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COLE, S. O. Interaction of arena size with different measures of amphetamine effects. PHARMAC. BIOCHEM. BEHAV. 
7(2) 181-184,  1977. - The effects of d-amphetamine (0.0, 0.5, 1.0, 2.0 mg/kg) on feeding and activity of male Holtzman 
rats were investigated in 3 different size test arenas. Differences in the size of arenas significantly altered the drug's effect 
on ambulatory activity, but not on feeding or rearing. Also, differences in the size of arenas significantly altered the 
interrelationship (correlation) of amphetamine's effects on feeding and ambulatory activity, but not the interrelationship 
of the drug's effects on feeding and rearing. These findings suggest that test arena size differentially influences different 
general measures of amphetamine effects as well as differentially affecting the interrelationship of amphetamine effects. 
The importance of the interrelationship (correlation) data to the potential incomparability of the drug's effects is briefly 
considered. 
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WHILE THE feed ing-depressan t  and  m o t o r - s t i m u l a t i n g  ef- 
fects  of  a m p h e t a m i n e  are well d o c u m e n t e d  [2,  3, 4 ] ,  the  
i m p o r t a n c e  of  e x p e r i m e n t a l  c o n d i t i o n s  to  the  m e a s u r e m e n t  
of  these ef fec ts  r emains  unclear .  

In o rder  to d e t e r m i n e  the  i m p o r t a n c e  of appa ra tus  
d i f ferences  to  the  m e a s u r e m e n t  of  d rug- induced  changes  in 
behavior ,  the  p resen t  s t udy  invest igates  the  ef fec ts  of  
a m p h e t a m i n e  on  food  c o n s u m p t i o n ,  rear ing,  and  ambula -  
tory  act ivi ty  in three  d i f f e ren t  size tes t  arenas.  The specific 
objec t ives  of  the  s tudy  are: (1)  to d e t e r m i n e  the  impor -  
tance  of  a rena  size to  the  general  e f fec ts  of  a m p h e t a m i n e  
on  feeding and  ac t iv i ty ;  and  (2)  to  d e t e r m i n e  the  impor -  
tance  of  a rena  size to  the i n t e r r e l a t i onsh ip  ( co r re l a t ion )  of 
a m p h e t a m i n e - i n d u c e d  changes  in feeding and  act ivi ty.  The 
second  of  these  object ives  assesses the  p o t e n t i a l  for  
a m p h e t a m i n e ' s  depress ion  of  feeding being due to the  
drug 's  i n c o m p a t i b l e  ( c o m p e t i n g )  h y p e r m o t i l i t y  ac t ion ,  a 
view tha t  has  been  p roposed  by Car l ton  [1] and  by Lyon  
and  R o b b i n s  [ 5 ] .  

METHOD 

Animals and Apparatus 

Thi r ty  adul t ,  male  H o l t z m a n  rats  ( 3 0 0 - 4 5 0 g )  were 
used. They  were housed  indiv idual ly  u n d e r  s t anda rd  labo-  
r a to ry  c o n d i t i o n s  and,  excep t  when  o therwise  specif ied in 
the p rocedure ,  had  ad lib access to  Pur ina  l a b o r a t o r y  chow 
and  water  in the  h o m e  cage. 

Three  d i f fe ren t  size tes t  arenas,  c o n s t r u c t e d  of  p lywood ,  
were used.  The  small  a rena  (S) was 20 x 20 cm and  
p e r m i t t e d  very l imi ted  l o c o m o t i o n .  The  m e d i u m  size a rena  
(M) was 40  × 4 0 c m ,  and  the  large a rena  (L)  was 80 x 

80 cm. With the  use of  f loor  mark ings  the M arena  was 
divided in to  4 squares  and  the L arena  divided in to  16 
squares,  wi th  each square  equal  in area to the  to ta l  area of  
the S arena.  The walls of  all three  arenas were a un i fo rm 
30 cm in he ight .  A plast ic  food  cup,  f i rmly a t t a ched  at 
f loor  level to the midd le  of  a c o m m o n  wall of each  arena,  
p e r m i t t e d  free access to food.  F luo rescen t  l ight ing direct ly  
above the  tes t ing area p rov ided  un i fo rm  i l lumina t ion  of  the  
arenas.  

Pro ce du re 

Init ial ly,  the  30 animals  were assigned r a n d o m l y  to one  
of the  three  tes t  arenas.  Fo l lowing  such ass ignment ,  the  10 
animals  in each arena were admin i s t e red  two 30-rain 
a d a p t a t i o n  sessions fo l lowing 24 hr  food  depr iva t ion ,  sepa- 
ra ted  by three  days. Dur ing a d a p t a t i o n  sessions, the  animals  
were p e r m i t t e d  to  eat  freely 45 mg precis ion food  pellets  
placed in the  food  cup.  

