hisamatsu K, Kajiya M, et al. Antiinflammatory effect of spironolactone on
human peripheral blood mononuclear cells.
J Pharmacol Sci, 2006, 101, 256–9.
[17] Bradstreet JJ, Smith S, Granpeesheh D, ElDahr JM, Rossignol D. Spironolactone might
be a desirable immunologic and hormonal
intervention in autism spectrum disorders.
Med Hypotheses 2007, 68, 979–87.

110

