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Abstract :  This study investigated the effect of Withania somnifera Dunal
(WS) root extract and diazepam in social isolation induced behavior such as
anxie ty  and depress ion in  ra ts .  Rats  were  i sola ted  for  6  weeks  and the
assessment of changed behavior were done on elevated plus maze (EPM)
and forced swim test (FST). Isolation reared rats spent less time into the
open arms on  EPM and s igni f icant ly  increased  immobi l i ty  t ime in  FST
compared to  group housed ra ts .  WS (100,  200 or  500 mg/kg,  ora l )  and
diazepam (1 or 2 mg/kg, ip) dose dependently increased the time spent and
entries into the open arms on EPM test and showed the anxiolytic activity.
Subeffective dose of WS (50 mg/kg, oral) potentiated the anxiolytic action
of diazepam (0.5, 1 or 2 mg/kg, ip). WS (100, 200 or 500 mg/kg, oral) also
reduced the immobility t ime in FST, thus showed antidepressant effect in
both group housed and social  isolates.  The investigations support the use
of WS as a mood stabilizer in socially isolation behavior in Ayurveda.
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INTRODUCTION

Stress  i s  a  t e rm used  to  descr ibe  a
s ta te  charac te r ized  by  a  b road  range  of
phys io log ica l  and  behaviora l  changes
resu l t ing  f rom one  or  more  s t ressors  tha t
may be external  or  in ternal  in  or igin .  The
use of  chronic  or  repeated s t ressful  events
and/or social  isolation/separation in rodents
and  pr imates  have  been  used  to  model
human a f fec t ive  d i sorders .  These  models
inc lude  res t ra in t  s t ress ,  co ld  wate r  s t ress ,
exposure to dominant males, tail suspension,
as  wel l  as  mate rna l  and  peer  separa t ion /

isolation (1). Of these models, social isolation
has  p roven  to  be  h igh ly  cons i s ten t  in  i t s
ab i l i ty  to  produce  increase  in  anxie ty  and
depression-like behavior (2–9).

Benzodiazep ines  fac i l i t a te  GABAerg ic
neuro t ransmiss ion ;  have  a  number  o f
therapeu t ic  ac t ions ,  inc lud ing  anx io ly t ic ,
seda t ive  hypnot ic ,  an t iconvulsan t  and
muscle  re laxant  e f fec ts  and  s t imula t ion  of
food  in take .  Long  te rm t rea tment  wi th
benzodiazepines, incurs the risk of cognitive
dysfunc t ion ,  dependence  and  induces
withdrawal signs upon discontinuation (10).



346 Gupta  and  Rana Indian J Physiol  Pharmacol 2007; 51(4)

Herba l  d rugs  in  the  recen t  years  have
gained sufficient importance because of their
sa fe ty ,  e f f icacy  and  cos t  e f fec t iveness .
Withania  somni fera  (WS)  Dunal  ( fami ly ,
So lanaceae) ,  known as  ashwagandha  in
Ayurveda ,  the  anc ien t  Hindu  sys tem of
medic ine ,  has  been  in  use  for  more  than
2500 years .  His tor ica l ly ,  WS,  or  i t s  major
ac t ive  p r inc ip les ,  has  been  used  as
an  an t iox idan t ,  adap togen ,  anx io ly t ic ,
an t idepressan t ,  memory  enhancer  and
antiulcerogenic  agents.  The active principles
of WS, consisting of sitoindosides VII–X, and
wi thafe r in -A have  been  shown to  exh ib i t
significant anti-stress and antioxidant effect
in rat brain frontal cortex and striatum (11).
The  exper imenta l  s tud ies  in  an imals  have
extensively demonstrated a GABA-mediated
action of WS (12).

