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ABSTRACT - Purpose. Gouty arthritis is a 
characteristically intense acute inflammatory 
reaction resulting from the formation of sodium 
urate crystals in the joint cavity. In the present 
study, the effect of withaferin A, a steroidal lactone 
was investigated on monosodium urate crystal-
induced inflammation in mice; an experimental 
model for gouty arthritis and compared it with that 
of the non-steroidal anti-inflammatory drug, 
indomethacin. Methods. Paw volume and 
levels/activities of lysosomal enzymes, lipid 
peroxidation, anti-oxidant status and inflammatory 
mediator TNF-α were determined in control and 
monosodium urate crystal-induced mice. The levels 
of β-glucuronidase and lactate dehydrogenase were 
also measured in monosodium urate crystal-
incubated polymorphonuclear leucocytes (PMNL). 
Results. Paw volume, the levels of lysosomal 
enzymes, lipid peroxidation, and inflammatory 
mediator tumour necrosis factor-α were found to be 
increased significantly and the activities of 
antioxidant status were in turn decreased in 
monosodium urate crystal-induced mice; however 
these changes were reverted back to near normal 
levels in withaferin A (30 mg/kg/b.wt, i.p.) treated 
monosodium urate crystal-induced mice. In 
addition, β-glucuronidase and lactate 
dehydrogenase level were reduced in withaferin A 
(50/100μg/ml) treated monosodium urate crystal-
incubated polymorphonuclear leucocytes. 
Conclusion. The present findings clearly indicated 
that withaferin A exerted a strong anti-
inflammatory effect against gouty arthritis. 
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INTRODUCTION           
 
Gouty arthritis is a disease manifestated by an 
increase in serum urate concentration and deposits 
of monosodium rate monohydrate (MSU) in and 
around the joints of extremities with severe pain 
(1). Acute attacks of gout are often triggered by 
specific events such as trauma, surgery, intercurrent 
illness, excess alcohol intake or drugs that alter 
serum urate levels. Such events may stimulate de 
novo formation of MSU crystals or may trigger 
release of microcrystals from preformed deposits 
within the joint. In previous studies (2), 
monosodium urate crystals were demonstrated to 
stimulate synovial cells, monocytes-macrophages, 
and neutrophils to produce a variety of different 
cytokines including tumor necrosis factor (TNF-)-α, 
interleukin (IL)-8, IL-1β, IL-6, and monocyte 
chemotactic factor, which induce acute 
inflammation. The primary pathologic hallmark of 
gout is neutrophil influx into the joint fluid. 
Neutrophils accumulate in both the joint fluid and 
the synovial membrane, where a small fraction of 
these cells actively phagocytose MSU crystals 
resulting in membranolysis, generation of oxygen 
derived free radicals and the release of lysosomal 
enzymes, prostaglandin E2, leukotrienes and 
interleukin-1 (3).  Non-steroidal anti-inflammatory 
drugs such as indomethacin and naproxen are 
frequently used as first-line therapies for acute gout; 
however, these agents may have serious side effects 
such as gastrointestinal toxicity, renal toxicity, or 
gastrointestinal bleeding. Therefore we focussed 
our research to find out a drug with long acting anti-
inflammatory activity from natural resources.  

Withanolides, the active constituents of 
Withania somnifera Dunal (Solanaceae) are group 
of pharmacologically active compounds present in 
roots and leaves. The chemistry of withanolides has 
been well studied and they are basically steroidal 
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lactones. Withanolides are similar to ginsenosides 
(the active constituents of Panax ginseng) in 
structure and activity (4). Withaferin-A is best 
studied withanolide (5). Withaferin A (Figure 1), a 
steroidal lactone found in the leaves and roots of 
Withania somnifera L. Dunal (family-Solanaceae) 
has been reported to be inhibitor of 
immunologically-induced inflammation (6), 
angiogenesis, and protective in certain types of 
cancers with strong antioxidant properties (7). 
Many reports made it evident that Withania 
somnifera and its withanolides have suppressed the 
production of proinflammatory molecules and hold 
promise as novel anti-inflammatory agents (8-12). 
More over, in our earlier study, Withania somnifera 
root powder has been tested and reported to have 
anti-inflammatory effect on monosodium urate 
crystal-induced inflammation and adjuvant-induced 
arthritis in rats (13-14)).  Therefore, in view of 
above, by considering its potential, the following 
study was undertaken to examine the anti-
inflammatory effect of Withaferin-A against 
monosodium urate crystal-induced inflammation in 
mice; an experimental model for gouty arthritis. To 
our knowledge, it is for the first time that anti-
inflammatory effect of withaferin A has been tested 
against monosodium urate crystal-induced 
inflammation. The standard non-steroidal anti-
inflammatory drug, indomethacin, was used as a 
reference drug for purposes of comparison.  
 

