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Summary 

The present study was designed to investigate the antinociceptive effect of root extract of 

Withania. somnifera in Streptozotocin (STZ) induced diabetic peripheral neuropathic rat 

models. Forced swim test was carried out to determine the antidepressant activity. The 

interference of antidepressant agents with motor activity of rats was determined by open-

feild test. Diabetes was induced by a single i.p. injection of 50 mg/kg streptozotocin. Tail 

immersion test (Hot & cold water) and formalin test were performed to determine the 

extent of neuropathic pain in diabetic rats. Imipramine (10.5mg/kg), flouxetine 

(14.5mg/kg), Quercetin (10mg/kg) and W. somnifera (100mg/kg) was administered orally 

for 21 consecutive days starting after 4th week in STZ induced diabetic rats. Thiobarbituric 

acid reactive substance (TBARS), superoxide dismutase (SOD), and Catalase in serum 

were also performed to access the oxidative stress. Mode of action of W. somnifera was 

determined by administering naloxone (2 mg/kg) prior to its administration. Chronic 

treatment with W. somnifera for 3 weeks starting after 4
th

 week in STZ induced diabetic 

rat’s attenuated hyperalgesia. It also ameliorated diabetic induced raised level of TBARS, 

and decreased level of SOD and Catalase. Antinociceptive activity of W. somnifera was 

reversed by prior administration of naloxone. It was concluded that antidepressant and 

antioxidant effect may be responsible for observed antinociceptive effect of W. somnifera 

in STZ induced diabetic peripheral neuropathic rat models. 
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Introduction 

Diabetes is a global health problem and its prevalence is set to increase to more than 360 

million worldwide by the year 2025
1
.
 
Diabetes leads to several complications including 

neuropathy retinopathy, and nephropathy. Diabetic neuropathy is the most common 

complication affecting more than 50% of the diabetic patients. Etiology of diabetic 

neuropathy is complex and multifactorial
2
. Diabetic peripheral neuropathy (DPN) is the 

most common complication of longstanding diabetes mellitus which frequently results in 

clinically significant morbidities
3
. An internationally agreed simple definition of DPN for 

clinical practice is “the presence of symptoms and/or signs of peripheral nerve dysfunction 

in people with diabetes after the exclusion of other causes”
4
.  Pain associated with diabetic 

neuropathy can occur either spontaneously or as a result of exposure to only mildly painful 

stimuli (hyperalgesia) or to stimuli not normally perceived as painful (allodynia)
5
. It is 

known that the pathophysiology of neuropathic pain in the diabetic is accompanied by 

neurochemical alterations in the nervous system. A number of neurotransmitters likely 

modulate the ascending and descending pain pathways and norepinephrine and 5-

hydroxytriptamine (serotonin, 5-HT) have been implicated as mediators of endogenous 

analgesia via the descending pain inhibitory pathways6,7. In pathological pain states, these 

endogenous pain inhibitory mechanisms may be dysfunctional, contributing to the central 

sensitization and hyperexcitability of the spinal and supraspinal pain–transmitting 

pathways and manifesting as several types of persistent pain, including neuropathic pain
8
. 

Hyperglycemia is reported to induce oxidative stress through multiple pathways such as 

redox imbalances secondary to enhanced aldose reductase activity
9 

, increased advanced 

glycation end products
10  

, altered protein kinase C activity, especially β-isoforms
11 

and 

mitochondrial overproduction of superoxide
12  

hence apart from glycemic control, a 

corresponding wide range of treatment have been employed to treat patients with 

neuropathic pain, including tricyclic antidepressants, SSRI, Serotonin-norepinephrine 

reuptake inhibitors, antiepileptic drugs, opoid analgesics, N-methyl-D-aspartate receptor 

antagonists, Cholecystokinin receptor antagonists, adenosine, lipoic acids, cannabinoids, 

capsaicin, protein kinase C inhibitors, aldose reductase inhibitors and VR-1 receptor 

modulators13. 

W. somnifera is also known as ashwagandha, Studies indicate ashwagandha possess 

Anxiolytic action
14

, Antistress and adaptogenic action
15

,
 
Anti-inflammatoryproperties

16
,
 

Hypoglycemic, diuretic, and hypocholesterolemic effects
17

, Cardiovascularprotection
18

. 

