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a b s t r a c t

Sesamum indicum, one of the first recorded plants used for its seeds, is reported to have analgesic,
antioxidant, anticancer, anti-obesity as well as hepato and nephro protective activities. The current study
evaluated the effects of two doses (400 and 800 mg/kg) of ethanolic extract of S. indicum seeds in
Freund's complete adjuvant induced arthritis in rats in comparison with diclofenac and methotrexate by
the changes produced in body weight, body temperature, paw volume and spontaneous activity, he-
moglobin, erythrocyte sedimentation rate, total white blood cells, red blood cells, Interleukin-6 and
Tumor necrosis factor-a as well as joint changes in X-ray and histological changes in joint tissue. Unlike
the untreated group, the groups treated with S. indicum showed significant decrease in paw volume,
body weight, white blood cell count, erythrocyte sedimentation rate, Interleukin-6 and Tumor necrosis
factor-a and an increase in body weight, spontaneous activity, hemoglobin level, and red blood cell
count. Histopathological examination showed gross reduction in synovial inflammation and cartilage
damage. X-ray revealed significant improvement in joint space. The effect of ethanolic extract of S.
indicum was found to be equivalent to methotrexate and greater than diclofenac.
© 2017 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Rheumatoid arthritis (RA) is a chronic multi system disease
characterized by persistent inflammatory synovitis involving pe-
ripheral joints leading to progressive functional impairment.1

About 1 % of the world's population and 0.7 % (88 lakhs) of Indian
population are afflicted with RA. It is more common in women and
generally occurs between 40 and 60 years of age.2,3

A panel of drugs such as non-steroidal anti-inflammatory drugs
(NSAIDs), glucocorticoids, diseasemodifying anti rheumatoid drugs
(DMARDs), biologicals such as TNF-a and IL antagonists and JANUS
kinase inhibitors (JKIs) have been used to relieve pain and reduce
uckmani).
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immunological reaction mediated inflammation and joint dam-
age.4,5 A step wise approach starting with NSAIDs followed by
glucocorticoids and DMARDs, either alone or in combinations are
used in the current management of RA.6 However these drugs
neither offer a complete cure nor are free from adverse effects.
Hence finding out new drugs is essential.

In this context, a well known plant from indigenous system,
Sesamum indicum (SI) has been chosen for the current study.

SI, an ancient spice and one of the first recorded plants belongs
to the family Pedaliaceae. It is used for its seeds for thousands of
years and is still an oil seed of worldwide significance. Sesame oil is
commonly used in margarine production and cooking.7 SI contains
sesamin 31.3 %, Sesamol 34.2 % sesamolin 46.7 % per 100 g and also
contain oleic acid, a-tocopherol, g-tocophereol, palmitic acid,
stearic acid and linoleic acid, a-linolenic acid.8e10 In addition SI
contains vitamin B1: 0.28 mg, 1.48 mg of copper, 0.88 mg of man-
ganese, 120 mg of tryptophan, 351.00 mg of calcium, 126.36 mg of
magnesium, 5.24 mg of iron, 226.44 mg of phosphorus, 2.80 mg of
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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Table 1
Experimental design.

Group Treatment

Group 1 Normal control (NC)
Group 2 RA control (RAC)
Group 3 FCA þ Diclofenac (D) 25 mg/kg
Group 4 FCA þ Methotrexate (M) 50 mg/kg/week
Group 5 FCA þ EESI 400 mg/kg
Group 6 FCA þ EESI 800 mg/kg

Drugs were administered daily orally from day 8e28.
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zinc and dietary fiber.11 The pharmacological activities reported
include analgesic, antioxidant, anticancer, anti-obesity as well as
hepato and nephro protective activities.12e16

Considering its traditional use, the phytochemical constituents
and the reported activities the present study was undertaken to
evaluate the effects of ethanolic extract of SI seed in Freund's
complete adjuvant-induced rheumatoid arthritis in rats.

