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D'MELLO, G. D., I. P. STOLERMAN, D. A. BOOTH AND C. W. T. PILCHER. Factors influencing flavour aversions 
conditioned with amphetamine in rats. PHARMAC. BIOCHEM. BEHAV. 7(3) 185-190, 1977. - Rats would not drink 
distinctively flavoured solutions after their previous ingestion had been followed by injection of amphetamine (1 mg/kg). 
In the same rats, intake of flavoured solutions followed by saline injections was not suppressed. Providing the rats with 
cues as to the location of flavoured solutions paired with amphetamine did not alter either the speed of development or the 
fina/ severity of the aversion. Neither increasing the interval between presentation of the flavour and injection of 
amphetamine, nor decreasing baseline drinking levels, altered the final degree of aversion. The aversion became 
progressively weaker as the dose of amphetamine was reduced, but it was detectable at doses as low as 0.1 mg/kg. Further 
decreases in dose did not enhance intake of flavours paired with amphetamine, even when combined with reductions in 
baseline drinking brought about by reduced fluid deprivation and flavour palatability. The results are discussed in relation 
to the conditions in which amphetamine has been shown to exhibit either rewarding or aversive properties. 

Amphetamine Flavour aversion Drug dependence CS-US interval 

ANIMALS with chronical ly implanted  venous catheters can 
be trained to press levers to obtain infusions of  certain 
drugs. According  to this cr i ter ion of  self-administrat ion,  a 
number  o f  psychoact ive  drugs can act as rewards. These 
drugs include,  for both  the rat and monkey ,  opioids [29] ,  
central  nervous system st imulants  [27, 28, 29] and 
barbiturates [ 16, 29, 34] .  However ,  there is evidence that  
drugs which are self-administered can also have aversive 
proper t ies  in o ther  circumstances.  For  example ,  Le Magnen 
[22] found a progressive decrease in the intake of  a 
dist inctively f lavoured food when its prior  consumpt ion  
was fo l lowed by inject ion of  amphetamine .  A decrease in 
intake was also found when amphe tamine  was added 
directly to the food [22,26] and similar results have been 
obta ined with oral intake of  solut ions of  amphe tamine  [8, 
15, 32] .  Aversive proper t ies  of  amphe tamine  have also been 
repor ted  with procedures  modif ied  f rom Garcia, Kimeldor f  
and Koell ing [14] .  In these exper iments ,  aversions to 
f lavoured solutions were induced by inject ing amphe tamine  
short ly after  the solutions were consumed [5, 9, 18, 24] .  
Flavour aversions have also been condi t ioned  with many 
o ther  psychoact ive  substances,  including opioids [7,21] 
and barbi turates  [33] .  The finding that  p re t r ea tmen t  with 
c~-methyl-para-tyrosine can block bo th  the deve lopment  of  
an aversion induced by amphe tamine  [18] and ampheta-  
mine self-administrat ion [ 11 ] suggests that  the aversive and 
rewarding proper t ies  of  amphe tamine  may  be media ted  by 
similar neurochemica l  systems. 

One approach to explaining why a drug may have bo th  

rewarding and aversive proper t ies  involves analyzing differ- 
ences be tween  the condi t ions  in which these effects  can be 
demonstra ted.  The present  series of  exper iments  assessed 
the possible impor tance  of  three of  these differences,  
namely  posi t ion preferences,  baseline intake and dose level. 
A prel iminary report  of  these exper iments  has been given 
previously [4] .  

Exterocept ive  stimuli paired with rewarding drugs can 
also serve as rewards, thus maintaining behaviour  which had 
previously been mainta ined by drug infusions alone [•7]. 
Thus, during self-administrat ion exper iments  animals may 
or ientate  themselves to a part icular  locat ion in their  
immedia te  envi ronment ,  such as that  of  the lever which 
delivers the drug infusion. Spatial cues were therefore  
included in the design of  one of  the exper iments .  

