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ABSTRACT 
Autoimmunity driven immune cell infiltration and associated proteolytic enzyme stimulation with concomitant oxidative 
stress is responsible for the tissue degradation in human rheumatoid arthritis. In the present study, we investigated the anti-
inflammatory and antioxidant potential of hydro alcoholic extract of Trigonella foenumgraecum in collagen induced arthritis 
in Wistar rats. Rats were treated with Trigonella foenumgraecum at a dose of 120 mg kg-1 b.wt orally for 21 days and effects 
were assessed by biochemical (elastase, LPO, GSH, SOD, catalase and NO) and histological evaluation in joints.The disease 
was evident after 13 ± 1 days post induction with increase in paw volume, digital inflammation which progressed to swelling 
of multiple joints. A single injection of CIA led significant elevation of neutrophil elastase (p<0.01). Peroxidation of lipids 
increased with parallel decrease in reduced glutathione content (p<0.001). Enzymatic antioxidants viz. superoxide dismutase 
and catalase showed a similar decrease in the CIA immunized rats. Moreover, nitrite content was seen to be significantly 
increased (p<0.001) in the arthritic rats. Trigonella foenumgraecum extract was able to decrease neutrophil elastase 
(p<0.001) and decrease free radical overload both of oxygen and nitrogen free radicals to a significant extent. All these 
biochemical changes were reflected in the histology which revealed the decrease in infiltration of inflammatory cells after 
treatment with Trigonella foenumgraecum against collagen induced arthritis. Our investigation supports the antioxidant and 
anti-inflammatory properties of Trigonella foenumgraecum in collagen induced arthritis model and at the same time 
highlight neutrophil elastase and oxidative stress to be the targets of therapeutic intervention. 
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INTRODUCTION 
Rheumatoid arthritis (RA) is an autoimmune disease in 
which major cause of morbidity is destruction of bone in 
the joints [1]. The disease is characterized by synovial 
hyperplasia, with excessive inflammatory cell infiltration in 
the joints, leading to erosion of the articular cartilage and 
bone, and subsequent joint destruction [2]. The 
autoimmunity generated against the collagen type II attracts 
several pro-inflammatory immune cells that secrete several 
reactive intermediates which lead to the degeneration of the 
joints with a limited or no capacity of self repair [3]. These 
immune cells especially macrophages have potential of 
secreting several reactive oxygen species that can lead to 
the degeneration of the cellular structures and shifting of 
the redox balance towards the more oxidised state [4, 
5].Reactive oxygen species (ROS) and other reactive 
nitrogen species (RNS) are highly reactive transient 
chemical species with the potential to initiate cellular 
damage in cartilage directly and damage components of the 
extracellular matrix either directly or indirectly by up 
regulating mediators of matrix degradation [6]. These 
reactive molecules are formed during normal aerobic 
metabolism in cells. During infection or inflammation 
phagocytes activate a cascade of the uncontrolled 
production of free radicals which damage biomolecules that 
leads to altered function and disease [7]. It has been 
reported that ROS destroy antioxidant systems and that RA 
patients are thus exposed to oxidative stress and lipid 
peroxidation because of the reduced endogenous 
antioxidant defence system [8] and may lead to the clinical 
manifestations.Apart from the oxidative environment 

generated, the polymorphonuclear cells secrete several 
proteases that degrade the native structure of collagen 
leading to the joint degradation [2].Therefore this bimodal 
role played by the infiltrating immune cells is one of 
putative mechanisms of the human RA. Many attempts 
have been made in the past to check this disease using 
several molecules which include cyclooxygenase inhibitors, 
anti-inflammatory drugs, corticosteroids and still other 
prostaglandin synthesis inhibitors. While many of them are 
still in the market and have been found to be useful for RA 
patients but at the cost of number of side-effects like 
gastrointestinal disorders, bleeding and hypertension and 
weakened immune system [9]. Patients with rheumatoid 
arthritis rely on other option like use of complementary and 
alternative medicine (CAM) and according to reports CAM 
therapy is on rise as 60-90% dissatisfied patients are likely 
to seek option of CAM therapy.Trigonella foenum-graecum 
L. Leguminosae (Fenugreek) is one of the oldest medicinal 
plants, originating in India and Northern Africa. Fenugreek 
have been reported to exhibit pharmacological properties 
such as antitumor, antiviral, antimicrobial, anti-
inflammatory, hypotensive and antioxidant activity [10,11]. 
The seeds are reported to have restorative and nutritive 
properties and to stimulate digestive processes [12]. Seeds 
are used as a traditional remedy for the treatment of 
diabetes [13, 14]. Supplementation of fenugreek seed 
powder in the diet leads to a reduction in biomarkers of 
oxidative damage in alloxan-diabetic rats [15]. Further 
fenugreek seed polyphenols prevented hemolysis and lipid 
peroxidation induced by H2O2 in vitro in human 
erythrocytes [16].Therefore because of its wide 
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SOD activity is expressed in Units /mg protein using a 
molar extinction coefficient of 4.02×103 M-1 cm-1. 
 
