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LIN, H. Q., D. M. ATRENS, M. J. CHRISTIE, D. M. JACKSON AND I. S. McGREGOR. Comparison of condi- 
tioned taste aversions produced by MDMA and d-amphetamine. PHARMACOL BIOCHEM BEHAV 46(1) 153-156, 
1993. --Many drugs of abuse such as d-amphetamine support the development of taste aversion in a conditioned taste aversion 
paradigm. However, it has yet to be established whether methylenedioxymethamphetamine (MDMA), an amphetamine-like 
stimulant, has this property. A direct comparison was made between MDMA and d-amphetamine over a dose range of 0.125- 
2.0 mg/kg (SC). Two pairings of either drug with saccharin produced dose-related taste aversions to saccharin that were 
retained for at least three successive testing trials. The minimally effective dose was 1 mg/kg for MDMA and 0.5 mg/kg for 
d-amphetamine. The relative potency of MDMA to amphetamine was 4.5, similar to that previously reported for drug 
discrimination and self-stimulation. 

MDMA d-Amphetamine Conditioned taste aversion Reinforcement 

SINCE the 1970s, the conditioned taste aversion paradigm 
has been widely used in investigating the reinforcing effects of 
drugs. It is not surprising that drugs such as lithium and copper 
sulfate that have emetic effects support taste aversion. How- 
ever, it is somewhat surprising that drugs such as morphine, am- 
phetamine, and barbiturates that may be shown to be positively 
reinforcing in other paradigms also support conditioned taste 
aversion. This suggests that even positively reinforcing drugs 
may have aversive properties (8). Thus, the conditioned taste 
aversion method plays an important role in analysing the com- 
plex motivational properties of psychoactive drugs. 

Methylenedioxymethamphetamine (MDMA) is a ring-sub- 
stituted derivative of d-amphetamine with considerable abuse 
potential in human beings (15). Recent research has shown 
that laboratory animals will self-administer MDMA (13) and 
that it produces conditioned place preference (2) and enhances 
reinforcement in the self-stimulation paradigm (10). All of these 
effects suggest a commonality with the parent compound, d- 
amphetamine. MDMA is similar to d-amphetamine in a variety 
of other behavioural tests including locomotor activity (6), drug 
discrimination (5), and conditioned locomotion (7). However, 
it is not known whether this commonality extends to the condi- 
tioned taste aversion paradigm. 

Reports that a drug's potency in producing a conditioned 
taste aversion is not necessarily parallel to its potency in other 
behavioural procedures indicate that the positively and nega- 
tively reinforcing properties of drugs of abuse may be inde- 
pendent. For example, cocaine is a powerful behavioural stim- 
ulant but supports only a weak conditioned taste aversion (3). 
In contrast, fenfluramine is a weak behavioural stimulant but 
is potent in inducing conditioned taste aversion (3). The pres- 
ent study was designed to determine whether MDMA supports 
the establishment of conditioned taste aversion and its relative 
magnitude with reference to d-amphetamine. 

METHOD 

Subjects 

Subjects were 59 experimentally naive, male Wistar rats 
weighing between 300 and 500 g. Rats were housed individu- 
ally in a colony room maintained at approximately 22°C with 
a 14 L : 10 D cycle. Food was available ad lib. On the last 
baseline day, rats were allocated to dosage groups (n = 6-11) 
that were matched for mean and variance of body weight and 
water intake during the baseline phase. 
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Procedure 

Throughout the experiment, rats were deprived of water 
for 23.5 h each day. They were allowed access to water in 
their home cages for the remaining 0.5 h. The experiment 
consisted of  three phases. In the baseline phase (days 1-7), 
rats were given 0.5-h access to two bottles of tapwater and 
briefly handled after drinking. On day 7, the water intake for 
each rat was recorded as baseline data. In the conditioning 
phase (days 8-11) for half the rats 0.1% saccharin solution 
(w/v) was given immediately following an injection of  drugs 
on days 8 and 10 and tapwater was presented immediately 
following an injection of  0.90/0 sterile saline on days 9 and 11. 
For the other half of  the rats, tapwater was provided immedi- 
ately after injecting saline on days 8 and 10 and saccharin was 
provided immediately after drug administration on days 9 and 
11. Thus, rats in the drug groups received two drug-saccharin 
pairings and two saline-tapwater pairings. Rats in the control 
groups had two saline-saccharin pairings and two saline-tap- 
water pairings. 

In the testing phase (days 12-14), tapwater and 0.1% sac- 
charin solutions were simultaneously presented for all rats and 
no injections were given. To control for the influence of  posi- 
tion preference, the position of the bottles was counterbal- 
anced; for half the rats, the saccharin solution was placed on 
the right-hand side and for the other half on the left. The 
intake of  tapwater and saccharin solution for each rat was 
measured to the nearest 0.1 g and the percentage of  saccharin 
consumption was determined. 