2. Materials and methods

2.1. Extract preparation

The black seeds of SI were collected from Chennai (Tamil Nadu
state, India) and authenticated by Dr. Narasimhan, Associate Pro-
fessor of Botany, Madras Christian College, Tambaram, Chennai,
Tamil Nadu.

The seeds were washed thoroughly, dried under shade and
powdered. 1.5 kg of the air-dried seeds was subsequently pulver-
ized to uniform powder using an electric blender (25e28 �C).
Pulverized seed (1.5 kg) was then defatted by mixing with n-hex-
ane (3000ml) using a magnetic stirrer at room temperature for 6 h.
The resultant slurry was filtered and the residue was air dried for
24 h. The dried defatted residue (1000�g obtained from 1.5 kg) was
then subjected to continuous extractionwith 5 L of 95% v/v ethanol
using Soxhlet apparatus at a temperature of (60e70� C) for 15 cy-
cles. This process was repeated for 3 times. The extract thus ob-
tained was dried by using rotary evaporator. 1000 g of dried
defatted residue yielded 113.4 g of extract and the percentage of
extraction was 11.34 %. The extract was brown in colour and it was
transferred to a clean bottle and stored at 4 �C in a refrigerator until
further use.

2.2. Drugs and chemicals

Freund's Complete Adjuvant (FCA) was procured from Sigma
chemicals Co. ELISA kits of TNF-a and IL-6 were purchased fromRay
Biotech, diclofenac and methotrexate from M/S Alkem laboratories
ltd. All other chemicals were of the highest purity and analytical
grade.

2.3. Animals

Wistar albino rats were obtained from the animal house of
Chettiand Hospital and Research Institute. The study was initiated
after obtaining approval from the Institutional Animal Ethics
Committee (IAEC2/Desp.No.49/Dt.29.07.2013).

Rats were used according to the guidelines given by Committee
for the Purpose of Control and Supervision of Experiments on An-
imals (CPCSEA) in India. They were housed in clean poly propylene
cages at 23e25 �Cwith relative humidity of 50e60 % in natural 12 h
light-dark cycle with food and water.

2.4. Experimental design

A total of 36 male Wistar albino rats weighing 250e300 g were
selected and allocated to 6 groups of 6 rats in each group. Group I
was used as normal control. Group 2 to 6 were RA-induced and
treated as given in Table 1.

2.4.1. Dose selection
Acute toxicity studies were not conducted as its safety up to

2000 mg/kg has been reported in an earlier study.13 The two doses
400 and 800 mg/kg were selected based on earlier studies which
have reported better response for doses above 400 mg/kg for
analgesic, hepato and nephro protective activities.12e14
2.5. Evaluation of anti-rheumatoid activity

2.5.1. Freund's complete adjuvant-induced arthritis
Freund's complete adjuvant contains heat-killed dead myco-

bacterium tuberculosis bacteria in liquid paraffin in the concen-
tration of 10 mg/ml. All the rats, except those in the normal control
group, were injected intradermally with 0.1 ml of FCA into the left
hind paw on day ‘0’. An interval of 7 days was given for arthritis to
develop. All the animals developed the signs of arthritis such as
swelling, redness and restricted movement during this period.17 On
day 8, 3 ml of blood samples were collected by retro-orbital
puncture for baseline biochemical assays and treatment was star-
ted. The treatment was ended on day 28. Body weight, tempera-
ture, spontaneous activity and paw volume of rats were measured
once in 7 days from day ‘0’ to ‘28’. On day 28, X-ray of the hind paw
was taken and blood sample was again collected for biochemical
assays. The rats were then sacrificed by administering high dose of
halothane and the ankle joints were dissected for histological
studies.
2.6. Determination of serum IL-6 and TNF-a levels

Serum was separated from blood samples by centrifugation
(3000 rpm for 10 min) and stored at -20 �C. IL-6 and TNF-a were
determined by ELISA kits according to the manufacturer's protocol
(Ray Biotech, USA). Optical density (OD) was measured by Bio-Rad
ELISA reader at 450 nm.
2.7. Radiological changes

