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Abstract :  Association between emotionality and effect of imipramine on
immobil i ty  t ime in  forced swimming tes t  was invest igated in  Swiss  and
Balb/c mice. Mice of both the strains were segregated into normal emotional
(mean ± 1SD), low emotional (> mean + 1SD) and high emotional (< mean –
1SD)  based  on  the i r  pe r fo rmance  wi th  r e spec t  to  each  ind ices  o f
emotionali ty in novel  arena and elevated plus maze.  Baseline immobil i ty
and effect of imipramine (20 mg/kg, po) on immobility time was evaluated
in these emotionally different groups of mice using forced swimming test
model.  Baseline immobili ty t ime of low emotional mice was found to be
significantly less (P<0.01) and that of high emotional mice was found to
be significantly more (P<0.01) when compared to normal emotional  mice
of both the strains.  Immobil i ty t ime after  imipramine administrat ion was
found  to  be  s ign i f i can t ly  l e s s  (P<0 .05)  wi th  low emot iona l  mice  and
signif icantly more (P<0.01) with high emotional  mice when compared to
normal  emotional  mice of  both the s t rains .
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repor ted  to  d i f fer  in  the i r  drug  responses .
For  example ,  Balb /c ,  Swiss  and  C57BL/6J
mice differed in their blocking of anxiolytic
ac t iv i ty  o f  ch lord iazepoxide  by  na loxone
(3) .  Diazepam exhib i ted  d i f fe rences  in
an t ianx ie ty  ac t iv i ty  in  inbred  and  ou tbred
s t ra ins  o f  mice  (4) .  Des ipramine  and
fluoxetine exhibited variations in immobility
t ime  in  forced  swimming  tes t  in  d i f fe ren t
strains of mice (5). Strains of mice differing

*Corresponding Author : Phone :  080-26801222, 26801122; Email  :  pvreddy_68@yahoo.co.in

I N T R O D U C T I O N

Emot iona l i ty  i s  a  psycholog ica l  t ra i t
commonly inferred from covariat ion in sets
of  behavioral  measures.  This  t rai t ,  inferred
from s tudies  on  s t ra in ,  sex  and indiv idual
d i f fe rences  in  rodents ,  may  be  re la ted  to
human suscep t ib i l i ty  to  neuro t ic i sm (1) .
Spec ies ,  s t ra in  var ia t ions  in  emot iona l i ty
are reported in literature (2). Strains of mice
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in  their  emotional i ty  are  reported to  differ
in  the i r  benzodiazep ine  recep tors  (6 ) .  But
associa t ion  between emot ional i ty  and in ter
and intrastrain variations in the imipramine
response  on  immobi l i ty  t ime  in  fo rced
swimming test  (FST) is not reported in the
li terature.  Hence in this study we aimed to
separa te  Swiss  and  Balb /c  s t ra ins  of  mice
in to  d i f fe ren t  emot iona l  g roups  based  on
the i r  behav iora l  responses  in  nove l  a rena
and elevated plus maze and invest igate the
effect  of imipramine on immobili ty t ime in
FST in  these  emot iona l ly  d i f fe ren t  g roups
of mice.

METHODS AND MATERIAL

Inbred  male  mice  of  Swiss  and  Balb /c
s t ra in  of  6–8  week  o ld  were  used  for  the
s tudy .  The  an imals  were  main ta ined  on
normal  mice  feed  (Lip ton  feeds  l imi ted ,
Banga lore ) .  Al l  mice  were  main ta ined  in
c lean  cages  a t  t empera ture  (21 ± 1°C)  and
humidi ty  (55 ± 2%) cont ro l led ,  under  12  h
reversed light cycle (lights off at 0700 hrs).
Only  exper imenta l ly  na ive  an imals  were
selected for  the  s tudy.  Clearance f rom the
insti tutional ethical committee was obtained
pr ior  to  s ta r t ing  the  s tudy  and  CPCSEA
(Society for control and prevention of cruelty
on animals headed by government of India)
gu ide l ines  were  fo l lowed  th roughout  the
s t u d y .

Separat ion  o f  mice  in to  groups  on  the  bas i s  o f
the ir  emot iona l i ty

All  mice  were  taken  to  the
psychopharmacology  lab  and  kep t  1 h  for
acclimatization. Animals were evaluated for
their indices of emotionality in novel arena
and e levated plus  maze.