Dose-Response Studies 

Doses of  MDMA (0.125, 0.5, 1.0, and 2.0 mg/kg) and 
d-amphetamine (0.125, 0.5, and 2.0 mg/kg) were selected on 
the basis of previous work and preliminary experiments. 
Slopes of log dose-effect curves for the scores of  the three 
testing trials were determined by linear regression analyses. 
Such analyses were conducted only on the approximately lin- 
ear portion of  the log dose-effect curve for each drug. This 
was done to avoid confounding "floor" and "ceiling" effects. 
Following this, a test for parallelism of  the two curves was 
carried out. If the slopes did not differ significantly from 
each other, two corresponding parallel lines were constructed 
according to the common slope of  the curves. The logarithmic 
value of  the relative potency was derived from the horizontal 
distance between the parallel lines dropping perpendiculars to 
the abscissa from the equally effective values on each line. 
The relative potency was finally determined from the inverse 
logarithmic value (19). In addition, the EDso (i.e., the dose 
corresponding to the saccharin intake level of  50% of  the 
saline control group) was estimated by interpolation from the 
above-described parallel regression lines. 

Drugs 

MDMA HCI (National Institute on Drug Abuse, Rockville, 
MD) and d-amphetamine sulfate (Charles MacDonald) were 
dissolved in 0.9% sterile saline (Astra, Sodertalje, Sweden) 
and injected SC. All injections were given in a volume of  l 
ml/kg body weight. Doses of  the drugs were expressed as the 
weight of  their salt forms. 

RESULTS 

The conditioned taste aversions induced by MDMA and 
d-amphetamine on three consecutive testing trials are shown 

in Fig. I. Analysis on these results with two-factor (eight 
groups × three trials) analysis of variance (ANOVA), with 
repeated measures over trials, confirmed a significant group 
effect, F(7, 51) = 17.057, p < 0.0001, a significant trial ef- 
fect, F(2, 102) = 5.975, p < 0.01, but a nonsignificant inter- 
action, F(14, 102) = 0.999, p > 0.05. Simple effects revealed 
that the group effects were statistically reliable across the three 
testing trials (all p < 0.001). Further multiple comparisons 
with Duncan's test indicated that saccharin preference scores 
of  Groups MDMA 1 and 2 and d-amphetamine 0.5 and 2 mg/  
kg were significantly less than that of  the saline control (all 
p < 0.01). The percentage of saccharin consumption in Trial 
1 was markedly lower than that in Trial 2 (p < 0.05) and 
Trial 3 (p < 0.01). 

Separate statistical analysis upon the amount of liquid con- 
sumed showed no significant differences among all groups on 
the last baseline day, F(7, 51) = 1.695, p > 0.05 (one-way 
ANOVA), or on all the three testing trials, F(7,51) = 1.247, 
p > 0.05 (group effect in two-way ANOVA). These results 
confirmed that all groups matched in their water consumption 
amount on baseline phase and imply that the drugs used in this 
experiment did not cause notable effects on drinking itself. 

Figure 2 shows log dose-effect curves, analysed with linear 
regression lines, for MDMA and d-amphetamine upon mean 
scores of  the three testing trials. Slopes (mean + SE) were 
-72 .30  +_ 8.59 and -68 .48  +_ 8.58 for MDMA and d-am- 
phetamine, respectively. An analysis of  parallelism revealed 
no significant difference between the slopes, t(l13) = 0.1287, 
p > 0.05. The EDso was 1 and 0.22 mg/kg for MDMA and 
d-amphetamine, respectively. The relative potency (MDMA/ 
amphetamine) was 4.5. 

DISCUSSION 

The present study shows that rats will reduce their intake 
of  saccharin solution when the saccharin has been previously 
paired with injections of MDMA. This effect was dose related, 
with effective doses of  1-2 mg/kg and a threshold dose of 0.5 
mg/kg and the aversive effects were retained over at least 
three consecutive testing trials. This demonstration of  con- 
ditioned taste aversion complements previous reports of  
MDMA's positive reinforcing effects (2,10,13). This suggests 
that MDMA has aversive as well as appetitive properties that 
further extend its commonality with its parent compound, 
d-amphetamine. 

The fact that the minimally effective dose of  MDMA (l 
mg/kg,  SC) in conditioned taste aversion is similar to those 
obtained elsewhere for conditioned place preference (2 mg/  
kg, SC) (2) and self-stimulation (0.5-2 mg/kg,  SC) (10) in 
rats suggests a possible relation between the positively and 
negatively reinforcing properties of  MDMA. In this sense, 
MDMA is similar to d-amphetamine and morphine [see (11) 
for references] but dissimilar to cocaine and fenfluramine (3). 