Secondly,  in most  f lavour aversion exper iments ,  the 
animals are severely deprived of  water.  Such animals then 
drink large amounts  during restricted periods of  access to 
highly palatable fluids such as saccharin solutions,  and these 
high intakes might obscure any further  increases which 
would otherwise be induced by a rewarding effect  of  the 
drug. It was thought  possible that  different  results might be 
obta ined if the baseline of  fluid intake was decreased by 
reducing the degree of  fluid deprivat ion and by decreasing 
the palatabil i ty of  the flavoured solution.  

Finally,  increasing the interval be tween the presenta t ion 
of  a f lavour (as condi t ioned  stimulus, CS) and inject ion of  
drug (as uncond i t ioned  stimulus, US) can a t tenuate  aver- 
sion [30] .  The intensi ty  of  f lavour aversions decreases with 
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T A B L E  I 

SUMMARY OF FLAVOUR-INJECTION SEQUENCES FOR A TYPICAL 
GROUP OF 4 RATS IN WHICH FLAVOURS USED WERE 'CHICKEN' 
AND 'LEMON' (SEE TEXT). DAYS 1 AND 3 REFER TO 1ST AND 3RD 
DAYS RESPECTIVELY OF EACH 4-DAY CYCLE. DISTILLED WATER 
WAS MADE AVAILABLE FOR 60 MIN ON DAYS 2 AND 4. HOWEVER, 
FLAVOURS WERE PRESENTED FOR ONLY 15 MIN AND THERE- 
FORE DISTILLED WATER WAS ALSO PRESENTED ON DAYS 1 AND 

3, FOR 45 MIN 

Day 1 Day 3 

Rat Flavour Injecton Flavour Injection 

1 Chicken Saline Lemon Amphetamine 

2 Chicken Amphetamine Lemon Saline 

3 Lemon Saline Chicken Amphetamine 

4 Lemon Amphetamine Chicken Saline 

lower  doses of  a m p h e t a m i n e  [6, 10, 2 4 ] .  Hence,  l eng then-  
ed C S - U S  intervals  and  very low doses of a m p h e t a m i n e  
were used in a t t e m p t s  to c o n d i t i o n  increased in takes  of  
f lavoured  so lu t ions  paired wi th  the  drug. 

METHOD 

Animals 

Male, h o o d e d  rats  b red  in the  D e p a r t m e n t  of  Psycho-  
logy, Univers i ty  of  B i rmingham,  and  weighing 2 0 0 - 3 0 0  g 
were used. T h r o u g h o u t  the  e x p e r i m e n t s  all rats  were kep t  
in a r o o m  m a i n t a i n e d  at  a b o u t  22°C and wi th  a regular  
l ight-dark cycle ( l ight f rom 08 .00  h r - 2 0 . 0 0  hr).  

Drugs 

( + ) - A m p h e t a m i n e  su lpha te  (Smi th ,  Kline and F r e n c h  or 
K. and K. Labora to r ies )  was dissolved in i so ton ic  saline and  
in jec ted  i n t r ape r i t onea l ly  in a vo lume  of 1.0 ml /kg  b o d y  
weight.  

F lavoured  so lu t ions  adap ted  f rom previous  work  [3 ,23]  
were p r epa red  by  dissolving sod ium chlor ide ,  m o n o s o d i u m  
g lu tamate ,  citric acid,  sod ium sacchar in  or qu in ine  
h y d r o c h l o r i d e  (all f r om B.D.H. Chemicals ,  Poole ,  Dorse t ) ,  
in dist i l led water .  

General Procedure 

The p r o c e d u r e  was modi f i ed  f rom Cappel l  and LeBlanc 
[5] to  involve d i sc r imina t ion  b e t w e e n  two flavours.  Rats  
were h o u s e d  indiv idual ly  in cages to  which  were a t t a c h e d  
two  ca l ib ra ted  d r ink ing  tubes ,  one  e i the r  side of  the  food  
hoppe r .  Two weeks a f te r  the  rats  arrived in the  l abo ra to ry ,  
access to  wate r  was res t r ic ted  to one  h r  per  day 
( 1 0 . 0 0 - 1 1 . 0 0  hr) .  All ra ts  r ema ined  on th is  reg imen  for 10 
days before  the  first occas ion  on  which  f lavours  were 
presented .  Fluids were always p re sen ted  on  the  left  side of  
the  cage unless  o the rwise  specified.  