Nove l  arena

This  appara tus  es t imates  an imal ’ s
response to novelty and uncertainty. In this
method  bo th  locomotor  ac t iv i ty  and
emot ional i ty  a re  commonly  es t imated .  The
apparatus consis ts  of  a  square wooden box
(40X40X33 cm,  LXBXH) wi th  brown
sunmica covering on all sides of inside walls
and floor. The floor was partitioned into 16
small squares with distinct lines. A zero watt
bu lb  was  f ixed  on  a  g lass  top  and
observat ions  were  made through glass  top.
Each mouse was gently placed in the center
of  the  Nove l  a rena  and  d i rec t  v i sua l
observa t ions  were  made  th rough  g lass  top
for  a  per iod  of  5  min .  The  appara tus  was
thoroughly  wiped  wi th  e thanol  a f te r  each
t r ia l .  Ind ices  o f  emot iona l i ty  measured
were number of line crossings and defecation
score (7).

Elevated  p lus  maze

The  e leva ted  p lus -maze  i s  cons t ruc ted
of sunmica, consists of two open arms (30X5
cm) and two enclosed arms (30X5X15 cm,
LXBXH) ar ranged so  tha t  the  arms of  the
same type  were  oppos i te  to  each  o ther ,
connec ted  by  a  cen t ra l  square  (5X5 cm,
LXB) .  From the  cen t re  four  en t r ies  a re
there : two to closed arms and two to open
arms.  The maze is  e levated to  a  height  of
38 .5  cm.  Each  mouse  was  p laced  a t  the
intersection of the four arms of the elevated
plus  maze  so  tha t  i t s  head  was  fac ing
towards the open arm of the platform. The
ind ices  o f  emot iona l i ty  l ike  number  o f
entries to the open arms and t ime spent in
the open arms are in the elevated plus maze
was scored for  5  min under  dim l ight  (8) .
The  appara tus  was  thoroughly  wiped  wi th
ethanol /water  (50% v/v)  af ter  each t r ia l .
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Method of  separat ing  mice  in to  d i f ferent
emot iona l  groups

Animals  were  segrega ted  in to  normal
emot iona l  (NE) ,  low emot iona l  (LE) ,  h igh
emot ional  (HE) ,  based on the  performance
of  mice  wi th  respec t  to  each  ind ices  o f
emot iona l i ty  in  nove l  a rena  and  e leva ted
plus maze. For example, segregation of mice
into different emotional groups based on the
number of line crossings in novel arena was
done  as  descr ibed  be low:  Al l  mice  which
made  l ine  c ross ings  be tween  mean ± 1SD
value of the entire experimental subjects of
each strain (100) were considered as NE, and
mice which made l ine crossings more than
mean + 1SD va lue  were  cons idered  as  LE
and mice which made line crossings less than
mean – 1SD va lue  were  cons idered  as  HE.
With  respec t  to  defeca t ion  score ,  mice
defecated less  than mean – 1SD value were
considered as  LE and mice defecated more
than mean + 1SD value  were  cons idered  as
HE.  Only  those  mice  tha t  responded
similarly for two indices of emotionality were
segregated in to  respect ive  emot ional  group
and rest were rejected. A total of 100 mice
of  each  s t ra in  were  sc reened  for  the
evaluation of emotionality in order to get 12
mice  each  of  low and  h igh  emot iona l
s t a t u s .

Evaluat ion  o f  in f luence  o f  emot iona l i ty  on
imipramine  response

Imipramine  response  was  eva lua ted  in
NE, LE, HE mice of both Swiss and Balb/c
strain by following forced swimming method
(9) .  The  appara tus  cons i s t s  o f  round
container (45X20 cm, HXB) filled with water
(25–27°C) up to a depth of 15 cm. The depth
was  deep  enough  so  tha t  mice  cou ld  no t

suppor t  themse lves  by  p lac ing  the i r  paws
on the base of the cylinder used. Animals of
each emotional group of strains were divided
into control and test groups of six mice each
and were taken for the study (Fig. 1). Mice
of al l  emotional  groups of  both the strains
were  marked  and  weighed .  The  swim
sessions were conducted by placing the NE,
LE, HE mice of both the strains individually
in glass cylinders and the basal  immobili ty
t ime  ( seconds)  was  recorded  for  5  min
dura t ion .  The  wate r  was  changed  be tween
the  sub jec t s .  Mouse  was  judged  to  be
immobi le  when  i t  i s  making  on ly  those
movements  necessary  to  keep  i t s  head
above  wate r .  Next  day  these  mice  were
g iven  imipramine  20  mg/kg ,  po  (Cour tesy
Micro  laborator ies  Ltd)  and swim sess ions
were  aga in  conduc ted  a f te r  30  minutes
and  immobi l i ty  t ime  in  seconds  in  NE,
HE,  LE mice  of  bo th  the  s t ra ins  was
recorded (5).