WS b locked  co ld  res t ra in t  s t ress ,
immobi l iza t ion  s t ress ,  chron ic  foo t  shock
induced s t ress  and reversed swim stress  in
rats (13–15). Social isolation stress induced
behavior ,  such as decrease in pentobarbi tal
induced s leeping t ime,  have been  blocked
by  BR-16A (Menta t ) ,  a  po lyherba l
psychot rop ic  p repara t ion ,  which  has
WS as a one of its ingredient.   Changes in
behavior  have  been  pos tu la ted  to  be
because of  possible  GABAergic  mechanism
of  BR-16A (Menta t )  in  soc ia l  i so la t ion
induced  behavior  (16) .  Soc ia l ly  i so la ted
ra t s  have  been  found  wi th  decrease  in
both the abundance of  neuroact ive s teroids
and GABA

A
 receptor function (17). Therefore,

in  the  present  s tudy,  effects  of  WS in  the
social isolation induced behavior like anxiety
and  depress ion  have  been  inves t iga ted  in

r a t s .

MATERIAL AND METHODS

A n i m a l s

Male, Wister albino rats weighing 150 to
180 g (90 to 110 days old) were housed under
controlled light (12:12 light: dark cycle, light
on  a t  0700  h)  and  tempera ture  (25±2 0C)
environment and behavioral  assessment was
conducted during the light cycle. Food (Rat
chow, Lipton, India) and water were provided
ad libitum. They were either housed in group
of 4 or 5 rats per cage (640 × 410 × 250 mm
high)  or  individual ly  ( isolated in  the same
size cage) for 6 weeks before conducting the
exper iments  (2–5,  9) .  Al l  procedures  were
car r ied  ou t  under  s t r i c t  compl iance  wi th
e th ica l  p r inc ip les  and  gu ide l ines  o f  the
Ins t i tu t iona l  Animal  E th ica l  Commit tee
cons t i tu ted  as  per  the  d i rec t ion  of  the
Commit tee  for  the  Purpose  of  Control  and
Superv is ion  of  Exper imenta l  Animals ;
Madras (Reg. No. 870/ac/05/CPCSEA).

D r u g s

Commercial WS root extract (Dabur, New
Delh i ,  Ind ia )  was  suspended  in  0 .5% w/v
carboxy methyl cellulose (CMC) in distilled
water and administered via oral route.  The
stock solution contained 100 mg/ml of WS.
Diazepam (Ranbaxy ,  Dewas ,  Ind ia )  was
wetted with 0.5% Tween 80 and uniformly
dispersed  in  normal  sa l ine  and  in jec ted
though int raper i toneal  ( ip)  route .

Phys icochemica l  ana lys i s

Thin- layer  chromatography  (TLC)  was
used  to  iden t i fy  the  s te ro ida l  l ac tones
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from the cyl inder ,  placed in a  heated cage
for 15 min, and then returned to home cage.
Af te r  t es t ing  of  each  an imal ,  wate r  o f
glass tank was replaced with the fresh water
(20).

Exper imenta l  des ign

Animals were protractedly isolated for 6
weeks  to  deve lop  the  i so la t ion  induced
anxiety and depression,  tes ted in  EPM and
FST.  All subjects were experimentally naïve
at the beginning of each study and used only
once  to  avo id  “one- t r i a l  to le rance”  to
anxiolyt ic  eff ic iency of  drugs  in  EPM tes t
(21).

(a) Ef fec t  o f  d iazepam or  WS in  EPM tes t
and  FST

Animals  f rom d i f fe ren t  g roups  were
administered with vehicle (0.5 ml of 0.5% w/
v CMC in dist i l led water/rat ,  oral ,  n=7) or
WS (50–500 mg/kg, oral, n=7 per group) and
diazepam (0.5–5 mg/kg, n=7 per group). WS
was administered on each day of the last 5
days (38–42 day) and 1 hour after  the last
dose  admin is t ra t ion  ind iv idua l  ra t  was
subjected to EPM test or FST. Diazepam was
injected via ip route on the last day (42 day)
and after 30 min individual rat was subjected
to  EPM tes t .

(b) Influence of WS on diazepam in EPM

To assess  the  in f luence  of  WS on
anxio ly t ic  ac t ion  of  d iazepam,  separa te
groups  of  ra t s  were  admin is te red  wi th
subeffect ive  dose  of  WS (50 mg/kg,  ora l ) ,
30 min prior to different doses of diazepam
(0 .5 ,  1  o r  2  mg/kg ,  ip ,  n=7  per  g roup)
t r e a t m e n t .

