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D'MELLO, G. D. AND 1. P. STOLERMAN. Suppression offixed-interval responding byflavour-amphetamine pairings in 
rats. PHARMAC. BIOCHEM. BEHAV. 9(3) 395-398, 1978.--Amphetamine is a potent and very effective drug for 
conditioning taste aversions, but much less is known about the possible effects of flavour-amphetamine pairings on aspects 
of behaviour other than eating and drinking. Rats were trained to press bars for water reinforcers delivered on a fixed- 
interval one-rain schedule. Flavoured reinforcers were then substituted for the water and post-session injections of am- 
phetamine ( 1 mg/kg) were given. Even a single flavour-amphetamine pairing produced some disruption of responding for 
that flavour, whereas 3 pairings almost completely suppressed responding (both bar-pressing and drinking). In the same 
rats, flavours paired with saline injections did not suppress responding. Amphetamine (lmg/kg) injected before sessions of 
responding for plain water disrupted the temporal pattern of fixed interval responding without affecting the total numbers of 
bar-presses or the amounts of liquid consumed. Omitting primary reinforcement (water) throughout a single session also 
failed to suppress responding. The conditioned effects of the flavour were therefore different from the effects of either the 
unconditioned stimulus (amphetamine) or of an extinction procedure. 
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CONDITIONED taste aversions (CTA) have been induced 
with a wide variety of psychoactive drugs including am- 
phetamine [5,12], but the experimental techniques have gen- 
erally involved a limited range of standardised measure- 
ments. Usually only the gross intakes of food or water have 
been assessed and much less is known about possible 
changes in other aspects of behaviour after encounters with 
drug-paired flavours. We have previously reported that after 
pairings with amphetamine (1 mg/kg), flavour stimuli can 
markedly suppress bar-pressing on a fixed-ratio schedule of 
liquid reinforcement in rats [19]. This dose of amphetamine 
was selected on the basis of previous, extensive studies of 
the CTA effect of amphetamine [2, 4, 7, 9]. However, the 
unconditioned effect of a given dose of amphetamine on op- 
erant behaviour can be influenced by factors associated with 
the schedule of reinforcement [15,18], and it was thought 
possible that this might also apply to the conditioned re- 
sponse to flavours. We now report an attempt to test this 
idea by using a fixed interval schedule of liquid reinforce- 
ment. For porposes of comparison, the unconditioned ef- 
fects of amphetamine and the effects of an extinction proce- 
dure have also been examined. 

METHOD 

Four female, hooded rats (150-200 g) were trained in a 
standard test chamber to press a bar for water reinforcement 
(5 sec access to distilled water presented in a dipper). A 

measured amount of tap water was presented in the home 
cage after each session, such that total daily intake was equal 
to that previously obtained in daily l-hr sessions of free ac- 
cess to water. After initial training with continuous rein- 
forcement, a fixed-interval schedule [10] was introduced 
progressively and the final schedule of fixed-interval 1 min 
(FI 1) was maintained for several weeks to allow perform- 
ance to stabilise. In this schedule, reinforcement was given 
for the first response occurring at least 1 rain since the prev- 
ious reinforcement. Sessions were terminated after 20 rein- 
forcements or 25 min, whichever came first. Fuller details of 
procedures have been reported [191 and only minimal 
changes have been made apart from the use of FI 1 instead of 
fixed-ratio 40. 

After responding on the FI 1 schedule had stabilised, 
chicken or lemon-flavoured water [9,19] was substituted for 
distilled water as the reinforcer. At the end of each session of 
responding for flavoured water, either amphetamine (1 
mg/kg (+)-amphetamine sulphate dissolved in saline) or 
isotonic saline was injected intraperitoneally in a volume of 1 
ml/kg. For each rat, one of the two flavours was repeatedly 
paired with amphetamine in this way, whereas the other 
flavour was similarly paired with saline. A counterbalanced 
design was used to average out effects of the unconditioned 
palatabilities of the flavours, which were presented to each 
rat in an alternating sequence. Distilled water served as the 
reinforcer on days between flavour presentations, which 
were separated by at least 72 hr. 
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After completion of flavour-conditioning, the effects were 
determined of amphetamine (1 mg/kg IP) or saline injected 
5 min before sessions of responding for distilled water. 
Saline and amphetamine were tested twice in each rat in 
random order. This work was carded out to test the applica- 
bility under our conditions of previous studies of the effects 
of amphetamine on fixed-interval performance [15,18]. 

