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ELSMORE, T. ¥. The role of reinforcement loss in tolerance to chronic >-9-tetrahydrocannabinol effects on operant
hehavior of rhesus monkeys. PHARMAC. BIOCHEM. BEHAV. 5(2) 123 128.1976. - Two monkeys were trained on a
multiple fixed-interval (FI) 120 sec, differential reinforcement of low rate (DRIL) 120 sec schedule of food
reinforcement for lever pressing in which the two schedules, each correlated with a distinctive cue, alternated
throughout an cxperimental session. Under chronic daily treatment with ¢-9-tetrahydrocannabinol in a dose of 7 mg
per os (1 mg/kg), for 40 consecutive days, responding increased in both schedules. Performance on the DRL schedule
was affected less dramatically than that on the FI schedule. Fven though reinforcement frequency on the DRL
schedule remained suppressed and FI reinforcement frequency was unaffected during chronic drug treatment, DRL
performance showed greater tolerance than FI performance.

A-9-Tetrahydrocannabinol Chronic administration

THE EFFECTS of chronic administration of .+-9-tetra-
hydrocannabinol (~-9-THC) on behavior have been the
subject of considerable rescarch in the recent past. There
have been many reports of tolerance development to a
variety of effects of the drug [e.g. 3, 9,13, 14], and a few
reports of sensitization to the drug cffects [10,19].
Reconciliation of these diverse responses to chronic THC
administration is yet to come. It has been suggested [{4.16]
that an important determinant of the behavioral reponse to
chronic drug administration is the way in which the initial
drug effect interacts with the contingencics controlling the
behavior. Schuster ef al. {16] administered d-amphetamine
to rats that had been trained on a multiple fixed-interval
(FI), differential reinforcement of low rate (DRI.) schedule
of reinforcement, and observed that tolerance occurred to
drug effects on responding in a particular component of the
schedule only when the initial drug effect produced a
reduction in reinforcement frequency in that component.
In a second experiment, these investigators found no
tolerance to response-rate-increasing effects of d-ampheta-
mine In rats working on an undiscriminated shock avoid-
ance schedule [17], when the drug effect resulted in the
animals receiving fewer shocks than in non-drug conditions.
On the basis of these results, Schuster er al. [16] proposed
that, **Behavioral tolerance will develop in those aspects of
the organism’s behavioral repertoire where the action of the
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drug is such that it disrupts the organism’s behavior in
meeting the environmental requirement for reinforcement.
Conversely, where the actions of the drug enhance, or do
not affect the organism’s behavior in meeting reinforcement
requirements we do not expect the development of
behavioral tolerance,” [p. 181]. A similar explanation has
been suggested for the development of behavioral tolerance
to ~-9-THC |7, 12, 18]. This explanation will be called the
“reinforcement loss’’ hypothesis of behavioral tolerance.

The present experiment is similar to the Schuster ef al.
experiment in that it cmployed a multiple FI DRL
reinforcement schedule for investigation of chronic drug
effects. The utility of such a schedule in the investigation of
interactions between behavioral and pharmacological varia-
bles in the control of behavior, is that the relatively rapid
alternation of the behavioral contingencies represented by
the different components of the schedule takes place in a
constant pharmacological environment. Thus, any differen-
tial effects between the schedule components may be
attributed to differences in the interaction between the
behavioral requirements made by the schedules and the
drug effect rather than to pharmacological or other
variables.

It has been demonstrated that at intermediate doses,

~=9-THC often produces an increase in the rate of response

under various appetitive schedules of reinforcement [2,6].
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If this were the case for both FI and DRL reinforcement
schedules, the reinforcement loss hypothesis would predict
opposite results of chronic THC administration on perfor-
mances under the two schedules. With an FI schedule, a
single response following the end of a fixed time period is
the only requirement for reinforcement and responses
occurring prior to the elapse of the fixed time period are
without effect. The consequences of a drug-induced acceler-
ation in responding in such a situation would be twofold;
more responses would go unreinforced, and there would be
little effect, or perhaps a slight decrease in the average
interreinforcement interval as a result of the higher rate of
response producing a decreasc in the average time between
reinforcement availability and the occurrence of a response.
The reinforcement loss hypothesis would predict little
tolerance to such a drug effect.

