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Effects of caffeine and PD 116,600 on the differential-reinforcement-of-low rate 72-s (DRL 72-s) schedule of reinforcement.
PHARMACOL BIOCHEM BEHAYV 45(4) 987-990, 1993. — Caffeine and PD 116,600 were found to decrease the reinforce-
ment rate and increase the response rate in rats performing under a differential-reinforcement-of-low rate 72-s (DRL 72-s)
schedule of reinforcement. In contrast, antidepressant drugs previously have been found to increase the reinforcement and
decrease the response rate. Caffeine has been found to test similar to antidepressant drugs on at least one other behavioral
screen, but caffeine does not possess clinical antidepressant properties. These results provide further support for the DRL
72-s schedule as a behavioral screen for antidepressant drugs.
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Behavioral screen

DRL 72-s schedule

THE differential-reinforcement-of-low rate 72-s (DRL 72-s)
schedule of reinforcement previously has been shown to be
uniquely and characteristically affected by antidepressant
treatments such as tricyclic antidepressants, 5-HT uptake in-
hibitors, monoamine oxidase inhibitors, atypical antidepres-
sants such as trazodone, mianserin, and ritanserin as well as
electroconvulsive shock. These treatments all increase the rein-
forcement rate and decrease the response rate of rats perform-
ing under a DRL 72-s schedule (5,8,10,11,21). Drugs from
other pharmacological classes such as antihistamines, anticho-
linergics, amphetamines, alpha-adrenergic antagonists, benzo-
diazepines, barbiturates, alcohol, and antipsychotic drugs do
not test as antidepressants (6-8,10,11,21,22) although there is
some controversy concerning antipsychotic drugs testing as
“false” positives (2,13). The purpose of the present report is
to further test the specificity of the DRL 72-s schedule as a

screen for antidepressant drugs by testing a drug, caffeine,
that has not been used in the treatment of depression but
which tests as an antidepressant on one behavioral model of
depression (15). In addition, the present study also determined
the effects of a selective adenosine receptor antagonist, PD
116,600 (8-cyclopentyl-theophylline), on the DRL 72-s sched-
ule. PD 116,600 has been shown to have a high affinity for A,
adenosine receptors in vitro (3) and to block the CNS effects
of an A, adenosine agonist in vivo in rats (4). Unlike caffeine
and theophylline, PD 116,600 does not produce stimulation
of spontaneous locomotor activity in rats, but it does augment
intracranial self-stimulation responding in rats (4). Because
the DRL 72-s schedule can distinguish between antidepressant-
like and psychomotor stimulant-like profiles, this test was
used to critically evaluate the possible antidepressant proper-
ties of PD 116,600.

! Present Address: Yale University School of Medicine, Dept. of Psychiatry, Connecticut Mental Health Center, Abraham Ribicoff Research

Facilities, 34 Park St., New Haven, CT 06519.

2 Present Address: Parke-Davis Pharmaceutical Research Division, Warner-Lambert Co., 2800 Plymouth Road, Ann Arbor, MI 48105.
3 Present Address: University of Illinois College of Medicine, Dept. of Psychiatry, Chicago, IL 60680.
4 Present Address: Monsanto Corporation, 645 S. Newstead, St. Louis, MO 63110.

* To whom requests for reprints should be addressed.

987



988

METHOD

Animals

Subjects for this study were eight male Sprague-Dawley
rats (Holtzman, Madison, WI), weighing about 350 g when the
drug treatments began. They were housed in suspended wire
cages (36 x 23 x 19 cm) with two rats occupying each cage.
The colony room was maintained at a relatively constant tem-
perature (21-23°C) and humidity (30-60%). Fluorescent light-
ing was automatically turned on at 06:00 h and turned off at
20:00 h. Teklad 4% Rat Diet was available continuously except
during sessions in the operant chamber. Rats were allowed free
access to water for a 20-min period following each session in
the operant chamber. They were then water-deprived for the
remaining 22.5 h (approximately) until the subsequent session.

