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Abstract : The objective of the present study was to evaluate the anxiolytic
and antidepressant activities of methanol extract of Aegle marmelos (AM)
leaves  a s  we l l  a s  i t s  in t e rac t ion  wi th  conven t iona l  anx io ly t i c  and
antidepressant drugs using elevated plus maze and tail  suspension test  in
mice.  Albino mice were t reated with  AM (75,  150 and 300 mg/kg,  po) ,
imipramine (20 mg/kg, po), fluoxetine (20 mg/kg, po), and combination of
sub-e f fec t ive  dose  o f  AM wi th  imipramine  o r  f luoxe t ine .  Ef fec t s  were
observed on (a)  t ime spent  on (b)  number of  entr ies  into (c)  number of
stretch attend postures (d) number of head dips in arms of elevated plus
maze and on duration of immobility in tail suspension test. Effects of pre-
treatment with prazosin (0.062 mg/kg, po), haloperidol (0.1 mg/kg, po) and
baclofen  (10  mg/kg,  po)  were  a l so  s tudied  on  AM induced decrease  in
duration of immobili ty.  Effects of AM (75, 150 and 300 mg/kg po) were
observed on locomotor activity using photoactometer.  Results showed that
AM signif icant ly  (P<0.05)  and dose dependent ly  increased proport ionate
t ime  spen t  on  and  number  o f  en t r i e s  in to  open  a rms  whi le  dec reased
number  o f  s t re tch  a t t end  pos tu res  and  head  d ips  in  c losed  a rms .  Dose
dependent and significant (P<0.05) anti-immobility effect was found in mice
treated with AM. Combination of AM (75 mg/kg, po) with imipramine (5 mg/
kg ,  po)  or  f luoxet ine  (5  mg/kg ,  po)  a l so  produced s igni f icant  (P<0.05)
anxiolytic and antidepressant activity.  Antidepressant activity of AM (150
mg/kg,  po) was signif icantly (P<0.05) decreased by prazosin,  haloperidol
and bac lofen .  Methanol  ex t rac t  showed ins igni f icant  (P>0.05)  e f fec t  on
locomotor  ac t iv i ty  o f  mice .  I t  i s  conc luded  tha t  AM possess  po ten t i a l
anxiolytic and antidepressant activities and it  enhances the anxiolytic and
antidepressant  act ivi t ies  of  imipramine and f luoxet ine.

Key words  : Aegle  marmelos anxiolytic a n t i d e p r e s s a n t
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INTRODUCTION

Anxie ty  and  depress ion  a re  the  mos t
common s t ress  re la ted  mood d i sorders ,

causing disabi l i ty  and premature death (1) .
Desp i te  shor tcomings ,  the  monoamine
hypothes i s  o f  anx ie ty  and  depress ion- l ike
states remains largely accepted (2). Most of
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marmenol ,  β -ca ryophyl lene ,  α -humulene) ,
triterpenoids (e.g. lupeol, β and γ-sitosterol),
flavonoid (e.g. rutin), alkaloids (e.g. rutacin,
aege l ine ,  aege l in ine) ,  coumar ins  (e .g .
marmes in in ,  umbel i fe rone) ,  condensed
tannins ,  an thocyanins  and  f lavonoid
glycosides (15, 18–21).

Despite the widespread uses of the plant,
no scient i f ic  work is  reported in  l i tera ture
regard ing  the  e f fec t  of  AM leaves  aga ins t
anx ie ty -depress ion  l ike  s ta tes  the re fore ,
p resen t  s tudy  was  under taken  to  eva lua te
anxio ly t ic  and  an t idepressan t  e f fec t s  o f
methanol  ex t rac t  o f  Aegle  marmelos  (AM)
leaves  us ing  e leva ted  p lus  maze  tes t  and
ta i l  suspens ion  tes t  in  mice .  S tud ies  were
also  conducted to  f ind i t s  in teract ion wi th
convent iona l  anx io ly t ic  and  an t idepressan t
drugs  in  o rder  to  e luc ida te  i t s  ro le  in
modulat ion of  centra l  monoamines .

MATERIALS AND METHODS

Plant  mater ia l s

The  leaves  o f  Aegle  marmelos  were
co l lec ted  f rom the i r  na tura l  hab i ta t  f rom
Gwalior city,  Madhya Pradesh, India in the
month  of  Apr i l  2008 .  The  p lan t  l eaves
were identified by Dr. K. K. Koul, Professor
& Head ,  Depar tment  o f  Botany ,  J iwaj i
Univers i ty ,  Gwal io r ,  Ind ia  and  a  voucher
specimen (skam/08) has been retained in our
labora tory  for  fur ther  reference .