The x-ray of lower limbs were taken with Siemens, Heliphos D
X-ray machine and joint changes were assessed based on joint
space and soft tissue swelling.
2.8. Histopathological study of joints

Rats were sacrificed by administering high dose of halothane.
Ankle joints were removed and fixed in 10 % buffered formalin. The
bones were decalcified in 5 % formic acid, processed for paraffin
embedding, sectioned at 5 mm thickness and subsequently stained
with haemotoxylin-eosin for examination under a light micro-
scope for the presence of changes in synovium, cartilage and joint
space.
2.9. In-vivo anti oxidant activity

The antioxidant activity was assessed using joint tissue ho-
mogenate by the following assays.

200 mg of joint tissue was cut into small pieces, crushed using
mortar and pestle and homogenized at 4 �C in 1.5 ml of 0.1 M
phosphate buffer (pH 7.2) to prepare joint homogenate. The



Table 2
Effect on paw volume.

Groups Treatment Paw volume (ml)

Day 0 Day 7 Day 14 Day 21 Day 28

I Normal control 0.14 ± 0.02 0.16 ± 0.02 0.15 ± 0.01 0.12 ± 0.01 0.13 ± 0.01
II RA control 0.12 ± 0.02 1.03 ± 0.28 0.77 ± 0.03 0.85 ± 0.03 0.82 ± 0.02
III Diclofenac 0.12 ± 0.02 1.03 ± 0.03 0.87 ± 0.09 0.40 ± 0.03* 0.28 ± 0.02**
IV Methotrexate 0.17 ± 0.03 1.03 ± 0.09 0.87 ± 0.03 0.42 ± 0.03* 0.23 ± 0.02**
V SI 400 mg/kg 0.15 ± 0.02 1.07 ± 0.05 0.83 ± 0.03 0.39 ± 0.02* 0.38 ± 0.02*
VI SI 800 mg/kg 0.16 ± 0.02 0.97 ± 0.05 0.88 ± 0.03 0.38 ± 0.02* 0.20 ± 0.02**

Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.

Fig. 1. Effect on body weight. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.
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homogenatewas centrifuged at 8000 rpm for 15min at 4 �C and the
supernatant was stored at 80 �C.

A) Lipid peroxidation

0.5 ml of 10% joint tissue homogenate was added to 100 ml of
0.2 mM FeCl3 which was then added to 2 ml reaction mixture
(0.25N HCl containing 15% TCA, 0.30% TBA and 0.05% BHA). The
suspensionwas heated at 80 0C for 1 h, cooled and then centrifuged
at 1,500 rpm. The supernatant was collected and lipid peroxidation
was estimated by measuring the concentration of thiobarbituric
acid reaction substances (TBARS) in fluorescence at 530 nm.18

B) Superoxide dismutase

50 mL of the above prepared joint tissue homogenate superna-
tant was added to 2.8 ml Tris-EDTA (50 mM Tris, 1.2 mM EDTA,
pH ¼ 8.5) and 100 mL of 2 mM pyrogallol at 25 �C. The optical
density of the mixture was read at zero and at three minutes at
420 nm and compared with control containing Tris-EDTA and py-
rogallol alone. The amount of SOD required to inhibit auto oxida-
tion of pyrogallol by 50% is considered one unit. The activity of SOD
is expressed as units/mg protein.19

C) Catalase

0.1 ml of tissue homogenate was added to1.0 ml of 0.01 M
phosphate buffer (PH 7.0) and 0.4 ml of 2 M H2O2 to make 1.5 ml of
reaction mixture. Catalase in the tissue homogenate converts H2O2
to H2O and O. As the known amount of hydrogen peroxide was
added the amount that is left unconverted will indicate the extent
of antioxidant activity. 2 ml dichromate-acetic acid reagent (5%
potassium dichromate and glacial acetic acid were mixed in 1:3
ratio) was added to stop the reaction. Then the absorbance was
measured at 530 nm; CAT activity was expressed as mM of H2O2
consumed/min/mg protein.20
D) Glutathione peroxidase (GPx)