The antidepressant activity of W. somnifera is mediated partly through an adrenoreceptor 

as well as alteration in the level of central biogenic amines
19

.
 
The active principles of W. 

somnifera, comprising sitoindosides VII–X and Withaferin-A, have been shown to have 

significant antistress activity against acute models of experimental stress
20

. 

W. somnifera is also known to modulate the oxidative stress markers of the body. The root 

extract significantly reduced the lipid peroxidation21 and increased the superoxide 

dismutase (SOD) and catalase activity, thus possessing a free radical scavenging property22 
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But there was no scientific report of W. somnifera on the effect of diabetic neuropathic 

pain. Hence the present study was undertaken to investigate the antinociceptive effect of 

W. somnifera aqueous root extract in diabetic Neuropathic rat models. 

Materials And Methods 

Experimental animals 

Male Sprague Dawley rats weighing between 250-290 gm were used. The experimental 

protocol was approved by Institutional Animal Ethics Committee (KCP/IAE-05/2007) and 

animals were maintained under standard conditions in the animal house approved by 

Committee for the Purpose of Control and Supervision on Experiments on Animals 

(CPCSEA).  

Chemicals: Streptozotocin & Quercetin purchased from Hi Media laboratories Pvt. Ltd., 

Mumbai. Fluoxetine sample was gifted by Strides acrolabs, Bangalore and, Imipramine 

was obtained from Torrent pharmaceuticals, Ahmedabad. Standardized aqueous Withania 

Somnifera root extract (Batch no: LOTWS0519) was gifted by Natural remedies 

Bangalore. 

Antidepressant activity  

Antidepressant activity of W. somnifera root extract was evaluated by using force 

swimming test and was compared with standard antidepressants such as fluoxetine and 

imipramine. The interference of antidepressant agents with motor activity was determined 

by using gross motor activity of the animals.  

Treatment protocol for antidepressant activity (Treatment period-21days) 

Groups           A.    Normal control   

B.   Normal control groups (treated) 

 (i)     Fluoxetine (14.5 mg/kg, p.o.)
23 

                            (ii)   Imipramine (10.5 mg/kg, p.o)
23

 

                            (iii)  W. somnifera root extarct (100mg/kg, p.o.)15 

Forced swimming test (FST)
 24

 

In FST, Two swim sessions were conducted on two consecutive days (one test per day). 

The FST paradigm includes 2 sections: an initial 15-min pre-test followed by a 5-min test 

24 hours later. In the first session (pretest), a rat was placed individually into a bucket 

(height 31 cm, diameter 29 cm) filled with water (24±1°C) to a depth of 20 cm for 15 min. 

In the second session, 90 min after drug treatment, rats were again placed in a bucket and 

time of immobility was determined. The immobility time is an index of depressive-like 

behavior in the forced swimming test. A rat was defined as immobile when floating 

motionless or making only those movements necessary to keep its head above water. 



Pharmacologyonline 2: 283-298 (2010)                                     Pradeep  et al 

 

 

286 

Water in the bucket was changed and cleaned thoroughly after each session. At the end of 

experiment, the rat was wiped with dry towel to maintain body temperature and returned to 

the home cage.  

Gross motor activity
25 

Motor activity was assessed in a chamber having a floor measuring 50×50×37 divided into 

16 boxes. The open field was housed in a quiet, darkened testing room and was illuminated 

by a 25 watt light bulb positioned approximately 90 cm above the center of the floor. 

Animals were brought into the testing room and gently placed in the center square of the 

open field facing away from an observer who sat quietly on a stool positioned above one 

corner of the field so as to be able to view the entire enclosure. The observer then traced 

the path of the rat’s movements on a map of the open field. Total number of squares 

entered was counted. An animal was considered to have entered a square when it moved all 

four limbs across the boundary into that square; smaller movements of turning, spinning, 

or probing with the head or forelimbs were not counted as entering a square. The open-

field test lasted 10 min 

Induction of diabetes 

Diabetes was induced in overnight fasted adult Sprague dawley rats by a single 

intraperitoneal injection of 50mg/kg STZ
26

. Blood glucose level was measured after 72 h 

of STZ injection. Blood samples were obtained from tail vein by subjecting the rats to light 

ether anesthesia. Glucose concentration was measured by using glucometer with glucose-

oxidase impregnated strips. Animals with blood glucose levels >/300 mg/dl was 

considered diabetic and selected for further study.  