 
Figure1. Withaferin A, 4β, 27-dihydroxy-1-oxo 
5β, 6β, epoxy with a 2-24 dienolide 
 
MATERIALS AND METHODS 
 
Animals 
 
Swiss albino mice, 25-30g, of either sex were 
obtained from Tamil Nadu Veterinary College, 
Chennai, India. They were acclimatized for a week 
in a light and temperature –controlled room with a 

12 hr dark-light cycle and fed with commercial 
pelleted feed from Hindustan Lever Ltd. (Mumbai, 
India) and water was freely available. 
 
Drug 
 
The commercially available withaferin A (a fine 
white crystalline powder, >95% purity by HPLC, 
mol. wt. 470.61, Lot no: T7K047) was purchased 
from Natural Remedies Ltd., Bangalore, India and 
stored at -20oC. Indomethacin was purchased from 
Tamil Nadu Dadha Pharmaceuticals Ltd., Chennai, 
India.  A homogenous suspension of withaferin A 
and indomethacin were made with 0.5 % carboxy 
methyl cellulose in phosphate buffered saline. Fresh 
solution was prepared before each experiment.  All 
other reagents used were standard laboratory 
reagents of analytical grade and were purchased 
locally. 
 
Dosage 
 
Based on our preliminary studies with different 
dosages (10mg, 20mg, 30mg) of this withaferin A, 
it was found that 30mg/kg b.wt dosage produced 
significant anti-inflammatory effect by reducing 
paw swelling in monosodium urate crystal-induced 
animals. Hence 30mg/kg b.wt dosage was 
considered for this study. The dosage of standard 
drug indomethacin (3mg/kg b.wt) used in this study 
was selected based on our previous reports (13-14). 
 
Synthesis of monosodium urate crystals 
 
About 4 g of uric acid was dissolved and heated in 
800 ml H2O with NaOH (9 ml/0.5N), adjusted to 
pH 8.9 at 60 °C; cooled over night in a cold room; 
washed and dried. Needle-like crystals were 
recovered and were suspended in sterile saline 
(20 mg/ml) (13).  
 
Monosodium urate crystal-induced 
inflammation in mice 
 
The mice were divided into four groups—each 
comprising of six animals. Group I served as a 
control group. In Group II, inflammation was 
induced by intradermal injection of 0.2 ml (4 mg) of 
monosodium urate crystal suspension into the right 
foot pad (13). Group III comprised of monosodium 
crystal-induced mice were treated with withaferin A 
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(30 mg/kg body weight, i. p.) and Group IV 
monosodium crystal-induced mice were treated 
with indomethacin (3 mg/kg body weight, i.p.). 
Withaferin A and indomethacin were suspended in 
0.5% carboxy methyl cellulose in phosphate 
buffered saline and administered interaperitoneally, 
1 h before the monosodium urate crystal injection 
and which was repeated for 3 more days on a daily 
basis.  
 
Assessment of Inflammation 
 
The inflammation was quantified by measuring the 
thickness of the paw with a vernier scale at different 
intervals for 3 days. At the end of the experimental 
period (72 h), the mice were killed by cervical 
decapitation. Blood from each animal was collected 
for serum separation. The liver and spleen were 
immediately dissected out and homogenized in ice-
cold 0.01 M, Tris HCL buffer, pH 7.4 to give a 10% 
homogenate. The tissue homogenate of spleen, liver 
and serum were used for assaying the lysosomal 
enzymes, lipid peroxidation, antioxidant status and 
inflammatory mediator tumour necrosis factor-α. 
 
Effect of withaferin A and indomethacin on 
lysosomal enzymes 
 
The activity of acid phosphatase was assayed by the 
method of King (15). β-glucuronidase was 
determined by the method of Kawai and Anno (16) 
and β-galactosidase by the method of Rosenblit 

(17). The method of Marhun (18) was followed for 
the determination of N-acetyl glucosaminidase and 
the protein content was measured by the method of 
Lowry et al (19).  
 