0.5 ml of the tissue homogenate was added to 0.2 ml of phos-
phate buffer, 0.2 ml EDTA, 0.1 ml sodium azide to make 1 ml of
reactionmixture. To this mixture 0.2ml of glutathione and 0.1 ml of
H2O2 were added and incubated at 37 �C for 10 min. The reaction
was arrested by the addition of 0.5 ml of 10% TCA. GPx activity was
calculated by the change of the absorbance at 340 nm for 3 min.
GPx activity is expressed as nmol/min/mg protein.21
2.10. Statistical analysis

The results were expressed as mean ± SEM and difference
among themeanswas analyzed using One-way ANOVA followed by
post hoc (Tukey's) test. The difference in values at p < 0.05 was
considered statistically significant.
3. Results

3.1. Physical parameters

Paw volume (PV) was increased in all the rats except the normal
rats when assessed on day 7. Following treatment there was a
reduction in PV in both standards and test groups. The reduction in
PV on day 28 was found to be significant when compared to RA
control and the reduction was equal in EESI (800 mg/kg) and D, M
treated groups (p < 0.05) (Table 2).

A significant decrease in body weight was observed in RAC
group. The groups treated with EESI, D and M showed a decrease in
BW on day 7 and day 14, but a gradual increase from day 21e28.
This increase was not found to be statistically significant between
standards and tests (Fig. 1).

Themean body temperature in NCwas 34.67± 0.33 �C and there
was no change in temperature during the experiment. After in-
duction of arthritis temperature increased to 39.33 ± 0.88 �C.
Treatment with EESI, D andM produced a reduction in temperature



Fig. 3. Effect on spontaneous activity. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.

Fig. 2. Effect on body temperature. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.
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of 4e5 �C (Fig. 2). The reduction in temperature was equal among
the groups.

The baseline spontaneous activity (SA) on day 0 was
163.5 ± 5.95. On day 7, SA was reduced to 60 ± 9.54 in RAC group.
Standard and test drugs improved the SA significantly. There was
no significant difference between test and standard groups (Fig. 3).
3.2. Hematological parameters

Induction of arthritis resulted in significant decrease in RBC
count (cells/mm3), Hb% and an increase in totalWBC count and ESR.
Treatment with EESI and D showed significant increase in Hb% and
RBC count and decrease in total WBC count and ESR. The group
treated with M had the lowest Hb% of 8.64 ± 0.68 and RBC count
6.62 ± 0.32; whereas with EESI 400 and 800 mg/kg Hb% was
10.71 ± 0.44, 10.90 ± 0.42 and RBC count 7.54 ± 0.38, 8.35 ± 0.23
respectively (Figs. 4e7).
Fig. 4. Effect on RBC count. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P <
3.3. IL-6 and TNF-a levels

Serum IL-6 and TNF-a levels significantly increased when
arthritis was fully developed as compared to normal rats. In
arthritic rats, the levels of the two cytokines were 68.64 ± 0.84 pg/
ml and 66.50 ± 0.04 pg/ml, respectively on day 28. The post
treatment with EESI 800 mg/kg the levels of both IL-6 and TNF-a
were the reduced to 39.87 ± 0.29 pg/ml and 40.46 ± 0.19 pg/ml,
respectively and found to be greater than D and equal to M (Figs. 8
and 9).
3.4. Radiological changes

RA-induced joint showed soft tissue swelling and narrowing of
joint space. The joint space was intact and soft tissue swelling was
reduced in rats treated with D, M and EESI. But there was no dif-
ference in joint space between standards and tests (Fig. 10).
0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.



Fig. 5. Effect on Hb %. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.