On Days 1 and 3 of  a four -day  cycle,  wh ich  was r epea ted  
four  t imes,  all ra ts  were p re sen ted  wi th  one  of  two 
f lavoured  so lu t ions  for  15 min  (s ingle-s t imulus  tests).  Im- 
med ia te ly  a f t e r  the  so lu t ions  were removed ,  the  rats  were 
in jec ted  wi th  e i the r  a m p h e t a m i n e  or saline. For  ha l f  the  
rats  in an e x p e r i m e n t ,  one f lavour  was r epea ted ly  fo l lowed 
by a m p h e t a m i n e  and  the  o t h e r  was fo l lowed by saline, and 
vice versa for  the  r ema in ing  rats. This is summar i sed  in 
Table  1. The  design ensured  t h a t  any  ef fec ts  due to  

u n c o n d i t i o n e d  pa la tab i l i ty  of  the  f lavours  and to in jec t ion  
sequence  were ba lanced  ou t  in the  averaged results.  At  
1 6 . 3 0 - 1 7 . 1 5  hr ,  6.5 h r  a f te r  the  15 min  p re sen ta t ions  of  
so lu t ions  on  Days 1 and 3, all ra ts  were al lowed access to  
dist i l led wa te r  for  45 min  ( ' s u p p l e m e n t a r y  water ' ) .  This  
ensured  t h a t  all rats  had  a to t a l  of  1 hr  access to  fluid each 
day. 

When  the  four -day  cycle had  been  repea ted  four  t imes,  
in jec t ions  were d i s con t inued  and on  the  fo l lowing day,  all 
an imals  were a l lowed access to  dist i l led wa te r  f rom 
1 0 . 0 0 - 1 1 . 0 0  h r  as usual.  Dur ing  the  subsequen t  two days, 
all an imals  were p resen ted  wi th  b o t h  f lavours  s imul taneous-  
ly for  15 min  ( two-s t imu lus  tests) .  On the  second two-  
s t imulus  test ,  the  pos i t ions  of  the  f lavours  were reversed to  
con t ro l  for  side preferences .  The m e a n  in take  of  each  
f lavour  was t h e n  ca lcu la ted  for  each  rat .  Af te r  each  two-  
s t imulus  test ,  ' s u p p l e m e n t a r y  wa te r '  was p resen ted  as 
above.  

T h r o u g h o u t  all e x p e r i m e n t s  the  m i n i m u m  n u m b e r  of 
rats used in each  group was four ,  bu t  in some e x p e r i m e n t s  
the  whole  p rocedu re  was rep l ica ted  in four  add i t iona l  rats. 

Statistical Analyses 

St rong  tas te  aversions can p roduce  d i f fe ren t  var iances  in 
con t ro l  and  e x p e r i m e n t a l  data ,  wh ich  may  the re fo re  viola te  
the  a s sumpt ions  of  analyses  of  var iance.  In o rder  to  
min imise  th is  p rob l em,  the  rates  of  change  ( l inear  regression 
coef f ic ien ts )  of  f lavour  in take  over  Trials 1 - 4  were com- 
pu t ed  for  each  animal .  Using these  coef f ic ien ts  as indices  of  
aversion,  t- tests ,  s ingle-factor  or two- fac to r  analyses of  
var iance  were pe r fo rmed ,  ut i l iz ing repea ted  measures  where  
appropr ia t e  [ 3 5 ] .  Rapid d e v e l o p m e n t  of  ex t r eme  aversion 
af te r  on ly  one  or two  trials causes devia t ions  f rom l inear i ty  
so t h a t  regression coef f ic ien ts  ca lcula ted  as descr ibed above 
b e c o m e  misleading;  the re fo re ,  when  averaged in take  on a 
given trial  was less t h a n  2 ml,  resul ts  f rom s u b s e q u e n t  trials 
were n o t  i nc luded  in the  ca lcu la t ion  of  regression co- 
ef f ic ients  for  t h a t  group.  For  the  two-s t imulus  tes ts  
(Trial  5), the  percen tage  of  the  to ta l  fluid in take  c o n s u m e d  
as the  f lavour  previously  paired wi th  drug was calculated.  
Then  t- tests  were carr ied out  to  de t e rmine  w h e t h e r  the  
mean  scores d i f fered s ignif icant ly  f rom 50%. The percen t -  
age scores were subjec t  to  arc-sin t r a n s f o r m a t i o n s  as is 
c u s t o m a r y  for  such data  [ 3 5 ] .  