Throughout the experiments, the numbers of bar-Dresses 
were recorded separately for five 12-sec periods within 
each fixed interval of 1 min, and the amounts of liquid rein- 
forcers consumed were estimated by weighing the reservoir. 
The temporal pattern of bar-pressing was assessed by means 
of an index of curvature [11]; the index had a value of zero 
when the numbers of responses were the same in all five 
periods into which the fixed intervals were divided, and 
could reach a maximum of 0.8 if all responses were made in 
the last fifth of each interval. 

R E S U L T S  ~ 

The mean results for all 4 rats are presented in Fig. 1 and ~ 
it can be seen that responding for flavours followed by saline 8 
injections remained very stable throughout the experiment. ~ 
However, even a single pairing of a flavour with am- ~ 
phetamine (1 mg/kg) greatly disrupted performance and the 
effects of repeated pairings were even more marked. Statis- 
tical evaluation of the results for each of the three indices 
shown in Fig. 1 was by two-factor analysis of variance with 
repeated measures on both factors [21]; the details are not 
presented since all main effects and interactions were highly 
significant (p<0.01). 
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FIG. 1. Flavour-amphetamine pairings disrupted FI 1 bar-pressing 
for and consumption of flavoured water (0, amphetamine 1 mg/kg; 
C,, saline). Points represent means from 4 rats over entire sessions 
except for amphetamine-paired flavours on trial 2, where n=3 due to 
equipment failure. The points above C on the abscissae show 
means +_ s.d. for distilled water reinforcement on days immediately 
before flavour presentations. The index of curvature estimates the 

temporal pattern of responding (see Method). 

The relations between the results for the operant and con- 
summatory measures are considered next. For saline-paired 
flavours, there was no significant relationship between the 
overall numbers of bar-presses and the amounts of solutions 
consumed @=-0.35, df 14), a result which is expected since 
with fixed-interval schedules, the numbers of reinforcers 
presented are largely independent of the numbers of operant 
responses. However, bar-pressing for and consumption of 
amphetamine-paired flavours were highly correlated 
(r=0.96, df 13, p<0.001). The reduction in fluid intake was 
brought about partly by the presentation of fewer reinforcers 
(e.g. numbers reduced from 20 to an average of 14.5 after 
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FIG. 2. Cumulative records of complete sessions showing represen- 
tative performance under the FI 1 schedule. Short diagonal strokes 
indicate presentations of flavoured water reinforcers. The recorder 
was reset after 300 responses and when sessions ended. The records 
for rat G88 show responding for chicken and lemon flavours on their 
first (1) and second (2) presentations; responding for lemon flavour 
was disrupted by a single pairing with amphetamine at I mg/kg. The 
more marked effect of repeated flavour-amphetamine pairings is 
shown in records for rat Ggl. Taken together, the results for the two 
rats illustrate that conditioning occurred regardless of which flavour 

was paired with amphetamine. 

two flavour-amphetamine pairings) and partly by reduced 
mean consumption of the reinforcers which were obtained 
(from 0.18 ml to 0.07 ml per reinforcer, p<0.01). Samples of 
cumulative records for two rats are shown in Fig. 2 to illus- 
trate the effects of single and repeated flavour-amphetamine 
pairings on the characteristic pattern of fixed-interval re- 
sponding. The extremely irregular pattern of responding 
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FIG. 3. Mean numbers of bar-presses for flavoured water during 5 
successive 12-sec periods within fixed intervals of I min, summed 
across all the l-min intervals in a session (n =4). (A) Prior to flavour- 
injection pairings, the usual acceleration of responding within fixed 
intervals can be seen. (B) The same flavours only suppressed re- 
sponding after three pairings with amphetamine at i mg/kg (O). 
Flavours paired with saline ('f)) did not suppress responding. (C) The 
same dose of amphetamine injected 5 rain before sessions of re- 
sponding for distilled water increased responses early in the fixed 

interval but decreased responses late in the interval. 

after flavour-conditioning can be seen in the enlarged seg- 
ment of the record for rat G88. A quantitative analysis of  the 
temp/Sral pattern of responding is shown in Fig. 3, where the 
results within the l-min fixed intervals have been broken 
down into five 12-sec periods. Flavours paired with am- 
phetamine (1 mg/kg) did not increase the low rate of respond- 
ing during the early part of the intervals, but greatly suppres- 
sed (p<0.001) the normally rapid rate during the second half 
of the intervals (Fig. 3B). 