Effect of withaferin A and indomethacin on lipid 
peroxidation and antioxidant status 
 
Lipid peroxidation in plasma was estimated by the 
method of Ledwozy et al (20). Spleen and liver 
lipid peroxidation were carried out by the procedure 
of Hogberg et al (21) using thiobarbituric acid as 
the colouring agent. Malonaldehyde (MDA) 
produced during peroxidation of lipids served as an 
index of lipid peroxidation. MDA reacts with TBA 
to generate a colour product, which absorbs at 532 
nm. 

Superoxide dismutase (SOD) activity in 
spleen and liver was determined by the method of 

Marklund and Marklund (22). The degree of 
inhibition of the auto-oxidation of pyrogallol at an 
alkaline pH by SOD was used as a measure of the 
enzyme activity. Catalase and Glutathione 
peroxidase activities in spleen and liver were 
estimated by the method of Sinha (23) and Rotruck 
et al (24). The activity of Catalase was expressed as 
μg of H202 consumed/mn/mg protein. Glutathione 
peroxidase was expressed as μg of glutathione 
utilized /minute/mg/ protein. 
Effect of withaferin A and indomethacin on 
TNF-α production 
 
TNF-α levels in plasma, liver and spleen of control 
and monosodium urate crystal-induced mice were 
determined by enzyme-linked immunosorbent assay 
(ELISA, Cayman Chemicals Company, USA), 
according to the manufacturer's instruction. 
 
In vitro studies (monosodium urate crystal–
PMNL cell interaction) 
 
Human PMNL cell suspension (3 × 10 6 ml−1) was 
pre-incubated at 37 °C for 20 m with withaferin A 
(50/100 μg/ml) or indomethacin (10 μg/ml) before 
addition of monosodium urate crystals (1 mg/ml). 
After incubation for a further 30 m at 37 °C, the cell 
suspension was removed and centrifuged at 
1500 × g at 40 °C for 20 m. The resulting cell free 
supernatant was assayed for the released activities 
of β-glucuronidase and lactate dehydrogenase. 
Appropriate control experiments were performed by 
measuring the release of enzymes tested in the 
untreated specimens and those incubated for 30 m 
at 37 °C without drug. In all instances, the 
experiments were carried out in triplicate.  

Lactate dehydrogenase (LDH), a 
cytoplasmic enzyme was assayed by the method of 
King (25). β-Glucuronidase, an enzyme present in 
azurophilic granules was measured by the method 
of Kawai and Anno (16). Enzyme released was 
expressed as a percentage of maximal enzyme 
release after disruption of the cells with Triton X-
100. Specific enzyme activity was expressed as 
units/mg of protein. 
 
STATISTICAL ANALYSIS 
 
Results were expressed as mean ± S.D. and a 
statistical analysis was performed using ANOVA, 
to determine the significant differences between the 
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groups, followed by Student’s Newman-Keul’s test. 
P< 0.05 implied significance. 
 
RESULTS 
 
Effect of withaferin A (30mg/kg/b.wt) and 
indomethacin (3mg/kg/b.wt) on the activities of 
lysosomal enzymes in MSU crystal-induced mice 
 
Table 1 represents the activity of withaferin A on 
lysosomal enzymes in the plasma, liver and spleen 
of control and experimental animals. Levels of acid 
phosphatase, β-glucuronidase, N-acetyl 
glucosaminidase and β-galactosidase were found to 
be increased significantly in plasma, liver and 
spleen of monosodium urate crystal-induced mice 
when compared to that of control mice. These were 
found to be reverted back in withaferin A treated 
animals. 
 
Effect of withaferin A (30mg/kg/b.wt) and 
indomethacin (3mg/kg/b.wt) on lipid 
peroxidation in MSU crystal-induced mice 
 
Table 2 shows the effect of withaferin A on lipid 
peroxidation in plasma, liver and spleen of control 
and experimental mice. Lipid peroxide level in 
plasma, liver and spleen was increased significantly 
in monosodium urate crystal-induced mice when 
compared to control group. Administration of 
withaferin A to monosodium urate crystal-induced 
mice altered the above changes by regulating the 
lipid peroxide level to nearly that of normal levels. 
 