Fig. 6. Effect on total WBC count. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.
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3.5. Histopathological changes

The joints of hind paw in NC rats had shown intact articular
cartilage and normal joint space without inflammation. Inflam-
matory changes, distorted articular cartilage and narrowing of joint
space were seen in RAC rats. There was varying degrees of reduc-
tion in inflammation and improvement in joint space in groups
treated with SI at both the doses as well as with D and M. But the
histological changes produced in EESI were better than D and M
(Fig. 11).
Fig. 7. Effect on ESR level. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P <
3.6. In-vivo antioxidant activity

Increased levels of SOD, CAT, GPx and decreased level of LPO
confirmed the antioxidant property of the extract. The antioxidant
activity was found to be significantly higher with SI 800 mg/kg
(Table 4).

Thus the treatment with SI extract at both the doses resulted in
reduction in PV, BT and increase in Hb level, RBC count and
decrease in WBC count, ESR, IL-6 and TNF-a from baseline value.
Radiological examination revealed significant improvement in joint
space. Histologically there was a gross reduction in synovial in-
flammatory changes. The percentage changes observed with SI 800
mg/kg were comparatively greater than that of standard drugs D
0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.



Fig. 8. Effect on IL-6 levels. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA control, ***P < 0.001 with RA control, #P < 0.05 with diclofenac, a P < 0.05 with
methotrexate.

Fig. 9. Effect on TNF-a levels. Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA control, ***P < 0.001 with RA control, #P < 0.05 with diclofenac, a P < 0.05 with
methotrexate.
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and M exhibiting its highly significant anti-rheumatoid activity
(Table 3).
4. Discussion

Rheumatoid arthritis (RA) is a chronic multi system disease
characterized by persistent inflammatory synovitis involving pe-
ripheral joints leading to progressive destruction of cartilages and
bones resulting in functional impairment. The exact cause of RA is
not known, but the mediators reported to be involved in patho-
genesis include pro inflammatory cytokines, IL-1, IL-6, IL-17, IL-18,
TNF-a22 and inflammatory mediators prostaglandins,23 acetyl
choline24 and substance P.25 However histamine is not identified as
a mediator in RA.26

NSAIDs inhibit the production of prostaglandins from arach-
idonic acid by inhibiting cyclooxygenase (COX) enzyme. When non
selective COX inhibitors such as Indomethacin, Ibuprofen and
Diclofenac are used, though they reduce joint swelling and pain,
they cause adverse effects such as peptic ulcer, renal toxicity and
bleeding diathesis due to inhibition of COX-1. Hence selective COX-
2 inhibitors like celecoxib, valdecoxib which act only at the site of
inflammation have been introduced but as these caused lethal
cardiac toxicity most of them are withdrawn from use.27

Glucocorticoids act at a higher level in the inflammatory process
by inhibiting the production of arachidonic acid from cell mem-
brane phospho lipid. The immunosuppressive effects of glucocor-
ticoids further help the treatment of RA. But long term use of
glucocorticoids leads to several side effects such as peptic ulcer,
hypertension, immune dysfunction and osteoporosis.28

DMARDs include methotrexate, azathioprine, sulfasalazine,
hydroxychloroquine, gold salts, D-penicillamine and leflunomide.
These agents decrease the inflammatory process and the conse-
quent destructive changes in RA by their immuno-modulatory ef-
fects. But long term use of DMARDs is known to produce
myelosuppression, stomatitis, alopecia, diarrhoea and
thrombocytopenia.29

Biologic DMARDs like etanercept, adalimumab, infliximab, cer-
tolizumab and golimumab act by inhibiting tumor necrosis factor,
an important inflammatory mediator of RA.29 The first direct and
selective IL-1 receptor antagonist, anakinra is used alone or in
combination with any of the DMARDs. In addition, abatacept
(CTLA4-Ig fusion protein), rituximab, (anti CD20 antibody) tocili-
zumab (anti-IL-6 receptor antibody), and tofacitinib (Janus kinase
inhibitor) including anakinra are often combined with metho-
trexate or other DMARDs to improve efficacy.30 All these biological
DMARDs can also cause hypotension, severe infections, organ
toxicity and others.