Preparat ion  o f  ex trac t

The shade  dr ied  leaves  were  powdered
us ing  a  mechanica l  g r inder  and  passed
through 40 mesh sieve. Powder (300 g) was
success ive ly  ex t rac ted  wi th  1 .5  L  of

the antidepressant drugs are found effective
aga ins t  anx ie ty  d i sorder  in  add i t ion
to  depress ion  (3) .  Advances  made  in
neuroscience suggest that dysfunction of the
GABAergic system in addition to monoamine
def ic i t  con t r ibu tes  to  the  pa thophys io logy
of  anx ie ty  and  depress ion  (4) .  GABA B

recep tor  an tagonis t s  have  an t idepressan t -
l ike  po ten t ia l  and  have  a l so  been  shown
to  increase  5 -hydroxyt ryp tamine  and
dopamine  neuro t ransmiss ion  (5) .  Synthe t ic
drugs  ava i lab le  fo r  t rea tment  o f  anx ie ty
and  depress ion  have  var ious  adverse
ef fec t s  inc lud ing  drowsiness ,  a tax ia  wi th
benzodiazepines  and  insomnia ,  l ib ido  wi th
se lec t ive  serotonin  reuptake  inhibi tors  (6) .
Drugs  ob ta ined  f rom na tura l  sources  a re
perceived to  have fewer  s ide effects  whi le
hav ing  same ab i l i ty  to  cure  d i sorders  in
much  the  same way  as  the i r  syn the t ic
counte rpar t s .  Recen t ly  the  search  fo r
nove l  pharmacotherapy  f rom medic ina l
plants for psychiatric i l lness has progressed
significantly and thus revealed pharmacological
effectiveness of different plant species in a
variety of animal models (7).

Aegle  marmelos  (AM) a  h ighly  reputed
ayurvedic  medic ina l  t ree  commonly  known
as the bael fruit tree is found all over India.
The tree is endowed with various medicinal
properties. Several studies on different parts
of  AM showed tha t  the  p lan t  possess
antidiarrhoel (8), antidiabetic (9), anticancer
(10) ,  rad ioprotec t ive  (11) ,  an t i fungal  (12) ,
an t imicrob ia l  (13) ,  an t imicrof i l a r ia l  (14) ,
ant i inf lammatory,  ant ipyret ic  and analgesic
activities (15). AM has been used in nervous
d isorder  and  as  ton ic  fo r  b ra in  (16 ,  17) .
Phytochemica l  ana lys i s  o f  AM leaves
have  shown to  con ta in  severa l  b ioac t ive
compounds  inc lud ing  essen t ia l  o i l s  (e .g .
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pe t ro leum ether ,  ch loroform and methanol ,
in a soxhlet  apparatus at  60–70°C each for
10–12 h consecut ively.  Solvents  used were
of  analyt ical  grade.  Methanol  was removed
f rom the  ex t rac t  under  vacuum and  a
semisol id  mass  was obtained.  The yield  of
methanol extract  was 11.50% (w/w). I t  was
stored in sterile amber coloured storage vials
in  refr igera tor  unt i l  used for  exper iment .

Selec t ion  o f  an imals

Albino mice weighing 20-25 g of either
sex raised in institutional animal house (G.R.
Medical  College,  Gwalior ,  M.P.)  were used
for  the s tudy.  They were maintained under
standard laboratory condit ion on 12 h day/
n igh t  cyc le  and  wi th  f ree  access  to
food (Pranav Agro Industr ies,  Delhi ,  India)
and  wate r .  The  an imals  were  acc l imat i sed
to  the  l abora tory  condi t ions  p r io r  to
exper imenta t ion .  Al l  the  exper iments  were
carr ied out  between 10.00 h  to  16.00 h  a t
ambien t  t empera ture .  The  an imals  were
drawn at random for test and control groups.
Ins t i tu t iona l  an imal  e th ics  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 iment  on  Animals
approved the protocol.  (Registration number
846/ac/04/CPCSEA)

Elevated  p lus  maze  tes t  (EPM)

The e levated  p lus  maze  tes t  i s  a  rapid
and  se lec t ive  t echnique  (22)  fo r  de tec t ing
anxio ly t ic  d rug  e f fec t s  under  iden t ica l
condi t ions.  For  more sensi t ive measures  of
e f fec t s  o f  new anxio ly t ic  compounds ,  r i sk
assessment  behaviors  (behavior  re la ted  to
anxiety/fear) such as stretch attend postures
and head dips were also measured in addition
to measure of time spent on and number of

entries into arms in the EPM (23). The plus
maze  was  in  the  shape  of  a  c ross  or  p lus
with  two closed arms each with  roof  open
measur ing  30×5×20 cm,  ex tending  f rom a
cen t ra l  reg ion  (5×5  cm)  running  a long  a
nor th-sou th  ax i s  and  two open  a rms  each
measuring 30×5 cm running east-west .  The
wooden apparatus was elevated to a  height
of 50 cm from the floor in a dimly illuminated
room. Mice were placed individually in the
central area of the maze with open access to
any arm. The amount of t ime spent on and
number of  entr ies  in  both open and closed
arms  whereas  numbers  o f  s t re tch  a t t end
postures and head dips in closed arms were
measured  manual ly  dur ing  the  5  min  tes t
period. An arm entry was defined as all four
feet  in the arm. Stretch at tend posture was
defined as mice stretching forward and then
re t rac t ing  to  or ig ina l  pos i t ion  f rom c losed
(protected) or open (unprotected) arms. Head
dipp ing  i s  def ined  as  mice  pro t rud ing  the
head over the edge of closed or open arms
down towards  f loor .  The  appara tus  was
c leaned  a f te r  each  mouse  was  tes ted  to
remove  any  res idue  or  odour .  For  the
purpose  of  ana lys i s ,  open  a rm s tay  was
quant i f i ed  as  the  amount  o f  t ime  tha t  the
mouse spent in open arm relative to the total
amount  o f  t ime  spen t  in  open  and  c losed
arm (open/ tota l×100)  and open arm entr ies
were quantified as the number of entries in
open  a rm re la t ive  to  the  to ta l  number  o f
entries in open and closed arm (open/total×
100).