Catalase activity 

Catalase activity in the joint tissues was assayed 
according to method described earlier [23] using H2O2 as 
substrate. The reaction mixture was adjusted to multiwell 
flat bottom plates by reducing the final volume to 200 µL. 
Reaction mixture consisted of phosphate buffer (0.01M, pH 
7.0), distilled water and 10% homogenate (prepared in 
0.1M phosphate buffer). Reaction was started by adding 
H2O2 (0.2M), incubated at 37oC for 1 min. and stopped by 
addition of dichromate: acetic acid reagent (1:3). The tubes 
were kept in a boiling water bath for 15min. and 
centrifuged for 10min at 1500 x g. The color developed was 
read at 570 nm in a microplate reader. The enzyme activity 
was expressed as µmol H2O2 consumed/min/mg protein 
using a molar extinction coefficient of 43.6 M-1 cm-1. 
 
Measurement of Nitric oxide (NO): Griess Reaction 

After the experiment, animals were sacrificed and the 
joint tissues were washed with PBS (pH 7.4) and placed on 
ice as the method described earlier [24]. Briefly a 50μL 
sample was added with 100μL of Griess reagent and 
reaction mixture was incubate for about 5-10 minutes at 
room temperature and protected from light. The optical 
density was measured at 540 nm in microplate reader 
according to the manufacturer’s protocol. Calculations were 
done after generating a standard curve from sodium nitrite 
in the same buffer as used for preparation of homogenate.  
 
Histological examinations 

Rats were sacrificed on the day 21 by cervical 
dislocation. Knee joints were removed and fixed for 4 days 
in 4% formaldehyde. After decalcification in 5% formic 
acid, the samples were processed for paraffin embedding 
[25]. Tissue sections (5 µm thick) were stained with 
haematoxylin–eosin for light microscope examination.  
 
Protein content 

Protein was determined by Bradford method [26] 
using bovine serum albumin (BSA) as a standard. 
 
Statistical Analysis 

Results are expressed as mean ±SEM. Statistical 
analysis of the data was done by applying the analysis of 
variance (ANOVA), followed by Tukey's test for all 
parameters. Any variation with P< 0.05 was considered 
statistically significant. 
 
Results and Discussion 

Rheumatoid arthritis has been demonstrated to harbour 
many mediators of inflammation viz. macrophages, 
neutrophils and dendritic cells to the joints apart from 
different proinflammatory cytokines [27]. The attraction of 
these cells leads to the generation of reactive oxygen 
species (ROS) within the joint. The role of reactive oxygen 
species in rheumatoid arthritis has been highlighted earlier 
in humans [28].These reactive species not only deplete the 
antioxidant defense but are also responsible for the 
degradation of the vital biomolecules [7]. In case of nitrite, 
which is a reactive oxide of nitrogen, peroxynitrite is 
formed in presence of superoxides [29] which also degrade 
protein. The harbored cells not only release ROS but many 
other proteases like elastase which has been implicated in 

degrading the native structure of collagen [30]. This 
inflammation mediated break in the antioxidant defense and 
associated collagen damage is one of the pathways of the 
joint destruction in the RA. Our study showed that clinical 
assessment of animals had marked difference in incidence 
and severity in the pattern of disease. In two independent 
experiments, both groups of animals were immunized with 
collagen type II emulsified with CFA for the induction of 
arthritis and observed for two weeks for the development of 
clinical arthritis. As summarized in Table 1, incidence of 
arthritis was 66.6 % with severity on arthritic index being 
1.85 ± 0.26 in drug treated group as compared to 83.3% 
incidence and arthritic index of 2.42 ± 0.20 observed in 
CIA treated group. 

