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SYME, L. A. AND G. J. SYME. Group instability and the social response to methamphetamine. PHARMAC. BIOCHEM. 
BEHAV. 2(6) 851-854 ,  1974. - The effects of methamphetamine on body contact and social distances in stable (familiar) 
and unstable (tmfamiliar) groups of rats were investigated. Although there was no difference in body contact in the stable 
and unstable saline groups, methamphetamine reduced body contact significantly more in the unstable group than it did 
for its stable counterpart. Methamphetamine had no effect on social distance in the unstable group but decreased social 
distance in the stable group. Group stability may therefore be not only desirable but necessary, if the effects of drugs on 
social responses are to be meaningfully interpreted. 
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WHILE the re  is some l i te ra ture  conce rned  wi th  the  ef fec ts  
of  social var iables  on  the  response  o f  an imals  to  psycho-  
t rop ic  drugs (e.g. [ 9 ] )  on ly  one  s t u d y  [ 2 2 ] ,  using a non-  
social a u t o m a t e d  ac t iv i ty  measure ,  has  inves t iga ted  the  
p r o b l e m s  of  social d i s r u p t i o n  occur r ing  in the  t r ans fe r  of  
animals  b e t w e e n  the  cage and  tes t  e n v i r o n m e n t .  Most  
s tudies  c o n f o u n d  two  sources  of  behav iora l  in f luence  in the  
e x p e r i m e n t a l  set t ing,  social and  env i r onm en t a l ,  by  placing 
unfami l i a r  animals  t oge the r  in this  se t t ing  and  t h e n  ob-  
serving an " u n s t a b l e "  g roup  [ 19] .  

Inves t iga t ions  of  the  effects  of  drugs on  s imple  social 
measures  such as sociabi l i ty  ( b o d y  con t ac t  and  a p p r o a c h  
behav io r  a n d / o r  in te r -an imal  d is tance) ,  for  example ,  have 
t e n d e d  to c o n f o u n d  such  ef fec ts  by  provid ing  s t imulus  
an imals  which  were prev ious ly  u n k n o w n  to the i r  an imals  
(e.g., [3 ,4]  ) and  by  tes t ing  t h e m  in social cond i t i ons  differ-  
ing f rom those  in t he  cage e n v i r o n m e n t  [1, 8, 10, 15, 16] .  

Unt i l  now  m a n y  s tudies  e m p l o y i n g  social variables have 
a d o p t e d  an " e t h o l o g i c a l "  a p p r o a c h  (e.g. [ 1 0 , 1 6 ] ) u s i n g  
famil iar  or  unfami l i a r  ra ts  or  mice  and  provid ing  a verbal  
de.scription of  the  social i n t e r ac t i on  b e t w e e n  pairs of  

t r ea ted  and u n t r e a t e d  animals.  However ,  th is  p rocedu re  
involves the  separa t ion  of  pa r tne r s  for  per iods  of  up to 24 
hours ,  t hus  ensur ing the  d i s rup t ion  (in th is  case shor t - t e rm 
social i so la t ion)  necessary  to p roduce  observab le  social 
behavior .  O the r  m e t h o d s  using social variables e i the r  
observe the  behav io r  of  t rea ted  rats  in uns tab le  groups  (e.g. 
[ 15] ) or  use g roup-housed  rats  bu t  neglect  to  s ta te  w h e t h e r  
famil iar  animals  are present  in the  tes t  se t t ing  (e.g. 
[20 ,211) .  