(wi thanol ides)  present  in  WS.  The  so lvent
system used was chloroform:methanol:water
(64 :50 :10 ,  v /v )  and  spo ts  were  f ina l ly
identified with vanillin–phosphoric acid (18).

Elevated  p lus  maze  tes t  (EPM) for  rats

This  tes t  explains  the confl ic t  behavior
be tween  explora t ion  to  a  nove l  a rea  and
aversion to open areas and heights. The plus
maze  cons is ted  of  two open arms (50 × 10
cm), and two enclosed arms (50 × 10 × 40 cm),
with an open roof, arranged so that the two
open and two c losed  arms are  oppos i te  to
each other,  connected by a central platform
(10 × 10 cm). The maze was raised 60 cm from
the ground. After drugs treatment individual
ra t  was  p laced  a t  the  cen te r  o f  the  maze ,
head facing an open arm. During the 5 min
test  period, the number of entries and t ime
spent on the open arm as well as closed arm
were  measured .  An en t ry  was  def ined  as
placing a l l  four  paws of  the  animal  on an
arm (19).

Forced  swim tes t  (FST)  for  ra t s

It is a behavioral test used frequently to
evaluate the potential efficacy of prospective
antidepressant drugs in rodents.   Individual
ra t  was  placed in  a  cyl indr ical  t ransparent
glass tank (46 cm tall × 20 cm in diameter)
of 25±2°C water filled to a depth of 30 cm.
Swimming  sess ion  was  conduc ted  wi th  an
in i t ia l  15  min  pre tes t  fo l lowed 24  h  by  a
5 min test. At this depth, rat was prevented
from supporting itself by touching the bottom
of  cy l inder .  Immobi l i ty  was  scored  as  the
t ime  a  ra t  remained  f loa t ing  in  the  wate r
making only those movements  necessary to
keep its head above the water.  Immediately
after swimming session, the rat was removed
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Stat i s t i ca l  ana lys i s

The da ta  a re  p resen ted  as  mean±SEM.
The difference between two groups of social
i so la te  and  group  housed  cont ro l  ra t s  was
compared by unpaired t-test .  The effects of
d i f fe ren t  doses  o f  WS and  d iazepam were
stat is t ical ly  analyzed by one-way repeated-
measures  ANOVA,  and  ind iv idua l  means
were  compared  by  S tudent -Newman-Keuls
post  hoc  tes t .  Dif ferences  were  considered

to be significant at  P<0.05.

RESULTS

Soc ia l  i so la tes  in  EPM and FST

We observed significant reduction in the
time spent [Unpaired t-test;  t=3.556, df=12,
P=0.0039]  and  the  number  o f  en t r ies  in to
open arms [Unpaired t-test;  t=2.449, df=12,
P=0.0306] in protracted socially isolated rats
for 6 weeks as compared to the group-housed
rats  when observed in  EPM test  (Table  I ) .
The closed arms entries were also markedly
increased in socially isolated rats [Unpaired
t-test ;  t=6.582,  df=12, P<0.0001] (Table I) .
S imi la r ly ,  soc ia l ly  i so la ted  ra t s  showed
signif icant  increase  in  the  immobil i ty  t ime
[Unpaired t- test ;  t=9.692,  df=12,  P<0.0001]

(Table IV), as compared to group-housed rats
in FST. Thus,  i t  indicates  the development
of  marked  anxie ty  and  depress ion  in
protracted social  isolated rats .