The results with amphetamine injected before sessions of 
responding for distilled water are considered next. Figure 3C 
shows that at the dose used for flavour-conditioning, am- 
phetamine disrupted the temporal pattern of responding 
(9<0.001) by increasing the numbers of  responses during the 
early part of each interval and decreasing responses late in 
the interval. There was no change in the total number of 
responses (104.2% as compared with saline injection) or the 
amount of  water consumed (94.9%). 

In the final stage of the experiment,  the primary rein- 
forcer was omitted for one entire session by presenting only 
empty dipper cups when a cup of  water would otherwise 
have been presented. This procedure reduced the total 
number of bar-presses to 84.9% of the number on the preced- 
ing day of responding for distilled water (9 <0.05). There was 
no significant change in the mean index of curvature,  which 
was 0.46 for responding for empty cups as compared with 
0.49 for cups of water. 

D I S C U S S I O N  

Rats failed to respond fo~ or to consume flavoured solu- 
tions when their presentation was followed by injections of  
amphetamine (1 mg/kg). These observations with a fixed- 
interval schedule thus confirm and extend previous work 
with fixed-ratio re spond ing  119]. Explanations of  such  find- 
ings in terms of  conditioning assume that the effect of the 
flavour can be distinguished from any long-term, uncon- 
ditioned effect of  the drug. This assumption is reasonable 
since responding by the same rats for distilled water and 
even for saline-paired flavours remained quite constant on 
days between presentations of drug-paired flavours. It there- 
fore appears that the flavour-amphetamine pairings pro- 

duced a discriminative, conditioned suppression of  bar- 
pressing which paralleled the discriminative CTA seen when 
consummatory behaviour was assessed [2, 9, 16]. 

The question as to how the conditioning is best viewed is 
considered next. Firstly, explanations [6,7] based on 
s t i mu l us - subs t i t u t i on  views of  conditioning can be e x c l u d e d  
since the conditioned effect of the flavour was different from 
the effect of the drug; flavours suppressed responding on 
both FI and FR schedules of  reinforcement, whereas am- 
phetamine (1 mg/kg) injected before sessions produced the 
well-known, schedule-associated mixture of response-rate 
increases and decreases.  Although unconditioned effects of 
amphetamine were not studied extensively in the present 
experiments,  the results were fully consistent with previous 
observations discussed in recent reviews [15,18]. The nature 
of the disruption of  FI responding also differed in the sense 
that flavours produced irregular responding (Fig. 2) whereas 
amphetamine typically produces very regular cumulative 
records. The reductions in the index of  curvature after 
flavour-amphetamine pairings (Fig. I) arose mainly because 
the total numbers of  responses were reduced (Fig. 3B). 
Studies with amphetamine, other drugs or x-radiation have 
all shown that anorexic or hypodipsic potency does not cor- 
relate with potency in CTA [2, 13, 14, 201, and thus further 
support the case that the conditioned and unconditioned re- 
sponses can differ. 

Secondly, the suppression of  bar-pressing by flavours did 
not occur simply because the reduced fluid intake meant that 
the rats were in effect not being reinforced. After only a 
single flavour-amphetamine pairing, a brief encounter with 
the flavour produced marked suppression of  responding both 
in the present study and in that reported previously [19]; in 
contrast,  deliberately failing to provide any liquid reinforce- 
ment at all for an entire session had virtually no effect on the 
number or temporal pattern of responses in the present 
study. Presumably the characteristic FI performance was 
maintained by secondary r e i n f o r c e m e n t  associated with pre- 
sentations of  the (empty) dipper cup. 

Thirdly, therefore, the possibility has to be considered 
that bar-pressing was suppressed because it culminated in an 
encounter with a flavour-stimulus which had acquired aver- 
sive characteristics due to pairings with amphetamine. Al- 
though this is the conventional explanation for drug-induced 
CTA [5, 13, 171, it is difficult to support its val id i ty  by  citing 
independent evidence from experiments not involving 
flavour-conditioning. For  example, it is known that far from 
being aversive, sensory stimuli paired with amphetamine can 
serve as conditioned positive reinforcers in self- 
administration experiments [8]. Furthermore,  in some cir- 
cumstances stimuli paired with positive reinforcers such as 
food can suppress responding I11 and, therefore, it is possi- 
ble to speculate that flavour-conditioning with amphetamine 
produces a form of  such positive conditioned suppression. 
Several drugs can indeed be used to induce conditioned sup- 
pression in the conventional procedures which do not in- 
volve flavours 13]. However,  the contingencies in flavour 
conditioning and conventional conditioned suppression pro- 
cedures differ in several respects and the role of  these differ- 
ences must be analysed if valid analogies are to be made. 
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