EXPERIMENT 1: EFFECTS OF SPATIAL CUE, CS-US INTER- 
VAL AND DECREASED BASELINE DRINKING 

Method 

T w e n t y - f o u r  ra ts  were a l located  to six groups (n = 4) 
using a r a n d o m i z a t i o n  p rocedure  to fo rm a two- fac to r  (2 x 
3) design. The f lavours  were ch icken  ( sod ium chlor ide ,  
40 raM; m o n o s o d i u m  g lu tamate ,  40  mM)  and l e m o n  (citr ic 
acid, 1.0 mM; sod ium sacchar in ,  2.0 mM).  Groups  1, 3 and 
5 received on ly  the  f lavour  cues whereas  Groups  2, 4 and 6 
received spat ia l  as well as f lavour  cues paired wi th  drug 
in jec t ions ;  spat ial  cues  were p rov ided  by ensur ing  t ha t  the  
f lavour  fo l lowed by  drug in jec t ion  was always p laced on  the  
r ight  side of  the  cage whereas  the  sal ine-paired f lavour  was 
always on  the  left.  The p rocedure s  for  Groups  1 and 2 did 
no t  o the rwise  deviate f rom the  general  p rocedure .  For  
Groups  3 and  4, in jec t ions  were de layed for 45 rain af te r  
the end  of  the  f lavour  p re sen ta t ion ,  t he r eby  increasing the  
CS US interval .  For  Groups  5 and 6 the  degree of  fluid 
depr iva t ion  was reduced  by  al lowing access to  a prede ter -  
mined  a m o u n t  of  wate r  f rom 16.15 hr  on  each  evening 
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FIG. l. (A) Progressive decrease in intake of flavours paired with amphetamine at 1.0 mg/kg as compared with flavours 
paired with saline. (B) Lack of effect of increasing the CS-US interval on aversion conditioned with amphetamine (1.0 
mg/kg). (C) Development of aversion after decreasing the degree of fluid deprivation by giving water loads before flavour 
presentations (except Trial 5). ( e - -  o) amphetamine-paired flavours; o - - - - - - ~  saline-paired flavours). Each point 

represents the mean of the results from 8 rats. Vertical bars show + 1 SEM. 

prior to a f lavour presentat ion.  This water  load consisted of  
75% of  the mean intake of  distilled water  during the 1 hr 
periods of  access pr ior  to the first f lavour presentat ion,  and 
it was normal ly  consumed within 1 - 2  hr. In prel iminary 
exper iments  this procedure  was found to decrease the fluid 
intake on the fol lowing day by about  50%. Amphe tamine  
was injected at a dose (1.0 mg/kg) known to induce reliable 
f lavour aversions iu rats [6 ]. 

