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FRANCI~S, H Nell ammal model o] ~o~tal behavtoral defit tt Reversal by drues PHARMACOL BIOCHEM BEHAV 
29(3) 467--470, 1988 - -A new model of socml behaworal deficit and its reversal by drugs is described Mice isolated for one 
week or more 0solated mice) behave differently from controls (grouped mice) When observed together under an reverted 
beaker, the isolated mice make slgmficantly less escape attempts than the grouped mice This behaworal deficit is a social 
one because ~t exists only when the isolated and grouped mice are tested together but not when they are tested singly 
Several drugs impair this socml behavioral deficit, particularly the 5-HTIB receptors agonlsts 

Isolation Social behavior 5-HT1B agonlsts 

IN man. isolation may be reached through diverse situations 
(geography, bereavements,  divorce, prison) Results from 
epidemlologlcal studies suggest that a relationship may exist 
between isolation and suicidal attempts Thus, the behav- 
ioral consequences of isolation appear very important 

In rodents, prolonged isolation has been extensively 
studied A review by Valzelli [16] indicates that the most 
reproducible consequence of isolation is aggressiveness 
However ,  prolonged isolation produces not only aggressive- 
ness but a complex syndrome of behavioral changes includ- 
ing an increase in general reactivity to environmental stimuli, 
deviation and/or decrease of sexual activity [2,7], impair- 
ment of exploratory activity [14,15] and also impairment of 
learning capacity [4,16] 

Although behavioral studies of socloenvlronmental dep- 
rivation are numerous, they are concerned with animals ob- 
served alone or with other " isola ted"  animals But studies of 
the social behavior of  mice previously depraved of a social 
environment are lacking That is why in these experaments, 
the behaviour of previously isolated mice is studied and 
compared In two situations ~solated mice are tested either 
alone or in the presence of a "normal"  mouse 

METHOD 

Antmal~ 

Male Swiss NMRI mice (20-24 g), from CERJ, Genest St 
Isle, 53940 (France), were used in all experiments Mice 
were either housed m groups of 10 in home cages of 
30×20×10 cm or isolated m home cages of  24×10×8 cm 
Mice were 4 weeks old at the beginning of  isolation The 
room was thermostatically maintained at 21_+ I°C with a 12 
hour light/dark schedule Food and water were freely avail- 
able 

Expertmental Procedure 

Mice were tested either individually or m pairs under a 
transparent beaker (height 14 cm, diameter. 10 cm) inverted 
on a rough surface glass plate The number of escape at- 
tempts was counted for 2 minutes An escape attempt was 
defined m the following way (I) the two forepaws were 
leaned against the beaker wall, (2) the mouse was sniffing the 
beaker, (3) the mouse was scratching the glass floor There 
was no minimal duration for one attempt When an attempt 
lasted a long time, a new attempt was counted for each 
period of 3 seconds However,  the escape attempts were 
very rapid movements and the longest duration observed 
lasted between 3 and 6 seconds (counted as 2 attempts) All 
mice were used only once except when studying the effect of 
repetition (Results paragraph 3, Fig 3) Behavloural obser- 
vations were taped by an observer blind to the treatments 
received by the mice. However,  it was Impossible to be blind 
about which were the grouped and which were the isolated 
mice since they looked different The hairs of  the ~solated 
mice were agglomerated in small separated clusters as if ne- 
glected On the contrary, the hairs of  the grouped mice were 
smooth and glossy 

Drug 

Drugs used were clomlpramme chlorhydrate, lmlpramlne 
chlorhydrate (Clba-Gelgy Ruell-Malmalson, France), in- 
dalplne (Pharmuka Gennevllhers, France), fenfluramlne 
chlorhydrate (Biopharma Neudly/Selne, France), clen- 
buterol (Boehringer-Ingelhelm, Reims, France), 5,methoxy- 
N-N-dlmethyltryptamlne (5 MeODMT--S lgma  La Verpll- 
ll6re, France), 8-hydroxy-2-(dt-n-propylammo) tetralin (8- 
OH-DPAT--Research  Biochemical I n c ,  Wayland, USA), 
5-methoxy-3 (1,2,3,6-tetrahydropyndln-4-yl) I-H lndole (Ru 
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FIG 1 Attempted escapes (mean_+S E M ) of the grouped (clear 
bars) and isolated (striped bars) mice tested in pairs in relation to the 
duration of Isolation 24h (24 hours), 3d, 8d (3 or 8 days) and 5w (5 
weeks) Groups (n=10) differed slgmficantly, F(7,72)=15 8, 
p<0  001 Levels of slgmficance between pairs were determined by 
t-tests ***p<0 001 There were no significant differences among the 
scores of the grouped mice For the isolated mice, the mean score 
was significantly different from the 24h group at 8d (p<0 001) and at 
5w (p<0 001) but not at 3d 