All animals ,  in the i r  respect ive arenas,  were then  
admin i s t e red  four  30-min  drug tes t  sessions (0.0,  0.5,  1.0, 
2.0 mg/kg ,  IP d - a m p h e t a m i n e  SO, in 1 ml /kg  0.9% NaC1) 
fo l lowing 24 h r  food  depr iva t ion ,  wi th  the  order  of  drug 
dose r a n d o m l y  assigned to the animals  over sessions. Three  
to five days separa ted  each of  the  drug test  sessions. F o o d  
c o n s u m p t i o n  was measu red  by placing 300  precis ions  
pel lets  in the  food  cup at the beg inning  of  the  test ,  
c o u n t i n g  the n u m b e r  remain ing  at the  end  of  the test ,  and 
tak ing  the d i f fe rence  (co r rec ted  for  spillage) as the  n u m b e r  
of  pel lets  ea ten .  In the  S arena,  act ivi ty was measu red  only  
in t e rms  of  the  n u m b e r  of  discrete  rearings (regardless of  
dura t ion) ,  as the appara tus  con f ined  the  animals  to the area 
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FIG. 1. Mean number of pellets eaten (panel A), mean number of discrete rearings (panel B), and mean number of squares 
entered (panel C) by animals in small (S), medium (M), and large (L) test arenas under different d-amphetamine dose 
conditions. Drug doses were assigned randomly to animals over four 30-min test sessions, and values are expressed as 

percentage of control (saline vehicle) level. 

of a single square. In the M and L arenas, activity was three recorders  of activity was high (r = .964). 
measured  bo th  in te rms of  the number  of  discrete rearings The testing procedure  for any one animal was as follows. 
and n u m b e r  of squares entered .  Hand counte r s  were used to The animal, after  having been food deprived for  24 hr, was 
record activity data,  and the inter judge reliability of the removed  f rom the home  cage, weighed,  and injected with 
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the appropr ia te  dose of  d-amphetamine .  Thir ty  rain later, 
the animal was placed in the appropr ia te  arena, in f ront  of  
and facing the food cup, to begin the 30-min test session. 
Upon  comple t ion  of  the session, the animal was re turned 
immedia te ly  to the home  cage to await  the nex t  session. 

RESULTS 

The effect  of  the different  doses of  d-amphetamine  on 
food consumpt ion ,  rearings, and squares entered by animals 
in the different  arenas is summar ized  in Fig. 1. Because 
baseline differences (0.0 mg/kg  dose) in the number  of 
squares entered  by the animals in the M and L arenas were 
present (mean values in M arena were 51.20, 79.80, 186.50, 
99.60 and in L arena were 1 5 3 . 9 0 , 2 3 0 . 6 0 , 3 2 3 . 0 0 , 2 9 7 . 0 0  
for 0.0, 0.5, 1.0, 2.0 mg/kg  doses, respectively),  all data in 
Fig. 1 are expressed and statistically analyzed (ANOVA)  as 
percentage of  cont ro l  (saline vehicle) level. 

Analysis of food  consumpt ion  data  yielded a significant 
Drug dose effect ,  F(2 ,54)  -= 80.39, p< 0.01, only.  Similarly, 
analysis of rearing data indicated a significant Drug dose 
effect ,  F(2 ,54)  = 21.33, p<0 .01 ,  but  no  other  significant 
sources of  variance. However ,  analysis of  the number  of  
squares entered by the animals indicated a significant Drug 
dose effect ,  F(2 ,36)  = 32.28,  p<0 .01 ,  a significant Arena 
effect ,  E(1,18)  = 9.20, p<0 .01 ,  and a significant Drug dose 
x Arena Interact ion,  F(2 ,36)  = 10,58, p<0 .01 .  Differences 
in the relative effect iveness of the 2.0 mg/kg  dose in the M 
and L arenas were of  major  impor tance  to the Drug dose × 
Arena Interact ion.  Half of the animals (5 /10)  in the M 
arena displayed periods of  mild s tereotypical  behavior 
( immobi l i ty  accompanied  by head and shoulder  bobbing)  
interspersed be tween  per iods of  ambula t ion  under  the 2.0 
mg/kg  dose, which con t r ibu ted  to the relative reduct ion  in 
the number  of squares entered  (t-test comparison of  1.0 
and 2.0 mg/kg  doses fol lowing A N O V A ;  t = 2.40, dr= 9, 
p<0 .05) .  Al though similar interspersed s tereotypical  epi- 
sodes were also observed with three animals in the L arena 
under  the 2.0 mg/kg  dose, the occurrence was not  of 
sufficient  f requency  or magni tude  to produce  a significant 
relative reduct ion  in ambula t ion  (t-test compar ison of 1.0 
and 2.0 mg/kg  doses fol lowing ANOVA) .  