A DRL schedule requires that a fixed time period pass
without the occurrence of a response before a response will
produce reinforcement. Responding that occurs prior to the
elapse of the interval resets the timer, delaying the
opportunity for reinforcement. A drug-induced increase in
responding in such a situation would increase both the
number of unreinforced responses, and the average interval
between reinforcements. Thus, the reinforcement loss
hypothesis would predict tolerance to such drug cffects
under chronic administration conditions. A multiple FI
DRL schedule thus provides a means for assessing the role
of reinforcement rate reduction in producing tolerance to
the behavioral effects of A-9-THC.

METHOD

Animals

Two adult male rhesus monkeys were used. Both had
served in a variety of prior experiments with A-9-THC, but
had been drug-free for the five months prior to the present
experiment. The animals weighed approximately 7 kg at the
beginning of the experiment and were maintained on Noyes
750 mg food pellets earned during experimental sessions
(maximum of 96 per day) and Y% piece of fruit (apple,
orange, or banana) given at 0800 hrs each day. Water was
available from a solenoid-operated drinking spout for a
press on a lever on the right side of the cage when
experimental sessions were not in progress.

Apparatus and Procedure

Each animal lived in a separate experimental cage with
one barred wall facing a large laboratory. One side wall
contained a 1 cm dia. lever protruding 2.5 c¢cm into the cage,
15 ¢m from the front of the cage, and 30 cm high. A white
jeweled pilot light was mounted 6 c¢m above the lever.
Pellcts were delivered into a food hopper 10 cm to the right
and 10 cm below the food lever. The hopper could be
illuminated with white light. A speaker was mounted in the
cage for delivering auditory stimuli. Overhead houselights
and room lights were on from 0800 to 2400 hrs daily, and
off from 2400 to 0800 hrs. Experimental procedures and
data recording were automated with solid-state logic mod-
ules, electromechanical counters, printing counters, and
cumulative recorders. Data were later punched onto paper
tape for computer analysis.

Prior to the experiment described here, both animals had
been performing under a procedure similar to the one
described below for about 3 months. Experimental sessions
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were run 4 times daily at 1000, 1600, 2200, and 0400 hrs.
Each session consisted of 12 exposures each to an FI 120
sec and a DRL 120 sec schedule. White noise accompanied
the FI schedule and a 1500 Hz tone accompanied the DRL
schedule. The two schedules alternated in 5 min blocks of
time, during each of which a single pellet could be
obtained. At thec start of each 5-min block, the pilot light
over the lever and the auditory stimulus appropriate to the
schedule currently in effect came on. Each press on the
lever produced a 1 sec dimming of the pilot light, and a 1
sec illumination of the hopper light. When the requirements
for reinforcement were met, the pilot light went off, and a
food pellet was delivered during the one sec hopper light,
following which the auditory stimulus, and all panel lights
remained off until the remainder of the 5 min block of time
had passed. If the requirements for reinforcement were not
met within S min, the auditory stimulus changed automat-
ically, and the other schedule was put into ecffect. This
procedure was in effect for 34 days prior to the initiation
of ~-9-THC administration.

A-9-THC was administered at 0800 hrs daily by injecting
it into the animal’s ration of fruit. The daily dose was 7 mg
(0.5 ml of a 14 mg/ml solution), or approximately | mg/kg.
Dosing was done on an absolute basis because of the
difficulty of weighing the animals frequently enough to
accurately adjust dosage. Drug solutions were prepared by
diluting an ethanol solution of A-9-THC (200 mg/ml) with
propylene glycol to achieve the desired concentration.
Drugging continued for 40 consecutive days.