Tai l  suspens ion  tes t  (TST)

Tail suspension test is behaviour despair
model  o f  depress ion ,  employed  in  rodents
to  p red ic t  an t idepressan t  po ten t ia l  by
decreas ing  immobi l i ty  per iod  produced  by
severa l  d i f fe ren t  c lasses  o f  an t idepressan t



Indian J Physiol  Pharmacol 2010; 54(4) Aegle Marmelos in Mental Disorder 321

drugs  (24) .  I t  has  been  repor ted  tha t  t a i l
suspens ion  tes t  i s  l e ss  s t ress fu l  and  has
h igher  pharmacolog ica l  sens i t iv i ty  than
forced  swim tes t ,  the  o ther  commonly
employed  model  to  s tudy  an t idepressan t
act iv i ty  (25) .  Mice  were  suspended on the
edge  of  the  tab le ,  50  cm above  the  f loor ,
wi th  the  he lp  o f  adhes ive  tape  p laced
approximately 1 cm from the tip of the tail.
The total duration of immobility induced by
tail suspension was recorded during a 6 min
period. The animal was considered immobile
when it  did not show any movement of the
body except for those required for respiration
and hanged passively.

Dig i ta l  photoactometer

Mice  were  p laced  in  the  d ig i ta l
photoactometer (MAC, New Delhi, India) 1 h
after drug administration. A continuous beam
of  l igh t  f rom s ix  l igh ts  was  made  to  fa l l
on  cor responding  photoe lec t r i c  ce l l s ,  the
photoe lec t r i c  ce l l  go t  ac t iva ted  when  an
animal crossed the beam of light and thereby
cuts off the rays of light falling on it. These
cu t -of f s  were  counted  au tomat ica l ly  fo r  a
period of 10 min and the f igure was taken
as  a  measure  of  the  locomotor  ac t iv i ty  of
the animal (26).

D r u g s

Imipramine, fluoxetine, prazosin, baclofen
(Sun  Pharmaceut ica l  Indus t r ies  Baroda) ,
ha loper ido l  (RPG Li fe  Sc iences  L td . ,
Mumbai ) ,  d iazepam (Ranbaxy)  were
purchased and used in  the s tudy.

V e h i c l e

All  the  d rugs  and  ex t rac t  used  in  the

study were suspended in 2% gum acacia and
were  adminis te red  ora l ly  to  the  respec t ive
an imals  1  h  p r io r  to  s ta r t  o f  exper iment .
The  vo lume for  o ra l  admin is t ra t ion  was
10 ml/kg.

Exper imenta l  des ign

Differen t  groups  of  mice  were  used  to
explore  an t ianx ie ty ,  an t idepressan t  and
locomotor activity. To ensure consistency of
experience prior to the test session, animals
were brought to the testing room 1 h prior
to the start  of behaviour testing. Test room
light ing ,  tempera ture  and noise  level  were
kept constant for all mice used in the study.
Mice  were  d iv ided  in to  var ious  g roups
accord ing  to  the  t rea tments  they  rece ived .
Each group consisted of 6 animals. Individual
mice were subjected to test  1  h af ter  drug
administration. Mice were tested in EPM and
TST only once in order to avoid influence of
repea ted  exper ience  on  anx io ly t ic  and
ant idepressant  act ivi t ies  of  drugs.

Drug treatments

Mice were treated with methanol extract
of  AM at the dose of 75, 150, 300 mg/kg for
dose dependent effect  against  EPM induced
anxie ty- l ike  behaviour ,  TST induced
depression-l ike behaviour and on locomotor
activity. Doses of AM were selected on the
bas i s  o f  ea r l i e r  s tud ies  conduc ted  us ing
methanol extract of AM for evaluation of its
analgesic activity (27). To compare the effects
of  test  drug with s tandard anxiolyt ic  drugs
mice were treated with diazepam (2 mg/kg),
imipramine (20 mg/kg) and fluoxetine (20 mg/
kg) .  To  compare  e f fec ts  of  tes t  drug  wi th
s tandard  an t idepressan t  d rugs  mice  were
t rea ted  wi th  imipramine  (20  mg/kg)  and
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fluoxetine (20 mg/kg). To assess influence of
AM on anxiolytic activity of standard drugs,
mice  were  t rea ted  wi th  d iazepam (0 .5  mg/
kg), imipramine (5 mg/kg), fluoxetine (5 mg/
kg) alone and in combination with AM (75
mg/kg). Similarly to assess influence of AM
extract on antidepressant activity of standard
drugs mice were treated with imipramine (5
mg/kg) ,  f luoxet ine  (5  mg/kg)  a lone and in
combination with AM (75 mg/kg). To assess
in te rac t ion  wi th  a lpha 1,  dopaminerg ic  and
GABA B recep tors ,  AM (150  mg/kg)  were
administered after ½ h to each group of the
animals treated with prazosin (0.062 mg/kg),
haloperidol (0.1 mg/kg), baclofen (10 mg/kg)
and  e f fec t s  were  observed  on  dura t ion  of
immobility in TST. Mice treated with vehicle
(2% gum acacia)  a t  the  dose  of  10 ml/kg,
served as  control  group.