Treatment protocol 

Hypersensitivity to pain stimuli was well developed after 4 week after diabetes induction, 

treatment was started after 4
th

 week and continued end of upto 7
th

 week 

Groups:         

  A. Normal control (saline) 

  B. Diabetic control  

  C. Diabetic groups (treated)  

                  W. somnifera (100mg/kg, p.o.)
15

 

                  Imipramine (10.5 mg/kg, p.o.)
23

  

                  Fluoxetine (14 mg/kg, p.o.) 
23

 

                  Quercetin (10 mg/kg, p.o.) 27 
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�europathic pain models 

Tail-immersion (cold
27

 & hot water
28

)
 

Spinal thermal sensitivity was assessed by the tail immersion test. Hyperalgesic state 

towards noxious and non-noxious stimuli was noted the terminal part of the tail (5 cm from 

the tip of the tail) was immersed in water, maintained at temperatures of 50±0.5°C  

(noxious) and 10±1°C (non-noxious). The duration of the tail withdrawal latency was 

recorded, and a cut-off time of 15 s was used to prevent the damage of tail.  

Chemical stimuli -Formalin test
26: Antinociception in non-diabetic and diabetic rats was 

assessed using the formalin test. The rats were placed in open Plexiglas observation 

chambers for 30 min to allow them to acclimate to their surroundings; then they were 

removed for formalin administration. Fifty µl of diluted formalin (0.5% for diabetic rats or 

1% for non-diabetic rats) were injected subcutaneously into the dorsal surface
29

 of the right 

hind paw with a 30-gauge needle. The animals were returned to the chambers and 

nociceptive behavior was observed immediately after formalin injection. Mirrors were 

placed in each chamber to enable unhindered observation. Nociceptive behavior was 

quantified as the numbers of flinches of the injected paw during 1-min periods every 5 

min, up to 60 min after injection. Flinching was readily discriminated and was 

characterized as rapid and brief withdrawal, or as flexing of the injected paw. Formalin 

induced flinching behavior was biphasic. The initial acute phase (0–5 min) was followed 

by a relatively short quiescent period (10 - 20 min), which was then followed by a 

prolonged tonic response (25–60 min). 

Mechanism of action: 

Mechanism of action was evaluated by administering naloxene (2mg/kg)
29

 prior to 15min 

of drug administration.  

Biochemical estimation of markers of oxidative stress 

After 21 days of treatment blood was withdraw from tail vein and centrifuged at 5000rpm 

for 20 min and serum was separated 

 

TBARS
30 

Thiobarbituric acid reactive substance (TBARS) in the serum was estimated using the 

standard protocol. Thiobarbituric acid reacts with malondialdehyde (MDA), a secondary 

product of lipid peroxidation. The developed color was reddish pink and was estimated at 

532 nm.  

 

Estimation of superoxide dismutase
31

 

 Sod was estimated by method of Erich F. Estimation of SOD is based on detection O2
- 
by 

oxidation of hydroxylamine hydrochloride yielding nitrite, which is measured 

colorimetrically at 560 nm. O2
-
 can also be generated during auto-oxidation of 

hydroxylamine.  
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Accompanying the autooxidation of hydroxylamine at pH 10.2, NBT is reduced and nitrite 

is produced in the presence of EDTA, which can be detected colorimetrically. 

Catalase
32

 

 Estimation of Catalase activity was done by determining the decomposition of H2O2 at 

240 nm in an assay mixture containing phosphate buffer (0.25 M, pH 7). 

Statistical analysis: Data were expressed as means ±S.E.M. The time course of the 

pharmacological effect was examined using analysis of variance (ANOVA) followed by 

Tukey t-test. P<0.05 was considered as significant. 