Results 

Interact ions  be tween  the t rea tments  applied to different  
groups were not  statist ically significant and so the pool ing 
of  certain groups was permissible to facili tate evaluat ion of  
the main effects  of  the factorial  design. The results averaged 
to show any effects  of  increasing the C S - U S  interval  or of  
the water  loads are shown in Fig. 1. There was no 
significant difference be tween  the initial intakes (Trial 1) o f  
the amphetamine-  and saline-paired flavours. On Trial 2, 
there was a decrease in the intake of  those flavours which 
had been paired with amphe tamine  on Trial 1, as compared  
with in take of  saline-paired flavours. Fur ther  decreases were 
seen during Trials 3 and 4. Differences be tween  the aversion 
indices of  amphetamine-  and saline-paired flavour intakes 
p r o v e d  significant th roughou t  (Fig. I (A):  F = 32.6;  
Fig. I(B): F =  47.1;  Fig. I(C): F =  15.0; d f  1, 6 : p < 0 . 0 1  in 
all cases). However ,  nei ther  increasing the interval  be tween  
presenta t ion  o f  flavour and inject ion of  amphe tamine  
(Fig. I(B)) nor  decreasing the degree of  deprivat ion 
(Fig. 1 (C)) affected the flavour aversion, a l though the lat ter  
manipula t ion  had the desired effect  of  reducing the baseline 
by approx imate ly  50%. In order  to simplify compar ison 
with o ther  groups, Groups 5 and 6 did not  receive the water  
load prior to Trial 5 ( two-st imulus tests); thus it can be seen 
f rom Fig. 1 (C) that  the final degree of  aversion to ampheta-  
mine-paired flavours was no t  diminished by previous water  
loading. When animals drank small amounts  of  f lavoured 
solutions (Trials 2, 3 and 4), intake during the supplement-  
ary water  presenta t ions  tended to increase; differences in 
intake be tween  water  af ter  drug-paired f lavour and water  
a f t e r  saline-paired flavour were highly significant, 
F(1,18) = 20.3, p<0 .001 .  This compensa to ry  increase per- 
sisted to the fol lowing day and remained significant [4] .  
Condi t ioned  taste aversions also developed to about  the 

same ex ten t  regardless of  whether  flavour cues only or 
flavour and spatial cues were presented.  The mean aversion 
indices in these two condi t ions  were 4.2 and - 3 . 6  ml 
trial -1 respectively (F< 1 df2,  18). 

In four  addi t ional  rats, an a t t empt  was made to pair the 
drug effect  more closely in t ime with flavour ingestion, thus 
making the cont ingencies  closer to those in self-administra- 
t ion exper iments .  For  these rats, amphe tamine  ( i . 0  mg/kg) 
was injected 5 min after the start of  15 rain f lavour 
presentations.  The percentage of  the total  fluid intake 
consumed as the amphetamine-pai red  flavour during the 
two-st imulus tests was then 8.5 + 1.5% (mean + SE), as 
compared  with 6.7 + 1.5% for the standard procedure.  
Strong flavour aversion therefore developed despite this 
variat ion in the t ime of  inject ion.  

E X P E R I M E N T  2:  D O S E - R E S P O N S E  R E L A T I O N S  

Method 

In this exper iment  the effects  of  four  doses of  ampheta-  
mine (0.032,  0,10, 0.32 and 1.0 mg/kg) were determined (n 
= 8 per dose). The general procedure  was fol lowed 
th roughout  except  that  half the rats at each dose level 
received the same flavours as were used in Exper iment  1 
and half received a modif ied  chicken flavour (sodium chlo- 
ride, 128 mM; monosod ium glutamate ,  12.5 mM). There 
were no detectable  differences in intake be tween  the modif i -  
ed and original chicken flavours and, therefore ,  the data were 
pooled.  Four  rats receiving amphe tamine  at 1.0 mg/kg  in 
Exper iment  1 were included as part of  the group of  eight 
rats receiving that dose in Exper iment  2. 

Results 

The effects  o f  four  doses of  amphe tamine  can be seen in 
Fig. 2. Intake of  those flavours paired with amphe tamine  at 
1.0 mg/kg  decreased progressively over the four  trials. 
Intake of  the saline-paired flavours remained relatively 
constant  and the difference in aversion index between the 
two flavours was highly significant (t = 4.53, dr7, p<0 .01) .  
The much  greater intake of  the saline-paired flavours as 
compared  with the amphetamine-pai red  flavours during the 
two-st imulus tests conf i rmed the aversion to the lat ter  
(t = 16.6, df  7, p<0 .001) .  At a dose of  0.32 mg/kg (Fig. 
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HG. 2. The effect of varying the dose of amphetamine on the 
development of flavour aversion. (• • amphetamine-paired 

flavours; c~ <~ saline-paired flavours, n = 8 at each dose.) 