Stat i s t i ca l  ana lys i s

Resul t s  a re  represen ted  as  Mean±SEM.
Al l  the  da ta  were  analyzed  us ing  one-way
ANOVA fo l lowed by  Tukey  mul t ip le
compar i son  tes t s .  P  va lues  <0 .05  were
considered as stat is t ical ly significant .

RESULTS

Effec t  o f  AM aga ins t  EPM induced  anx ie ty - l ike
behav iour  in  mice

Results of the present study showed that
methanol  extract  of  AM at  the  dose of  75
mg/kg  d id  no t  show s ign i f ican t  change
(P>0.05) in mean time spent on and in mean
number of entries into open arms as well as
in mean number of protected stretch at tend
pos tures  and  head  d ips  as  compared  to
control (Table I).  This suggests that AM at
the dose of 75 mg/kg is sub effective. AM at
the  dose  of  150  and  300  mg/kg  showed
proportionate increase by 20 and 26 percent
respect ively in mean t ime spent  on and by
15  and  27  percen t  respec t ive ly  in  mean
number  o f  en t r ies  in to  open  a rms  whi le
decrease by 29 and 55 percent  respectively
in mean number of protected stretch at tend
pos tures  and  by  37  and  68  percen t
respec t ive ly  in  mean  number  o f  p ro tec ted
head  d ips  as  compared  to  con t ro l  mice .
Anxiolytic activities of AM (150 and 300 mg/
kg)  were  dose  dependent  and  s ign i f ican t
(P<0.05) as compared to control and AM (75
mg/kg) (Table I).

TABLE I : Ef fec t s  o f  AM,  d iazepam,  imipramine  and  f luoxe t ine  in  the  e leva ted  p lus  maze .

Time  spen t Number  o f Number  o f Number  o f
T r e a t m e n t ( s e c o n d s ) e n t r i e s S A P H D
( m g / k g )

Open arms Closed arms Open arms Closed arms Open arms Closed arms

GA10 ml/kg 21.66± 3.63 220.50± 2.99 0.16± 0.16 4.83± 0.47 12.16± 0.60 8.00± 0.57
AM 75 24.00± 3.07 211.66± 3.02 0.33± 0.21 7.00± 0.36 11.83± 0.60 7.33± 0.44
AM 150 46.66± 4.66*a 185.00± 2.90*a 2.50± 0.22*a 13.66± 0.42*a 8.66± 0.42*a 5.00± 0.54*a

AM 300 61.33± 2.45*ab 166.66± 2.47*ab 4.33± 0.42*ab 11.50± 0.36*ab 5.50± 0.42*ab 2.58± 0.41*ab

DZ 2 68.66± 2.89*ab 132.50± 4.61*ab 4.50± 0.42*ab 10.83± 0.30*ab 5.33± 0.42*ab 2.08± 0.58*ab

IMI 20 61.66± 2.80*ab 146.33± 2.62*ab 3.33± 0.21*ab 8.16± 0.30*ab 5.16± 0.47*ab 2.25± 0.44*ab

FLU 20 67.83± 2.81*ab 130.00± 5.08*ab 4.80± 0.47*ab 10.66± 0.42*ab 4.33± 0.4*ab 2.00± 0.57*ab

Values are expressed as Mean±SEM, n=6, *P<0.05 as compared to GA treated group.
a P significant as compared to AM (75 mg/kg) treated group bP<0.05 as compared to
AM (150 mg/kg) treated group using ANOVA and Tukey multiple comparisons test
SAP = stretch attend postures HD = head dips GA = gum acacia AM = Aegle marmelos
DZ = diazepam, IMI = imipramine, FLU = fluoxetine
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Adminis t ra t ion  of  d iazepam (2  mg/kg) ,
imipramine (20 mg/kg) and fluoxetine (20 mg/
kg) caused proportionate increase by 34, 30
and 34 percent  in  mean t ime spent  on and
by 27, 29 and 31 percent in mean number of
en t r ies  in to  open  a rms  respec t ive ly .  Same
trea tments  showed decrease  by 57,  58  and
64  percen t  in  mean  numbers  o f  p ro tec ted
stretch attend postures and by 74, 71 and 75
percent  in  mean number  of  protec ted  head
dips  respec t ive ly  as  compared  to  con t ro l
(Table I). The anxiolytic activity of standard
drugs was significant (P<0.05) as compared
to control and AM (75 and 150 mg/kg).