Some  recen t  m e t h o d s  of  measur ing  " soc i ab i l i t y "  
[19 ,21]  do  al low rats  to  be tes ted  in the  groups  in which  
they  have been  caged. C o n s e q u e n t l y  we can n o w  ascer ta in  
the  effects  of  g roup  ins tab i l i ty  on  social i n t e rac t ions  in 
t r ea ted  rats. In a previous  s tudy  [ 19] a dosage of  2 mg/kg  
m e t h a m p h e t a m i n e  was used to p roduce  an increase  in 
p s y c h o m o t o r  ac t iv i ty  bu t  no t  s t e r eo typed  behav io r  [2] in a 
group o f  famil iar  rats. This t r e a t m e n t  decreased  the  a m o u n t  
of  phys ica l  con tac t  and  af fec ted  social d is tances  wi th in  the  
group 3 0 - 4 0  rain a f te r  in jec t ion .  The  presen t  s tudy  investi- 
gates w h e t h e r  this  effect  is modi f ied  in any  way w h e n  the  
animals  are tes ted  in a g roup  size cons i s t en t  wi th  t ha t  in 
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which  they  were caged, bu t  of  an uns tab le  cons t i tu t ion .  Use 
of  several dose levels was p rec luded  by  the  n u m b e r  of  
animals  available. However,  while the  des i rabi l i ty  of such 
p rocedures  is acknowledged ,  the  exped ien t  app l ica t ion  of  a 
single typical  dosage to invest igate  a specific social param- 
eter  or  a new m e t h o d  [ 13, 14, 19] may  be just i f ied.  

M E T H O D  

Animals 

The animals  were 28 male h o o d e d  rats  of the  New 
Zealand Black and White  Strain  derived f rom animals  
originally ob ta ined  f rom the  Otago Univers i ty  Breeding  
Centre .  These weighed 1 5 0 - 2 0 0  g at the  t ime  of the  experi-  
m e n t  and were selected f rom an expe r i m en t a l  s tock of 63 
rats. All were housed  in cons t an t  groups of 7 for  a m o n t h  
before  the  e x p e r i m e n t  began.  Food  and wate r  were freely 
available and the  animals  were ma in t a ined  on  a reversed 
f i g h t - d a r k  schedule.  Two of  the  groups  were re ta ined  in tac t  
dur ing  tes t ing  and  served as con t ro l s  for the  uns tab le  group 
condi t ions .  The two  uns tab le  groups  were.  ob t a ined  by  
r a n d o m l y  select ing 2 rats  f rom each of  the  r emain ing  seven 
groups  immedia t e ly  before  tes t ing  to fo rm two groups  of 7 
animals  in which  all animals  were unfami l i a r  to  each  o ther .  

Apparatus 

The appara tus  used has previously  been  descr ibed in 
detai l  e lsewhere [ 1 9 ] .  Briefly,  however ,  it consis ted of  a 
circular  open  field of  1.2 m d iamete r  wi th  an enclosing wall 
0.4 m high. The  f loor  and  walls of  this  were pa in ted  b r o w n  
and  whi te  pa in ted  lines divided the  f loor  in to  49 n u m b e r e d  
sect ions  of  equal  area and a p p r o x i m a t e l y  equivalent  shape. 
I l lumina t ion  was provided by  four  40 W f luorescen t  lamps 
placed a round  the  pe r ime te r  bu t  1 m above  the  field. 
Pho tog raphs  were t aken  manua l ly  by  an observer  s i tua ted  
above the  field using a 35 m m  camera  and e lec t ron ic  flash. 
The flash did no t  appear  to  d i s turb  the  animals '  activities.  

Procedure 

Test ing was carried ou t  be t w een  2 p.m. and 3 p.m. The 
rats in the  first s table  g roup  were in jected wi th  the  same 
dosage of  m e t h a m p h e t a m i n e  as used in our  previous  s tudy  
(2 mg/kg  i.p.) and were placed individual ly  in 18 x 18 x 18 
cm ho ld ing  cages for  30 rain pr ior  to  testing. Similarly,  the  

second stable group was in jec ted  wi th  an equiva lent  vo lume  
of  i so tonic  saline and  placed in ho ld ing  cages for 30 min  
before  test ing.  Members  of  the  uns tab le  groups  were t aken  
f rom the i r  h o m e  cages, in jected wi th  m e t h a m p h e t a m i n e  or 
saline and,  as wi th  the  s table groups,  were placed in ho ld ing  
cages for 30 min  before  testing. 