Effect of withaferin A (30mg/kg/b.wt) and 
indomethacin (3mg/kg/b.wt) on enzymic 
antioxidant status in MSU crystal-induced mice 
 
Table 3 shows the effect of withaferin A on the 
enzymic antioxidant levels in liver, and spleen of 
control and experimental mice. Significant 
reduction in the levels of enzymic antioxidants was 
observed in monosodium urate crystal-induced 
mice when compared to control mice. The 
administration of withaferin A increased the 
enzymic antioxidant levels in monosodium urate 
crystal-induced mice considerably, which indicates 
its antiperoxidative action. 
 

Effect of withaferin A (30mg/kg/b.wt) and 
indomethacin (3mg/kg/b.wt) on monosodium 
urate crystal-induced paw oedema in mice 
 
Fig. 2 portrays the effect of withaferin A on paw 
volume in the control and experimental animals. 
The paw volume of monosodium urate crystal-
induced mice revealed an increase in ankle 
diameter, whereas withaferin A treatment reduces 
the paw diameter significantly in monosodium urate 
crystal- induced mice. 
 
Effect of withaferin A and indomethacin on 
enzyme leakage from the PMNL cells upon 
incubation with monosodium urate crystals 
 
Fig. 3 shows the effect of withaferin A and 
indomethacin on the β-glucuronidase (lysosomal) 
and lactate dehydrogenase (cytoplasmic) enzyme 
release from the PMNL cells incubated with 
monosodium urate crystals. The pretreatment of 
withaferin A (50/100 μg/ml) at the both dosages 
significantly suppresses the lysosomal and 
cytoplasmic enzyme release from the PMNL cells 
incubated with monosodium urate crystals 
compared to controls, i.e. untreated PMNL cells 
incubated with monosodium urate crystals. From 
the above results, it was observed that higher dose 
of withaferin A (100 μg/ ml) produces significant 
inhibition of enzyme release from the PMNL cells 
incubated with monosodium urate crystals, when 
compared to low dosage withaferin A (50ug/ml) 
and standard drug indomethacin. 
 
Effect of withaferin A(30mg/kg/b.wt)  and 
indomethacin (3mg/kg/b.wt) on TNF-alpha 
production in monosodium urate crystal-
induced mice 
 
Fig. 4 portrays the levels of pro-inflammatory 
cytokine tumour necrosis factor-α in the serum, 
liver and spleen of the control and experimental 
animals. Tumour necrosis factor-α level in the 
monosodium urate crystal mice was systemically 
overproduced in the serum, liver and spleen; while 
the elevated levels of tumour necrosis factor-α were 
found to be decreased in withaferin A treated 
monosodium urate crystal-induced mice when 
compared to control mice.   
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DISCUSSION 
 
One of the most sensitive and dramatic indicator of 
gout is neutrophil influx into the joint fluid. 
Neutrophils accumulate in both the joint fluid and  
 

 
 
the synovial membrane, where a small fraction of 
these cells actively phagocytose monosodium urate 
crystals and release mediators, that are chemotactic 
and amplify the inflammatory reaction (26).

 
Table. 1 Effect of withaferin A (30mg/ kg/b.wt) and indomethacin (3mg/kg/b.wt) on the activities of lysosomal enzymes in 
MSU crystal-induced mice. 

Parameter 
 
 

Group –I 
Control 

Group –II 
MSU crystal-
induced mice 

Group –III 
MSU crystal-induced 
mice +withaferin A  
(30 mg/kg b.wt) 

Group –IV 
MSU crystal-induced 
mice + indomethcin  
(3 mg/kg b.wt) 

