
Concurrent facilitation of food-reinforced, 
spaced licking and depression of 
schedule-induced, polydipsic 
licking by amphetamine} 

Two rats that were reinforced with food for spacing their 
water licks at least 20 sec apart showed a licking pattern that 
alternated irregularly between low-rate (operant) licking and 
high-rate (polydipsic) licking. Intraperitoneal administration of 
2 mg/kg of d,l-amphetamine sulfate just before a session 
caused the spaced, operant licking to increase in rate while at 
the same time the high-rate, polydipsic licking bursts decreased 
in duration and regularity. 

Both increases and decreases in response output 
have been reported following the administration of 
amphetamine (Cole, 1967; Dews & Morse,1961; Hearst, 
1961; Hearst & Whalen, 1963; Poschel, 1963; Segal, 
1962; Segal & Deadwyler, 1964b; Segal, Oden, & 
Deadwyler, 1965; Smith, 1967), but rarely have both 
effects been seen in the same organism at the same 
time. Exceptions are the report by Segal & Deadwyler 
(1964b) that bar presses maintained by a spaced­
response (DRL) food reinforcement schedule increased 
under drug at the same time that collateral (poly­
dipsic) water drinking decreased, and Smith's (1967) 
report that the lower response rate under concurrent 
two-key food reinforcement schedules tended to in­
crease, while the higher response rate tended to 
decrease, under drug. In both of these cases, the re­
sponses that were differentially affected were emitted 
on spatially separated operanda, either a bar and a 
water tube or two pecking keys. The present report 
demonstrates that spatial separation of the responses 
is not necessary. Concurrent increases and decreases 
in responding can occur on one and the same oper­
andum, so long as two functionally distinct forms 
of responding are involved. 
Method 

Two adult albino male rats, maintained at 80% of 
ad lib weight by food (but not water) deprivation, 
were reinforced for 20 days on a DRL (differential 
reinforcement of low rate) food schedule that rein­
forced licks at a water tube spaced 20 sec or more 
apart. Prior to this procedure they had been rein­
forced for 20 days for bar presses spaced 20 sec 
or more apart, and then for an additional 20 days for 
touches of a food cup spaced 20 sec or more apart 
(Segal, 1967). During these earlier procedures the 
water bottle that served as the operandum in the 
present experiment had not been present. Sessions 
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lasted until 50 food pellets had been earned. The 
water bottle, and the food cup that delivered pellets, 
were on opposite walls of the conditioning chamber, 
which was enclosed in a sound-resistant, ventilated 
shell that contained white masking noise and constant 
illumination. Licks at the water bottle were sensed 
with a commercial drinkometer, and recorded on 
equipment in another room. 

On the 21st day of the spaced licking procedure, 
2 mg/kg of d, I-amphetamine sulfate dissolved in 
physiological saline were administered intraperito­
neally immediately before the experimental session. 
The rats had not received any injections previously. 
Results 

The top record of Fig. 1 shows the cumulative licks 
of one of the two Ss on the day preceding drug. Per­
formance of the other rat was similar. Like other 
rats trained on spaced-licking schedules in our 
laboratory (Segal & Deadwyler, 1964a). the licking 
performance alternated irregularly between spaced. 
low rate licks (as at a in Fig. 1). under the control 
of the operant reinforcement schedule, and high rate 
licking bursts (as at b), under the control of the 
variables (whatever they may be) producing schedule­
induced polydipsia (see, for example, Falk, 1961; 
Schaeffer & Diehl, 1966; Segal, 1965; Segal & Hollowar, 
1963). The spaced-licking performance was quite ef­
fiCient: Notice the close spacing of food reinforce­
ments. High rate licks. of course, were ineffective 
in producing food. 

Fig. I. Cumulative licks on the day preceding drug ( top) and following 
drug injection (bottom), in rat X-I. Oblique deflections represent food 
reinforcements. 
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The lower record of Fig. 1 shows the drugged 
performance. The session started with several spaced, 
reinforced licks, at a', followed by an unusually long 
burst of high rate licking, at b'. (This long burst 
might have been an emotional effect of the novel 
injection procedure-on the hypothesis that polydipsic 
drinking is at least partly controlled by emotional 
variables.) Then, at c, spaced licking resumed, but 
at a higher rate than normal: Notice the wider spacing 
of reinforcements. Then came two high rate bursts 
separated by a very brief episode of what might have 
been spaced (but too rapid) licking, and then the 
licking pattern became highly irregular. In the section 
of the record between c and e, it is difficult to decide 
whether the liCking is speeded-up spaced licking 
or frequently interrupted polydipsic licking, but by 
e the two licking patterns drew clearly apart, and 
it is obvious that speeded-up spaced licking alter­
nated irregularly with unusually brief bursts of high 
rate, polydipsic licking. By f this pattern of alterna­
tion is clearer, and by g the polydipsic licking appeared 
to have recovered from the drug (bursts were 
smoother, less "grainy." and longer), while spaced 
licking continued at an abnormally high rate (few 
reinforcements) to the end of the session. The drugged 
performance of the other rat was similar. 
Discussion 

It is still uncertain when amphetamine can be ex­
pected to facilitate responding and when depress it. 
One view is that amphetamine depresses food and 
water motivation but stimulates motor behavior (Cole, 
1967; Poschel, 1963), or at least, aversively-motivated 
behavior (Hearst, 1961). Another view is that am­
phetamine stimulates low rate behavior but depresses 
high rate behavior (Dews & Morse, 1961). 

Since it is not clear what causes schedule-induced 
polydipsia, one can only guess at the significance of 
the fact that amphetamine depresses polydipsic drink­
ing (Segal & Deadwyler, 1964b; Segal, Oden, & Dead­
wyler, 1965; and the present results). In the absence 
of further evidence, it is prudent to favor the simplest 
interpretation, which is that polydipsic licking is 
depressed by amphetamine because it is high rate 
behavior, while spaced licking is stimulated by am-
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phetamine because it is low rate behavior. 
Another intriguing possibility is that amphetamine 

differentially affects operantly controlled and emo­
tionally and reflexively controlled drinking, but there 
is insufficient evidence for this idea as yet. 
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