Effec t  o f  combinat ion  o f  sub-e f fec t ive  dose  o f
AM wi th  that  o f  s tandard  drugs  aga ins t  EPM
induced  anx ie ty - l ike  behav iour  in  mice

Administration of diazepam (0.5 mg/kg),
imipramine (5 mg/kg) and fluoxetine (5 mg/
kg) did not show significant change in mean
t ime spent  on and mean number  of  entr ies
into open arms as well  as in mean number
of stretch attend postures and mean number

of head dips in closed arms as compared to
control  (P>0.05)  suggest ing these  doses  of
s tandard drugs to  be sub-effect ive.  Similar
non significant (P>0.05) changes on all  the
parameters  in  EPM were  produced  by
combination of sub-effective dose of AM (75
mg/kg) with that of diazepam (0.5 mg/kg) as
compared  to  con t ro l ,  AM (75  mg/kg)  and
diazepam (0.5 mg/kg) alone suggesting AM
is  no t  po ten t ia t ing  d iazepam in  EPM tes t
(Table II). Sub-effective dose of AM (75 mg/
kg) in combination with that of imipramine
(5 mg/kg) showed proportionate increase by
27 percent in mean time spent on, and by 26
percent in mean number of open arm entries
whi le  decrease  by  61  percen t  in  mean
number  o f  s t re tch  a t t end  pos tures  and  by
72  percen t  in  mean  number  o f  head  d ips
as  compared  wi th  con t ro l  (Table  I I ) .
Antianxiety activity of AM with imipramine
was  s ign i f ican t  (P<0 .05)  as  compared  to
control ,  AM (75 mg/kg) and imipramine (5
mg/kg) alone. Sub effective dose of AM (75
mg/kg) with that of fluoxetine (5 mg/kg) also

TABLE I I : Ef fec t s  o f  combina t ion  o f  sub-e f fec t ive  dose  o f  AM wi th  tha t  o f
d iazepam,  imipramine  and  f luoxe t ine  in  the  elevated plus maze .

Time  spen t Number  o f Number  o f Number  o f
T r e a t m e n t ( s e c o n d s ) e n t r i e s S A P H D
( m g / k g )

Open arms Closed arms Open arms Closed arms Open arms Closed arms

GA10 ml/kg 21.66± 3.63 220.50± 2.99 0.16± 0.16 4.83± 0.47 12.16± 0.60 8.00± 0.57
AM 75 24.00± 3.07 211.66± 3.02 0.33± 0.21 7.00± 0.36 11.83± 0.60 7.33± 0.44
DZ 0.5 23.00± 1.89 218.83± 3.71 0.33± 0.21 7.16± 0.87 11.33± 0.55 7.16± 0.57
IMI 5 22.50± 0.76 218.00± 2.86 0.40± 0.32 8.16± 0.94 11.50± 0.42 7.10± 0.30
FLU 5 23.16± 2.05 223.66± 3.06 0.50± 0.22 7.35± 0.95 11.08± 0.66 6.60± 0.66
AM 75+DZ 0.5 22.66± 1.85 219.83± 3.20 0.41± 0.20 6.50± 0.76 11.25± 0.40 6.25± 0.44
AM 75+IMI 5 62.50± 1.38*ab 168.83± 2.37*ab 3.66± 0.36*ab 10.16± 0.33*ab 4.80± 0.49*ab 2.54± 0.27*ab

AM 75+FLU 5 65.16± 2.25*ac 166.83± 2.71*ac 4.00± 0.36*ac 9.33± 1.50*ac 4.00± 0.53*ac 2.29± 0.45*ac

Values are expressed as Mean±SEM, n=6
* P<0.05 as compared to GA treated group
a P<0.05 as compared to AM (5 mg/kg) treated group
b P<0.05 as compared to IMI (5 mg/kg) treated group
c P<0.05 as compared to FLU (5 mg/kg) treated group
using ANOVA and Tukey multiple comparisons test
SAP = stretch attend postures HD = head dips GA = gum acacia
AM = Aegle marmelos DZ = diazepam, IMI = imipramine, FLU = fluoxetine
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showed propor t iona te  increase  by  27  and
26  percen t  in  mean  t ime  spen t  on  and
mean  number  of  en t r ies  in to  open  a rms
respectively whereas decrease by 67 and 75
percen t  in  mean  number  o f  s t re tch  a t t end
postures  and in mean number of  head dips
respectively in closed arms as compared to
cont ro l .  Ant ianx ie ty  ac t iv i ty  o f  AM in
combination with f luoxetine was significant
(P<0.05) as compared to control, AM (75 mg/
kg)  and f luoxet ine  (5  mg/kg)  a lone.  These
resu l t s  sugges t  tha t  AM is  po ten t ia t ing
effects of imipramine and fluoxetine in EPM
(Table II).

