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Abstract  :  The  ob jec t ive  o f  the  p resen t  s tudy  was  to  eva lua te  the
antidepressant action of Withania somnifera (WS) as well as its interaction
with the convent ional  ant idepressant  drugs and to  del ineate  the possible
mechanism of  i ts  ant idepressant  act ion using forced swimming model  in
mice .  Effec t  of  d i f ferent  doses  of  WS,  f luoxet ine  and imipramine  were
s tudied  on  forced  swimming tes t  induced  mean immobi l i ty  t ime (MIT) .
Moreover  e f fec t  of  WS 100 mg/kg,  i .p .  was  observed  a t  d i f fe rent  t ime
intervals. Effect produced by combination of sub therapeutic doses of WS
with imipramine (2.5 mg/kg, i.p.) as well as fluoxetine (2.5 mg/kg, i.p.) were
also observed. Effect of WS (100 mg/kg, i.p.) as well as combination of WS
(37.5 mg/kg, i.p.) with either imipramine (2.5 mg/kg, i.p.) or fluoxetine (2.5
mg/kg, i.p.) were observed in mice pretreated with reserpine (2 mg/kg, i.p.)
and c lonidine  (0 .15 mg/kg,  i .p . ) .  Effec ts  of  prazosin  (3  mg/kg,  i .p . )  or
ha loper ido l  (0 .1  mg/kg ,  i . p . )  p re - t r ea tmen t  were  a l so  obse rved  on  WS
induced  dec rease  in  MIT.  WS produced  dose  dependen t  dec rease  in
MIT.  Maximum ef fec t  in  MIT was  observed  a f te r  30  min  of  t rea tment
wi th  WS 100  mg/kg ,  i . p .  Combina t ion  o f  WS (37 .5  mg/kg ,  i . p . )  w i th
imipramine (2.5 mg/kg, i .p.) or fluoxetine (2.5 mg/kg, i .p.) also produced
s ign i f i can t  dec rease  in  the  MIT.  C lon id ine  and  rese rp ine  induced
inc rease  in  MIT,  was  s ign i f i can t ly  r eve r sed  by  t r ea tmen t  wi th  WS
(100 mg/kg,  i .p . )  as  well  as  combinat ion of  WS (37.5 mg/kg,  i .p . )  with
e i the r  imipramine  (2 .5  mg/kg ,  i . p . )  o r  f luoxe t ine  (2 .5  mg/kg ,  i . p . ) .
Pre-treatment with prazosin but not  haloperidol,  s ignificantly antagonized
the WS (100 mg/kg, i.p.) induced decrease in MIT. It is concluded that, WS
produced s igni f icant  decrease  in  MIT in  mice  which could  be  media ted
partly through α  adrenoceptor as well as alteration in the level of central
biogenic amines.
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INTRODUCTION

Withania somnifera (WS) is  a herb that
grows  na tura l ly  in  d iverse  a reas  rang ing
from Africa,  the Mediterranean East  and in
India .  I t  has  earned  the  n ickname “Indian
Ginseng” .  The  chemis t ry  of  WS,  has  been
extens ive ly  s tud ied  and  over  35  chemica l
const i tuents  have been identif ied,  extracted
and  i so la ted  (1 ) .  The  b io log ica l ly  ac t ive
chemica l  cons t i tuen ts  a re  a lka lo ids
( I sope l le t i e r ine ,  Anafer ine) ,  s t e ro ida l
lac tones  (Wi thanol ides ,  Wi thafe r ins ) ,
saponins containing an additional acyl group
(sitoindoside VII and VIII) and withanolides
with a glucose at carbon 27 (sitoindoside IX
and  X) .  The  wi thanol ides  a re  impor tan t
constituent of WS. They are believed to be
responsible  for  i ts  var ious pharmacological
ac t ions  e .g .  the  an t iconvulsan t  (2 ) ,  an t i -
inflammatory (3),  antioxidant (4),  antitumor
(5), immunomodulatory (6) and anxiolytic (7)
ac t ions .  Moreover ,  anc ien t  ayurved ic
l i t e ra tu re  as  wel l  as  severa l  s tud ies  has
reported antidepressant action of WS (7, 8)
which  has  a l so  been  a t t r ibu ted  due
to  p resence  of  the  ac t ive  cons t i tuen t ,
wi thanol ides .