Serum  
Acid phosphatase 0.11±  0.01 0.27±  0.01 a* 0.12±  0.01 a* b* 0.14 ± 0.01 a* b* 
β-glucuronidase 1.71±  0.14 3.78± 0.27 a* 1.83 ±  0.20 a* b* 1.88±  0.14 a* b* 
N-acetyl glucosaminidase 0.85 ± 0.06 2.63 ± 0.20 a* 1.23  ±  0.07 a* b* 1.41±  0.18 a* b* 
β-galactosidase 1.88±  0.15 3.55± 0.25a* 2.10 ± 0.15 a* b* 2.26±  0.16 a* b* 
Liver  
Acid phosphatase 2.26± 0.17 3.70± 0.41 a* 2.46±  0.05 a* b* 2.68±  0.22 a* b* 
β-glucuronidase 27.7 ± 2.13 38.16± 3.18 a* 28.36±  2.02 a* b* 29.03±  2.07 a* b*  
N-acetyl glucosaminidase 28.78± 3.59 41.83± 3.21 a* 31.00±  2.21 a* b* 31.83±  2.65 a* b* 
β-galactosidase 8.33±  0.59 18.50 ± 1.42 a* 9.13±  0.57 a* b* 9.43±  0.67a* b* 
Spleen 
Acid phosphatase 3.06± 0.21  4.85 ± 0.37 a* 3.23±  0.26 a* b* 3.41±  0.21 a* b* 
β-glucuronidase 23.65± 1.99 38.91± 2.59 a* 26.16±  1.86 a* b*  26.83±  1.57a* b* 
N-acetyl glucosaminidase 21.21± 2.35 36.30±  3.02 a* 22.71 ± 1.74 a* b* 23.88 ± 1.99 a* b* 
β-galactosidase 3.56 ± 0.25 7.70±  0.59a* 3.91 ± 0.32a* b* 4.06±  0.31 a* b* 

Treatment of groups are as follows: Group I- Control mice; Group II –Monosodium urate crystal-induced mice; Group 
III- Monosodium urate crystal-induced mice treated with withaferin A (30gm/kg/b.wt); Group IV- Monosodium urate 
crystal-induced mice treated with indomethacin (3mg/kg/b.wt). Values are expressed as mean±S.D. of six animals. 
Comparisons were made as follows: (a) - Group-1 vs. Groups- II, III, and IV (b) - Group-II vs. Group- III, and IV. Enzyme 
activities are expressed as: Acid phosphatase – μ moles x 10 –2 of phenol; β-glucuronidase, N-acetyl glucosaminidase and 
β-Galactosidase- μ moles x 10 –2 of p- nitro phenol liberated /h/mg protein. The symbols represent statistical significance at: 
* p < 0.05. Statistical analysis was calculated by one way ANOVA followed by Student’s Newman-Keul’s test. 
 
Table 2. Effect of withaferin A (30mg/kg/b.wt) and indomethacin (3mg/kg/b.wt) on lipid peroxidation in MSU crystal-
induced mice. 
 

Parameter Group-I 
Control 

Group II MSU 
crystal-induced 
mice) 

Group III MSU crystal 
induced mice+ withaferin-A 
(30mg/kg/b.wt) 
 

Group IV (MSU crystal-
induced mice+indomethacin 
(3mg/kg/b.wt) 

Plasma  2.86  ± 0.22 4.76± 0.34 a*  3.13  ± 0.19 a*b* 3.21  ± 0.20 a*b* 

Liver 1.26± 0.09 2.36± 0.14 a* 1.50± 0.09 b* 1.61± 0.11 b* 
Spleen 2.10  ± 0.16 3.81  ± 0.23 a* 2.21 ± 0.18 a*b* 2.31± 0.14a*b* 

Treatment of groups are as follows: Group I- Control mice; Group II –Monosodium urate crystal-induced mice; Group 
III- Monosodium urate crystal-induced mice treated with withaferin A (30mg/kg/b.wt); Group IV- Monosodium urate 
crystal-induced mice treated with indomethacin (3 mg/kg/b.wt). Values are expressed as mean±S.D. of six animals. 
Comparisons were made as follows:  a- Group-1 vs. Groups- II, III, and IV   b- Group-II vs. Group- III, and IV Values are 
expressed as: nanomoles of malonaldehyde formed /mg protein; plasma-mg/dl The symbols represent statistical 
significance at: * p < 0.05. Statistical analysis was calculated by one way ANOVA followed by Student’s Newman-Keul’s 
test. 
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Table 3. Effect of withaferin A (30mg/kg/b.wt) and indomethacin (3mg/kg/b.wt) on enzymic antioxidant status in MSU 
crystal-induced mice. 

