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MODROW, H. E., F. A. HOLLOWAY AND J. M. CARNEY. Cafl'eine discrimination in the rat. PHARMAC. 
BIOCHEM. BEHAV. 14(5) 683-688, 1981 .--Rats were trained to discriminate 32 mg/kg caffeine from saline in a two-lever 
appetitive task. Across a range of caffeine test doses (1-32 mg/kg) rats showed a dose related generalization to the training 
cue. At intermediate caffeine dose levels, caffeine appeared to produce a more potent cue on tests following saline-training 
days than after drug-training days. Several psychomotor stimulants (d-amphetamine, methylphenidate, nicotine and TRH) 
failed to generalize to the caffeine cue. In contrast, theophylline did generalize to caffeine at a dose roughly twice that of the 
caffeine training dose. 
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CAFFEINE is a psychoactive compound found in a variety 
of sources including coffee, tea, cocoa and cola beverages 
[7]. For example, one cup of brewed coffee may contain as 
much as 100-150 mg caffeine, one cup of tea 9-91 mg and 
cola drinks 25-45 mg/10 oz [7]. In a sample of 110,000 per- 
sons, 19.5% of females and 21.4% of males reported drinking 
7 or more cups of coffee per day [14] producing an estimated 
daily dosage greater than 1000 mg of caffeine. 

In spite of its widespread consumption, research examin- 
ing the behavioral effects of caffeine has been limited. 
Changes in both the rate and pattern of operant behavior 
have been reported after caffeine injections. Both Ando [2] 
and Webb and Levine [25] examined the effects of caffeine 
upon differential reinforcement for low rates of responding 
(DRL). Both studies reported a decrease in reinforcements 
due to an increase in the number of responses with relatively 
short interresponse times (IRT). Davies et al. [6] compared 
the effects of caffeine, amphetamine and nicotine on fixed 
interval (FI), fixed ratio (FR) and Sidman avoidance 
schedules in squirrel monkeys. Though amphetamine in- 
creased the response rate for all three schedules, nicotine 
increased responding only during the first half of the interval 
on the FI schedule. Caffeine increased responding on both 
the FR and FI schedules. Wayner, et al. [24] examined the 
effects of caffeine on both operant and adjunctive behaviors 
and found a biphasic dose response curve for both lever 
pressing and schedule-induced licking after injections of caf- 
feine. Similar results were obtained by McKim [16] who re- 

ported that low doses would increase response rates while 
higher doses lowered response rates under both FI and FR 
schedules in mice. A similar inverted U-shaped dose-effect 
curve has been found for caffeine's effect on rat locomotor 
activity [1, 10, 23]. These studies indicate that caffeine 
shares some but not all of the behavioral effects produced by 
psychomotor stimulants. 

The drug discrimination paradigm is unique among behav- 
ioral measures in that it permits the subject to indicate 
whether or not a substance is discriminably similar to the 
drug-training condition. The discriminative properties of a 
wide variety of psychomotor stimulants, including am- 
phetamine [9], nicotine [21], cocaine and methylphenidate 
[8], have been described. Animals trained to discriminate 
one psychomotor stimulant demonstrated generalization 
when tested with other psychomotor stimulants [8]. How- 
ever, not all psychomotor stimulants will show cross- 
generalization. Although thyrotropin-releasing hormone 
(TRH) has been found to induce hyperactivity, anorexia and 
disruption of operant responding [4], TRH discriminating 
rats do not show generalization of amphetamine to TRH [ 12]. 
The discriminative properties of caffeine have received 
much less attention. Krimmer [ 15] found that rats, trained to 
discriminate a depressant, pentobarbital, from saline, would 
respond to the saline lever when tested with caffeine. How- 
ever, 20-50 mg/kg caffeine appeared to generalize to the drug 
cue in animals trained to discriminate the antidepressant, 
buprion, from saline [13]. 
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The purpose of the first study was to determine; (1) 
whether rats could be trained to discriminate caffeine at a 
dose which produces reliable changes in operant and loco- 
motor activity, and (2) the dose effect curve for generaliza- 
tion of lower caffeine doses to the caffeine training condi- 
tion. The second experiment was designed to characterize 
the psychopharmacological properties of the caffeine cue in 
reference to such properties of other psychomotor stimul- 
ants (d-amphetamine, methylphenidate, nicotine, and TRH). 
Theophylline, a dimethyl-xanthine which is an active 
metabolite of caffeine, also was tested. 