This  s tudy was planned to evaluate  the
antidepressant action of Withania somnifera
(WS)  as  wel l  as  i t s  in te rac t ion  wi th  the
convent iona l  an t idepressan t  d rugs  and  to
de l inea te  the  poss ib le  mechanism of  i t s
antidepressant action using forced swimming
model in mice.

MATERIALS AND METHODS

( I )  Se lec t ion  o f  an imals

Albino mice of either sex weighing 25 ± 3

gm raised in central  animal house,  Medical
College, Vadodara were used for the study.
They  were  main ta ined  under  s tandard
laboratory  condi t ions  on 12-hour  day/night
cyc le  and  wi th  f ree  access  to  food  and
water .  The  an imals  were  acc l imat ized
to  the  l abora tory  condi t ions  p r io r  to
exper imenta t ion .  Al l  the  exper iments  were
carried out between  10:00 hours to  16:00
hour  a t  ambien t  t empera ture .  The  an imals
were drawn at  random for  test  and control
g roups .

( I I )  Forced  swimming  tes t

Forced  swimming  tes t  (FST)  model
suggested by Porsolt (9) was used to evaluate

antidepressant activity of various drugs. We
chose to work with the forced swimming test
(FST)  s ince  i t s  re levance  has  been
demonstrated with antidepressants of a wide
variety (10). Another reason for choosing this
an imal  model  i s  the  cor re la t ion  which  i s
observed  be tween  resu l t s  in  th i s  t es t  and
clinical potency, which is not found in any
other model (10).

Br ie f ly  in  th i s  t es t ,  an imals  were
forced to  swim individual ly  in  a  g lass  ja r
(25 × 12 × 25 cm) containing water of 15 cm
height (11) at a temperature of 25 ± 3°C for
a period of six min in a “Test session”. Each
animal made vigorous attempts to get out of
wate r  ba th  dur ing  f i r s t  couple  o f  minutes
and thereaf te r  sur rendered  to  exper imenta l
condit ions and assumed a typical  immobile
posture (which is defined, in the traditional
Porsolt  test ,  as when no addit ional  activity
is observed other than that required to keep
the  head above the  water)  wi th  occas ional
escape  a t t empts .  The  to ta l  dura t ion  of
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immobi l i ty  was  recorded .  Animals  were
removed from water, dried and kept in their
respect ive cages.

Drugs  used  in  the  s tudy

Drugs used in  the s tudy were

• Withania  somni fera  roo t  ex t rac t
(Dhanvantar i ,  Anand)

• Imipramine  (Sun  Pharmaceut ica l
Indust r ies ,  Baroda)

• F luoxe t ine  (Sun  Pharmaceut ica l
Indust r ies ,  Baroda)

• Clon id ine  (Sarabha i  P i ramal
Pharmaceut ica ls  Baroda)

• Reserpine (Loba- Chemie, Bombay)

• Prazos in  hydroch lor ide  (Sun
Pharmaceut ica l  Indus t r ies ,  Baroda)

• Haloper ido l  (Sun  Pharmaceut ica l
Indust r ies ,  Baroda)

WS,  imipramine  and  f luoxe t ine  were
d isso lved  in  0 .9% normal  sa l ine .  Whi le
clonidine, reserpine, prazosin and haloperidol
were dissolved in 5% DMSO. All the drugs
were  admin is te red  in t raper i tonea l ly  ( i .p . ) ,
before  the  “Tes t  sess ion .”  For  each  group
fresh animals  were used in  the s tudy.

Study  des ign

Animals  were  d iv ided  in to  four  major
groups  accord ing  to  the  t rea tment  they
rece ived  and  were  fu r ther  d iv ided  in to
different  subgroups.

Contro l  group

A single dose of WS (100 mg/kg, i.p.) was
adminis tered to  four  subgroups of  mice 15
min, 30 min, 45 min and 60 min before FST
respec t ive ly  to  de tec t  t ime  requ i red  fo r
development of i ts  peak effect  on MIT and
this  t ime interval  was used for  the fur ther
s tudy .