Apparatus

Eight Gerbrands model C operant conditioning chambers
(21 x 23 X 19 cm) served to house the rats during the behav-
ioral sessions. Each chamber was equipped with a white house
light and remained on throughout the entire session. A lever
that operated a microswitch was mounted on one wall 3.0 cm
from the side and 2.5 cm above a grid floor and 6.5 cm from
an access port for a dipper that held 0.025 m} water. A down-
ward force equivalent to approximately 15 g (0.15 N) operated
the lever, constituting a response. When a response fulfilled
the schedule requirements, the dipper was lifted from a water
trough to an opening in the floor of the access port for 4
s, constituting a reinforcer. Each experimental chamber was
enclosed in a sound-attenuating chamber equipped with a fan
to provide ventilation and a masking noise.

Training

Each rat was initially trained under a concurrent fixed-ratio
1 (FR 1), fixed-time 60-s schedule for water reinforcement.
This schedule provided reinforcement for each response in
addition to making water available following each 60-s inter-
val in which there had been no response. The few rats that did
not spontaneously acquire lever-pressing behavior within three
daily 30-min sessions under this schedule were trained by the
experimenter using the method of successive approximations.
The rats were first reinforced for facing the lever, then for
coming into closer physical proximity with the lever; then for
touching the lever; and then for pressing the lever. After all
the rats had acquired lever-pressing behavior, they were placed
under a DRL 18-s schedule for 2 weeks, and the requirement
was then raised to a DRL 72-s schedule. Under this schedule,
responses that occurred at least 72 s after the previous re-
sponse were reinforced. Responses that occurred less than 72
s after the previous response were not reinforced and required
an additional 72 s to pass without any responding for the
reinforcer to be available following a response. Drug treat-
ments were initiated after 8 weeks when the animals’ perfor-
mance on the DRL 72-s schedule had stabilized (see 7 for a
more economical training schedule). Responding on the DRL
72-s schedule was considered stable when the standard error of
the mean total response rate for each rat over five consecutive
sessions was not greater than 10% of the corresponding mean.
Experimental sessions lasted for 1 h and were conducted 6
days/week during light hours.

Drug Administration

Caffeine and PD 116,600 were dissolved in 10% emulphur
30 min prior to injection by a) weighing drug into the vial, b)
adding 2-3 drops of 95% EtOH to wet the drug, c) adding
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straight emulphur (allowing for 10% final volume), d) adding
the final volume of distilled water, and e) sonicating until
the drug was dissolved or well suspended. The drugs were
administered IP 30 min prior to testing on Tuesdays and Fri-
days. Vehicle (10% emulphur) was administered Mondays and
Thursdays, the day prior to drug injections. The doses used in
studying caffeine were 0.1, 1.0, and 10.0 mg/kg. The doses
used in studying the PD 116,600 compound were 0.1, 0.5, 1.0,
2.0, 4.0, and 10.0 mg/kg. The doses were administered in an
ascending manner except for PD 116,600. The 0.5, 2.0, and
4.0 mg/kg PD 116,600 doses were given in an ascending man-
ner after the 0.1, 1.0, and 10.0 mg/kg doses because a small
nonsignificant increase in reinforcement rate was observed at
the 0.1 and 1.0 mg/kg doses. Both drugs were supplied by
Parke-Davis (Ann Arbor, MJ).

Schedule Control and Data Analysis

The experimental chambers were connected to a PDP-11/
73 microcomputer. The schedule contingencies were pro-
grammed and reinforcements, responses, and sequential inter-
response times were recorded using a Super SKED Software
System (23). The number of reinforcements and responses per
session at each drug dose were compared to control values and
tested for statistically significant differences with a one-way
repeated measures analysis of variance (ANOVA). The con-
trol values were the mean reinforcement and response rate aver-
age over several days: the 5 days (including the initial vehicle
injection) immediately preceding the first dose and the day pre-
ceding each drug injection. Therefore, there were 5 control days
plus the number of drug injections. The control reinforcement
and response rates for the caffeine experiment were 9.3 + 0.9
(mean + SEM)and 130 + 18, respectively. The control rein-
forcement and response rates for the PD116,600 experiment
were 10.2 + 1.8 and 147 + 34, respectively. Multiple com-
parisons were performed by using the Dunnett test (24). Sig-
nificance was accepted at the p < 0.05 level.