EXPERIMENT 1 

METHOD 

Subjects 

Twelve naive adult male Sprague-Dawley rats weighing 
between 340 and 460 grams were used in this study. Prior to 
training, all animals were reduced to approximately 80% of 
their free-feeding weight and maintained at that point for the 
duration of the study. All animals were housed in individual 
rack cages with ad lib water and were maintained on a 12:12 
light-dark cycle with light onset at 8:00 a,m. CST. 

Apparatus 

Four identical LeHigh-Valley (Model 132-02) two-lever 
operant chambers, measuring 25.0x30.5x32.0 cm, were 
used. Each chamber consisted of transparent Plexiglas com- 
posing two walls and the top with two end walls composed of 
stainless steel. The floor consisted of stainless steel bars 
separated by 1.9 cm. One end wall contained two levers 
mounted 4.2 cm from the floor and 14.3 cm from each other. 
Midway between the two levers was a food cup into which 
the 45 mg Noyes food pellet reinforcements were delivered 
by a Lafayette pellet dispenser. Each chamber was enclosed 
in a LeHigh-Valley sound attenuating chamber. All pro- 
gramming and recording was done by means of solid state 
equipment. 

Procedure 

As soon as the animals were reduced to 80% of their 
free-feeding weight, they were trained to lever press for food 
reinforcement. One-half of the animals were shaped to press 
the left lever; the other half were shaped to press the right 
lever. Upon completion of the initial shaping procedure, 
Phase 1 of discrimination training began with pre-session 
intraperitoneal (IP) injections of normal saline. All injections 
were administered 20 minutes prior to the training session. In 
Phase 1 of training, the schedule of reinforcement for the 
previous shaped lever response was gradually raised until 
the animal was consistently responding on an FR30 
schedule. Session length was 20 minutes. The FR30 schedule 
was chosen in order to obtain a better indication of discrimi- 
nation. On the FR10 schedule utilized by some researchers 
(e.g., [8]), one or two spurious responses could exert more 
statistical influence than is the case with the FR30 schedule 
(e.g., 9% versus 3%). All animals attained stable perform- 
ance (10-15% variation) on the FR30 schedule within 8-10 
days. Subsequently in Phase 2 each animal received an in- 
jection of 32 mg/kg caffeine (free-base) 20 minutes prior to 
the training session. Pilot work indicated peak caffeine blood 
levels within 20 minutes of IP injections. In these caffeine 

sessions each animal was shaped to press the opposite lever. 
This second phase of training consisted of two day blocks of 
caffeine-appropriate lever training interspersed with two day 
blocks of saline-appropriate lever training. During this 
double-alternation sequence, the schedule of reinforcement 
for saline sessions was FR30. The reinforcement schedule 
during caffeine sessions was gradually raised to FR30. 
Animals required 6--10 caffeine sessions to attain stable rates 
under the FR30 schedule. 

Phase 3 of training also utilized a double-alternation se- 
quence, essentially the same as Phase 2, i.e., two sessions 
(one/day) with prior saline injections followed by two ses- 
sions (one/day) with prior caffeine injections, etc. Training 
continued until the animal reached criterion (no more than 5 
incorrect responses prior to the first reinforcement on 8 out 
of 9 consecutive days). The double-alternation procedure 
(used for example by Rosecrans [21]) likely provides better 
control over such factors as position learning [ 11] than is the 
case for the single-alternation procedure. 

Other caffeine doses were tested for generalization to the 
training dose after the training criterion was reached. Tests 
were administered every third day. This test schedule was 
superimposed on the caffeine/saline training sequence used 
in Phase 3. Animals were randomly given tests of saline, 1.0, 
3.2, 5.6, 10.0, 20.0 and 32.0 mg/kg caffeine. Each animal 
received each test dose twice, once after a caffeine training 
day and once after a saline training day. On test days, twenty 
minutes following administration of the drug, the animal was 
placed in the apparatus and allowed to press both levers until 
it had pressed 30 times on one lever. At this point it was 
removed from the apparatus and the test session was con- 
cluded. 