Different doses of WS 25, 37.5, 50, 100
and 200 mg/kg, imipramine 2.5, 5.0, and 10.0
mg/kg and fluoxetine 2.5, 5.0, and 10.0 mg/
kg were  adminis tered  to  s tudy thei r  e f fec t
on MIT.  Moreover  combinat ions  consis t ing
of different doses of WS (25 mg/kg and 37.5
mg/kg)  with ei ther  imipramine (2.5 mg/kg)
or fluoxetine (2.5 mg/kg) were administered
30 min before FST.

Al l  the  d rugs  were  admin is te red
intraperitoneally (i .p.) 30 min prior to FST.

Clonid ine  treated  group

In order to study the interaction of WS
(100 mg/kg, i.p.) and clonidine (0.15 mg/kg,
i.p.) on MIT in mice, they were administered
30 min and 15 min prior to FST respectively.
Similarly, effect of clonidine (0.15 mg/kg, i.p.)
on combination consisting of WS (37.5 mg/
kg, i .p.) with either imipramine (2.5 mg/kg,
i.p.) or fluoxetine (2.5 mg/kg, i.p.) were also
s tud ied .

Reserpine  treated  group

Two subgroups  of  an imals  were
reserpinised by adminis t ra t ion of  reserpine
(2 mg/kg,  i .p.)  4 and 24 hours before FST
respec t ive ly .  Such  rese rp in ized  mice  were
used to study effects of WS (100 mg/kg, i.p.)
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a lone  or  i t s  combina t ion  wi th  e i ther
imipramine  (2 .5  mg/kg ,  i .p . )  o r  f luoxet ine
(2.5 mg/kg, i.p.) given 30 min before FST.

Treatment  wi th  prazos in  and  ha loper ido l

Ei ther  p razos in  (3  mg/kg ,  i .p . )  o r
ha loper ido l  (0 .1  mg/kg ,  i .p . )  were
adminis tered 60 min before FST while  WS
100 mg/kg ,  i .p .  was  adminis te red  30  min
after the administration of above drugs (i.e.
30  min  before  FST)  in  o rder  to  s tudy  i t s
effect  on MIT in  the  mice  pre t reated wi th
above drugs.

Stat i s t i ca l  ana lys i s

All the data were analyzed using one way
analysis  of  variance (ANOVA) fol lowed by
Tukey’s multiple range tests. P values <0.05
were considered s ignif icant .

RESULTS

Trea tment  wi th  the  veh ic les  (normal
sa l ine  and  DMSO) g iven  a t  d i f fe ren t  t ime
in te rva l ,  d id  no t  modi fy  the  dura t ion  of
immobili ty in FST (data not shown).

WS (100 mg/kg, i.p.) produced maximum
decrease  in  the  immobi l i ty  t ime  a t  an
interval of 30 min. This effect persisted up
to  45  min  of  the  d rug  admin is t ra t ion
(Fig .  1 ) .  WS,  imipramine  and  f luoxe t ine
reduced the duration of immobili ty in mice
in  a  dose  dependent  manner  (Table  I ,  I I )
However,  stat ist ical  significant reduction in
mean  immobi l i ty  t ime  was  observed  wi th
doses  of  WS 50  mg/kg ,  and  h igher ,
imipramine  5  mg/kg  and  h igher  and
fluoxetine 5 mg/kg and higher. (Table I, II)

TABLE I : Ef fec t s  o f  d i f f e ren t  doses  o f  Withan ia
somni fera  on  FST induced  immobi l i ty  in
m i c e .

Treatment (mg/kg, i.p.) Immobility time (sec)

Vehicle (saline) 198± 2.5
Withania somnifera (25) 195.1± 6.3
Withania somnifera (37.5) 194.2± 2.2
Withania somnifera (50) 178.2± 2.8*
Withania somnifera (100) 143.3± 3.1**
Withania somnifera (200) 140.0± 3.3**

Values are expressed as Mean±SEM, n=6.
*P<0.01, **P<0.001 as compared to the vehicle treated
group using ANOVA and Tukey multiple comparisons
tests. Degree of freedom : between columns : 5, within
columns : 30; F = 53.71.