Effec t  o f  AM aga ins t  TST induced  depress ion-
l ike  behav iour  in  mice

Mice treated with AM (75 mg/kg) did not
show s ign i f ican t  decrease  in  dura t ion  of
immobility in TST (P>0.05). Animals received
AM (150 and 300 mg/kg) showed decrease by
23  and  30  per  cen t  respec t ive ly  in  mean
dura t ion  of  immobi l i ty  as  compared  to
control.  Anti-immobility activity due to AM
(150 and 300 mg/kg)  were  dose  dependent
and signif icant  (P<0.05).  Mice treated with
imipramine (20 mg/kg) and fluoxetine (20 mg/
kg) showed decrease by 32 and 34 per cent
respectively in mean duration of immobility
as  compared  to  con t ro l  (F ig .  1 ) .  The
antidepressant effect of standard drugs were
significant (P<0.05) as compared to control,
AM (75 and 150 mg/kg).

Effec t  o f  combinat ion  o f  sub-e f fec t ive  dose  o f
AM wi th  that  o f  s tandard  drugs  aga ins t  TST
induced  depress ion- l ike  behaviour  in  mice

Administrat ion of imipramine (5 mg/kg)
and  f luoxe t ine  (5  mg/kg)  d id  no t  show
significant change in duration of immobility
as compared to control  (P>0.05) suggesting

Fig. 1: Effects of Aegle marmelos (75, 150, 300 mg/kg),
imipramine (20 mg/kg) and fluoxetine (20 mg/kg)
on mean duration of immobility in seconds in tail
suspension test. Values are expressed as Mean±
SEM, n=6 *P<0.05 as compared to GA (10 ml/kg)
treated group aP<0.05 as compared to Aegle
marmelos (75 mg/kg) treated group bP<0.05
as compared to Aegle marmelos (150 mg/kg)
treated group using ANOVA and Tukey multiple
comparisons test.
GA = gum acacia, AM = Aegle marmelos, IMI =
imipramine, FLU = fluoxetine

these doses to be sub effective. Combination
of  sub-ef fec t ive  dose  of  AM wi th  tha t  o f
imipramine showed decrease by 30 per cent
in mean duration of immobility as compared
to control. Antidepressant activity of AM with
imipramine  was  s ign i f ican t  (P<0 .05)  as
compared  to  con t ro l ,  AM (75  mg/kg)  and
imipramine (5 mg/kg) alone. AM at the dose
of (75 mg/kg) in combination with fluoxetine
(5 mg/kg) produced decrease by 34 percent
in mean duration of immobility as compared
to control, Antidepressant activity of AM with
f luoxe t ine  was  s ign i f ican t  (P<0 .05)  as
compared  to  con t ro l ,  AM (73  mg/kg)  and
f luoxe t ine  (5  mg/kg)  a lone .  These  resu l t s
show tha t  AM is  po ten t ia t ing  e f fec t s  o f
imipramine and fluoxetine in TST (Fig.  2).

Effec t  o f  prazos in ,  ha loper ido l  and  bac lo fen  pre-
treatment  on  immobi l i ty  per iod  due  to  AM in
T S T

Treatment  wi th  s ingle  dose  of  prazosin
(0.062 mg/kg) showed significant (P<0.05) 32
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percen t  increase  in  mean  dura t ion  of
immobi l i ty  as  compared  to  con t ro l .  P re -
t rea tment  wi th  p razos in  (0 .062  mg/kg)
showed significant (P<0.05) increase in mean
dura t ion  of  immobi l i ty  by  47  percen t  as
compared to AM (150 mg/kg) alone (Table
I I I ) .  Ha loper ido l  (0 .1  mg/kg)  showed
s ign i f ican t  inc rease  in  mean  dura t ion  of
immobi l i ty  by  37  percen t  as  compared  to
cont ro l  (P<0 .05) .  Pre - t rea tment  wi th
haloperidol (0.1 mg/kg) caused significant 57

percen t  increase  in  mean  dura t ion  of
immobility as compared to AM (150 mg/kg)
alone (P<0.05) .  Mice t reated with baclofen
showed significant increase by 11 percent in
mean duration of immobility as compared to
cont ro l  (P<0 .05) .  Pre - t rea tment  wi th
bac lofen  (10  mg/kg)  caused  s ign i f ican t
(P<0.05)  increase  by  27  percen t  in  mean
durat ion of  immobil i ty as compared to AM
(150 mg/kg) alone. Result  suggesting  that
pre- t reatments   wi th   prazosin,  haloper idol
and baclofen s ignif icant ly at tenuated effect
of AM in TST (Table III).

Effec t  o f  AM leaf  ex tract  on  locomotor  ac t iv i ty
in  mice

AM extract at  the dose of (75, 150 and
300  mg/kg)  d id  no t  show any  s ign i f ican t
change (P>0.05) in the locomotor function of
mice, as compared to the control (Table IV).

