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-Aversion to d-amphetamine solutions in a two-bottle amphetamine vs. water test increased as the concentration of 
d-amphetamine was increased. Initial exposure to a high concentration (0.5 mg/cc) of d-amphetamine resulted in a 
subsequent aversion to a low concentration (0.001 mg/cc). An aversion to a 0.1 mg/cc d-amphetamine solution was rapidly 
acquired even when the alternative solution was a nonpreferred bitter quinine solution. Significantly, the quinine solution 
continued to be consumed even when the amphetamine solution was replaced with water. The results were discussed in 
terms of a learned aversion to amphetamine. 

d-Amphetamine Oral self-administration Learned aversion 

RAT 'S  se l f -adminis ter  a m p h e t a m i n e  by  in t r avenous  injec- 
t ion  [2] bu t  reject  a m p h e t a m i n e  w h e n  given t he  o p p o r t u -  
n i ty  for  oral se l f -admin i s t r a t ion  [ 1 , 4 ] .  One  purpose  of  this  
inves t igat ion was to s tudy  the  s ignif icance of  a m p h e t a m i n e  
c o n c e n t r a t i o n  in the  re jec t ion  of  a m p h e t a m i n e  so lu t ions  in 
an oral self-select ion s i tua t ion .  Eva lua t ion  o f  a wide  range 
of  a m p h e t a m i n e  c o n c e n t r a t i o n s  seemed useful  since the  
on ly  s tudy  in which  c o n c e n t r a t i o n  was varied e m p l o y e d  bu t  
a two-fo ld  range in c o n c e n t r a t i o n .  In a second  e x p e r i m e n t ,  
a n o n p r e f e r r e d  qu in i ne  so lu t ion  was of fe red  as the  a l terna-  
tive choice  to  an a m p h e t a m i n e  so lu t ion .  Re jec t ion  of  the  
a m p h e t a m i n e  so lu t ion  in th is  s i tua t ion  would  requi re  the  
rat  to  ingest the  unpa l a t ab l e  qu i n i ne  so lu t ion .  This  arrange- 
m e n t  provided an  o p p o r t u n i t y  to  gauge the  s t r eng th  o f  the  
re jec t ion  of  a m p h e t a m i n e  solut ions .  

EXPERIMENT 1 

Animals 

F o r t y  naive, male,  Sprague-Dawley rats, a p p r o x i m a t e l y  
110 days  old at t he  s tar t  o f  test ing,  were used t h r o u g h o u t  
the  expe r imen t .  T he  rats  were m a i n t a i n e d  in individual  
cages in a t e m p e r a t u r e -  (72  ° *- 4°F) ,  h u m i d i t y -  (60% ± 5%), 
and i l lumina t ion-  ( 12-hr light,  12-hr dark)  con t ro l l ed  room.  
Pur ina  lab pel le ts  were a lways available in wire feeders  
a t t ached  to the  ou t s ide  of  the  cage. 

Procedure 

The  rats were r a n d o m l y  divided in to  four  g roups  of  10 
each. A s tandard  t w o - b o t t l e  choice  p rocedure  was used in 
which  b o t t l e  pos i t ions  were changed  daily. In takes  were 
recorded  to the  nearest  1/10 g unco r r ec t ed  for  spillage. 
Es t ima tes  of  spillage f rom bo t t l e s  placed o n  e m p t y  cages 
averaged less t han  0.5 g. d - A m p h e t a m i n e  HCL (K and K 
Labora tor ies ,  Jamaica ,  N.Y.) was used in the  p repa ra t ion  of  
the  a m p h e t a m i n e  solu t ions .  The  a m p h e t a m i n e  so lu t ions  
were p repared  by  the  add i t i on  of  a m p h e t a m i n e  to tap  wa te r  
and  the  a l t e rna t ive  so lu t ion  avai lable was tap water .  Over  
the  first 10 days  ( l - t 0 )  of  p re fe rence  tes t ing  each of  the  
g roups  was of fered  one  of  the  four  a m p h e t a m i n e  so lu t ions  
vs. water.  The  four  a m p h e t a m i n e  c o n c e n t r a t i o n s  were:  0.5 
mg/cc,  0.1 mg/cc,  0.01 mg/cc  and  0.001 mg/cc.  Fo r  Days 
1 1 - 1 8  t he  0.5 mg/cc,  0.1 mg/cc  and the  0.01 mg/cc  g roups  
were all o f fe red  the  0.01 mg/cc  a m p h e t a m i n e  vs. wate r  
choice.  Final ly ,  for  four  days ( 1 9 - 2 2 )  the  two groups  
original ly of fe red  the  0.5 mg/cc  and 0.1 mg/cc  a m p h e t a -  
mine  so lu t ions  were p re fe rence  tes ted  wi th  the  0.001 mg/cc  
a m p h e t a m i n e  so lu t ion  vs. water.  