RESULTS AND DISCUSSION 

Once shaped to the caffeine lever (Phase 2), eleven of the 
twelve rats met the caffeine discrimination (Phase 3) crite- 
rion in a mean of 28.6_+0.8 daily training sessions. One rat 
failed to reach criterion within 50 training sessions and was 
dropped from the study. 

The dose-effect curves for generalization to the caffeine 
cue are presented in Fig. I. A repeated measures analysis of 
variance demonstrated a significant difference among the 
various caffeine doses, F(6,10)=9.119, p<0.001. Analysis of 
the percentage of drug-appropriate lever responding re- 
vealed a significant component of the dose effect curve was 
linear, F(1,60)= 104.73, p<0.001. A Tukey post-hoc analysis 
demonstrated that the animals made a significantly (p <0.05) 
greater percentage of drug-appropriate lever responses at 
5.6, 10.0, 20 and 32 mg/kg caffeine than with saline or 1.0 
mg/kg caffeine. However, only 20 mg/kg was not signifi- 
cantly different from 32 mg/kg. That is, only test doses of 20 
and 32 mg/kg completely generalized to the caffeine training 
dose. Thus while doses below 20 mg/kg caffeine were dis- 
criminably different from saline, the threshold for complete 
generalization (i.e., not significantly different from the train- 
ing test dose of 32 mg/kg) to the caffeine training cue, ap- 
peared to lie between 10 and 20 mg/kg caffeine. 

As may be seen in Fig. 1, there was also an effect due to 
the sequence of testing. Rats appeared more sensitive to 
caffeine test doses after saline-training days than on days 
following caffeine. This effect was significant, F(1,60) 
=4.246, p<-d.05, and most apparent at intermediate 
caffeine test doses. Post-hoc analyses revealed significant 
differences between tests after drug training days and after 
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FIG. 1. Generalization of caffeine test doses to the training dose of 32 mg/kg caffeine. 

saline training days when the test dose was 5.6 mg/kg caf- 
feine, F(1,60)=8.34, p<0.01,  or  10 mg/kg caffeine, 
F(1,60)= 12.47, p<0.001.  Previous research has not reported 
the kind of differences in drug discrimination between tests 
after drug and saline training days reported in the present 
study. Neither the biochemical nor the behavioral basis of  
this phenomenon is known but the presence of  seemingly 
unequal ED.~0s between tests after drug and saline training 
days suggests that rats may be sensitive to contrasts between 
injections on successive days. 

It is clear that rats are able to learn to discriminate the cue 
produced by IP injections of caffeine. The intensity of this 
cue is directly related to the dose of  injection, and further- 
more, the doses are within the dose range of caffeine found 
to produce stimulatory effects on both locomotor activity 
and operant behavior. Therefore ,  the discriminative proper- 
ties of caffeine could be related to nonspecific stimulatory 
properties,  an issue examined in Experiment 2. 

EXPERIMENT 2 

M E T H O D  

Subjects 

The subjects used in this study were the eleven rats from 
the previous study which had achieved the criterion for caf- 
feine discrimination. Their care remained the same as in the 
previous study. 

Apparatus 

The apparatus used in this study was the same as that 
used in the previous study. 

Procedure 

Daily drug discrimination sessions were conducted as was 
described in Experiment 1. Two training sessions in the caf- 
feine drug state alternated with two training sessions in the 
saline drug state. Tests were again administered every third 
day. 

Six animals were tested first with d-amphetamine (sulfate) 
while the remaining five were tested first with theophylline. 
Amphetamine tests included IP injections of 0.3, 1.0, 1.5 and 
2.0 mg/kg. Theophylline tests included IP injections of 10, 
20, 32, 44 and 56 mg/kg. Higher doses of d-amphetamine and 
theophylline were not tested due to disruption of behavior 
(i.e., no responding). As soon as testing was concluded for 
one drug, the animal began testing on the other drug. For  a 
given drug, testing on the various doses was randomized. 
Following completion of testing on the first two drugs, all 
animals were tested on methylphenidate hydrochloride, 
nicotine (base) and TRH. The test doses included 1, 3, 5 and 
7 mg/kg methylphenidate IP, 10 mg/kg TRH IP and 0.1, 0.2 
and 0.4 mg/kg nicotine SC. Because of the well-known 
stimulatory effects of nicotine upon the smooth muscle re- 
ceptors,  and autonomic ganglia, it was necessary to adminis- 
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TABLE 1 