As each group of above mentioned drugs has its own limita-
tions, an ideal drug for treatment of RA still awaits discovery.
Hence this study was undertaken to find out the anti-rheumatoid
activity of SI in FCA-induced rheumatoid arthritis in wistar albino
rats. FCA-induced arthritic rat is the most widely used experi-
mental model for RA as it closely mimics the features of human
rheumatoid disease. It was first described by Newbold BB in 1963.
Administration of FCA produced changes in rats similar to what



Fig. 10. Radiological changes of joints. [ e Soft tissue swelling; Y e Joint space.
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would occur in humans with RA such as joint swelling (paw
swelling), restricted joint movement, biochemical and histological
changes.

4.1. Dose selection

Acute toxicity studies were not conducted with the extract in
this study as its safety up to 2000 mg/kg has been reported in an
earlier study.13 The two doses 400 and 800 mg/kg were selected
based on earlier studies which have reported better response for
doses above 400 mg/kg for analgesic, hepato and nephro protective
activities.12e14

Paw swelling, ESR and inflammatory markers are indices of
rheumatoid activity. TNF-a, IL-6 and IL-1 are well known inflam-
matory mediators of RA. These cytokines activate synoviocytes and
chondrocytes and result in the secretion of matrix metal-
loproteinase into the synovial fluid leading to destruction of carti-
lage and synovial membrane.31,32 Increase in the levels of all these
parameters confirms the induction of arthritis.

Anemia is a common feature of RA. Increased level of IL-6 is
associated with higher level of hepcidin, an iron regulatory hor-
mone produced by hepatocytes. Hepcidin inhibits the release of
iron from macrophages in spleen and iron uptake in duodenum
resulting in anemia.33,34 Treatment with EESI improved Hb level to
10.9% indicating that it had reversed the hematological changes.
Hence EESI can be a safer alternative in this regard.

Oxidative stress contributes to the pathogenesis of RA. Excessive
generation of ROS and RNS produced by activated neutrophils and
macrophages inflicts damage to joints mainly through up regula-
tion of matrix metalloproteinases and activation of osteoclast
activity.35 Reduction of oxidative stress markers (SOD, LPO, CAT and
GPx levels) in the joint tissue of arthritic rats shows that the anti-
oxidant property of EESI has additionally contributed to its anti-
arthritic efficacy.

Among phytochemicals, sesamol and sesamin have been eval-
uated for anti-inflammatory activity against FCA-induced arthritis
and antioxidant activity and established by previous in-
vestigators.36,37 Sesamin is also found to be present in other plants
such as Ginkgo biloba and Vitex negundo and both these plants are
reported for their anti-inflammatory activity.38,39 Further both
sesamin and sesamolin, are found to inhibit hepatic fatty acid
oxidation. However sesamolin is found to be a better antioxidant
than sesamin.40 Sesamol is a unique phyto-constituent present in S.
indicum and it inhibits pro-inflammatory mediators, TNF-a, IL-1b,
IL-6 and COX-2 resulting in anti-inflammatory activity.41 SI contains
sesamin 31.3 %, Sesamol 34.2 % sesamolin 46.7% per 100 g. Sesamin
and sesamolin are found to be present in higher quantity in black SI
seeds compared to white and brown seeds.42

Another important phyto-constituent present in SI, a-linolenic
acid (ALA) is reported to have anti-inflammatory and anti noci-
ceptive effects mediated through down regulation of inflammatory
mediators iNOS, COX-2 and TNF-a gene expression.43 g-tocopherol,
present in SI acts in the aracadonic acid pathway and inhibits the
production of prostaglandins and other eicosanoids exhibiting anti-
inflammatory activity.44 There are four different tocopherol ho-
mologues (a, b, g, d) and all have antioxidant activity. Among them
g-tocophereol is found to be a stronger inhibitor of cyclooxygenase
and possibly lipoxygenase as well. It also scavenges the reactive
nitrogen species more efficiently than a-tocophereol.45 A previous
study has reported that Nimesulide and Diclofenac reduced the



Fig. 11. Histopathological changes of joints. NC e Negative Control, D e Diclofenac, M e Methotrexate, SI 400 e Sesamum Indicum 400 mg/kg, SI 800 e Sesamum Indicum 800 mg/
kg. B e Bone, C e Cartilage, SP e Synovial Space. e Cartilage, e Joint space, e cellular infiltration.
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elevated TNF-alpha levels.46 In another study reduction in IL-6 was
observed following administration of Diclofenac and Nimesulide.47

Inhibition of cytokine production especially TNF-alpha by metho-
trexate has also been reported.48
Table 3
Percentage difference in physical and biochemical parameters.