RESULTS

Only data from the 1000 session will be reported. Drug
effects occurred in the other 3 sessions of the day, and were
generally in the same direction, but of smaller magnitude
than the effects at 1000 hrs. The baseline schedule
maintained quite low absolute rates of responding in both
schedule components. The average baseline response rates
for the FI schedules were 1.90 responses per min for Pete,
and 0.44 responses per min for Max. Baseline DRI rates
were 0.50 responses per min for Pete, and 0.34 responses
per min for Max.

Changes in response rates under both the FI and DRL
schedules under chronic drug treatment are presented in
Fig. 1. These data exclude the first exposure to each
schedule in each session, as well as exposures in which no
responses occurred. Data for a given schedule for a session
were also excluded if the animal failed to respond in at least
2 of the 12 scheduled exposures to that schedule in that
session. Data were also unavailable for occasional sessions
due to failure of recording apparatus. These exclusions also
applied to all other data presented in the paper. To obtain
the data of Fig. |, the response rate (responses per min) was
determined for each of the 11 analyzed exposures to cach
schedule in cach session, and the median of these response
rates was determined. These medians were then converted
to percentages of the median response rates for the 10
predrug sessions (i.e. the median of the daily medians for
the baseline sessions). Initial drug effects on median
response rates were remarkably similar for both animals.
Both the FI and DRL rates were elevated, with the DRL
rate rapidly falling back towards baseline. Pete’s Fl rate
continued to increase for about the first 10 days of drug
administration, and Max’s rate increased for the first 5 days
of drug administration. For the remainder of the chronic
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FIG. 1. Median FI and DRL response rates are shown as a percentage of the respective baseline median response rates for
cach schedule, before, during and after chronic daily treatment with a-9-THC. The drug was administered orally 2 hr
presession, in a total dose of 7 mg (approximately 1 mg/kg).

drug regimen, FI rates were generally greatly elevated above
baseline levels, with a good deal of variability. DRL rates
continued at or very slightly above baseline during this
period. When drugging was discontinued, baselines were
recovered within 10 15 days, with some tendency for rates
particularly for Pete, to be lower than bascline during the
initial postdrug period. Thus, there appears to have been
tolerance to the rate-increasing effect of A-9-THC on DRL
responding. but no tolerance to the effect on FI respond-
ing. However, this was only partially true. When the
response rate data were plotted as means rather than
medians, the DRL responding, while still showing greater
tolerance than FI responding. remained clearly above

baseline for the duration of the drug treatment due to
occasional infrequent episodes of relatively high-rate re-
sponding under the DRL schedule. These aberrations, with
a few exceptions (e.g. Pete in sessions 26 and 31), did not
occur frequently enough to affect the medians, but they
did occur more frequently than during the baseline period.

Effects of the drug on reinforcement rates under the two
schedules were as predicted. That is, FI reinforcement rates
were either increased or unchanged, and DRL rates were
suppressed. These data are presented in Fig. 2. For each
session, mean reinforcement rates were computed for each
schedule by dividing total reinforcements for the schedule
by the total time the schedule was in effect. The data are
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plotted as percentages of the mean of the 10 predrug
sessions. Medians showed similar but less marked effects. It
can be seen from this figure that DRL reinforcement rate
remained suppressed for most of the chronic drug treat-
ment period, although Pete appeared to show some
consistent recovery towards the end of the treatment.
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Comparison of Figs. 1 and 2 shows that it would be
difficult to account for the recovery in DRL response rate
by the effect such recovery might have on reinforcement
rate, since the time courses of the two effects are quite
different.
The fact DRI
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FI1G. 2. Mecan FI and DRL rcinforcement rates arc shown as a percentage of the baseline mean reinforcement rates tor each
schedule, before, during, and after chronic daily treatment with ~-9-THC.
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performance, though to a lesser extent than FI perfor-
mance, is demonstrated in Fig. 3 which shows latency of
responding (time to the first response) under each schedule
throughout the experiment. These data were calculated in a
manner similar to those of Fig. 1. Both animals showed
shorter latencies in both schedules under treatment with
~9-THC. This effect was greater for both animals under the
FI schedule than the DRL schedule, and persisted through-
out the chronic drug treatment. It is important to note,
however, that the decrease in DRL latencies did persist for
the duration of the drug treatment. Thus, the apparent
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total tolerance in DRL response rate could only have been
accounted for by an increase in the duration of inter-
response times subsequent to the first response in each
DRL component. When drug treatment was terminated,
latencies immediately became longer for Pete under both
schedules, returning rapidly to baseline. For Max, latencies
under the DRL schedule appeared to remain elevated for 20
days postdrug.