Results 

Effect of aqueous root extract of W. somnifera in Forced swimming test and Gross 

motor activity 

In forced swimming test, the normal rats showed significant decrease in immobility time 

when treated with fluoxetine (P<0.05), imipramine (P<0.01), W. somnifera (P<0.05) for 

10days when compared to control.  But 21 days of treatment produced a maximum 

decrease in immobility time in all treated groups.  All treated groups showed statistical 

significance (P<0.001) when compared to control as shown in Fig 1. It was observed that 

there was no significant interference with gross motor activity in all treatment groups when 

treated for 21 days. (Fig. 2) 

Fig-1 Effect of aqueous root extract of W. somnifera in Forced swimming test 
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Fig 2: Effect of W. somnifera root extract on Gross motor activity 
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All values are mean ± SEM, n=6,
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group, 
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Effect of W. somnifera root extract in Tail immersion test (Cold water)  

Tail flick latencies of diabetic rats were significantly (P<0.001) less than non-diabetic rats 

indicative of hyperalgesia. After three weeks of treatment, Tail withdrawal latency of 

groups treated with fluoxetine, imipramine, quercetin, W. somnifera were increased 

significantly (P<0.001) when compared to diabetic control. (Fig 3) 

Effect of W. somnifera root extract in Tail immersion test (Hot water) 

After three weeks of treatment, fluoxetine, imipramine, quercetin, and W. somnifera root 

extract treated groups significantly (P<0.001) increased latency period when compared to 

diabetic control.  In group treated with imipramine, latency period was significantly 

(P<0.01) increased when compared to normal control. Comparative analysis revealed that 

there was no significant difference found in latency period between W. somnifera and 

standard drug treated groups. (Fig. 4) 

 

 

 C 
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Fig-3 Effect of W. somnifera root extract in Tail immersion test (Cold water)  
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control group, aP<0.05, bP<0.01, dP<0.001 when compared to diabetic control. 

 

Fig-4 Effect of W. somnifera root extract in Tail immersion test (hot water) 
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Effect of W. somnifera root extract in Formalin test 

Diabetic animals shown hyperalgesia to chemical stimuli in all three phases. Groups 

treated with fluoxetine, imipramine, quercetin, W. somnifera significantly (P<0.001) 

decreased sum of flinches in 1
st
 phase flinches when compared to diabetic control. 

Fluoxetine (P<0.001), imipramine (P<0.001), and withania somnifera (P<0.001), were 

significantly decreased flinches when compared to normal control. W. somnifera was 

significantly (P<0.001) more active than quercetin. 

All treatments were significantly (p<0.001) decreased sum of flinches in Q phase when 

compared to diabetic control and normal control. 

 In 3rd phase groups treated with fluoxetine (P<0.001), imipramine (P<0.001), quercetin 

(P<0.001), W. somnifera (P<0.001), were significantly decreased flinches when compared 

to diabetic as well as normal control groups. W. somnifera was significantly (P<0.001) 

more active than quercetin (Fig. 5)  

Fig-5 Effect of W. somnifera root extract in Formalin test 
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Effect of W. somnifera root extract on biochemical parameters 

Thiobarbituric acid reactive substance (TBARS)  

W. somnifera (P<0.01), Quercetin (P<0.001) treated groups significantly shown decrease 

in TBARS when compared to diabetic control. Imipramine, fluoxetine treated groups and 

diabetic group shown significant (P<0.001) increase in TBARS when compared to normal 

control. (Fig. 6) 
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Fig 6: Effect of W. somnifera root extract on serum TBARS 
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Superoxide dismutase
 
(SOD) 

W. somnifera (P<0.001), Quercetin (P<0.001) treated groups were significantly shown 

increase in serum sod when compared to diabetic control. W. somnifera (P<0.01), 

Quercetin (P<0.05), Imipramine (P<0.001), fluoxetine (P<0.001) treated groups shown 

significant decrease in sod when compared to normal control. (Fig. 7) 

 

 

Catalase 

 W. somnifera (P<0.001), Quercetin (P<0.001) treated groups were significantly shown 

increase in serum catalase when compared to diabetic control. W. somnifera (P<0.001), 

Quercetin (P<0.01), Imipramine (P<0.001), and fluoxetine (P<0.001) treated groups shown 

significant (P<0.001) decrease in catalase when compared to normal control. (Fig. 8) 
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Fig 7: Effect of W. somnifera root extract on serum SOD  
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Fig 8: Effect of W. somnifera root extract on serum catalase 
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Discussion and Conclusion 

In diabetic neuropathy, symptomatic treatment involves use of antidepressants and 

anticonvulsants. Antidepressants are effective in relieving neuropathic pain. Many 

clinicians prescribe antidepressants rather than anticonvulsants as first-line in neuropathic 

pain, either because of perceived greater chance of benefit or lower chance of adverse 

effects
33

. 