To further validate the antiarthritic activity of T. 
Foenumgraecum extract, we evaluated neutrophils elastase 
activity which accounts for ability of synovial tissues to 
degrade cartilage matrix. It is directly proportional to the 
activation of polymorphonuclear leukocytes (PMNs) in the 
inflamed tissue and is an important tissue damage marker 
[8]. Very low ELA concentrations were measured in the 
joints of control rats (53.49 ± 1.34 ng/g protein) on the day 
21st in the studied groups. However, elevated levels of this 
enzyme were seen in CIA + vehicle group (169.87 ± 0.44 
ng/g protein). In contrast the administration of T. 
Foenumgraecum showed a significant reduction (p<0.01) in 
neutrophil activation and infiltration (Fig.1). The 
inflammation so caused by the infiltrating cells leads to the 
release of reactive oxygen and nitrogen species [31, 32]. 
Lipid peroxidation is considered a critical mechanism of the 
injury that occurs during RA. Low levels of TBARS (0.67 
± 0.08 µmoles TBARS formed /h /g tissue) were seen in the 
control group at the end of the experiment and these values 
were considered normal. However, a significant increases 
(24.97 ± 0.20 µmoles TBARS formed /h /g tissue) in 
TBARS production was found in the joints of CIA + 
vehicle group. Treatment with T. Foenumgraecum 
decreased TBARS concentrations by inhibiting lipid 
peroxidation in the cartilage tissue in a significant (p < 
0.01) manner (Fig. 2). We suggest that the decrease in 
elastase activity observed in our study might be due to the 
inhibition of lipid peroxidation levels and the consequent 
decrease in the reduction of chemotactic peroxide [33]. 
Lipid peroxidation increased significantly with decrease in 
the non enzymatic antioxidant defense viz. reduced 
glutathione [34, 35]. Table 2 shows the changes in GSH 
content evaluated in the joints of the experimental groups. 
A marked decrease (0.625 ± 0.002 µg GSH /g tissue) in 
GSH concentrations was found in the joint of CIA + vehicle 
group. Treatment with T. Foenumgraecum significantly (p 
< 0.001) inhibited the decrement in (0.729± 0.005 µg GSH 
/g tissue) GSH levels. T. Foenumgraecum extract reduced 
the lipid peroxidation significantly and replenished the 
reduced glutathione. The reduction in lipid peroxidation 
may be due to free radical scavenging property of saponins 
and flavonoids present in T. Foenumgraecum extract [36]. 
The break in the non enzymatic defense was also reflected 
in the enzymatic defense where catalase activity decreased 
with parallel decrease in superoxide dismutase activity 
(defense against superoxide ions). Table 2 summarizes the 
articular content of SOD in the experimental groups. In 
control animals, SOD activity was 17.58 ± 0.059 Units / mg 
of protein. On the other hand, a significant decrease in this 
antioxidant was seen in CIA group given vehicle alone 
(4.44 ± 0.075). Administration of the T. Foenumgraecum 
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significantly (p < 0.001) replenished SOD level. Fig.3 
shows cartilage catalase activity evaluated at the end of 
experiment. In the control group catalase activity was 9.35 
± 0.013µmol H2O2 consumed/min/mg protein. However, a 
substantial reduction in this enzyme level was observed in 
the cartilage of CIA group (3.01 ± 0.007 µmol H2O2 
consumed / min / mg protein). Treatment with T. 
Foenumgraecum was significantly (p < 0.01) effective as 
compared to CIA group. This break in the antioxidant 
defense was replenished by the treatment with T. 
Foenumgraecum extract where SOD and catalase activity 
increased indicating the ability of drug to ameliorate these 
degenerative changes. Nitric oxide is an important signaling 
molecule. It can react with molecular oxygen and 
superoxide anion to produce reactive species that can 
modify various cellular functions [37, 38]. These indirect 
effects of NO have significant role in inflammation [39]. 
Since peroxide level increases in the inflamed tissues along 
with nitrite content, protein degradation in the joint tissue is 
unavoidable. Result of nitrite estimation is summarized in 
Fig. 4. In the control group, the nitrite concentration was 
3.4 ± 0.014 µmol/mg wet tissues whereas the CIA group 
showed high nitrite content (11.20 ± 0.028 µmol/mg wet 
tissue). Treatment with T. Foenumgraecum lowered nitrite 
level significantly (p < 0.05) as compared to the CIA group. 
In our study, nitrite increased in the vehicle treated group, 
but T. Foenumgraecum extract treatment decreased the 
concentration of nitrite in articular tissue. The biochemical 
alterations found in our study were further supported by 
histopathological observations of the joint tissues. The CIA 
+ vehicle treated group showed higher number of 
infiltrating cells, extensive bone degradation, and synovial 
hyperplasia which are hallmarks of RA (Fig. 5 and Table 
3). Bone degradation was characterised by absence of the 
trabecular structure in the bone whereas synovial 
hyperplasia was noticed as the proliferation of synoviocytes 
to the cartilages and bone. Treatment with T. 
foenumgraecum was able to reverse the histological 
changes to almost normal condition. 
 
Conclusion 

Present study highlights the role of inflammatory cells 
in conjunction with reactive oxygen and nitrogen species in 
the development of the pathology of RA. Moreover this 
study also provides biological basis for the use of T. 
Foenumgraecum as an alternative but safer therapy for 
inflammatory disorders like rheumatoid arthritis. 
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