In addition, an IRT analysis of the caffeine data was per-
formed. This IRT analysis compares the obtained IRT distri-
bution of an individual rat to a corresponding negative expo-
nential distribution. The corresponding negative exponential
distribution fits the expected appearance of the obtained IRT
distribution if the rat had randomly emitted the same number
of responses over the same interval. The present IRT analysis
is an extension of a previous method (16) in that three metrics
are obtained that allow for quantifying the DRL IRT distribu-
tions with respect to the negative exponential. The peak area
(PkA) and peak location (PkL.) describe the pause component
of the IRT distribution. The PkA is the proportion of IRT
distributions in the peak not accounted for by the correspond-
ing exponential. The PKL is the median IRT duration of the
peak. The third metric, the burst ratio (BR), quantifies the
initial bursting component of the IRT distribution. The BR
is the total number of obtained IRT distributions in the burst
component divided by the total number of IRT durations pre-
dicted to occur in the burst component on the basis of the corre-
sponding negative exponential. Repeated measures ANOVA
were performed on these three metrics and followed by multiple
comparisons with the Dunnett test (24). The present IRT analy-
sis will be described in greater detail elsewhere (17).

RESULTS

Caffeine decreased the reinforcement rate [F(7, 21) =
10.81, p < 0.001, see Fig. 1] at 10 mg/kg (p < 0.01) and
increased the response rate [F(7, 21) = 6.93, p < 0.01] at 10
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FIG. 1. Effect of caffeine and PD116,600 on reinforcement rate (M)
and response rate () in rats responding under a DRL 72-s schedule.
The points represent the mean + SE for eight rats expressed as per-
cent of control performance. Significantly different from control per-
formance, *p < 0.05; **p < 0.01.

mg/kg (p < 0.01). PD 116,600 also decreased the reinforce-
ment rate [F(7, 42) = 5.42, p < 0.001] at 10 mg/kg (p <
0.05) and increased the response rate [F(7, 42) = 8.19, p <
0.001] at 10 mg/kg (p < 0.01).

Caffeine decreased the PkA [F(3, 21) = 8.41, p < 0.05,
see Fig. 2] and also decreased the PkL [F(3, 21) = 11.96, p
< 0.05]. Caffeine did not significantly affect the BR [F(3,
21) = 0.31}.

DISCUSSION

Caffeine and PD 116,600 decreased the reinforcement rate
and increased the response rate on the DRL 72-s schedule.
These effects are similar to the effects of other psychomotor
stimulants such as amphetamine, 3,4-methylenedioxymetham-
phetamine (MDMA), and methylphenidate on DRL behavior
(6,12). Caffeine also decreased the PkA and PkL, without
affecting the BR, just as does amphetamine (17). Thus, the
adenosine antagonists result in similar effects on DRL behav-
ior as do other classes of psychomotor stimulants.