Each group was t hen  placed in the  open  field and 
al lowed to roam freely for  1 min,  af ter  which  t ime  p h o t o -  
graphs  were t aken  every 30 sec for  a 10-min period.  In this  
way, 20 p h o t o g r a p h s  of  the  d i s t r i bu t ion  of each group were 
ob ta ined .  The d i f fe rences  in the  fur markings  of each rat  
proved to be dis t inct ive  enough  for the  individual  recog- 
n i t ion  of  each rat. 

Analysis 

The pos i t ion  of  each an imal  was no t ed  for  each of  the  
20 pho tographs .  Three  social measures  were t hen  ob ta ined  
for each animal  in each pho t og r aph .  The first two measures  
were of  the  average d is tance  of each animal  f rom each of  its 

g r o u p m a t e s ,  calculated f rom the  mid-po in t s  of each 
occupied  segment .  A l inear d is tance  measure  [1, 8, 11] 
involved ca lcu la t ion  of  the  shor tes t  d is tances  be tween  each 
rat  and  every o the r  in the  group.  Using th is  measure  there  
was a m a x i m u m  n u m b e r  of  6 segments  be tween  a pair of 
rats (1 .03 m b e t w e e n  midpoin t s ) .  However  the  use of a 
l inear  measure  provides  a d i s tor ted  p ic ture  of  the  dis t r ibu-  
t ion  of  animals  since ra ts  show wall-hugging behav ior  in the  
open  field [ 171. There fore  the  c o n v e n t i o n  adop ted  for the  
second dis tance  measure  was to regard the  d is tance  b e t w e e n  
two  rats in pe r ime te r  segments  as be ing  the  shor te r  d is tance  
be tween  the  two,  as calculated b e t w e e n  m i d p o i n t s  a round  
the  per imeter ,  a l lowing a m a x i m u m  dis tance  of 12 segments  
(1.68 m b e t w e e n  m i d p o i n t s  of  segments  a round  the  
c i rcumference  of  the  field). The d is tance  b e t w e e n  a rat  in 
the  inner  segments  of  the  field and a n o t h e r  in a segment  on 
the  pe r ime te r  was calculated as the  l inear  d is tance  be tween  
the  two,  since there  is no evidence to suggest t ha t  the  
center  rat  will move to the  pe r ime te r  at any  par t icu lar  
poin t .  The  c o n v e n t i o n  adop ted  does provide an increase in 
the  sensi t ivi ty of  social d is tance  measures  which  are usually 
conf ined  to a relat ively small  area, in t ha t  the  range of 
possible d is tances  is increased f rom the  d i ame te r  to nearly 
half  the  c i r cumference  of  the  field (since m i d p o i n t s  of  
ou te r  segments  are used the  m a x i m u m  dis tance  is, in fact,  
5 /6~r) .  

Final ly,  a p r o x i m i t y  measure  was ob ta ined  by coun t ing  
for  each rat  in every p h o t o g r a p h  the  n u m b e r  of  animals  
wi th  which  it was in physical  contac t .  This is p r o b a b l y  the  
mos t  power fu l  measure  of  the  three  used here,  in tha t  it is 
no t  k n o w n  how close a rat  mus t  be to a n o t h e r  before  it is a 
re levant  s t imulus  in a dynamic  group s i tua t ion  such as tha t  
produi~ed b y  the  present  m e t h o d  [17 ] .  

R E S U L T S  

The med ian  values for each cond i t ion  and the  probabi l i -  
ties associated wi th  be tween-g roup  compar i sons  are shown  
in Table  1. These medians  were ob ta ined  f rom the mean  
f requencies  of  the  n u m b e r  of  animals  each animal  was 
found  to be in con tac t  wi th  and the mean  social d is tance  
b e t w e e n  each animal  and every o the r  rat  over the  20 pho to -  
graphs. A non -pa rame t r i c  mode  of  analysis  was adop ted  
since the  p e r i m e t e r - d i s t a n c e  measure  can on ly  be regarded 
as ordinal .  All probabi l i t ies  were derived f rom the  Mann-  
Whi tney  U test. 