GENERALIZATION OF THE CAFFEINE CUE TO OTHER DRUGS 

Percent drug lever Significance level 
Drug Dose responses ± S.E. saline*/caffeinet 

d-Amphetamine 

Methylphenidate 

Nicotine 

TRH 

Theophylline 

0.3 mg/kg IP 17.89 ± 3.62 n.s./0.001 
1.0 20.13 _+ 2.95 n.s./0.001 
1.5 17.16 + 3.99 n.s./0.001 
2.0 26.66 ± 2.90 0.05/0.001 

1.0 mg/kg IP 2.27 ___ 0.68 n.s./0.001 
3.0 9.09 + 2.72 n.s./0.001 
5.0 13.04 ± 2.44 n.s./0.001 
7.0 9.09 ± 2.74 n.s./0.001 

0.0 mg/kg SC 0.29 ___ 0.09 n.s./0.001 
0.1 18.18 _+ 3.68 n.s./0.001 
0.2 9.66 ± 2.73 n.s./0.001 
0.4 17.73 ± 2.90 n.s./0.001 

10 mg/kg IP 0.83 ± 0.25 n.s./0.001 

10 mg/kg IP 17.18 _+ 3.34 n.s./0.001 
20 25.93 ± 3.92 n.s./0.001 
32 27.74 ± 3.82 n.s./0.001 
44 50.34 _+ 4.44 0.05/0.05 
56 73.89 _+ 2.79 0.001/n.s. 

*Statistical comparison to saline tests. 
tStatistical comparison to 32 mg/kg caffeine tests. 

ter the nicotine subcutaneously. In order to control for this 
route of administration, a subcutaneous dose of saline also 
was given. Once again, for each drug the various doses were 
tested randomly. All drug doses were calculated as the base. 

All test sessions were identical to those described in the 
first study. Twenty minutes following injection of  the test 
drug the animal was placed in the operant chamber and 
allowed to press either lever until 30 responses were accumu- 
lated on one lever. The animal was then removed from the 
apparatus and the test was terminated. The 20 minute 
injection-test interval was used to insure a constant condi- 
tion relative to the training condition. This time of  testing 
resulted in drug-induced alteration of  behavior by all drugs. 

RESULTS AND DISCUSSION 

If caffeine's discriminative properties were due to 
nonspecific stimulatory actions, then we might expect other 
psychomotor stimulants to generalize to the caffeine cue. 
Table 1 demonstrates the lack of generalization of 
d-amphetamine, methylphenidate, nicotine and TRH to the 
caffeine cue. In contrast, theophylline did generalize to the 
caffeine cue. Analyses of variance and post-hoc comparisons 
were performed on all drugs. With the exception of 
theophylline, all drugs produced comparable results. In the 
cases of d-amphetamine, methylphenidate and nicotine, no 
significant differences (within drug comparisons) were found 
among the various doses for each drug. Post-hoc compari- 
sons revealed that no dose of nicotine, methylphenidate or 

TRH was different from the saline test dose. In general am- 
phetamine also was not different from the saline test. Al- 
though 2.0 mg/kg amphetamine was found to be different 
from saline, the percentage of caffeine-appropriate lever re- 
sponding was less than 30. Further, there was no trend for 
increased cafeine-appropfiate lever responding as the am- 
phetamine dose increased. As previously noted, 2.0 mg/kg 
amphetamine was not found to be different from any of the 
other amphetamine doses. In addition, all test doses of am- 
phetamine, methylphenidate, nicotine and TRH produced 
significantly less caffeine-appropriate lever responding than 
the 32 mg/kg caffeine test dose. In conclusion, several tradi- 
tional psychomotor stimulants showed no generalization to 
the caffeine cue, thus suggesting that the basis of the dis- 
criminative cue is due to some pharmacologically specifc 
action of caffeine. 