Stat i s t i ca l  ana lys i s

ANOVA and  pos thoc  Dunne t ’ s  ‘ t ’  t e s t
were performed between different emotional
groups  of  mice .  Base l ine  immobi l i ty  t ime
and  immobi l i ty  t ime  a f te r  imipramine
adminis t ra t ion  of  LE and  HE mice  were
compared  wi th  tha t  o f  NE mice  us ing
posthoc Dunnet’s ‘ t’  test .

R E S U L T S

Separat ion  o f  mice  in to  groups  on  the  bas i s  o f
the ir  emot iona l i ty

Mice  of  bo th  the  s t ra ins  exh ib i ted
differences in their  behavioral  responses in
both the models  of  emotional i ty .  Based on
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whether  the i r  number  o f  l ine  c ross ings
and defecat ion score in novel  arena (Table
I )  and  number  o f  en t r ies  to  the  open
arms  and  t ime  spent  in  open  a rms  in
elevated plus maze were below or above the
mean (Table II) each strain of mice could be
d iv ided  in to  normal  emot iona l  (NE) ,
low emot iona l  (LE)  and  h igh  emot iona l
(HE) .  Only  those  mice  tha t  responded
similarly in both the models were considered
to have the respective level of emotionality.
Results of separation of mice into different
emot iona l  g roups  revea led  tha t  in  Swiss
mice  s t ra in  64  mice  were  found  to  be  of
normal  emot ional ,  19  were  h igh emot ional
and  17  were  found  to  low emot iona l .
S imi la r ly  in  Ba lb /c  mice  s t ra in  59  mice
were found to be normal emotional, 22 mice
were  h igh  emot iona l  and  19  were  low
emot iona l .

Inf luence  o f  emot iona l i ty  on  imipramine  response

The  resu l t s  o f  compar i son  of  base l ine
immobility time within the mice of a single
s t ra in  revea led  tha t  the  immobi l i ty  t ime
varied among different emotional groups of
each  s t ra in .  The  base l ine  immobi l i ty  t ime
(seconds)  was  leas t  wi th  LE mice  (Swiss :
68 ± 1 .4 ,  Ba lb /c :  88 .5 ± 2 .1) ,  in te rmedia te
wi th  NE mice  (Swiss :  83 .75 ± 1.5 ,  Ba lb /c :
107.3 ± 2.2) and high with HE mice (Swiss:
104 .1 ± 2 .1 ,  Ba lb /c :  139 ± 1.7)  in  bo th  the
s t ra ins .  ANOVA revea led  s ign i f ican t
differences in the basel ine immobil i ty t ime
(seconds)  among the  d i f fe ren t  emot iona l
groups of each strain (Swiss:  F(2.15) : 144.43,
P<0.01 ;  Ba lb /c :  F (2 .15) = 152 .31 ;  P<0 .01) .
S imi la r  d i f fe rences  were  observed  in  the
immobil i ty t ime (seconds)  af ter  imipramine
adminis t ra t ion  in  bo th  the  s t ra in  o f  mice .

TABLE I : Performance of Swiss and Balb/c mice in novel  arena with respect  to emotionali ty indices.

Emot ional i ty  indices  in  Novel  Arena

S t r a i n Number of  l ine crossings Defecation score

M e a n S D Mean+1SD M e a n – 1 S D M e a n S D Mean+1SD M e a n – 1 S D

Swiss 118.4 36.1 154.5 82.3 5.3 4.2 9.5 1.1

Balb/c 98 .4 28 .7 127 .1 69 .7 6 . 1 4 . 9 11 .0 1 . 2

N = 100  pe r  s t r a in ;  SD :  S tandard  dev ia t ion .

TABLE II : Performance of Swiss and Balb/c mice in elevated plus maze with respect  to emotionali ty indices.

Emot ional i ty  ind ices  in  Elevated  p lus  maze

S t r a i n Number of  entries to open arms Time spent in open arms (s)

M e a n S D Mean+1SD M e a n – 1 S D M e a n S D Mean+1SD M e a n – 1 S D

Swiss 4.5 2.7 7.2 1.8 162.4 29.1 191.5 133.3

Balb/c 3 .28 2 . 1 5 .38 1 .18 148 .7 32 .4 181 .1 116 .3

N = 100  pe r  s t r a in ;  SD :  S tandard  dev ia t ion .
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Immobil i ty t ime (seconds) af ter  imipramine
adminis t ra t ion  was  leas t  wi th  LE mice
(Swiss  20 .3 ± 0 .3 ,  Ba lb /c :  13 .87 ± 1.1) ,
in te rmedia te  wi th  NE mice  (Swiss  mice
22.2 ± 0.7 ,  Balb /c  20 .8 ± .8)  and  h igh  wi th
HE mice  (Swiss  31 .5 ± 0 .8 ,  Ba lb /c
35 .87 ± 1.2) .  ANOVA revea led  s ign i f ican t
differences in the immobility time (seconds)
after  imipramine administrat ion in different
emotional groups of both the strains (Swiss:
F(2.15); 210.34, P<0.001; Balb/c: F(2.15) = 199.39;
P<.001). These results reveal that mice that
d i f fer  in  the i r  base l ine  emot ional i ty  d i f fer
in  the i r  pharmacolog ica l  response  to
imipramine  (Table  I I I ) .