24 969)--Roussel-Uclaf ,  Pans -La  D6fense, France),  m-chloro- 
phenylp iperazme ( m - c p p - - A i d n c h  Chemical  Co Stras- 
bourg,  France) ,  1-(3- t r l f luoromethylphenyl)  p lperaz lne  
( T F M P P - - A l d n c h  Chemica l  Co Strasbourg,  France) ,  
d lazepam (Roche Neudly/SeIne ,  France)  Drugs were  dis- 
so lved in wate r  or  suspended m arabic gum and adminis tered 
by mtraper l toneal  route excep t  8 -OH-DPAT (subcutaneous 
route) in a vo lume of  0 25 ml/20 g body weight  

Statistical Analyst~ of  the Results 

For  the exper iments  desc r ibed  m Table  1, the scores  
o f  the isolated mice  were  compared  to those of  the grouped 
mice o f  the same exper iment  using the S tudent ' s  t- test  Fo r  
the expe r imen t s  desc r ibed  m Figs  1, 2 and 3 a one  way  
analysis o f  var iance  fol lowed by a S tudent ' s  t - test  was used 

R E S U L T S  

After  one  week  or  more  of  isolation, isolated and grouped 
mice behaved  differently when obse rved  m pairs under  the 
beaker  The grouped  mice made numerous  escape  at tempts  
The isolated mlce made fewer  escape  at tempts  or  some at- 
tempts  which were  not  counted  as they were  very  weak  with 
only one forepaw on the beaker  wall, the back of  the mouse  
staying horizontal  The  isolated mouse  was very  often in- 
act ive in the middle of  the beaker  or  sniffed at the grouped 
mouse  

(1) Effect  of  the durat ion o f  isolation (Fig 1) Af ter  one or  
three days,  there  was no difference in the behavior  of  iso- 
lated and grouped mice observed  together  The difference 
was significant af ter  an 8 days isolat ion and also after f ive 
weeks  H o w e v e r ,  after five weeks ,  isolated mice were  
strongly aggresswe  

(2) Effect  o f  the " soc ia l  c o m p o n e n t "  (Fig 2) Mice iso- 
lated for 8 days were  tested alone under  the beakers  and 
compared  to grouped  mice tes ted alone In these  condit ions,  
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FIG 2 Attempted escapes (mean_+S E M ) of the grouped (clear 
bars) and isolated (striped bars) mzce tested either mdivldually (m- 
dlv ) or in pairs (pairs) Duration of Isolation was 8 days Groups 
(n=20) differed slgmficantly, F(3,76)=37 37, p<0  001 Levels of 
sigmficance were determined by t-tests **p<0 01, ***p<0 001 The 
scores of the grouped mice tested m pairs were significantly 
(p<0 05) lower than those of the grouped mice tested indwldually 
The scores of the isolated mice tested m pairs were highly signifi- 
cantly (p<0 001) lower than those of the isolated mice tested indi- 
vidually 

the isolated mice made more escape  at tempts  than the 
grouped mice 

(3) Effect  of  repeti t ion (Fig. 3) The l0 same pairs of  mice 
(one isolated + one grouped mouse)  were  tested 5 t imes after 
8 clays of  Isolation The first 4 tests were  per formed with one 
hour  intervals  be tween  them and the fifth one on the follow- 
Ing day The mean  score of  all mice decreased.  The  decrease  
was weaker  (and not significant) for isolated than for 
grouped mice The level  of  escape  at tempts  remained steady 
from the 2nd test  for isolated mice,  and f rom the 4th test  for 
grouped mice There  was an habituat ion,  however ,  this 
habituat ion did not  eliminate the difference in behavior  be- 
tween the two groups of  mice 

