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SMITH, J. B. Effects of fixed-ratio requirement on observed tolerance to decreased responding by clonidine. PHARMACOL
BIOCHEM BEHAYV 36(4) 993-995, 1990. —Responding of rats was maintained under either a 10- or a 40-response fixed-ratio
schedule, and ‘‘local’” rates of responding were 0.29-0.37 responses per sec for both schedules. Clonidine decreased responding
for both schedules in a similar and dose-dependent manner, and the largest dose tested (0.3 mg/kg) completely suppressed behavior,
When 0.1 mg/kg was administered immediately prior to 30 daily experimental sessions, FR10 responding recovered to control levels
within 15 sessions, whereas FR40 responding recovered only to approximately 60% of control level at asymptote. These results
continue to identify boundary conditions for the influence of reinforcer loss on tolerance development, and they emphasize the
overriding influence of behavioral processes on observed tolerance to the behavioral effects of drugs.

Clonidine Tolerance Fixed-ratio responding

THERE is an increasing awareness of behavioral |influences on
tolerance development from both associative effects of the pairing
of drug-produced and environmental stimuli (7,8)§and from the
effects of response consequences that occur in the presence of
those paired stimuli (1, 6, 13-15). However, there remains
considerable variation for these influences among different drugs,
experimental conditions, and perhaps species. For'example, tol-
erance develops more completely to decreased mesponding by
chronic clonidine when behavior is maintained by food or water
presentation (5) than when it is maintained by :avoidance or
titration of electric stimuli (10,11), in spite of a continued increase
in shock intensity or frequency under the latter ¢onditions. In
addition, tolerance develops more slowly, and perhaps less com-
pletely, for fixed-ratio than for fixed-interval responding of
pigeons that is decreased by morphine (9), and lete tolerance
may not develop at all for response rate decreases under relatively
large fixed-ratio schedules for cocaine (3), physostigmine (2), or
the cannabinoid /-nantradol (12). The purpose the present
experiment was to continue studying the mﬂuenc of schedule
parameter on tolerance development, and respomding in two
groups of rats was maintained under either FR1D ot FR40 during
daily administration of 0.1 mg/kg clonidine. ‘

]

METHOD
Subjects and Apparatus
Ten experimentally naive male Charles River CD albino rats
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(F344) were maintained at approximately 300 g body weight. The
apparatus has been previously described (13).

Procedure

Nose-key pressing was maintained under a 10-response (n=5)
and a 40-response (n=35) fixed ratio (FR) schedule of food
presentation (0.045 g Noyes pellets) and animals received once
weekly IP administration of clonidine hydrochloride immediately
prior to 45-min sessions (0.01-0.1 mg/kg; courtesy of Boehringer-
Ingelheim). Clonidine has a rapid onset of action and its admin-
istration immediately prior to experimental sessions permitted
observation of initial behavioral effects. Subsequently, all animals
received 0.1 mg/kg clonidine immediately prior to 30 daily
sessions. Drug effects are reported as responses per second
excluding the latency to first response after each food delivery in
order to observe effects on comparable performance under both
schedules (see below).

RESULTS AND DISCUSSION

Behavior under both fixed-ratio schedules was characterized by
a pause just after food delivery, followed by a comparatively high
sustained rate of responding until the next food delivery. Because
of different average durations of postfood pause times for the two
schedules, overall stable response rate under control conditions
was 0.73-0.81 responses per sec under FR10 and 0.48-0.59
responses per sec under FR40. Response rate was more nearly the
same after subtracting postfood pause times, and this ‘‘localized
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FIG. 1. Effects of acute (left) and repeated daily (right) administration of 0.1 mg/kg clonidine on “‘local’’ rate
of key pressing (responses per second =1 SD) of rats under FR10 (n=15; open points) and FR40 (n=35; closed

points) schedules of food delivery.

run-rate’” was used for comparison of baseline and effects of
clonidine (0.29-0.37 responses per sec total range for both
schedules).

Saline had no systematic effect on responding under either
schedule, and acute administration of clonidine systematically
decreased responding for both schedules in a similar and dose-
dependent manner (Fig. 1, left). When 0.1 mg/kg clonidine was
repeatedly administered prior to daily sessions, responding recov-
ered to a fuller extent for behavior under the FR10 than under the
FR40 schedule. FR40 responding remained disrupted and ap-
peared to asymptote at a significantly lower rate from Session 15
onward [Fig. 1, right; #(30)=13.579].

The present results for the FR10 schedule are consistent with a
previous experiment reporting tolerance development to rate
decreases of clonidine on responding of rats under an FR20
schedule (4), but there are no previous reports of partial tolerance
for decreased responding by clonidine for larger FR schedules.
The present findings are also consistent with previous experiments
reporting the influence of FR requirement on tolerance to behav-
ioral effects of cocaine (3), physostigmine (2), and the can-
nabinoid /-nantradol (12).