Results 

The  pre fe rence  tes t ing  results  are s h o w n  in Fig. I. Not  
surpris ingly,  the  in take  of  the  a m p h e t a m i n e  so lu t ions  

t This study was su'pported in part by Veterans Administration Research Project No. 1284-01. 
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FIG. 1. Means and standard errors of amphetamine to water ratios in two-day blocks. On Days 11 --18 the original 0.001%, 
0.01%, and 0.05% groups were switched to 0.001% amphetamine vs. water. On Days 19-22 the original 0.01% and 0.05% 

groups were switched to 0.0001% amphetamine vs. water. 

decreased as the  c o n c e n t r a t i o n  of  the  a m p h e t a m i n e  solu- 
t ion  increased (F = 40.1 ,  d r =  3, 36,  p < 0 . 0 1 ) .  F u r t h e r m o r e ,  
over  days the  in take  of  the  th ree  highest  c o n c e n t r a t i o n s  of  
a m p h e t a m i n e  decreased and  at a p p r o x i m a t e l y  the  same 
rate. 

This result  is cons i s ten t  wi th  a previous  repor t  [4] which  
showed  tha t  in take  of  a m p h e t a m i n e  so lu t ions  decreased 
wi th  repeated  imbib i t ion .  A l though  a fo rced-dr ink ing  pro- 
cedure  was c o m b i n e d  with a self-select ion p rocedure  in the  
previous  repor t ,  this  s tudy  showed tha t  the  self-select ion 
a lone was suff ic ient  to d e m o n s t r a t e  an acquired aversion to 
a m p h e t a m i n e  solut ions.  Also, Fig. l shows tha t  exposure  to 
higher  a m p h e t a m i n e  c o n c e n t r a t i o n s  marked ly  enhanced  
re jec t ion  of  lower a m p h e t a m i n e  concen t ra t ions .  This  result  
was most  d rama t i c  for  the  0.5 mg/cc  group  which  displayed 
a clear-cut aversion to even the  0.001 mg/cc  a m p h e t a m i n e  
solut ion.  

EXPERIMENT 2 

Animals  

T w e n t y  naive, male,  120 140 day old Sprague-Dawley 
rats were used. The  hous ing  a r r angemen t s  were the  same as 
in E x p e r i m e n t  1. 

Procedure 

The  rats were divided into two groups  of  10 each.  Again,  
d - a m p h e t a m i n e  HCL was used for  p repa ra t ion  of  the  
a m p h e t a m i n e  so lu t ions  and qu in ine  d i hyd r och lo r i de  
( G o t h a m  Pharmaceut ica ls ,  Brook lyn ,  N.Y.) was used for  
p repa ra t ion  of  the  qu in ine  solut ions .  The  same two-bo t t l e  
choice  preocedure  was used. First,  one  group  ( Q - D )  was 
offered a choice be tween  0.1 mg/cc d - a m p h e t a m i n e  vs. 0.05 
mg/cc qu in ine  d ihydroch lo r ide  for 12 days. The  qu in ine  
so lu t ion  was selected on the  basis of  a pi lot  invest igat ion 
which  indica ted  tha t  this  c o n c e n t r a t i o n  was init ially non-  
preferred relative to the  0.1 mg/cc  a m p h e t a m i n e  solut ion.  
F rom Days 13--30 this  g roup  as well as a previously 
un tes ted  group  (Q. W) were of fered  a choice  be t ween  the  
0.5 mg/cc qu in ine  so lu t ion  vs. water.  