While the adenosine antagonist PD 116,600 can be con-
trasted with caffeine and theophylline in that it does not stim-
ulate spontaneous locomotor activity, the DRL 72-s schedule
nonetheless reveals a profile for PD 116,600 that resembles
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that of psychomotor stimulants. This is in agreement with the
ability of PD 116,600 to augment intracranial self-stimulation
responding in rats (4), a profile seen with amphetamine and
other stimulant drugs. The present data suggest that the DRL
72-s schedule provides a particularly sensitive test for distin-
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FIG. 2. Bffect of caffeine on the IRT distribution. The four histo-
grams show the effect of increasing doses of caffeine. The histograms
show the relative frequency fo IRT distributio (bars) and correspond-
ing negative expotential distribution (@) with burst IRTs excluded.
Bursting is indicated by the shaded histogram bars. The dashed verti-
callines indicate the 72 s DRL criterion value. The histograms repre-
sent the average of four rats. The PkA, PkL and BR are displayed in
the upper right hand corner of each histogram. Significantly different
from control performance, *p < 0.05.
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guishing between the antidepressant-like and stimulant-like ef-
fects of drugs, a distinction that has proven more difficult to
make with use of other preclinical antidepressant tests.
Caffeine is a drug that is not known to exert clinical antide-
pressant effects. Yet caffeine does appear to test similar to
antidepressant drugs on the forced swim test (14). In contrast,
caffeine does not test similar to antidepressant drugs on the
DRL 72-s schedule. Antidepressant drugs increase the rein-
forcement rate, decrease the response rate, and cause character-
istic changes in the IRT distribution in rats performing under
a DRL 72-s schedule (17,22). While amphetamines, caffeine,
antihistamines, and anticholinergics all act similar to antide-
pressant drugs on the forced swim test (14), none of these drugs
act similar to antidepressant drugs on the DRL schedule
(6,9,10). Indeed, the antihistamine and anticholinergic effects
of antidepressant drugs are felt to be responsible for many of
their side effects (18,19). While there is some clinical lore re-
garding the clinical efficacy of amphetamines in treating affec-
tive disorders, double-blind placebo controlled trials do not
support this belief (20). Thus, the DRL 72-s schedule, unlike the
Porsolt test, is congruent with the lack of clinical efficacy of
amphetamines, caffeine, antihistamines, and anticholinergics.
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In contrast, the dopamine uptake inhibitors bupropion and
nomifensine, which are antidepressants, both test similar to
antidepressant drugs on the Porsolt test (1). Bupropion and
nomifensine increase the response rate and decrease the rein-
forcement rate on DRL behavior (10,21) similar to other psy-
chomotor stimulants and unlike other antidepressant drugs.
The forced swim test is the most widely used behavioral anti-
depressant drug screen. The DRL 72-s schedule compares fa-
vorably to the forced swim test in that amphetamines, caf-
feine, antihistamines, and anticholinergics do not test similar
to known antidepressant drugs. Nevertheless, at the present
time no one behavioral antidepressant screen by itself is an
adequate preclinical screen for antidepressant efficacy.

ACKNOWLEDGEMENTS

This research supported by U.S. Public Health Service Grant MH-
11191 to L. Seiden who is also the recipient of a Research Scientist
Award MH-RSA-10562. G. Marek was a Medical Scientist Training
Program trainee supported by PHS Training Grant #5-T32-GM07281.
The authors thank Barbara X. Knight for excellent assistance in the
preparation of this manuscript.

REFERENCES

1. Borsini, F.; Meli, A. Is the forced swimming test a suitable model
for revealing antidepressant activity? Psychopharmacol. 94:147-
160; 1988.

2. Britton, K. T.; Koob, G. F. Effects of corticotropin releasing
factor, desipramine and haloperidol on a DRL schedule of rein-
forcement. Pharmacol. Biochem. Behav. 32:967-970; 1989.

3. Bruns, R. F.; Lu, G. H.; Pugsley, T. A. Characterization of
the A, adenosine receptor labeled by [PH]-NECA in rat striatal
membranes. Mol. Pharmacol. 29:331-346; 1986.

4. Bruns, R. F.; Davis, R. E.; Ninteman, F. N.; Poschel, B. P. H.;
Wiley, J. N.; Heffner, T. G. Adenosine antagonists as pharmaco-
logical tools. In: Paton, D. M., ed. Physiology and pharmacology
of adenosine and adenine nucleotides. London: Taylor & Francis;
1988:39-49,

5. Danysz, W.; Plazni, A.; Kostowski, W.; Malatynska, E.; Jarbe,
T. U. C.; Hiltunen, A. 1.; Archer, T. Comparison of desipra-
mine, amitriptyline, zimelidine and alaproclate in six animal mod-
els used to investigate antidepressant drugs. Pharmacol. Toxicol.
62:42-50; 1988.

6. Li, A.; Marek, G. J.; Seiden, L. S.; Vosmer, G. Long-term cen-
tral 5-HT depletions resulting from repeated administration of
MDMA enhances the effects of single administration of MDMA
on schedule-controlled behavior in rats. Pharmacol. Biochem.
Behavior 33:641-648; 1989.

7. Marek, G. J.; Seiden, L. S. Effects of selective 5-HT and nonselec-
tive 5-HT antagonists on the differential-reinforcement-of-low-rate
72-sec schedule. J. Pharmacol. Exp. Ther. 244:650-658; 1988.