Fig .  1 : Ef fec t s  o f  Withan ia  somni fera  (100  mg/kg ,
i .p . )  on  FST induced  immobi l i ty  in  con t ro l
mice at  different  t ime intervals.  The columns
depic t  mean  immobi l i ty  t ime  in  sec  and  the
ver t i ca l  l ines  deno te  SEM (n=6) .
Va lues  a re  expressed  as  Mean±SEM.
*P<0 .001  as  compared  to  the  cor respond ing
va lue  a t  ‘0 ’  minu tes  us ing  ANOVA and
Tukey  mul t ip le  compar i sons  t e s t s .  Degree
of  f r eedom:  be tween  co lumns :  4 ,  wi th in
co lumns :  25 ;  F=61 .22 .
WS = Withan ia  somni fera

However,  combinat ion of  subtherapeutic
doses of WS (37.5 mg/kg, i.p.) with that of
e i ther  imipramine  (2 .5  mg/kg ,  i .p . )  o r
fluoxetine (2.5  mg/kg,  i .p.) also produced
signif icant  (P<0.001)  decrease in  the mean
immobil i ty  t ime (Table II)  suggest ing that ,
immobility reducing effect of imipramine as
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wel l  as  f luoxe t ine  were  enhanced  by
concomitant  adminis t ra t ion of  WS.

Trea tment  wi th  c lon id ine  (0 .15  mg/kg ,
i.p.) produced significant (P<0.001) increase
in  immobil i ty  t ime as  compared to  that  of
the vehicle treated animals.  This effect was
completely reversed by WS (100 mg/kg, i.p.)
(F ig .  2 ) .  Combina t ion  cons i s t ing  of  sub
therapeutic  doses of  WS (37.5 mg/kg,  i .p .)
with ei ther  imipramine (2.5 mg/kg,  i .p.)  or
f luoxe t ine  (2 .5  mg/kg ,  i .p . ) ,  p roduced
s ign i f ican t  (P<0 .001)  reduc t ion  in  mean
immobi l i ty  t ime  in  c lon id ine  t rea ted  mice
(Fig. 2).

Reserp ine  2  mg/kg ,  i .p .  p roduced
significant (P<0.001) increase in immobility
t ime af ter  4  hr  and 24 hr  of  i t s  t reatment
(Table  I I I ) .  WS (100  mg/kg)  s ign i f ican t ly
(P<0.001)  reduced  rese rp ine  induced

TABLE I I : Effects  of  di f ferent  doses  of  imipramine,
f luoxe t ine  and  combina t ion  o f  WS wi th
e i the r  imipramine  o r  f luoxe t ine  on  FST
induced  immobi l i ty  in  mice .

Treatment (mg/kg, i.p.) Immobility time (sec)

Vehicle (saline) 198± 2.5
Imipramine (2.5) 191.8± 3.7
Imipramine (5.0) 177.3± 2.4*
Imipramine (10.0) 154.2± 4.2**
Fluoxetine (2.5) 196.2± 3.4
Fluoxetine (5.0) 170.7± 2.8*
Fluoxetine (10.0) 146.3± 3.7**
WS (25) + Imi (2.5) 197.0± 2.6
WS (37.5) + Imi (2.5) 178.8± 2.5**
WS (25) + Flu (2.5) 195.2± 4.6
WS (37.5) + Flu (2.5) 169.7± 2.9**

Values are expressed as Mean±SEM, n=6.
*P<0.01,  **P<0.001 as compared to the vehicle
treated group using ANOVA and Tukey multiple
comparisons tests .  Degree of freedom : between
columns : 10,  within columns : 55; F = 30.00.
WS = Withan ia  somni fera  Imi = Imipramine
F l u = F l u o x e t i n e .