Comparing MDMA and d-amphetamine shows that 
MDMA is less potent in inducing conditioned taste aversion. 
The EDso was l mg/kg for MDMA and 0.22 mg/kg for d-am- 
phetamine. The EDso for d-amphetamine here is close to the 
0.20 mg/kg in Goudie and Newton's report (9) and lower than 
the 0.47 mg/kg reported by Booth et al. (3). This may reflect 
the fact that the calculation method in the present study is 
more similar to the former than to the latter. In comparison 
of  the EDs0 of  MDMA vs. d-amphetamine, a relative potency 
of 4.5 was obtained. The potency ratio is basically consistent 
with previous studies [(14); Lin et al., submitted]. 
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FIG. 1. Conditioned taste aversions produced by methylenedioxymethamphetamine 
(MDMA) and d-amphetamine after two drug-saccharin pairings. Values are the 
mean + SEM for percent saccharin retake in testing Trials 1 (Test 1), 2 (Test 2), and 
3 (Test 3). Sahne group, n = 6; MDMA 0.5-mg/kg group, n = 11; other groups, 
n = 7 .  
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FIG. 2. Log dose-effect curves 
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for methylenedioxymet hamphet - 
amine (MDMA) and d-amphetamine in taste aversion condiuoning. 
Values are mean _+ SEM of raw saccharin preference scores for three 
testing trials. Sizes of dosage groups are as in Fig. 1. 

Indirect comparisons of  dose-response relations suggest 
that d-amphetamine is generally more potent than M D M A  in 
other  behavioural  tests, such as conditioned place preference 
(2,18), brain self-stimulation [(4); Lin et al., submitted], and 
locomotion activity (1,6). Also,  other direct comparisons have 
shown that the relative potency of  M D M A  vs.d-amphetamine 
was 2.5 for training dose-response curves in drug discrimina- 
tion (14) and 4.4 in rate-frequency function for self-stimula- 
tion (Lin et al., submitted). Thus, it can be seen that the 
relative potency of  these two stimulants in condit ioned taste 
aversion is similar to those in a series o f  other  behavioural  
paradigms. 

The common underlying mechanisms for the aversive ef- 
fects of  drugs have long been a puzzle. M D M A ,  d-ampheta-  
mine, and cathinone are structurally similar compounds.  Pre- 
vious studies have shown that the M D M A  cue is able to 
generalise to d-amphetamine (5) and l-cathinone (16) in drug 
discrimination tests, indicating these drugs share some com- 
mon components  in their behavioural effects. Other behav- 
ioural tests also provided evidence o f  the pharmacological  
similarities between d-amphetamine and M D M A  (2,6,10,13) 
or between d-amphetamine and cathinone [see (9) for refer- 
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ences]. The relative potency derived from such behavioural 
paradigms ranges from 2.5-4.4 for MDMA vs.d-amphetamine 
[(14); Lin et al., submitted] and 2.0-3.0 for cathinone vs.d- 
amphetamine [see (9)]. Nevertheless, the relative potency in 
conditioned taste aversion paradigm is 4.5 for MDMA vs. 
d-amphetamine (the present study) and 17 for cathinone vs. 
d-amphetamine (9). These data indicate that in other be- 
havioural paradigms the resemblance between MDMA and 
d-amphetamine is parallel to that between cathinone and d- 
amphetamine, but in conditioned taste aversion MDMA seems 
more similar to d-amphetamine than does cathinone. 

It is difficult to associate the effects of  d-amphetamine, 
cathinone, and MDMA on conditioned taste aversion with 
their activity on neurotransmitter systems, d-Amphetamine 
and cathinone act primarily on catecholaminergic systems (12) 
while MDMA has more powerful serotonergic and only rela- 
tively weak dopaminergic effects (17). These considerations 
suggest that the effects of  cathinone and d-amphetamine on 
conditioned taste aversion should be similar whereas those of 
MDMA should be different. In fact, in the taste aversion 
paradigm MDMA is more similar to d-amphetamine than is 
cathinone. This finding is in agreement with that of  Booth et 
al. (3) and thus accentuates the enigma of the neurochemical 

mechanism(s) underlying conditioned taste aversion. These 
findings suggest that there is no single mechanism involved 
and that conditioned taste aversion induced by different drugs 
may only be superficially similar. The fact that rats do not 
drink as much of  a normally preferred solution says nothing 
about the basis for this acquired aversion. 

In summary, MDMA is an actively aversive agent in condi- 
tioned taste aversion although it is not as potent as its parent 
compound, d-amphetamine. The relative potency of MDMA 
to d-amphetamine in producing conditioned taste aversion 
seems to be similar to their potency ratios in positive reinforce- 
ment and behavioural stimulation. Further work would be of  
interest to compare the neurochemical basis of the aversive 
effects of MDMA and d-amphetamine in the conditioned taste 
aversion paradigm. 
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