Effec t  o f  d iazepam or  WS in  EPM tes t

In social isolates, Diazepam (1 or 2 mg/
kg ,  ip ,  n=7 per  group)  showed s ign i f ican t
increase  in  the  t ime  spen t  (F

(10,60)
=109 .60 ;

P<0.001) ,  the  number  o f  en t r ies
(F

(10,60)
=26.514; P<0.001) into open arms and

decreased  number  of  en t r ies  (F
(10,60)

=9 .190;
P<0.001) into closed arms (Table III) .  The
same doses  o f  d iazepam s ign i f ican t ly
increased  the  t ime  spen t  (F

(10,60)
= 44 .435;

P<0.001)  and  number  o f  en t r ies  (F
(10,60)

=
17.248; P<0.01, P<0.001) into open arms in
group housed ra ts  (Table  I I ) .  Ins igni f icant
change  in  number  o f  c losed  a rms  en t r ies
(F

(10,60)
=0 .9733;  P=0 .4759)  were  observed

irrespective of the treatment when compared
wi th  con t ro l ,  in  g roup  housed  ra t s  (Table
II). However, the lower dose of diazepam (0.5
mg/kg ,  ip )  d id  no t  show any  s ign i f ican t
change in time spent and number of entries
in open arms as compared to vehicle in both
group housed and social isolates (Table II &
III) .  Diazepam (0.5 mg/kg, ip) significantly
decreased number of entries in closed arms
as  compared  to  veh ic le  in  soc ia l  i so la tes
(Table  I I I )  whi le  ins igni f icant  change  was
observed in group housed rats (Table II). The
higher  dose  of  d iazepam (5  mg/kg ,  ip )
resulted in sedation and loss of all locomotor
ac t iv i ty  in  bo th  g roup  housed  and  soc ia l
i so la tes .

WS (100, 200 or 500 mg/kg, oral, n=7 per
group) dose dependently increased the t ime
spent  (F

(10,60)
=109 .60;  P<0.001) ,  number  of

en t r i es  (F
(10,60)

=26 .514;  P<0 .05 ,  P<0 .001 ,

T A B L E I : Activity profile of group housed and social
i so la ted  ra t s  in  e l eva ted  p lus  maze  t e s t .

Time spent N u m b e r N u m b e r
Groups in open of open of closed

arm (sec) a r m s a r m s
entries entries

Group housed 22.57±3.88 0.86±0.14 3.71±0.29
Social isolates 7.43±1.76** 0.29±0.18* 6.29±0.29***

All  va lues  are  Mean±SEM; n=7;  Unpai red  t - tes t .
*P<0 .05 ,  **P<0 .01 ,  ***P<0 .0001  as  compared
wi th  g roup-housed  va lue .
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TABLE II : Ef fec t  o f  d iazepam and  WS in  g roup  housed  ra t s  in  e l eva ted  p lus  maze  t e s t .

T r e a t m e n t T ime  spen t  in Number  o f  open Number  o f  c losed
( m g / k g ) open  arm ( sec ) arms  en t r i es arms  en t r i es

C o n t r o l 22 .57± 3 . 8 8 0 . 8 6± 0 . 1 4 3 . 7 1 ± 0 . 2 9
WS (50) 28 .86± 5 . 4 7 1 . 1 4± 0 . 1 4 3 . 4 3 ± 0 . 2 0
WS (100) 40 .43± 3 . 4 9 * * * 2 . 0 0± 0 .22* 3 . 5 7 ± 0 . 3 7
WS (200) 46 .71± 2 . 5 3 * * * 2 . 2 9± 0 .29* 3 . 4 3 ± 0 . 2 0
WS (500) 51 .71± 3 . 0 8 * * * 3 . 1 4± 0 . 2 6 * * * 3 .143 ± 0 . 2 6
DZ (0 .5) 30 .29± 1 . 3 6 1 . 4 3± 0 . 2 0 2 . 8 6 ± 0 . 2 6
DZ (1) 42 .14± 1 . 6 5 * * * 2 . 4 3± 0 .37** 3 . 2 9 ± 0 . 1 8
DZ (2) 54 .71± 1 . 6 3 * * * 3 . 1 4± 0 . 2 6 * * * 3 . 0 0 ± 0 . 3 1
WS (50) + DZ (0 .5 ) 53 .00± 1.99 c 3 . 0 0± 0.38b 3 . 1 4 ± 0 . 1 4
WS (50) + DZ (1 ) 73 .29± 1.82 c 4 . 1 4± 0.40b 3 . 4 3 ± 0 . 3 0
WS (50) + DZ (2 ) 93 .71± 4.29 c 4 . 8 6± 0.40 c 3 . 2 9 ± 0 . 1 8

Al l  va lues  a re  Mean±SEM;  n=7;  *P<0 .05 ,  **P<0 .01 ,  ***P<0 .001  as  compared  wi th  con t ro l ;  bP<0 .01 ,
cP<0 .001  as  compared  wi th  respec t ive  d iazepam con t ro l ;  DZ = Diazepam.