Fig. 2 : Effects of combination of sub-effective dose of
Aegle marmelos (75 mg/kg) with that of either
imipramine or fluoxetine (5 mg/kg) on mean
duration of immobility in seconds in tail suspension
test. Values are expressed as Mean±SEM, n=6.
*P<0.05 as compared to GA (10 ml/kg) treated group
aP<0.05 as compared to Aegle marmelos (75 mg/kg)
treated group; bP<0.05 as compared to imipramine
(5 mg/kg) treated group; cP<0.05 as compared
to fluoxetine (5 mg/kg) treated group; using
ANOVA and Tukey multiple comparisons test
GA = gum acacia, AM = Aegle marmelos, IMI =
imipramine, FLU = fluoxetine

TABLE I I I : Ef fec t s  o f  p razos in ,  ha loper ido l  and
bac lo fen  p re - t r ea tment  on  AM induced
decrease in duration of immobility in mice.

T r e a t m e n t (mg/kg ,  po) Dura t ion  o f
i m m o b i l i t y ( s )

Vehicle (GA) 10 ml/kg 164.83± 2.22
AM 150 126.83± 2.72*
Prazosin 0.062 217.00± 3.47*
Prazosin+AM 0.062+150 178.5± 3.19a

Haloperidol 0.1 225.66± 3.25*
Haloperidol+AM 0.1+150 198.66± 1.99a

Baclofen 10 183.50± 2.27*
Baclofen+AM 10+150 161.66± 2.84a

Values are expressed as means±SEM, n=6
* P<0.05 as compared to GA (10 mg/kg) treated group
a P<0.05 as compared to AM (150 mg/kg) treated group
GA = gum acacia; AM = Aegle marmelos

DISCUSSION

Elevated  p lus  maze  i s  wel l  es tab l i shed
paradigm has a long and successful  history
in  assess ing  . anx ie ty - l ike  behaviour  in
rodents .  The  model  i s  based  on  na tura l
aversion of rodents for  open spaces (afraid
possibly of falling off). Rodents tend to avoid
the  open  a reas ,  espec ia l ly  when  they  a re
br igh t ly  l i t ,  f avour ing  darker ,  and  more
enc losed  spaces .  Incons i s ten t  resu l t s  wi th
anxiolytic compounds and a desire for more
targeted therapeutic  t reatments  suggest  that

TABLE IV : Effects of AM on locomotor activity in mice.

Trea tment  (mg/kg ,  po) Number  o f  coun t s

GA 10 ml/kg 628± 4.58
AM 75 632± 7.84 NS
AM 150 634± 5.65 NS
AM 300 647± 8.06 NS

Values are expressed as Mean±SEM, n=6
NS = not significant (P<0.05) as compared to
GA treated group
GA = gum acacia AM = Aegle marmelos
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scor ing  add i t iona l ,  e tho log ica l ly  re levan t
behavioura l  ind ica tors  (e .g .  s t re tch  a t t end
postures  and head dips)  may provide more
sens i t ive  measures  o f  the  e f fec t s  o f  new
anxio ly t ic  compounds .  This  e tho log ica l
approach overcome locomotor confounds and
has  increased  the  va lue  of  p lus  maze  as
impor tan t  too l  to  s tudy  anxio ly t ic  ac t iv i ty
(28) .  Presen t  s tudy  showed tha t  AM
at tenua ted  anx ie ty  paramete rs  in  the
elevated plus  maze test .  AM administrat ion
at the dose (150 and 300 mg/kg) significantly
and  dose  dependency  increased  open  a rm
act iv i ty  by  increas ing  t ime  spen t  on  and
number  o f  en t r ies  in to  open  a rms  whi le
decreased  r i sk  assessment  behaviour  by
decreasing number of stretch attend posture
and head dips.  Anxiolyt ic  act ivi t ies  of  AM
(300 mg/kg)  were  comparab le  to  s tandard
drugs diazepam, imipramine and fluoxetine.

Tail  suspension test  is  widely employed
animal  model  fo r  t es t ing  an t idepressan t
ac t iv i ty .  I t  i s  based  on  the  p r inc ip le  tha t
suspending  mice  ups ide  down leads  to  a
characterist ic  behaviour of  immobil i ty after
in i t ia l  momentary  s t ruggle .  This  behaviour
re f lec t s  a  s ta te  o f  despa i r  which  can  be
reduced  by  severa l  agen ts  which  a re
therapeutically effective in human depression
(24).  In the present study, methanol extract
of  AM at  the  dose  of  150 and 300 mg/kg
administered to mice 1 h before they were
subjected to tail suspension test showed dose
dependent  s ign i f ican t  an t i - immobi l i ty
act ivi ty.  The antidepressant  act ivi ty of  AM
at the dose of  300 mg/kg were comparable
to imipramine and f luoxet ine.

Combination of sub-effective dose of AM
(75 mg/kg) with that of diazepam (5 mg/kg)
did not  show signif icant  anxiolyt ic  act ivi ty
(P>0.05) suggesting that methanol extract of
leaves  of  AM did  no t  po ten t ia te  e f fec t  o f
d iazepam in  EPM.  I t  has  been  wel l

invest igated and establ ished that  anxiolyt ic
ac t iv i ty  o f  d iazepam i s  due  to  i t s  GABA
facili tatory effect on GABAA receptors (29)
and  resu l t  o f  p resen t  s tudy  show non
involvement of GABAA receptors in anxiolytic
activity of AM. Combination of sub-effective
dose  of  AM (75  mg/kg)  wi th  e i ther
imipramine (5 mg/kg) or  f luoxetine (5 mg/
kg)  p roduced  dose  dependent  increase  in
open  a rm ac t iv i ty  and  decrease  in  r i sk
assessment  behaviour  in  EPM and decrease
in duration of immobility in mice subjected
to  TST af te r  s ing le  dose .  These  resu l t s
suggest that AM enhances anxiolytic as well
as antidepressant effects of imipramine and
f luoxet ine .