Considered separately, the drug effects on the two
schedules confirm other A-9-THC studies. Recovery in DRL
response rate under chronic A-9-THC administration has
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FIG. 3. Median latencies (time to the first response upon exposure to a given schedule) are shown as a percentage of the
baseline median latencies for each schedule, before, during, and after chronic daily treatment with a-9-THC.
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been reported by Sodetz [18] and Ferraro and Grisham
[9]. These results are in contrast with those of Franken-
heim [10] who found increased sensitivity to the rate-
increasing effects of delta-8-THC on DRL performance of
rats. This discrepancy remains to be clarified. In agreement
with the present study, Newman, Lutz, and Domino [15]
found tolerance to rate-depressing effects of THC on Fl
performance in rats to be extremely slow. Ferraro and
Grilly [8] also found no tolerance to the drug in
chimpanzees working under a matching-to-sample task. The
finding in the present study of tolerance and lack of
tolerance to different behavioral effects of A-9-THC in the
same animal during the same series of chronic injections
also replicates the data of Harris, Waters, and McLendon
[11} and Elsmore [5] who found different degrees of
tolerance in the same animals, depending on the behavioral
requirements.

The present results partially confirm predictions made
by the reinforcement loss hypothesis regarding the develop-
ment of behavioral tolerance to drug effects. Greatest
tolerance to THC-induced increases in responding occurred
only in those cases where the initial drug effect reduced
reinforcement frequency. The exact nature of the mechan-
ism, however, remains unclear. Biochemical mechanisms are
effectively ruled out by the experimental design. A corol-
lary that would seem to follow from the reinforcement loss
hypothesis is that recovery from drug-induced reduction in
reinforcement frequency would accompany and support
observed behavioral tolerance. This did not occur in the
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present study. The DRL reinforcement rates of both
animals remained suppressed throughout drug treatment,
although Pete’s DRL reinforcement rate appeared to be
recovering towards the end of the series. Thus, although a
clear difference in the rate of recovery from drug-induced
increases in responding seems to have occurred in the
present study, the recovery in DRL responding was not
supported by a concurrent increase in reinforcement
frequency.

An alternative behavioral mechanism may be proposed
to account for the occurrence of tolerance. The increased
DRL response rates produced a reduction in reinforcement
frequency in only that component of the multiple schedule.
It is well established that decreases in reinforcement
frequency lead to corresponding reductions in response rate
[1]. Thus, the reduction in DRL responding that appears to
be tolerance to the drug effect may simply reflect a general
weakening of the behavior in that component of the
multiple schedule due to the reduction in reinforcement
frequency under the DRL conditions. Since the reinforce-
ment rate was unchanged or increased in the FI component
of the multiple schedule, no reduction in response rate
would be expected. The generality of this explanation is
probably quite limited. What these results. and those
mentioned earlier suggest, is that the degree of behavioral
tolerance to ~A-9-THC effects is highly dependent upon the
specifics of the interactions between the drug and the
schedule of reinforcement maintaining the behavior.
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