TABLE II I : Ef fec t  o f  d iazepam and  WS in  soc ia l  i so la ted  ra t s  in  e l eva ted  p lus  maze  t e s t .

T r e a t m e n t T ime  spen t  in Number  o f  open Number  o f  c losed
( m g / k g ) open  arm ( sec ) arms  en t r i es arms  en t r i es

C o n t r o l 7 . 4 3± 1 .757 0 . 2 9± 0 . 1 8 6 . 2 9 ± 0 . 2 9
WS (50) 12 .57± 1 . 3 1 0 . 5 7± 0 . 2 0 5 . 4 3 ± 0 . 3 7
WS (100) 30 .43± 1 . 6 2 * * * 1 . 1 4± 0 .14* 4 . 8 6 ± 0 .40*
WS (200) 41 .14± 2 . 4 7 * * * 1 . 7 1± 0 . 1 8 * * * 4 . 1 4 ± 0 . 5 1 * * *
WS (500) 48 .71± 1 . 6 3 * * * 2 . 1 4± 0 . 1 4 * * * 3 . 8 6 ± 0 . 3 4 * * *
DZ (0 .5) 13 .86± 1 . 1 4 0 .861± 0 . 2 6 4 . 8 6 ± 0 .26**
DZ (1) 37 .00± 2 . 5 1 * * * 2 . 0 0± 0 . 2 2 * * * 3 . 5 1 ± 0 . 2 0 * * *
DZ (2) 52 .29± 2 . 2 8 * * * 2 . 4 3± 0 . 2 0 * * * 3 . 8 6 ± 0 . 2 6 * * *
WS (50) + DZ (0 .5 ) 29 .57± 1.93 c 1 . 7 1± 0.18 a 3 . 7 1 ± 0 . 2 9
WS (50) + DZ (1 ) 53 .57± 1.89 c 2 . 8 6± 0.26 a 3 . 4 3 ± 0 . 2 0
WS (50) + DZ (2 ) 81 .71± 2.28 c 3 . 8 6± 0.26 c 3 . 1 4 ± 0 . 2 6

Al l  va lues  a re  Mean±SEM;  n=7;  *P<0 .05 ,  **P<0 .01 ,  ***P<0 .001  as  compared  wi th  con t ro l ;  aP<0 .05 ,
cP<0 .001  as  compared  wi th  respec t ive  d iazepam con t ro l ;  DZ = Diazepam.

P<0.001)  in to  open  a rms  and  decreased
number  of  en t r ies  (F

(10,60)
=9 .190;  P<0 .05 ,

P<0.001, P<0.001) into closed arms in social
isolates (Table III) .  The same doses of WS
sign i f ican t ly  increased  the  t ime  spen t
(F

(10,60)
=44 .435;  P<0 .001)  and  number  o f

en t r ies  (F
(10,60)

=17 .248;  P<0 .05 ,  P<0 .05 ,
P<0.001)  in to  open  a rms  in  g roup  housed
rats  (Table  II) .  The closed arms entr ies  in

group housed (F
(10,60)

=0.9733; P=0.4759) did
not  s ignif icantly change irrespect ive of  the
t rea tment  g iven  (Table  I I ) .  However ,  the
lower dose of WS (50 mg/kg, oral) did not
show any s igni f icant  change in  t ime spent
and  number  of  en t r ies  in  open  as  wel l  as
closed arms as compared to vehicle in both
group housed and social isolates (Table II &
III) .
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Inf luence  o f  WS on  d iazepam in  EPM

Pr ior  t rea tment  wi th  subef fec t ive  dose
of WS (50 mg/kg, oral) significantly increased
anxiolytic effect of diazepam (0.5, 1 or 2 mg/
kg ,  ip ) ,  by  increas ing  the  t ime  spen t
(F