A l though  group ins tabi l i ty  did no t  have a s ignif icant  
effect  on  the  a m o u n t  of  physical  con tac t  unde r  the  saline 
condi t ions ,  the  m e t h a m p h e t a m i n e - t r e a t e d  uns tab le  group 
showed s ignif icant ly  less con tac t  t han  the  s table drug- 
t rea ted  group.  Bo th  m e t h a m p h e t a m i n e  groups had signifi- 
cant ly  less b o d y  con tac t  t han  the i r  controls .  

The dis tance measures  d e m o n s t r a t e d  ident ical  effects.  
A l t h o u g h  the  median  in ter- individual  d is tances  were 
lowered by m e t h a m p h e t a m i n e  in b o t h  cases for the  s table  
group,  no signif icant  effect  on  e i the r  measure  was shown  
for  the  uns tab le  group.  On b o t h  dis tance  measures  the  
sal ine- t reated uns tab le  group had a s ignif icant ly  lower  inter-  
an imal  d is tance  t han  its s table coun te rpa r t .  This observa- 
t ion  was reversed, however ,  in the  m e t h a m p h e t a m i n e  
groups  on  the  pe r imete r  d is tance  measure.  

DISCUSSION 

These results  suppor t  the  c o n t e n t i o n  tha t  group insta- 
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TABLE 1 

MEDIAN VALUES FOR EACH CONDITION AND THE PROBABILITIES ASSOCIATED WITH 
BETWEEN-GROUP COMPARISONS (MANN-WHITNEY U TEST, TWO-TAILED). OBTAINED 
FROM THE AVERAGE SOCIAL DISTANCE AND AVERAGE NUMBER OF ANIMALS IN 

CONTACT PER PHOTOGRAPH. 

Measure Saline Methamphetamine p 

Proximity 

Stable 0.95 0.40 0.002 

Unstable 0.90 0.25 0.002 

p NS 0.02 

Linear Distance (cm) 

Stable 60.98 55.47 0.004 

Unstable 55.28 56.62 NS 

p 0.002 NS 

Perimeter Distance (cm) 

Stable 70.78 60.94 0.002 

Unstable 63.20 63.27 NS 

p 0.002 0.04 

bility can influence reaction to drugs in a social setting 
[22] and extend this to social responses. 

For the proximity measure, group instability accentu- 
a'Led the response to methamphetamine, even when there 
was no observable difference in contact behavior between 
stable and unstable groups in the placebo condition. Rats 
treated with methamphetamine in the unstable group were 
significantly less sociable on the contact measure than those 
irL the stable drug condition. 

Overall, the observed behavior of the treated animals is 
compatible with previous findings [ 15,20] which show that 
amphetamine increased locomotor  activity and disturbed 
the contact behavior of groups of rats treated with a similar 
dosage to that used in the present study. For instance, Tikal 
and Bene~ov~ [20] found that 1.25 mg/kg amphetamine 
increased the number of  active/contact postures while 2.5 
and 5 mg/kg increased the number of  active/isolated 
postures. However, because of serious differences or 
omissions in procedural descriptions it is difficult to gen- 
eralise further between the two studies. Generally, in 
studies investigating the effects of amphetamine on social 
behaviors [3, 15, 16] animals are unfamiliar in the test 
situation, so that no comparison with the stable social 
condition of  the present study is permitted, and frequently 
animals have been housed individually which provides 
greater variability in the drug response [6,7]. The work 
which should allow useful comparison with the present 
results [20,21 ] used rats of both sexes with no reference to 
how these were grouped in the experiment or analysis [20] 
or "monosexual"  groups with no information regarding the 
possible influence of  sex differences on the results obtained 
[5, 6, 9]);  "female animals tend to be more reactive than 
males" [6]. 