The present findings are notable for at least two reasons. First,
they continue to help identify boundary conditions for the influ-
ence of reinforcer loss (or ‘‘response cost’’) on tolerance devel-
opment. In the previously mentioned experiment with the can-

nabinoid /-nantradol, pigeons responding under FR300 continued
to lose available food for nearly 2 months without any tolerance
(12), and in the present experiment, food continued to be lost for
one month with incomplete tolerance for rats responding under
FR40. Thus, the singular loss of reinforcers is insufficient for
engendering complete tolerance under fixed-ratio schedules, and
consideration of additional influences like ‘‘work requirement’’
may become useful.

It is important to recognize, of course, that the present data do
not indicate whether responding maintained under the FR40
schedule would have returned to predrug rate if clonidine had been
discontinued, and so a part of the continued suppression of this
responding might have resulted from an altered baseline rather
than continued clonidine. However, the very influence of food-
related schedule parameters on interpretation of tolerance devel-
opment emphasizes the notable importance of behavioral processes
in helping to understand tolerance to the behavioral effects of
drugs. Even though tolerance is not invariant for all circumstances
of reinforcement loss, tolerance nevertheless remains strongly
influenced by important schedule parameters determining the
frequency of reinforcers.

ACKNOWLEDGEMENTS

This research was supported by USPHS Grant DA01987. I thank V.
DeStratis for technical assistance.

REFERENCES

1. Demellweek, C.; Goudie, A. J. Behavioral tolerance to amphetamine
and other psychostimulants: the case for considering behavioral
mechanisms. Psychopharmacology (Berlin) 80:287-307; 1983.

2. Genovese, R. F.; Elsmore, T. F.; Witkin, J. M. Environmental
influences on the development of tolerance to the effects of physo-
stigmine on schedule-controlled behavior. Psychopharmacology (Ber-
lin) 96:462-467; 1988.

3. Hoffman, S. H.; Branch, M. N.; Sizemore, G. M. Cocaine tolerance:
Acute versus chronic effects as dependent upon fixed-ratio size. J.
Exp. Anal. Behav. 47:363-376; 1987.

4. McClearey, P. E.; Leander, J. D. Clonidine analgesia and suppression
of operant responding: Dissociation of mechanism. Eur. J. Pharmacol.
69:63-69; 1981.

5. Meyer, D. R.; El-Azhary, R.; Bierer, W. S.; Hanson, S. K.; Robbins,
M. S.; Sparber, S. B. Tolerance and dependence after chronic
administration of clonidine. Pharmacol. Biochem. Behav. 7:227-231;
1977.

6. Schuster, C. R.; Dockens, W. S.; Woods, J. H. Behavioral variables
affecting the development of amphetamine tolerance. Psychopharma-
cologia 9:170-182; 1966.

7. Siegel, S. A Pavlovian conditioning analysis of morphine tolerance.
In: Krasnegor, N. A., ed. Behavioral tolerance: Research and treat-
ment implications. Washington, DC: NIDA Research Monograph 18;
1978:27-53.

8. Siegel, S. Drug anticipation and the treatment of dependence. In: Ray,
B. A., ed. Learning factors in substance abuse. Washington, DC:



BEHAVIORAL TOLERANCE

10.

11.

12.

NIDA Research Monograph 84; 1988:1-24.

. Smith, J. B. Behavioral influences on tolerance to the effects of

morphine on schedule-controlled behavior. Psychopharmacology (Ber-
lin) 66:105-107; 1979.

Smith, J. B. Effects of single and repeated daily injections of
morphine, clonidine, and /-nantradol on responding of squirrel mon-
keys under escape titration. J. Pharmacol. Exp. Ther. 234:94-99;
1985.

Smith, J. B. Effects of single and repeated daily injections of
morphine, clonidine, and /-nantradol on avoidance responding of rats.
Psychopharmacology (Berlin) 87:425-429; 1985.

Smith, J. B. Effects of fixed-ratio length on the :development of

13.

14.

15.

995

tolerance to decreased responding by /-nantradol. Psychopharmacol-
ogy (Berlin) 90:259-262; 1986.

Smith, J. B. Effects of chronically administered d-amphetamine on
spaced responding maintained under multiple and single-component
schedules. Psychopharmacology (Berlin) 88:296-300; 1986.

Smith, . B.; McKearney, J. W. Changes in the rate-increasing effects
of d-amphetamine and pentobarbital by response consequences. Psy-
chopharmacology (Berlin) 53:151-157; 1977.

Wolgin, D. L. The role of instrumental learning in behavioral
tolerance to drugs. In: Goudie, A. J.; Emmett-Oglesby, M. W., eds.
Psychoactive drugs: Tolerance and sensitization. Clifton Park, NJ:
The Humana Press; 1989:17-113.