D I S C U S S I O N

It  i s  we l l  es tab l i shed  tha t  responses
to  d rugs  var ies  subs tan t ia l ly  ac ross
individuals,  a  phenomenon common to both
humans  and  rodents .  I t  i s  repor ted  tha t
there are species ,  s t rain and sex variat ions
in emotionality and drug responses (2, 4, 5,
6 ) .  But  the  l ink  be tween  var ia t ions  in
emotionality within strains and its influence
on  drug  responses  i s  no t  repor ted  in
l i t e ra tu re .  In  th i s  s tudy  we  a t tempted  to
segregate mice of  Swiss and Balb/c s trains
into different emotional groups on the basis
of  their  basel ine emotional i ty .  Balb/c  mice

exhibited high emotionali ty when compared
to Swiss mice as indicated by their response
in  nove l  a rena  and  e leva ted  p lus  maze
(Table  I ,  I I ) .  Th is  may  be  due  to  lower
dens i ty  o f  benzodiazep ine  recep tors  in
Balb/c  mice  as  repor ted  by Rober tson (6) .
The  response  of  mice  wi th  respec t  to  the
indices  of  emotional i ty  in  novel  arena and
elevated plus maze varied to a great extent
(Table I ,  II)  so that  they could be divided
into different  emotional  groups l ike normal
emotional, low emotional and high emotional
mice. Results of second experiment revealed
the role  of  emotional i ty  on inter  and intra
s t ra in  var ia t ions  in  base l ine  immobi l i ty
t ime  as  wel l  as  the  immobi l i ty  t ime  a f te r
imipramine  adminis t ra t ion .  Compar i son  of
base l ine  immobi l i ty  t ime  among d i f fe ren t
emotional groups of Swiss and Balb/c mice
revea led  tha t  base l ine  immobi l i ty  t ime  i s
h igh  wi th  Balb /c  mice  when  compared
to  Swiss  mice .  Compar i son  of  base l ine
immobili ty t ime among NE, LE, HE groups
of mice of each strain revealed that baseline
immobi l i ty  t ime  was  found  to  be  more  in
high emotional groups of mice, intermediate
in  normal  emot iona l  g roups  of  mice  and
leas t  in  low emot iona l  g roups  of  mice  of
bo th  the  s t ra ins .  S imi la r ly  the  e f fec t  o f
imipramine  on  the  immobi l i ty  t ime  a l so
differed among different  emotional  groups.

TABLE III : Effect  of imipramine on immobili ty t ime in different emotional groups of Swiss and Balb/c mice.

Immobi l i ty  t ime (s)  a f ter  imipramine
S t r a i n Basel ine immobil i ty  t ime (s) (20  mg/kg ,  po)  adminis t ra t ion

N E L E H E N E L E H E

Swiss 83.75± 1.5 68±1.4** 104.1± 2.1** 22.2± 0.7 20.3± 0.3* 31.5± 0.8**

Balb/c 107.3± 2.2 88.5± 2.1** 139± 1.7** 20.8± 0.8 13.87± 1.1** 35.87± 1.2**

N=6 each, NE: Normal emotional,  LE: Low emotional,  HE: High emotional;  *P<0.05, **P<0.01 as compared
to respective NE mice by posthoc Dunnet’s ‘t’ test .
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The  immobi l i ty  t ime  in  FST was  leas t  in
LE groups  of  mice  and  in te rmedia te  wi th
NE groups of mice and poor with HE groups
of  mice  ind ica t ing  tha t  the  response  of
imipramine was best in LE group, better in
NE group and  poor  in  HE group of  mice .
The  h igh  base l ine  immobi l i ty  t ime  in  HE
mice could be due to high depression. Stress
is  a known factor that  increases anxiety in
animals  (10) .  There is  a  s t rong correlat ion
between stress and depression. Low baseline
immobi l i ty  t ime  in  LE group  of  mice
ind ica tes  the i r  ab i l i ty  to  counte r  any
s t ress fu l  s i tua t ion .  The  resu l t s  o f  our

exper iments  revea led  the  in te r  and  in t ra
strain variations in baseline emotionality in
Swiss  and  Balb /c  s t ra ins  o f  mice  and  the
influence of emotionality on pharmacological
response of imipramine in forced swimming
t e s t .
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