2(B)), the  aversion was n o t  as severe, bu t  was s ignif icant  
b o t h  on  s ingle-s t imulus (t = 2.72,  df 7, p < 0 . 0 5 )  
and two-s t imulus  tests  (t  = 3.18,  dr7, p < 0 . 0 5 ) .  However ,  at  
the  lower  doses (0 .10 and  0 .032  mg/kg,  Fig. 2(C) and (D), 
there  were no  s ignif icant  d i f fe rences  b e t w e e n  the aversion 
indices  for  the  a m p h e t a m i n e -  and  sal ine-paired f iavours over  
Trials 1 - 4 .  A small  bu t  s ignif icant  aversion for the  f lavour  
paired wi th  a m p h e t a m i n e  at 0 .10 mg/kg  was de tec ted  in the  
two-s t imulus  tests  (t = 2.74,  dr7, p < 0 . 0 5 ) .  This  result  is 
cons i s t en t  wi th  an increased sensi t ivi ty  of  the two-s t imulus  
tests  over  the  s ingle-s t imulus  tests,  because  animals  can 
m a i n t a i n  n o r m a l  f luid in take  while avoiding an aversive 
f lavour  [19,  22, 37 ] .  

Avers ion indices  ca lcu la ted  f rom the  results  of  the  
s ingle-s t imulus tes ts  for  b o t h  drug- and sal ine-paired fla- 
vours  are p lo t t ed  against  dose in Fig. 3(A),  whereas  
Fig. 3(B)  summar izes  the  resul ts  f rom the  two-s t imulus  
tests.  The  t e n d e n c y  for  the  an imals  to  avoid the  drug-paired 
f lavour,  and  for  this  avoidance  to increase wi th  dose is 
clearly seen, ind ica t ing  s t rong  dose-response  re la t ions  for  
b o t h  single- and  two-s t imulus  tests.  
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A. Single Stimulus Tests 

t l  

EXPERIMENT 3: EFFECT OF VERY LOW DOSES 

Method 

Sixteen  rats  were r a n d o m l y  a l located to  four  groups  
(n = 4), f o rming  a two- fac to r  (2 × 2) design. A m p h e t a m i n e  
was tes ted  at  doses of  0 .025 mg/kg  (Groups  1 and 2) and 
0.05 mg /kg  (Groups  3 and 4). The  general  p rocedure  was 
fo l lowed for  Groups  1 and  3. For  Groups  2 and 4, the  
degree of  fluid depr iva t ion  was r educed  by  wa te r  loads as 
descr ibed for  E x p e r i m e n t  1. The f lavours used were l e m o n  
(citr ic acid,  1.0 mM; sod ium sacchar in ,  1.0 mM) and ton ic  
(qu in ine  hyd roch lo r i de ,  0 .02 raM; sodium sacchar in ,  
1.0 raM). 

F o u r  add i t iona l  groups  (n = 4) compr i sed  a f u r t h e r  2 × 2 
design which  was used to explore  the  in f luence  of f u r t he r  
decreases in pa la tab i l i ty  and  an even lower  dose of  am- 
p h e t a m i n e  (0.01 mg/kg) .  Two groups  received the  l e m o n  and  

20- B. Two Stimulus Tests 

10- 

5- 

-6 -  0.Ck32 0.~10 0-~2 1,C)0 0 0.C)32 0110 0~32 1-(30 
Dexamphetamine m g / k g  

FIG. 3. (A) Aversion indices (see text) for drug- and saline-paired flavours at four doses 
of amphetamine (n = 8). (B) Mean 15 min flavour intakes during simultaneous 
presentations of both amphetamine- and saline-paired flavours (n = 8).(e • 
amphetamine-paired flavours; o o saline-paired flavours; *p<0.05; **p<0.0l ;  