It is logical that theophylline, an active metabolite of caf- 
feine, would generalize to the caffeine cue. Indeed the only 
drug which produced caffeine-appropriate lever responding 
was theophylline. An analysis of variance revealed signifi- 
cant differences between the different doses of theophylline, 
F(4,40)=4.046, p<0.01. A Tukey post-hoc analysis demon- 
strated significantly greater caffeine-appropriate lever re- 
sponding at 56 mg/kg than at 10, 20 and 32 mg/kg theophyl- 
line. In addition 56 mg/kg theophylline was not significantly 
different from 32 mg/kg caffeine. Both 44 and 56 mg/kg 
theophylline demonstrated significantly greater caffeine- 
appropriate lever responding than saline injections. The re- 
maining three doses did not significantly differ from saline. 
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G E N E R A L  D I S C U S S I O N  

The results of  these studies demons t ra te  that rats can 
discr iminate  caffeine f rom saline. The  cue does not  seem to 
be based on a nonspecif ic  st imulant  effect ,  a conclus ion sup- 
por ted  by the lack of  general izabil i ty of  o ther  p sychomoto r  
st imulants to the caffeine cue. Rather  the caffeine cue ap- 
pears restr ic ted to the methylxanthines ,  as indicated by the 
general izat ion o f  theophyl l ine  to the caffeine cue. A few 
studies have indirectly examined  the discriminabil i ty o f  caf- 
feine by testing its generalizabil i ty to o ther  drugs. Morr i son  
and Stephenson [14] found that rats would respond to the 
sal ine-appropriate  lever  when tested with caffeine after train- 
ing with nicotine.  Caffeine also does not  general ize to ei ther  
a pentobarbi ta l  [15] or  an alcohol  [22] training cue. In the 
only previous  study to direct ly examine  the discriminabil i ty 
of  caffeine,  Over ton  and Batta [19] using the shock-escape  
procedure ,  were  able to obtain caffeine discr iminat ion at a 
dose of  125 mg/kg but not at 50 mg/kg caffeine.  As Over ton  
[ 18] has pointed out,  e~tablishment of  drug discr iminat ion in 
the shock-escape  procedure  may require higher dosages than 
in an appeti t ive operant  task. 

One possible basis for caf fe ine ' s  cue propert ies  could be 
its peripheral  effects,  e.g. ,  some irritative effect  or  o ther  
direct action on tissue. In the present  study the pH of  the 
caffeine and saline solutions were  identical (approximately  
7.3), thus the irritation explanat ion appears  unlikely. Caf- 
feine does  produce a wide variety of  o ther  peripheral  effects  
which could provide a basis for its discr iminat ive propert ies .  
These  effects  include increased coronary  output ,  diuresis,  
and smooth muscle relaxation.  H o w e v e r ,  theophyl l ine  is 

more  potent  than caffeine in producing these effects  [20]. 
Therefore ,  if the cue were  peripheral  in nature,  we might 
expec t  to see theophyll ine being equal to or  more potent  than 
caffeine in producing the caffeine cue,  an effect not  seen in 
this study. 

One well known effect of  the methylxanth ines  on the cen- 
tral nervous  system is their  ability (in vitro) to inhibit phos- 
phodies terase  [7]. Again theophyll ine is a more potent  in- 
hibitor of  phosphodies terase  than caffeine. In the present  
study,  caffeine was found to be more potent  in producing a 
discriminable cue. Thus it appears  unlikely that the specific 
cue propert ies  of  caffeine are due to inhibition of  phos- 
phodiesterase .  

An al ternat ive central  mechan ism for the product ion of  
the caffeine cue involves interact ion with various neural re- 
cep tor  mechanisms.  One group [3] has reported that both 
caffeine and theophyll ine are able to block the in vitro bind- 
ing of  ['~H]-diazepam at the putative benzodiazepine  recep- 
tor. In addition, caffeine is nearly twice as potent  as 
theophyll ine in inhibiting [:~H]-diazepam binding. This order  
of  potency is the same as that found in the present  study. The 
data suggest that the caffeine cue may be related to its block- 
ing act ivi ty at the putative benzodiazepine  receptor .  Another  
mechan i sm for caffe ine 's  action has recently been suggested 
by Bruns,  et a/. [5]. In their  study, both caffeine and 
theophyll ine were  reported to inhibit the binding of  [:~H]- 
cyc lohexyladenos ine  to the brain adenosine receptor .  
Whe the r  ei ther  one or  both of  these two receptor-based  
mechanisms  are involved in caffe ine 's  cue effects requires 
direct  evaluation.  
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