The supraspinal and spinal serotonin (5–HT) pathways are involved in pain perception
34

. 

Tail flick test is a spinally mediated reflex to noxious stimuli. The fast raising pain in the 

tail flick gives rise to rapid tail withdrawal at the lowest possible threshold for pain before 

the pain reaches the supraspinal region. Where as in hot plate test, paw licking and jump 

response is mediated through supraspinal centres. In the last two decades a number of 

reports have indicated the direct role of the opioidergic system in antidepressant induced 

antinociception35,36. But the mode of action of antidepressants is based on its interference 

with reuptake of monoamines (Norepinephrine and 5 – HT). 

An attempt was made to explore the usefulness of antidepressant activity of aqueous root 

extract of W. somnifera in alleviating the diabetic induced neuropathic pain and to 

elucidate the possible mechanism of action of their antinociception. 

In the present study initially antidepressant activity of W. somnifera was carried out. 

Treatment for 10 days produced a less significant antidepressant activity when compared to 

21 days treatment. But it has been reported that W. somnifera root powder (100 mg/kg) 

orally as an aqueous suspension daily for seven days given before the swimming test in 

water at 10ºC also increased total swimming time, indicating better stress tolerance in 

rats
37

. Hence in the present study the diabetic rats were treated for 21 days instead of 7 

days.  

W. somnifera (100mg/kg) exhibited significant antidepressant like effect in rats by 

interacting with adrenergic system because prazosin (α1 adrenergic antagonist) partially 

antagonized the immobility reducing action of W. somnifera. This observation suggests the 

possible involvement of α1 adrenergic receptors in the immobility reducing action of W. 

somnifera and also reserpine (vesicular re-uptake blocker which depletes catecholamines 

or lowers noradrenaline) induced increase in mean immobility time was significantly 

reversed by treatment with W. somnifera (100 mg/kg, i.p.) tempting to suggest the 

involvement of biogenic amines in antidepressant action of W. somnifera 38.  

Monoamines, opioid and 5HT receptors are believed to be involved in antidepressant-

induced antinociception. Studies have provided evidence of interaction of tricyclic 

antidepressants with opioid receptors, which could account for their analgesic action
39,40

 

Tricyclic antidepressants activate opioid system, through both, a direct opioid receptor 

interaction and an indirect action through enhanced release of opioid peptide
39

. In our 

study imipramine, fluoxetine and W. somnifera increased the latency of tail-flick response 

in rats and was attenuated by prior treatment with naloxone, suggesting implication of an 
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opioid antagonist reversible nature to imipramine, flouxetine and W. somnifera induced 

antinociception and an opioid system involvement 

Amitriptyline & desipramine blocked tonic flinch responses in the formaldehyde solution 

test
41

. Our present study has also shown that administration of imipramine, fluoxetine and 

W. somnifera blocked the tonic flinch responses.  

Treatment of streptozotocin induced diabetic rats with antioxidants has attenuated 

oxidative stress and vascular dysfunction, which may be a major factor in the development 

of diabetic neuropathy. Diabetic rats exhibited a significant increase in TBARS, an index 

of lipid peroxidation and reduction in antioxidant enzyme activity. These parameters 

regained to normal levels when treated with W. somnifera and quercetin. Quercetin has 

proven to protect against the development of diabetic neuropathy by inhibition of lipid 

peroxidation and restoration of antioxidant enzymes in diabetic rats. Thus reverses the 

oxidative stress induced changes in nerve physiology of diabetic rats as reported earlier42. 

W. somnifera is known to modulate the oxidative stress markers of the body. The root 

extract significantly reduced the lipid peroxidation
 
and increased the superoxide dismutase 

(SOD) and catalase activity, thus possessing a free radical scavenging property
21,22

.  

The results of this pre-clinical study on rats display potential antinociceptive effect of W. 

somnifera. Data here obtained allows us to propose this plant species as an excellent 

candidate for isolating new substances with potential antinociceptive effect. 
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