****p<0.001. 



AMPHETAMINE-INDUCED FLAVOUR AVERSIONS 189 

tonic flavours referred to above and one of these groups 
also received the water loads to reduce fluid deprivation. 
The remaining two groups received a more acidic lemon 
flavour (citric acid, 4.0 raM; sodium saccharin, 1.0 raM) and 
a more bitter tonic flavour (quinine hydrochloride, 
0.10 mM; sodium saccharin, 1.0 mM); one of these two 
groups also received water loads. 

Resu l t s  

Pairings with amphetamine (0.025 mg/kg and 0.05) 
produced neither preferences nor aversions for flavoured 
solutions. Over the four single stimulus tests (Trials 1-4) ,  
there were no significant differences between the aversion 
indices calculated for drug- and saline-paired flavours at 
either dose level. These negative results are not described in 
detail; in general, the differences between the mean intakes 
of the drug- and saline-paired flavours were not greater than 
those at a low dose in the previous study (Fig. 2(D)). Thus, 
providing less palatable flavours and giving amphetamine at 
low doses, both with and without water loads, did not 
induce any significant differences between intakes of  
amphetamine- and saline-paired flavours. Finally, the at- 
tempt to induce an enhanced intake of an amphetamine- 
paired flavour using the very low dose of 0.01 mg/kg in 
combination with less palatable flavours and water loads 
also failed. For example, in the two-stimulus tests the 
percentage of the total fluid intake consumed as the flavour 
paired with amphetamine (0.01 mg/kg) was 46.9 • 7.0% 
(mean -+ SE), which does not differ significantly from 50%. 

DISCUSSION 

It is well known that amphetamine has rewarding 
properties which can be demonstrated by the usual self- 
administration techniques [ 2 7 - 2 9 ] .  The present experi- 
ments confirm that even very small doses of amphetamine 
have aversive properties which can be detected in flavour 
intake experiments [22]. Aversions were induced in rats at 
doses of amphetamine from 0.10 to 1.0 mg/kg, thus 
covering much of the dose range known to be self-adminis- 
tered [12,28]. Even smaller unit doses (e.g., 0.015 mg/kg) 
are also self-administered [11], but produced neither 
preference nor aversion in our experiments. Taste aversions 
were specific to the drug-paired flavours, thus excluding a 
more general sensitisation or enhancement of neophobia as 
an alternative explanation [ 1 ]. The contrasting aversive and 
reinforcing effects of amphetamine presumably reflect 
differences in the experimental procedures used to demon- 
strate them; by combining both procedures in a single 
experiment, Wise and his coworkers have shown that 
self-administered doses of apomorphine can also produce 
flavour aversions in the same rats [36]. 

Exteroceptive cues presented contiguously with drug 
infusions may become conditioned reinforcers [17], and 
consequently may play a role in the mediation of rewarding 
effects of drugs during self-administration experiments. 
However, the addition of spatial cues in Experiment 1 did 
not affect the development of  aversion with amphetamine. 
The factors which may have contributed to this negative 
finding include differences in saliency of flavour and spatial 
cues, the possible difficulty in discriminating between the 
two sides of the cage, and the initial spatial preferences of 
the animals prior to conditioning, which may have been too 
strong to be shifted [25].  As all drinking prior to 
conditioning took place on the left side of the cage, and 

drug-paired flavours were always presented on the right, the 
last suggestion seems most plausible. Randomly varying the 
positions of  all tubes before the first flavour presentation 
might have circumvented this difficulty. However, Martin 
and Ellinwood have also failed to influence flavour aversion 
by spatial manipulation of a rather different nature [25]. 