(4) Effect  of  drugs on the isolat ion-induced social behav-  
ioral defici t  (Table l) In this set  o f  expe r imen t s ,  the dura- 
tion of  isolation was 7-9 days All mice were used only once 
Drugs were  admimstered 30 minutes before the test  to the iso- 
lated mice only The grouped mice received deminerahzed 
water  Inupramlne, a classical tr lcychc antidepressant,  was in- 
act ive,  failing to reverse  the social behaviora l  deficit. On the 
contrary,  at the dose of  32 mg/kg it decreased the at tempted es- 
capes of  the isolated n-ace Dlazepam, inactive at the doses o f  2 
and 4 mg/kg, increased the behavioral  deficit at the dose of  8 
mg/kg. Clenbuterol (agonlst at the beta 2-adrenerglc recep- 
tors and potential  ant idepressant) ,  fenfluramIne,  and 
5 - M e O D M T  (stimulants o f  the serotonergic  system) were  in- 
act ive at the doses  studied Indalpine 2 mg/kg (but not  0 5 
mg/kg) and c lomlpramine  (2 mg/kg) reduced the differences 
be tween  the grouped and the isolated mice 8 -OH-DPAT,  
agonlst  at the 5 -HT1A receptors ,  accentua ted  at the doses  of  
0 5 and 2 mg/kg (but not  at 0.1 mg/kg) the behavioral  defici t  
MCPP (2 mg/kg) and Ru 24 969 (3 mg/kg) reversed  the behav-  
ioral defici t  o f  the i sola ted  mice  T F M P P  reduced  the 
deficit  m escape  at tempts  of  ~solated mice at the dose o f  2 
mg/kg but not  at 0 125 or  0 5 mg/kg 
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FIG 3 Attempted escapes (mean_+S E M ) of the same pairs of 
grouped (clear bars) and isolated (striped bars) mice successwely 
tested Tests 1, 2, 3 and 4 were performed with a one hour interval 
between them and the 5th on the following day Duratmn of isolation 
was 8--9 days Groups (n= 10) differed slgmficantly, F(9,90)= 17 98, 
p<0  001 Levels of significance were determined by t-tests 
**p<0 01, ***p<0 001 For the isolated mice there was no slgmfi- 
cant difference between any of the successive tests For the grouped 
mice, the mean score was significantly different from the first test on 
the 3rd (p<0 01), the 4th (p<0 001) and the 5th Ip<0 05) tests but 
not on the 2nd test 

DISCUSSION 

These  expe r imen t s  desc r ibed  a behav iour  which has not 
previous ly  been  repor ted  Adult  mice which had been  iso- 
lated for  at least  one  week  behaved  different ly than mice 
housed  toge the r  under  s tandard  condi t ions  The behaviora l  
d i f fe rences  were  opposi te  depend ing  on the exper imenta l  
p ro tocol  I so la ted  mice,  individually placed under  an re- 
ver ted  beaker ,  a t t empted  to e scape  f rom the beaker  more  
of ten  than grouped  mice On the cont rary ,  when  an isolated 
mouse  and a g rouped  mouse  were  placed together  under  an 
inver ted  beaker ,  the isolated m o u s e  a t t empted  to escape  less 
of ten than the g rouped  mouse  

The higher  mean  score  of  the isolated mice than that  of  
the g rouped  mice when  tes ted  individually may have been  a 
c o n s e q u e n c e  of  increased  react ivi ty  to the env i ronment ,  al- 
ready desc r ibed  [17] The r educed  number  of  e scape  at- 
t empts  of  the isolated mice w h e n  tes ted  toge ther  with 
grouped  mice was a highly reliable effect ,  pers is t ing even  
after r epea ted  test ing o f  the same pair  The reduct ion  in 
scores  of  e i ther  group of  mice with r epea ted  test ing may 
have been  due to habl tua tmn or  learned  he lp lessness ,  a kind 
of  behaviora l  despa i r  c losely  related to that  desc r ibed  by 
Porsol t  [1 l] Of  course ,  these  p roposa l s  are only speculat ive 

A durat ion of  isolatmn of  7-9  days  was  chosen  to s tudy 
the effect  o f  drugs.  A shor te r  dura t ion (1 or 3 days) was  not  
enough to induce this behav lour  and a longer  durat ion (5 
weeks)  p roduced ,  in addit ion,  an aggress iveness  undes i rable  
in regard to the pa ramete r s  unde r  s tudy 

T A B L E  1 

MODIFICATION BY DRUGS OF THE SOCIAL BEHAVIORAL DEFICIT 
INDUCED, IN MICE. BY ISOLATION 

Attempted Escapes 
Mean _+ S E M 

Grouped Isolated 
Drugs mg/kg Mice Mice % 

Water - -  280 ± 37 134 + 2 It 48 

Imlpramlne 16 26 4 _+ 3 1 10 2 -+ 2 1:[: 39 
32 298-+ 27 3 0 _+ 1 65 10 

Clomlpramme 2 265_+ 30 190 _+ 2 9 N S  71 
8 2 7 3 _ + 3 0  168 - 4 t *  61 

32 329_+21  088_+ 04¢ 26 

Clenbuterol 025 199_+ 19 77 _+ 1 55 38 

Dlazepam 2 267 +_ 24  142 -+ 1 9~ 53 
4 3 0 3 - + 2 7  124 -+27~ 41 
8 2 9 5 - + 2 0  52 _+ 1 1~ 17 