Sl no Parameters Control RA control

1 Paw volume �18.75 �20.39
2 Body weight 5.10 �3.59
3 Body temperature 1.41 �7.73
4 Spontaneous activity 3.99 66.12
5 Total WBC �2.70 16.78
6 Total RBC �0.64 �6.47
7 Hb 0.86 �26.69
8 ESR 0.98 12.11
9 TNF-a 0.71 21.04
10 IL-6 3.15 30.72

Percentage change was calculated using the formula ¼ [(Day 28 value � Day 8 value) ÷
Symbol (�) indicates reduction.
As the S. indicum seed extract contains all of these phyto-
chemicals, which when given individually produce anti-
inflammatory, antioxidant and anti-nociceptive effects, the whole
extract will certainly have higher therapeutic benefit than the
Diclo Metho SI 400 SI 800

�72.82 �77.67 �64.49 �79.38
4.69 4.90 5.10 4.02
�25.53 �28.97 �24.04 �12.84
133.49 148.68 164.13 165.48
�14.81 �16.56 �15.60 �15.91
8.72 �4.61 16.36 30.47
33.62 �7.59 19.93 16.33
�37.57 �33.06 �34.01 �43.98
�18.43 �20.35 �18.65 �28.59
�26.10 �29.36 �23.17 �35.28

Day 8 value] � 100.



Table 4
Effect on In-vivo antioxidant activity.

Groups Treatment LPO (nmol/mg of protein) SOD (U/mg of protein) CAT (nmol/min/mg of protein) GPx (nmol/min/mg protein)

I Normal control 8.23 ± 0.77 14.34 ± 1.08 301.49 ± 45.89 170.62 ± 10.89
II RA control 13.34 ± 1.2 6.2 ± 0.51 134.96 ± 16.61 90.13 ± 1.37
III Diclofenac 10.45 ± 1.32* 10.24 ± 0.72* 217.51 ± 40.5 119.22 ± 1.22*
IV Methotrexate 10.11 ± 1.7* 10.11 ± 0.19* 235.62 ± 35.48* 127.88 ± 5.69**
V SI 400 mg/kg 10.98 ± 1.01 8.8 ± 0.72 201.87 ± 44.25 114.45 ± 2.98
VI SI 800 mg/kg 8.93 ± 1.09* 11.5 ± 0.89** 262.24 ± 44.75* 137.36 ± 3.82**

Values expressed as Mean ± SEM, n ¼ 6, *P < 0.05, **P < 0.01 with RA Control, #P < 0.05 with diclofenac, a P < 0.05 with methotrexate.

A. Ruckmani et al. / Journal of Traditional and Complementary Medicine 8 (2018) 377e386 385
individual components. Hence SI can be a safer alternative in the
treatment of rheumatoid arthritis.

5. Conclusion

Based on the results of the current study it can be concluded
that, S. indicum seed extract has anti-rheumatoid activity compa-
rable to diclofenac and methotrexate. EESI 800 mg/kg has better
effect than 400 mg/kg. The anti-inflammatory, antioxidant, anal-
gesic activities of SI have contributed to its anti-rheumatoid activ-
ity. The mechanism of action is attributed to inhibition of release of
pro-inflammatory cytokines- IL-6 and TNF-a and the inflammatory
mediators. Hence S. indicum seed extract can be further evaluated
for its use as an effective future alternative in the treatment of
rheumatoid arthritis.
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