Fig .  2 : Effects of various treatments on FST induced
immobility in clonidine (0.15 mg/kg, i.p.) treated
mice. The columns depict mean immobility time
in sec and the vertical lines denote SEM. (n=6).
Va lues  a re  expressed  as  mean±SEM.
*P<.001 as compared to the vehicle treated group.
aP<0.01 as compared to clonidine treated group.
bP<0.001 as compared to clonidine treated group.
Degree  o f  f r eedom:  be tween  co lumns :  04 ,
wi th in  co lumns  25 ;  F=18 .4 .
WS = Withan ia  somni fera
I M I = i m i p r a m i n e F L U = f l u o x e t i n e

TABLE I I I : Effects of various treatments on FST induced
immobility in reserpine treated mice.

Trea tmen t Latency Immobi l i t y
(mg/kg, i.p.) time (hr) time (sec)

Vehicle (DMSO) 4 198.4± 3.2
Vehicle (DMSO) 24 196.8± 2.5
Reserpine (2) 4 297.8± 2.4*
Reserpine (2) 24 296.8± 2.8#

Reserpine (2) + WS (100) 4 249.7± 3.2a

Reserpine (2) + WS (100) 24 249.2± 3.5b

Reserpine (2) + 4 274.7± 3.3a

WS (37.5) + Imi (2.5)
Reserpine (2) + 24 274.1± 2.4b

WS (37.5) + Imi (2.5)
Reserpine (2) + 4 265.2± 2.8a

WS (37.5) + Flu (2.5)
Reserpine (2) + 24 264.1± 2.7b

WS (37.5) + Flu (2.5)

Values are expressed as Mean±SEM.
*P<.001 as compared to the DMSO-4 treated group.
#P<0.001 as compared to the DMSO-24 treated group.
aP<0.001 as compared to reserpine-4 treated group.
bP<0.001 as compared to reserpine-24 treated group.
Degree of freedom : between columns : 09, within
columns : 50; F = 146.77.
WS = Withan ia  somni fera;  Imi = Imipramine ;
F lu = Fluoxe t ine ;  DMSO = Dimethy l  Su lphox ide .
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immobi l i ty  t ime .  Moreover ,  combina t ion
consis t ing  of  sub therapeut ic  doses  of  WS
(37.5 mg/kg) with either imipramine (2.5 mg/
kg) or fluoxetine (2.5 mg/kg) also produced
s ign i f ican t  (P<0 .01)  reduc t ion  in  mean
immobi l i ty  t ime  in  bo th  the  groups  of
rese rp ine  t rea ted  mice .

Pretreatment with haloperidol per se did
not  a l t e r  the  mean  immobi l i ty  t ime;
moreover, it also failed to alter effect of WS
100 mg/kg ,  i .p .  on  dura t ion  of  mean
immobility time (Table IV).

Prazos in  per  se  a l so  d id  no t  a l t e r  the
mean  immobi l i ty  t ime  in  mice ,  bu t  i t
s ign i f ican t ly   an tagonized  the  immobi l i ty
reduc ing  ac t ion  of  WS 100  mg/kg ,  i .p .
(Table IV).

an t idepressan t  ac t iv i ty  p rec l in ica l ly .
Immobi l i ty  in  th i s  model  i s  reduced  by  a
var ie ty  o f  t rea tments  which  a re
therapeutically effective in depression (12).

In the present  s tudy,  different  doses of
WS, imipramine and fluoxetine produced dose
dependant decrease in mean immobility time
in mice. Decrease MIT produced by WS 100
mg/kg was comparable to that  produced by
either imipramine 10 mg/kg or fluoxetine 10
mg/kg .

Bes ides ,  combina t ion  cons is t ing  of  sub
therapeutic doses of WS (37.5 mg/kg) with
either  imipramine (2.5 mg/kg) or fluoxetine
(2.5 mg/kg) produced significant reduction in
MIT. These results suggest that WS enhances
the effect  of  imipramine and f luoxet ine on
mean immobi l i ty  t ime.