In order  to de termine  the interrelat ionship of  the effects  
of  d -amphetamine  on feeding and on rearing and squares 

entered  in the different  arenas, individual and group 
(pooled)  drug-dose correlat ions of  feeding with measures of  
activity were calculated. These results are summarized in 
Table 1. The group drug-dose correlat ions of  feeding with 
rearing were significant (p<0 .01)  in all three arenas. In 
contrast ,  the group drug-dose correlat ion of  feeding with 
ambula tory  activity (squares en tered)  in the M and L arenas 
was statistically significant (p< 0.05) only in the lat ter  case. 
It is also of  interest  to note  that,  in general, the individual 
drug-dose correlat ions of  feeding with ambula tory  activity 
vary more markedly  than those of  feeding with rearing in 
the same arenas. This individual variat ion was due to the 
fact that,  with those animals demonst ra t ing  s tereotypical  
episodes under the 2.0 mg/kg dose, the drug-dose correla- 
tions of  feeding with ambula tory  activity were uni formly 
lower than was the case with animals who did not  
demonstra te  such episodes. 

DISCUSSION 

The results of  the present s tudy indicate that arena size 
differential ly influences the general effects  of  amphetamine  
on behavior.  Differences in arena size did not  significantly 
alter the dose-ordered depression of feeding by d-amphe- 
tamine or the dose-ordered increase in rearings produced by 
the drug. However ,  differences in the size of  the M and L 
arenas did have a significant effect  on drug-induced changes 
in ambula tory  activity,  as evidenced by the significant Arena 
effect  and significant Arena x Drug dose Interact ion.  Thus, 
under  the condi t ions  of the present study,  the impor tance  
of  arena size to the measurement  of  amphe tamine  effects  
appears to depend specifically upon the behavior  (ambula- 
tory activity) that is identified. 

The drug-dose correlat ion data also suggest that arena 
size differential ly influences the interrelat ionship of am- 
phetamine ' s  effects on feeding and activity. While the group 
drug-dose correlat ions of feeding with rearing were signifi- 
cant  in all three arenas, the group drug-dose correlat ion of  
feeding with ambula tory  activity was significant in the L 
arena but not  in the M arena. Differences in the f requency 
and magnitude of the s tereotypical  episodes observed with 
animals in the two arenas under the 2.0 mg/kg dose 
undoub ted ly  cont r ibuted  to these differences in the corre- 
lation of  feeding with ambulat ion.  Due to such a con- 
founding  of ambula t ion  and s tereotypy,  it is probably 

T A B L E  1 

SUMMARY OF INDIVIDUAL AND GROUP (POOLED) DRUG DOSE CORRELATIONS OF FEEDING WITH REARING (r) AND WITH AM- 
BULATORY ACTIVITY (a) IN SMALL (S), MEDIUM (M), AND LARGE (L) TEST ARENAS 

Individual Correlations Group r 

r .9983 .9927 -.5877 -.7228 .9622 .8298 .4982 .8470 -.9254 -.9282 .8292t 

a . . . . . . . . . . .  

M 
r .8751 .9158 -.7820 -.8270 -.9639 -.6828 -.7314 -.6221 -.5986 -.9335 -.7932t 

a -.3700 -.9332 -.4008 -.9076 -.2616 -.5089 .8201 -.5606 -.4207 -.6526 -.5836 

r .7925 -.8770 -.7306 .8711 -.6059 -.8060 -.8667 -.3007 -.9131 -.9927 -.7756t 

a -.3098 .7367 -.2512 -.5126 -.8573 -.2093 -.7168 -.8804 -.9428 -.9925 -.6409* 

*0.05 level of significance (df = 8). 
t0.01 level of significance (df = 8). 
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inappropr i a t e  to  conc lude  t ha t  these  co r re l a t ion  data  
r ep resen t  a t rue  assessment  of d i f fe rences  in the  in terre la-  
t ionship  of  a m b u l a t i o n  and  feeding.  However ,  the  inter-  
re la t ionship  of  such act iv i ty  wi th  feeding is, never the less ,  
less s table  wi th  d i f ferences  in the  M and  L arenas  t h a n  is the  
in t e r r e l a t ionsh ip  of rear ing wi th  feeding in the same arenas.  

The p resen t  co r re l a t ion  data  also have some relevance to 
the p roposed  view tha t  a m p h e t a m i n e ' s  depress ion  of  
feeding is due ma in ly  to the  drug 's  h y p e r m o t i l i t y  ac t ion  
which  p roduces  behav io r  t ha t  c o m p e t e s  wi th  feeding [ 1,5 ] .  
If one assumes tha t  s ignif icant  co r re l a t ions  ref lect  the  
po ten t i a l  for  such i n c o m p a t i b l e  effects ,  the  da ta  suggest 
tha t ,  u n d e r  c o n d i t i o n s  of  the  p resen t  s tudy ,  the  p o t e n t i a l  
for  the drug 's  e f fec t  on feeding being due to its c o m p e t i n g  

h y p e r m o t i l i t y  ac t ion  is u n i f o r m l y  high in the  case of  
rearing.  However ,  the po t en t i a l  for  the  h y p e r m o t i l i t y  ac t ion  
of the  drug c o m p e t i n g  wi th  feeding in the  case of  
a m b u l a t i o n  mus t  await  fu r the r  e x p e r i m e n t a t i o n  which  
more  clearly d i f fe rent ia tes ,  t han  does the  p resen t  s tudy ,  the  
a m b u l a t o r y  and s te reo typ ica l  ef fects  of the  drug. 
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