Resul t s  

The  preference  tes t ing  results for E x p e r i m e n t  2 are 
presen ted  in Fig. 2. The  acqui red  aversion to the  0.1 rag/co 
a m p h e t a m i n e  so lu t ion  is clearly evident  in Fig. 2. Init ial ly,  
the  rats showed a clear-cut preference  for  the  a m p h e t a m i n e  
so lu t ion  but  rapidly acquired an aversion relative to the  
qu in ine  solut ion.  More i m p o r t a n t l y ,  when  subsequen t ly  
offered a choice  be tween  wate r  and the  0.05 mg/cc  qu in ine  
so lu t ion  over  Days 13--30,  the  preference  for  the  qu in ine  
so lu t ion  remained .  The  group which  was not  exposed to the  
a m p h e t a m i n e  so lu t ion ,  however ,  d isplayed an a lmost  com- 
plete re jec t ion of  the  qu in ine  so lu t ion .  The  d i f ference  in 
qu in ine  in take  be tween  the  two  groups  was highly signifi- 
cant  s tat is t ical ly (F = 46.6 ,  d r =  1, 18, p<  0.01).  

I)[SCUSSION 

The  first s tudy  showed tha t  a m p h e t a m i n e  so lu t ions  over  
a 500-fold  range in c o n c e n t r a t i o n s  were e i ther  aversive or 
were neutra l .  Signif icant ly ,  the  aversiveness of  the  amphe t a -  
mine  so lu t ions  increased wi th  repeated  exposure .  Fur ther -  
more ,  repeated  exposure  to  the  higher  a m p h e t a m i n e  con- 
cen t r a t i ons  appeared  to sensit ize the  rats to the  tas te  of 
a m p h e t a m i n e  since exposure  to the  0.5 mg/cc  so lu t ion  
resulted in the  subsequen t  re jec t ion  of  the  0.001 rag/co 
solut ion.  Thus ,  r a ther  t han  acc l imat ion  wi th  a m p h e t a m i n e  
one  observes  sens i t iza t ion .  This  type  of  effect  is not  un ique  
to a m p h e t a m i n e  since o the r  invest igators  [ 5 ] have observed 
a similar effect  wi th  o the r  aversive solut ions.  In previous  
studies,  however ,  a forced-dr inking  p rocedure  was used 
which resul ted in fluid and food depr iva t ion  be ing  associ- 
a ted wi th  the  tas te  of  the  aversive so lu t ion .  

Tile results  of  the  second e x p e r i m e n t  can be readily 
in te rp re ted  in a learned aversion f r amework  [ 3 ] .  Briefly, 
the  pos t inges t iona l  consequences  of  imb ib i t i on  o f  the  
a m p h e t a m i n e  so lu t ion  resulted in the  aquis i t ion  of  an 
aversion to the  taste  of  tile a m p h e t a m i n e  solut ion.  In 
cont ras t ,  imb ib i t i on  of the  dis t inct ly  d i f ferent  qu in ine  
so lu t ion  is not  associated wi th  the  aversive consequences  of  
the a m p h e t a m i n e  so lu t ion  and the re fo re ,  the  rat learns tha t  
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FIG. 2. Means and standard errors of intakes of test solutions in two-day blocks. The triangles designate the group only offered 
the quinine vs. water choice. 

the  qu in ine  is the  safe so lu t ion .  The  pers i s ten t  inges t ion  of  
the  qu in ine  so lu t ion  when  wate r  is subs t i t u t ed  for  the  
a m p h e t a m i n e  so lu t ion  shows  tha t  tas te  fac tors  a lone  do  no t  
d e t e r m i n e  choice  in this  s i tua t ion .  Ra ther ,  it appears  t ha t  it 

is s impler  for  the  rat  to  de tec t  the  presence  of  the  safe 
qu in ine  so lu t ion  tha t  the  absence  of  a m p h e t a m i n e  f rom the  
a m p h e t a m i n e  tap-water  so lu t ion .  
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