The degree of aversion to flavours paired with amphet- 
amine (1 mg/kg) was not affected by delaying injections for 
45 min after flavour presentations (Fig. I(B)). In other 
experiments, attenuation of flavour aversion by increasing 
the C S - U S  interval has been demonstrated [30] and failure 
to obtain an effect in the present experiment may indicate 
that a 45 min interval was too brief. Injection of ampheta- 
mine during drinking trials also resulted in strong aversion. 
In some circumstances reduced intake of a flavoured 
solution can weaken conditioning [2],  but such an affect 
was not seen in the present experiments when intake was 
reduced by water loading. 

Lower doses of amphetamine (0 .1-0 .32  mg/kg)yielded 
weaker aversions (Figs. 2 and 3). If amphetamine becomes 
rewarding instead of  aversive as the dose is decreased, this 
should have been detected in Experiments 2 and 3; how- 
ever, even when very low doses of amphetamine were used 
in combination with less palatable flavours and reduced 
fluid deprivation, no enhancement of flavour intake was 
obtained. The shape of the dose-response curve (Fig. 3) also 
suggests that there was little chance of further dose 
variations being sufficient to enhance intake. Other differ- 
ences between typical self-administration and flavour aver- 
sion paradigms include the route of drug administration, 
control over frequency of drug administrations and type of 
response. 

In the majority of  self-administration experiments drugs 
have been infused through a venous catheter, whereas in the 
experiments which show aversion the intraperitoneal route 
has been used most often. However, Wise et  al. [36] have 
shown that substantial aversions can occur when either 
amphetamine or apomorphine is given intravenously. On 
the other hand, the self-administration of morphine using 
the intraperitoneal route has also been demonstrated [20]. 
As the taste aversion paradigm is capable of revealing 
rewarding effects when vitamins are injected intraperi- 
toneally [13], it becomes difficult to maintain that 
differing routes of administration determine whether the 
rewarding or aversive properties of amphetamine take 
precedence. 

Secondly, it has been suggested that the animal's control 
of the rate at which stimuli are received may be important 
in determining their reward value [31]. This principle may 
also apply to drug self-administration experiments during 
which an animal typically has considerable control over the 
frequency of drug infusions. This does not apply during 
flavour aversion experiments where a single, relatively large 
dose is given by the experimenter at a predetermined time. 
However, there are instances reported where the animal 
does have control over the frequency of drug administra- 
tions and yet the drugs have proved aversive [8, 32, 36].  
Other reports have demonstrated the converse [ 11,17]. 

Thirdly, differences in the type of response used by the 
animal in self-administration and flavour-aversion paradigms 
may also be relevant to the problem. For example, work is 
now under way in our laboratory to determine whether 
flavour aversions to amphetamine can be expressed by an 
operant response such as bar-pressing. 

Finally, Carey and Godall [9] have shown that ampheta- 
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mine (1 mg/kg IP) can decrease water  intake when  
adminis tered  pr ior  to dr inking sessions. The possibi l i ty 
exists there fore  that  flavour aversions develop because,  
af ter  the  initial f lavour-drug pairing, the  taste  of  the 
f lavoured solut ion elicits the drug's  anorexigenic  effect .  
Work is in progress to see whe the r  the p o t e n c y  of  
a m p h e t a m i n e s  in flavour aversion expe r imen t s  can be 
corre la ted wi th  their  anorexigenic  or adipsogenic  proper-  
ties. 

In the light of the present  f indings,  it seems that  several 
of  the  d i f fe rences  be tween  se l f -adminis t ra t ion  and f lavour 
aversion expe r imen t s  are not  suff ic ient  to explain why  
amphe tamine  appears  rewarding in one con t ex t  and aversive 
in another .  That  a drug should have d i f fe ren t  ef fec ts  in 

d i f ferent  c i rcumstances  is not  remarkable ,  but  such an 
explana t ion ,  while very likely correct ,  is inadequate  since it 
has no  predict ive p o w e r  unless the critical factor  or factors  
can be ident i f ied.  The robus tness  and reproducibi l i ty  of  
bo th  the rewarding and the aversive proper t ies  of  ampheta-  
mine suggest tha t  this p rob lem should be investigated 
further .  
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