(10,60)
=109.60; P<0.001),  number of entries

(F
(10,60)

=26.514; P<0.05, P<0.05, P<0.001) into
open  a rms  and  ins ign i f ican t ly  changed
number of entries (P>0.05) into closed arms
as compared to corresponding diazepam given
alone in social isolates (Table III). The same
dose of WS prior to diazepam (0.5,  1 or 2
mg/kg,  ip)  s ignif icant ly  increased the  t ime
spent  (F

(10,60)
=44.435;  P<0.001)  and number

of  en t r ies  (F
(10,60)

=17 .248;  P<0 .01 ,  P<0 .01 ,
P<0.001)  in to  open  a rms  in  g roup  housed
rats  (Table  II) .  The closed arms entr ies  in
group housed (F

(10,60)
=0.9733; P>0.05) did not

s ign i f ican t ly  change  i r respec t ive  o f  the
treatment  given (Table  II) .

Effec t  o f  WS in  FST

WS (100, 200 or 500 mg/kg, oral, n=7 per
group)  showed decrease  in  the  immobi l i ty
t ime  in  bo th  group  housed  (F

(4 ,24)
=160 .08 ;

P<0.001)  and social  isolates  (F
(4,24)

=147.06;
P<0.001) in FST (Table IV).

Phys icochemica l  ana lys i s

Upon phys icochemica l  ana lys i s ,  TLC
showed the presence of  four  blueish violet

spots (R
f
 value: 0.8–0.9).

DISCUSSION

In the present study, WS, diazepam and
the i r  combina t ion  inh ib i ted  the  soc ia l
isolat ion induced behavior l ike anxiety and
depression in both group housed and social
i so la tes .  The  wea l th  o f  l i t e ra tu re  have
documented the development of anxiety (6–
9)  and  depress ion  l ike  (6 ,  8 )  behav ior  in
socially isolated rodents.  Social separation/
i so la t ion  f rom e i ther  mate rna l  o r  peer
in f luence  can  induce  a  b iobehaviora l
response in rodents and nonhuman primates
seeming  to  mimic  cer ta in  aspec ts  o f
human psychopa tho logy .  For  ins tance ,  the
behavioral effects of social isolation in rats
can  inc lude :  endur ing  hyperac t iv i ty ,
aggress iveness  (1 ,  22) .  The  neurob io logy
involved has authenticated the al terat ion of
these behaviors in protracted social isolation.
The  neurob io log ica l  changes  tha t  repor ted
in the clinical state of anxiety and depression
are  s imi la r  wi th  observed  changes  in  the
an imals .  The  a l te red  number  of  GABA

A

receptor (17), modulators of these receptors,
neurosteroids (7)  and endogenous substances
such  as  inverse  benzodiazep ine  recep tor
agonist ,  diazepam-binding inhibitor (3)  have
been shown to be affected in isolates .  The
monoamines  l ike  dopamine ,  se ro tonin  (23)
or  noradrenal ine  (24)  has  been deple ted  in
isolates ,  which direct ly  resembles  with  the
clinical state of depression. The neuropeptide
cor t i co t rop in- re leas ing  fac tor  (CRF)  has
widely studied in social  isolates.  The level
of  CRF and i ts  receptors  have been shown

T A B L E I V : Effect of WS in group housed and social
i so la ted  ra t s  in  fo rced  swim tes t .

Trea tmen t Immobility time Immobility time
( m g / k g ) in group housed in social isolates

C o n t r o l 5 9 . 7 1 ± 1 . 0 2 86 .14±2 .53 #

WS (50) 5 5 . 2 9 ± 1 . 3 8 8 0 . 8 6 ± 2 . 4 2
WS (100) 38 .86±1 .71* 56 .71±2 .65*
WS (200) 23 .86±2 .37* 35 .71±2 .20*
WS (500) 10 .57±1 .25* 19 .14±2 .06*

Al l  va lues  a re  Mean±SEM;  n=7;  *P<0 .001  as
compared  wi th  con t ro l .
[Unpa i red  t - t e s t .  #P<0 .0001  as  compared  wi th
con t ro l  g roup-housed  va lue ]
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to be increased in isolation and contributed
for the behavioral manifestations of isolation
(25).  Several other neurotransmitter systems
such  as  cho lecys tok in in  (26) ,  neurok in in ,
subs tance  P  (27) ,  adrenocor t i corop in
hormone and melanocort ins  (28)  have been
pos tu la ted  to  be  p lay ing  a  ro le  in  the
neurobiology of isolation-induced symptoms.
However ,  the system, which is  par t icular ly
involved in the regulation of isolates behavior
is  not  clear .