Fenfluramme 8 273_+ 39 127 _+ 30 t  46 

5-MeODMT 4 198 _+ 1 8 48  -+ 08:[: 24 

lndalpme 05 250 + 28 93 _+ 23~: 37 
2 3 0 3 _ +2 5  224 _+36NS 74 

MCPP 0 1 230_+ 23 130 _+ 22 + 56 
1 25 8 _+ 3 0  1 4 5  -+ 2 9 t  56 
2 287-+ 24 249 _+ 3 1 NS 86 

8-OH-DPAT 01 229_+ 23 99  _+ 26~ 43 
05 3 1 3 _ +3 2  18 _+06~ 57 
2 2 4 0 - + 2 8  12 _+095 5 

Ru24969 3 243 -+ 3 3 215 -+ 4 0 N S  88 

TFMPP 0 125 260_+ 3 1 11 4 -+ 2 6 t  44 
05 249-+ 15 147 _+28t 59 
2 3 0 6 _ +2 7  254 _+ 23 NS 83 

Means _+ S E M of attempted escapes Isolatmn duratmn was 
7-9 days Levels of slgmficance were determined by t-tests 
*p<0 05, +p<0 01, Sp<0 001 compared to the grouped mice in the 
same experiment % Percentage of attempted escapes of isolated 
mice m regard to grouped m~ce m the same experiment Ten or 20 
m~ce m each group 

The reduced  number  of  escape  a t t empts  of  isolated mice 
when  tes ted  toge ther  with a grouped  mouse  was probably  
not  the result  of  e i ther  motor  or cognit ive impai rment  since,  
t es ted  mdwldual ly ,  the isolated mice were  not less act ive 
than the g rouped  mice The effect  may have been  the conse-  
quence  of  more  responding  to the c o n s p e o f i c  than to the 
new inescapable  si tuation 

W h a t e v e r  the significance of  this behavior ,  its repro-  
duct lbihty permits  the study o f  ItS reversal  by drugs 

A m o n g  the drugs s tudied,  the classical  an t idepressan t ,  
lmipramme and the potent ia l  one,  c lenbutero l ,  were  inactive 
after  a single adminis t ra t ion Chronic  t r ea tments  have not  
been  tes ted ,  there fore  a relat ionship b e t w e e n  this deficit  and 
a " d e p r e s s i v e  s t a t e "  canno t  be excluded.  The minor  tran- 
quilizer,  d lazepam,  did not  impair the behaviora l  deficit ,  
which  was  probably  not  the c o n s e q u e n c e  of  an anxious  state 
The higher doses  of  d lazepam increased  the deficit  and this 
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may have ref lec ted  the sedat ive  proper t ies  of  this drug 
Fenf lu ramine  re leases  sero tonln  f rom nerve  endings ,  lnh~blts 
its reuptake  and also affects  dopamlne  metabol i sm [3,9] but 
was  reactive in th~s tes t  5 -MeODMT,  a central ly  acting 
5-HT recep to r  agonlst  known  to bind to 5-HT1A recep tors  
[13] mere ly  accen tua t ed  the social behaviora l  deficit  In the 
same way,  8 -OH-DPAT,  an agonlst  specif ic  for  5-HT1A re- 
cep tors  [5], accen tua ted  the social behaviora l  deficit  
Clomlpramine  and lndalplne,  po ten t  se ro ton in  uptake m- 
hibi tors  [8] wi th  an t idepressan t  p rope rhes ,  r educed  the 
d e f i o t  at 2 mg/kg but  not  at the o ther  doses  t es ted  In addi- 
tion to these  an t idepressan t s ,  the three  drugs which  clearly 
antagonize  this behav io r  are agonlsts  at the 5-HT1B recep-  
tors  Ru 24 969 [6], T F M P P  [1, 10, 12] and M C P P  [12] 

In conclus ion,  the new test  p re sen ted  in this s tudy lmphes  
a social behawora l  c o m p o n e n t  which ~s modif ied by ~sola- 
t~on This tes t  needs  fur ther  exper imenta t ion  and analysis  for 
Its significance to be adequate ly  or fully expla ined Drugs 
act ing on the serotonerglc  sys tem,  and more  precise ly  the 
5-HT1B recep to r s ,  r everse  this behavioral  deficit  Addit ional  
analysis  of  th~s b e h a w o r  and of  ~ts pha rmaco logy  are m prog- 
ress  in our labora tory  
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