On the social distance measures group instability 
obscured the effects of  methamphetamine which were 
observed in the stable group. To clarify this statement it is 
instructive to observe the effects of instability on the 
spatial behavior of  the saline controls. For both social 
distance measures the unfamiliarity of group members 
significantly decreased the distance between them. But this 
did not occur for the rats treated with methamphetamine. 
On the linear distance measure there was no significant 
difference between the stable and unstable groups, while on 
the perimeter distance measure the unstable group was 
significantly more dispersed, or socially isolated, than the 
stable group. 

Both the contact and perimeter measures in this study 
produced results consistent with those obtained previously 
with a stable group of  rats [19] in that this typical dosage 
of methamphetamine not only decreased social contact but 
also reduced social distances. In contrast to our earlier 
s t udy ,  however, methamphetamine decreased inter- 
individual social distances rather than increased them, as 
was previously the case. The difference can probably be 
attributed to the greater huddling behavior of the saline 
controls in the earlier study [ 19]. Since these animals were 
of  a different strain and younger than those used here this 
is not a surprising result. Even so, the lack of reliability in 
the direct distance measure supports the view that social 
distances are best calculated in terms of the animals' natural 
spatial behavior. In the open-field situation groups of rats 
prefer the perimeter segments [ 12,17 ] and, where square or 
rectangular fields are used (e.g. [12, 15, 19, 20]), the 
corner areas. Position preferences may also be influenced by 
cage dimensions and the shape and size of the field [ 18 ]. 

One other important aspect of the results concerns the 
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differ ing ou t comes  for the contac t  and social dis tance 
measures.  First ly,  group instabil i ty decreased social dis tance 
but  not  contac t  behavior  in the  placebo group. Secondly,  
m e t h a m p h e t a m i n e  decreased con tac t  behavior  but  also 
decreased social distance in the  stable group. 

The first d i f ference  can probably  be explained by the 
unfamil iar i ty of  the animals which p r o m o t e d  a slight inter- 
animal exp lora to ry  response  and thus  a shor ter  social 
distance. The unfamil iar  cont ro l  animals may have explored 
the novel env i ronment  less than  they  would have in the  
presence of  cagemates;  that  is, the stable group only experi- 
enced envi ronmenta l  novel ty.  

The second d i f ference  ( the  oppos i te  effect  of  meth-  
amphe tamine  on  contac t  and social distance measures)  is 
no t  as easily explained.  The effect  cannot  be a t t r ibuted  to 
increased center  occupancy  [19] since b o t h  per imeter  and 
direct  distances decreased.  Me thamphe t amine  perhaps  
decreased contac t  behavior  in familiar animals but increased 
sensitivity to the less ex t reme  social index,  that  of  inter- 
animal distance. This would seem reasonable f rom previous 
results [20] showing a lower dosage than  that  used here to 

increase social contac t  but  a higher dosage to increase 
act ive/ isolated responses.  The behavior  of  the  rats in the 
present  s tudy  could represent  a middle  stage in the social 
effects  of  m e t h a m p h e t a m i n e ,  when  the animals have 
decreased their  con tac t  behavior  but are still socially inter- 
ested,  this being ref lected in the lower inter-animal distance. 

Consequent ly ,  despi te  earlier repor ts  of  a high correla- 
t ion be tween  contac t  and social dis tance [11] the two 
measures should be considered separately.  While physical  
contac t  can be regarded as the pr imary index of sociability 
it is necessary to discover the d i f ferent  proper t ies  of  the 
two  measures which allow them to vary i ndependen t ly  after 
drug adminis t ra t ion.  

Finally it is evident  that  the use of  socially unstable 
groups did modi fy  the effect  of  m e t h a m p h e t a m i n e  on 
social behavior.  Studies investigating the effects  of  drugs on 
social responses  should,  therefore ,  be aware of the influence 
of  this variable in the in te rpre ta t ion  of  results. The incorpo-  
rat ion of  bo th  socially stable and unstable groups should be 
helpful  when de te rmin ing  the broad social effect  o f  drugs 
on behavior. 
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