Parameter Group-I 
Control 

Group II MSU 
crystal-
induced mice 

Group III MSU crystal-
induced mice +withaferin 
A (30 mg/kg/b.wt) 

Group IV MSU crystal-
induced mice +indomethacin 
(3mg/kg/b.wt) 

Liver      
Superoxide dismutase (SOD) 3.2 ±0.21  1.91± 0.11 a* 2.91± 0.24 a*b* 2.86± 0.23a*b* 
Glutathione peroxidase (Gpx) 8.45± 0.65 5.15± 0.36 a* 8.06 ± 0.54 a*b* 7.98± 0.57 a*b* 
Catalase 10.76 ±0.83 5.61± 0.43 a* 9.96± 0.83a*b* 9.83± 0.75 a*b* 
Spleen     
Superoxide dismutase (SOD) 2.48± 0.17 1.21± 0.07 a* 2.11± 0.15 b* 2.06 ±0.17 a*b* 
Glutathione peroxidase (Gpx) 5.13 ±0.36  3.68 ±0.26 a* 4.83± 0.30 b* 4.73± 0.36  b* 
Catalase 10.26 ± 0.73  6.26 ± 0.48 a* 9.46 ± 0.72 a*b* 9.35 ±  0.77 a*b* 
Treatment of groups are as follows: Group I- Control mice; Group II –Monosodium urate crystal-induced mice; Group 
III- Monosodium urate crystal-induced mice treated with withaferin A (30mg/kg/b.wt); Group IV- Monosodium urate 
crystal-induced mice treated with indomethacin (3 mg/kg/b.wt). Values are expressed as mean±S.D. of six animals. 
Comparisons were made as follows:  a- Group-1 vs. Groups- II, III, and IV   b- Group-II vs. Group- III, and IV Enzyme 
units are expressed as; SOD-units/mg protein (unit-amount of enzyme required to inhibit the auto-oxidation reaction by 50 
%); Gpx-μg of GSH utilised / min/mg protein; Catalase- μmol of H202 consumed /min/mg protein. The symbols represent 
statistical significance at: * p < 0.05.Statistical analysis was calculated by one way ANOVA followed by Student’s 
Newman-Keul’s test.       
 
 
 

 
Figure 2. Effect of withaferin A and indomethacin on monosodium urate-induced paw oedema in mice. 

Treatment of groups are as follows: Group I- Control mice; Group II –Monosodium urate crystal-induced 
mice; Group III- Monosodium urate crystal-induced mice treated with withaferin A (30mg/kg/b.wt);Group IV- 
Monosodium urate crystal-induced mice treated with indomethacin (3 mg/kg/b.wt). Values are expressed as 
mean±S.D. of six animals. Comparisons were made as follows:  a- Group-1 vs. Groups- II, III, and IV; b- 
Group-II vs. Group- III, and IV; Different characters indicates statistical significance at * p < 0.05. 
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Figure 3. Effect of withaferin A and indomethacin on enzyme leakage from the PMNL cells upon 
incubation with monosodium urate crystals. Values are expressed as mean±S.D. of six animals.   
Comparisons were made with control groups. Astrite incicates statistical significances between groups at p < 
0.05. 
 
 
 

 
 
Figure. 4 Effect of withaferin A  and indomethacin on TNF-alpha production in MSU crystal-induced 
mice. 
 
Treatment of groups are as follows: Group I- Control mice; Group II –Monosodium urate crystal-induced 
mice; Group III- Monosodium urate crystal-induced mice treated with withaferin A (30mg/kg/b.wt); Group 
IV-Monosodium urate crystal-induced mice treated with indomethacin (3 mg/kg/b.wt). Values are expressed 
as  mean±S.D. of six animals. Comparisons were made as follows:  (a) - Group-1 vs. Groups- II, III, and IV 
(b) - Group-II vs. Group- III, and IV. Different characters indicates statistical significance at * p < 0.05. 
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In the present study, injection of monosodium urate 
crystals in mice results in transient neutrophilic 
inflammation that resembles acute gouty arthritis in 
humans (27). Paw volume and lysosomal enzymes 
were found to be increased in monosodium crystal-
induced mice. Lysosomes and lysosomal enzymes 
are the main factors playing a vital role in tissue 
injury and repair, inflammation, phagocytosis and 
they participate in pathologic processes such as 
inflammation, degeneration, cancer and rheumatoid 
arthritis (28). It was further postulated that the 
lysosomal enzymes are released in inflammatory 
diseases to stimulate the synthesis of prostaglandins 
(29). Since, extracellular release of lysosomal 
enzymes may be crucial to the pathogenesis of 
tissue injury and inflammation (30), it is likely that 
a reduction in the release of such enzymes would 
prove beneficial. The reduction in the paw edema 
and lysosomal enzyme activities after withaferin A 
treatment suggest that this drug can inhibit the 
release of lysosomal enzymes by its stabilizing 
action. Anti-inflammatory effect of withaferin A 
observed in our study may be due to its membrane 
stabilizing effects. 