F luoxe t ine  i s  a  se lec t ive  se ro ton in
reuptake inhibitor (SSRI),  while imipramine
is  a  p resynapt ic  up take  inh ib i to r  o f  bo th
noradrenaline as well as serotonin (13). Since
ca techolamines  and  5-HT have  been
implicated in the aetiology of depression, the
positive effect of these drugs in FST seems
to be due to increased availabil i ty of these
neuro t ransmi t te r s  a t  the  pos t synapt ic
recep tor  s i t es  fo l lowing  the i r  re -up take
inhibition. In the present study, WS 100 mg/
kg,  i .p .  reversed increased immobil i ty t ime
induced  by  c lon id ine  as  wel l  rese rp ine .
Reserp ine ,  a  ves icu la r  re -up take  b locker ,
which  dep le tes  ca techolamines  o r  lowers
noradrenaline turnover in the brain produce
depress ion  l ike  syndrome in  an imals  (15) .
Since reserpine induced depressive s ta te  is
found to signif icantly reverse by WS, i t  is
t empt ing  to  sugges t  the  involvement  o f
biogenic amines in antidepressant  act ion of
WS.

TABLE IV : Ef fec t s  o f  p razos in  and  ha loper ido l
p re t rea tment  on  WS induced  dec rease
in  immobi l i ty  t ime  in  mice .

Treatment (mg/kg, i.p.) Immobility time (sec)

Vehicle (DMSO) 197.5± 2.8
WS 100 142.0± 3.28*
Prazosin 197.5± 3.0
Prazosin+WS (100) 187.8± 3.3a

Haloperidol 196± 3.4
Haloperidol+WS (100) 147± 3.5

Values are expressed as Mean±SEM.
• *P<0.001 as compared to group I.
• aP<0.001 as compared to group II.
Degree of freedom : between columns : 06, within
columns : 35; F = 63.5.
WS = Withan ia  somni fera; DMSO = Dimethy l
S u l p h o x i d e .

DISCUSSION

Forced  Swimming  Tes t  (FST)  was
developed by Porsolt  and colleagues (9)  in
the rat and  subsequently in the mouse. This
test is the most widely used tool for assessing
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Clonid ine  i s  α 2 adrenorecep tor  agonis t
which reduces central  sympathet ic  outf low.
Clonid ine  has  been  prev ious ly  shown to
increase immobility time in mice, which was
antagonized by α 2 b locker  yohimbine (14) .
Reversa l  o f  c lon id ine  induced  increase  in
immobi l i ty  t ime  by  WS ind ica tes  the
facilitation of noradrenergic activity. Several
studies (16, 17) have pointed out the role of
α 1 adrenerg ic  recep tors  in  the  immobi l i ty
reducing effect of imipramine in FST. In the
presen t  work ,  α 1 adrenerg ic  an tagonis t
prazosin partially antagonized the immobility
reduc ing  ac t ion  of  WS.  This  observa t ion
sugges t s  the  poss ib le  invo lvement  o f  α 1

adrenerg ic  recep tors  in  the  immobi l i ty
reducing action of WS.

In the  present  s tudy pre- t reatment  wi th
haloperidol failed to modify the immobili ty
reducing action of WS. Haloperidol being a
Dopamine2 receptor agonist,  this observation
indicates  that ,  dopaminergic  receptors  may
not be involved in the immobil i ty reducing
effect of WS.

Thus  on  the  bas i s  o f  the  above
observa t ions  i t  i s  sugges ted  tha t ,  WS has
multiple sites of actions. Further detail studies
are required to find out the exact mechanism
of action of WS as an antidepressant agent.

REFERENCES

1 . Rastogi  RP, Malhotra BN. Compendium of Indian
medicinal plants.  Vol.  VI (1998).  CDRI, Lucknow
and  Pub l i ca t ions  and  In fo rmat ion  Di rec to ra te ,
New Delh i .

2 . Kulka rn i  SK,  Sharma  A,  Verma  A,  T icku  MK.
GAB A recep to r  med ia ted  an t i convu l san t  ac t ion
of  Withania somnifera root  extract .  Indian Drugs
1993;  30(7) :  305–312 .

3 . Anga lagan  K,  Sad ique  J .  In f luence  of  an  Ind ian
medicine (Ashwagandha) on acute-phase reac tan t s
in  in f l ammat ion .  Ind ian  J  Exp  B io l  1981 ;  Mar ;
19(3) :  245–249.