Imipramine  prevents  reup take  of
nor  adrena l ine  and  se ro ton in  resu l t ing
in their increased availability in the synapse
and  there fore  an  increase  in  adrenerg ic
and  se ro tonerg ic  neuro t ransmiss ion
(30) .  F luoxe t ine  i s  se lec t ive  se ro ton in
reup take  inh ib i to r  fac i l i t a tes  se ro tonerg ic
neurotransmission (31).  Since catecholamine
and  5-hydroxyt ryp tamine  i s  impl ica ted  in
e t io logy  of  anx ie ty  and  depress ion ,  the
posi t ive  effect  of  these  drugs  in  EPM and
TST seems to be due to increased availability
of  these  neuro t ransmi t te r s  a t  the  pos t
synapt ic  recep tor  s i t es .  Anxio ly t ic  and
ant idepressan t  ac t iv i ty  o f  AM ach ieved  a t
sub-ef fec t ive  l eve l  in  combina t ion
wi th  imipramine  or  f luoxe t ine  sugges t
involvement  o f  AM ext rac t  in  increas ing
monoamines level  at  post  synaptic  s i tes .

AM ext rac t  d id  no t  show s ign i f ican t
changes  in  the  locomotor  ac t iv i ty  of  mice
as  compared to  the  control  value  (P>0.05)
so  the  ex t rac t  d id  no t  p roduce  any
motor effects .  This indicates that  increased
motor  ac t iv i ty  was  no t  invo lved  in  the
ac t ion  seen  in  EPM and  TST.  Fur ther ,
i t  a l so  conf i rms  the  assumpt ion  tha t
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anxiolytic and antidepressant effects of AM
are specific.

Ear l i e r  s tud ies  have  repor ted
involvement of alpha1 receptors in mediating
an t idepressan t  ac t iv i ty  o f  agen ts  which
fac i l i t a te  noradrenerg ic  neuro t ransmiss ion
and  i t  i s  a t tenua ted  by  pre- t rea tment  wi th
a lpha 1 recep tor  b locker  p razos in  (32) .  In
accordance  to  th i s  p resen t  s tudy  showed
tha t  an t idepressan t  ac t iv i ty  o f  AM was
s ign i f ican t ly  reversed  by  pre - t rea tment  o f
animals with prazosin suggesting interaction
of  AM ext rac t  wi th  a lpha 1 recep tors .
Decreased  dopamine  neuro t ransmiss ion  i s
a l so  l inked  wi th  depress ion  and  s tud ies
demons t ra ted  tha t  b lockade  of  dopamine
receptor  by  ha loper ido l  increased  dura t ion
of  immobi l i ty  (33) .  In  th i s  s tudy ,  p re -
treatment with haloperidol also significantly
reversed  an t idepressan t  ac t ion  of  AM th i s
may be attr ibuted to the interaction of AM
extract  with dopamine receptors .  Moreover,
recen t  inc rease  in  unders tand ing  of  the
molecu la r  mechanism of  depress ion  and
anxie ty  has  provided  a l te rna t ive  molecular
ta rge t s  fo r  these  d i sorders .  In  par t i cu la r
receptors ,  wi thin  GABA systems provide a
d ivers i ty  o f  d rug  ta rge t s  and  molecu la r ,
biological  and behavioural  s tudies  of  these
receptors  have  revealed  the  impor tant  ro le
they play in anxiety and depression (34). In
suppor t  o f  th i s  i t  i s  repor ted  tha t  GABA B

recep tor  an tagonis t  inc reased  swimming
behaviour  in  fo rced  swim tes t  sugges t ing

that blockade of GABAB receptors may serve
as  nove l  s t ra tegy  for  the  t rea tment  o f
depression (35).  In contrast  to this  GABAB

recep tor  agonis t  bac lofen  i s  repor ted  to
exacerba te  depress ion- l ike  behaviour  in
animal model of depression (36). Our results
showed tha t  p re - t rea tment  wi th  bac lofen
s ign i f ican t ly  a t t enua ted  an t idepressan t
ac t iv i ty  o f  AM,  i t  i s  t empt ing  to  sugges t
interaction of AM with GABAB receptors.

In  conclus ion,  methanol  leaf  ext rac t  of
Aegle marmelos showed significant anxiolytic
and  an t idepressan t  ac t iv i t i es  poss ib ly  by
increas ing  monoamines  l eve l  a t  pos t
synapt ic  s i tes .  Hence  Aegle  marmelos  may
be served as a potential resource for natural
psychotherapeu t ic  agen t  aga ins t  s t ress
re la ted  d i sorders  such  as  anx ie ty  and
depress ion .
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