In recent years, there is increasing interest 
in free radicals; they have been shown to modify 
biological molecules, which may result in various 
pathological conditions. Thus additional natural 
products need to be evaluated for their antioxidant 
potential. Considerable evidence suggests that 
oxidative stress and reactive oxygen species (ROS) 
play significant roles in several aspects of acute and 
chronic inflammation (31). The increased lipid 
peroxide level noticed in monosodium urate crystal-
induced mice in our study (Group II) may be due to 
its release from neutrophils and monocytes during 
inflammation. The result of the present study 
indicate that the antioxidant defense system is 
compromised in monosodium urate crystal-induced 
mice as evidenced by increased lipid peroxidation 
concentration and decreased activity of antioxidant 
enzyme, which in turn falls in line with our earlier 
report (13). Our results show that the activities of 
Superoxide dismutase, Glutathione peroxidase and 
Catalase are found to be decreased in monosodium 
urate crystal-induced animals which may be due to 
consequence of their increased consumption during 
oxidative stress and cellular lysis. However, 
augmented lipid peroxidation observed in 
monosodium urate-induced animals has been 

compromised and counterbalanced by withaferin A 
via by scavenging free radicals as well as enhancing 
the antioxidant systems. Inspite of its antioxidant 
property, recent studies reported that withaferin A 
plays a vital role in antiinflammation by inhibiting 
the expression of proinflammatory cytokines, NF-
κB activation cascade and consequently arresting 
proinflammatory gene expression (10). This 
argument was supported in our study by the 
depleted tumour necrosis factor- α level in 
withaferin treated monosodium urate crystal-
induced mice when compared to monosodium urate 
crystal-induced mice.  

Monosodium urate crystals can interact 
with cells by phagocytosis or direct interaction with 
cell surface receptors. Intense infiltration of 
neutrophils into both synovial membrane and fluid 
is the hall mark of gout and these cells provide main 
cellular mechanism of inflammatory amplification. 
The consequences of neutrophil interaction with 
monosodium crystals include the synthesis and 
release of a large variety of mediators like 
lysosomal enzymes, reactive oxygen species, 
prostaglandin E2 and chemokines that promote 
vasodilation, erythema, and the pain associated with 
acute gout attack (3). In the present study, human 
polymorphonuclear leucocyte (PMNL) cells, 
significantly released β-glucuronidase and lactate 
dehydrogenase upon exposure to monosodium urate 
crystals. Monosodium urate crystals can cause 
enzyme release from PMNL cells mainly by a direct 
effect on the plasma membrane. Wallingford and 
McCarty (32) hypothesized that hydrogen donor 
sites on the crystal attach to acceptor sites on the 
outer surface of the lipid bilayer of cell membranes. 
Interaction between crystals and cell membrane can 
also alter cellular metabolism, and cause secretion 
of inflammatory mediators. Thus, urate crystals 
induce release of lysosomal enzymes from 
leucocytes in the absence of phagocytosis. 
Withaferin A treatment suppressed the enzyme 
release from the PMNL cells incubated with 
monosodium urate crystals, suggesting that it plays 
a beneficial role in inhibiting the membrane damage 
induced by these crystals. 

PGD2, a pleiotropic prostanglandin and 
transforming growth factor (TGF)-β have been 
strongly associated with anti-inflammatory effects 
and resolution of inflammation (33). Although in 
our present study, we did not assay PGD2 and TGF-
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β levels, from the above results, it is possible that 
withaferin A treatment might arrest the 
proinflammatory gene expression which has been 
already reported (10), as well as, it might raise the 
levels of PGD2 and TGF-β in monosodium urate 
crystal-induced mice. In conclusion, in the present 
study, withaferin A diminished monosodium urate 
crystal-induced inflammation in mice by reducing 
lysosomal enzymes, lipid peroxidation and pro-
inflammatory cytokine TNF-α and paw volume. 
These evidences prompted us to investigate the 
effect of withaferin A against acute gouty arthritis 
at molecular level to establish its exact mechanism 
of the action which is underway. 
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