Socia l  i sola t ion- induced anxiogenic- l ike
behavior was assessed in EPM test (2, 6, 9)
wi th  reduc t ion  in  the  open  a rm ac t iv i ty ,
based on the natural aversion of rodents for
open  spaces .  Diazepam and  WS showed
significant increase in time spent and number
of  en t r ies  in to  open  a rms  and  produced
anxiolyt ic- l ike effect  in  both group housed
and social  isolates .  Diazepam and WS also
reversed  increase  number  o f  en t r ies  in to
closed arms in social isolates. Diazepam and
WS may modula te  i so la t ion  induced
decreased GABA

A
 receptor function by their

GABA mimet ic  e f fec t .  In  th i s  s tudy ,
subeffective dose of WS positively modulated
the  anx io ly t ic  ac t ion  of  d iazepam through
potentiat ion of i ts  response in EPM test  in
both group housed and social  isolates .  WS
acts on GABA binding site and increases the
binding of benzodiazepine at benzodiazepine
binding  s i te ,  which  i s  a l los te r ic  to  GABA
binding si te at  GABA

A
 receptors (12).  This

suggests  that  anxiolyt ic  effect  of  diazepam
may be potentated by GABA mimetic effect
of WS.

WS shor tened  immobi l i ty  t ime  in  bo th
group  housed  and  soc ia l  i so la tes  in  FST.
The  enhanced  5-HT turnover  ra t io  in  the

pref ron ta l  cor tex ,  nuc leus  accumbens ,  and
hippocampus of the group-reared group was
attenuated in the isolated-reared group (29).
Isolation may exacerbate adaptation to stress
and  be  re la ted  to  the  e t io logy  of  human
depression (29). CRF has been shown to have
both  d i rec t  and  ind i rec t  e f fec t s  on  dorsa l
raphe  nuc leus  (DRN)-5-HT neurons  and
GABA is  implicated as  a  primary mediator
by  which  CRF and  s t ressors  a l t e r  the
ac t iv i ty  o f  the  DRN-5-HT sys tem (30) .
Therefore  the  neurona l  complex i ty
comprising 5-HT, norepineprine, GABA, CRF
and a lpha-melanocyte -s t imula t ing  hormone
might  p lay  a  c r i t i ca l  ro le  in  the  soc ia l ly
i so la ted  sub jec t s .  The  modi f ica t ion  of
these  neuro t ransmi t te r ( s )  by  WS may be
responsible  for  the observed ant idepressant
act ivi ty .

The  to ta l  number  o f  a rms  en t r ies  has
been criticized as a measure of locomotor or
general  act ivi ty,  s ince i t  changes fol lowing
anxio ly t ic  and  anxiogenic  agents  (31 ,  32) .
The absolute number of closed arms entries
has been suggested as cri t ical  measures for
locomotion in EPM test  (9,  32) .  Moreover,
WS reversed the increased entries into closed
arms in social  isolates.  In the treatment of
group housed ra ts  wi th  WS and d iazepam,
the  c losed  a rms  en t r ies  were  no t  changed
s ign i f ican t ly  (P>0 .05)  and  hence  the
involvement of the locomotor component may
be ruled out .

The investigations support the use of WS
as  a  mood s tab i l i ze r  in  soc ia l ly  i so la te
behavior  l ike  anx ie ty  and  depress ion  in
Ayurveda ,  wi thout  s ide  e f fec t s  (11)
somet imes  seen  wi th  medica t ion  used  as
anxiolyt ics  and ant idepressants .
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