8. Marek, G. J.; Li, A.; Seiden, L. S. Selective 5-hydroxytrypta-
mine-2 antagonists have antidepressant-like effects on differen-
tial-reinforcement-of-low-rate 72-s schedule. J. Pharmacol. Exp.
Ther. 250:52-59; 1989.

9. McGuire, P. S.; Seiden, L. S. The effects of tricyclic antidepressants
on performance under a differential-reinforcement-of-low-rates
schedule in rats. J. Pharmacol. Exp. Ther. 214:635-641; 1980.

10. O’Donnell, J. M.; Seiden, L. S. Differential-reinforcement-of-
low-rate 72-second schedule: Selective effects of antidepressant
drugs. J. Pharmacol. Exp. Ther. 224:80-88; 1983.

11. O’Donnell, J. M.; Seiden, L. S. Effects of monoamine oxidase
inhibitors on performance during differential reinforcement of
low response rate. Psychopharmacol. 78:214-218; 1982.

12. Pearl, R. G.; Seiden, L. S. The existence of tolerance to and
cross-tolerance between d-amphetamine and methylphenidate for
their effects on milk consumption and on differential-reinforce-

ment-of-low-rate performance in the rat. J. Pharmacol. Exp.
Ther. 198:635-647; 1976.

13. Pollard, G. T.; Howard, J. L. Similar effects of antidepressant
and nonantidepressant drugs on behavior under an interresponse-
time greater than 72-s schedule. Psychopharmacology (Berl.) 89:
253-258; 1986.

14. Porsolt, R. D. Behavioral despair. In: Enna, S. J.; Malick, J. B.;
Richelson, E., eds. Antidepressants: Neurochemical, behavioral,
and clinical perspectives. New York: Raven Press; 1981:121-139.

15. Porsolt, R. D.; Le Pichon, M.; Jalfre, M. Depression: A new
animal model sensitive to antidepressant treatments. Nature
(Lond.) 266:730-732; 1977.

16. Richards, J. B.; Seiden, L. S. A quantitative interresponse time
analysis of DRL performance differentiates similar effects of the
antidepressant desipramine and the novel anxiolytic gepirone. J.
Exp. Anal. Behav. 56:173-192; 1991,

17. Richards, J. B.; Sabol, K. E.; Seiden, L. S. DRL interresponse
time distributions: Quantification by peak deviation analysis. J.
Exp. Anal. Behav. (in press).

18. Richelson, E. Tricyclic antidepressants and histamine H, recep-
tors. Mayo Clin. Proc. 54:669-674; 1979.

19. Richelson, E.; Nelson, A. Antagonism by antidepressants of neu-
rotransmitter receptors of normal human brain in vitro. J. Phar-
macol. Exp. Ther. 230:94~102; 1984.

20. Satel, S.; Nelson, J. C. Stimulants in the treatment of depression:
A critical overview. J. Clin. Psychiatry 50:241-249; 1989.

21. Seiden, L. S.; Dahms, J. L.; Shaughnessy, R. A. Behavioral
screen for antidepressants: The effects of drugs and electrocon-
vulsive shock on performance under a differential-reinforcement-
of-low-rate schedule. Psychopharmacology (Berl.) 86:55-60;
1985.

22. Seiden, L. S.; Marek, G.; O'Donnell, J. M.; Li, A.; Dunn, R.;
Jolly, D. The role of noradrenergic and serotonergic systems
in the screening of antidepressant drugs. In: Belmaker, R.
H.; Sandler, M.; Daahlstrom, A., eds. Neurology and neuro-
biology series, vol. 42C. Progress in catecholamine research—
Part C: Clinical aspects. New York: Alan R. Liss, Inc.; 1988:
337-342.

23. Snapper, A. G.; Stephens, K. R.; Cobez, R. I., Van Haaren,
F. The SKED software systems: OS8 and Time Share Systems,
Kalamazoo, MI; 1976.

24. Winer, B. J. Statistical principles in experimental design. New
York; McGraw-Hill; 1971.