4 . Mohanty I ,  Arya DS, Dinda A, Talwar KK, Joshi
S ,  Gupta  SK.  Mechan i sms  o f  ca rd iopro tec t ive
e f fec t  o f  Withan ia  somni fera  in  exper imenta l ly
induced  myocard ia l  in fa rc t ion .  Bas ic  C l in
Pharmaco l  Tox ico l  2004 ;  94 :  184–190 .

5 . Chr i s t ina  AJ ,  Joseph  DG,  Pack ia lakshmi  M,
Kotha i  R ,  Rober t  SJ ,  Ch idambarana than  N,
Ramasamy M.  Ant ica rc inogen ic  ac t iv i ty  o f
Withan ia  somni fera  Dunal  aga ins t  Da l ton’s
asc i t i c  lymphoma.  J  E thnopharmaco l  2004 ;  93 :
359–361 .

6 . Iuvone  T ,  Espos i to  G ,  Capasso  F ,  I zzo  AA.
Induct ion  of  n i t r ic  oxide  synthase  express ion  by
Withan ia  somni fera  in  macrophages .  Li fe  Sc i
2003;  72:  1617–1625.

7 . Archana  R ,  Namas ivayan  A.  Ant i s t r e s so r  e f fec t
o f  Withan ia  somni fera .  J  E thnopharmaco l  1999 ;
64:  91–93.

8 . Bha t t acha rya  SK,  Bha t t acha rya  A,  Sa i ram K,
Ghosal  S .  Anxioly t ic  and Ant idepressant  ac t iv i ty
of WS Glycowithanolides:  An experimental  s tudy.
Phy tomedic ine  2000 ;  7 :  463–469 .

9 . Porso l t  RD,  Ber t in  A ,  Ja l f r e  M.  Behav io ra l
despa i r  in  mice :  A  p r imary  sc reen ing  t e s t  fo r
ant idepressant .  Arch Int  Pharmacodyn  1977;  229:
327–336 .

10 . Wi l lne r  P .  The  va l id i ty  o f  an imal  mode l s  o f
depress ion .  Psychopharmacology  1984;  83:  1–16.

11 . Gurpree t  Kaur ,  Kulkarn i  SK.  Se lec t ive  a lpha i  1-
ad renocep to r  b lockade  p roduces  an t idepressan t
e f fec t  in  mice .  Ind  J  Pharmaco logy  1998 ;  30 :
394–398 .

12 . Porso l t  RD,  Anton  LG,  B lave t  N ,  Ja l f r e  M.
Behav io ra l  despa i r :  A  new mode l  sens i t ive  to
an t idepressan t  t r ea tment .  Eur  J  Pharmaco l
1978;  47:  379–391.

13 . Ba ldessa r in i  RJ .  Drugs  and  t r ea tment  o f
psychia t r ic  d i sorders .  In  :  Goodman & Gi lman’s
the  Pharmaco log ica l  bas i s  o f  the rapeu t i c s .  10 th
Edi t ion  2001;  447–483 .

14 . Para le  MP,  Kulka rn i  SK.  C lon id ine  induced
behav io ra l  despa i r  in  mice :  r eve r sa l  by
an t idepressan t s .  Psychopharmaco logy  1986 ;  89 :
171–174 .

15 . Car l s son  A,  L indqu i s t  M,  Magnusson  T .  “3 ,  4 -
Dihydroxyphenylalanine and 5-hydroxytryptophan
as reserpine antagonists .  Nature  1957;  180:  1200.

16 . Cha tu rved i  HK,  Dinesh  Chandra ,  Bapna  JS .
Ef fec t  o f  NMDA recep to r  an tagon i s t s  in  fo rced
swimming  t e s t  and  i t s  modi f i ca t ion  by
an t idepressan t s .  Ind  J  Pharmaco logy  1999 ;  31 :
104–109 .

17 . Porsolt  RD, Bertin A, Blavet N, Deniel  M, Jalfre
M.  Immobi l i ty  induced  by  fo rced  swimming  in
ra t s :  Ef fec t s  o f  agen t s  which  modi fy  cen t ra l
ca techo lamine  and  se ro ton in  ac t iv i ty .  Eur  J
Pharmacol  1979;  57 :  201–210 .


