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Effects of caffeine on rats' barpress
and maze performance
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The effects of caffeine ingestion on rats were tested through barpress and maze performance.
Four adult male and 4 adult female rats were bred, yielding 39 offspring (18 control, 21 experimen­
tal). The experimental pups received .50 mg/ml of caffeine in drinking water throughout gesta­
tion, weaning, and early adulthood; the control group received plain tap water. At 21 days of
age , the pups began barpress and maze learning. The subjects were allowed a total of 8 min for
each test on alternate days . The results were characterized by the presence of several reliable
caffeine x trials interactions. Inspection of the interactions prompted the generalization that
although caffeine may facilitate performance early in training, it hinders performance on later
trials.

Caffeine, a methylxanthine, is a widely used central ner­
vous system stimulant. Surveys report that 62% of Ameri­
cans ingest at least 5 mg/kg per day from drinking coffee
alone (West, Sobotka, Brodie, Beier, & O'Donnell, 1986).
When other sources are taken into account, it can be said
that Americans consume approximately 45 million pounds
of caffeine every year (Stanwood, 1990). Despite its wide­
spread use, caffeine may have potentially detrimental ef­
fects. For example, caffeine is a possible risk factor when
it is consumed in coffee by pregnant women (Gullberg,
Ferrell, & Christensen, 1986). In a 1980 position state­
ment, the Food and Drug Administration advised preg­
nant women to eliminate their consumption of caffeine­
containing products.

The teratogenic effects of caffeine on the developing
human fetus are of particular interest because ••caffeine
easily crosses the placental barrier and its clearance is sub­
stantially delayed in pregnancy" (Glavin & Krueger,
1985, p. 29). Prenatal administration of caffeine to rats
has been shown to negatively affect mortality rate, loco­
motor activity, metabolic processes, immune and endo­
crine functions, and neurological processes (Finn & Holtz­
man, 1986; Gullberg et al., 1986; West et al., 1986).
Moreover, caffeine also may increase the frequency of
self-injurious behavior in rats (Mueller, Saboda, Palmour,
& Nyhan, 1982).

Research (e.g., Silinsky, 1989) shows that caffeine ex­
erts its action by blocking the presynaptic activity of
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adenosine, a neurotransmitter that blocks the release of
the excitatory neurotransmitter glutamate . Thus, caffeine
ingestion results in an increase in the release of glutamate
and leads to central nervous system arousal . Low doses
of caffeine increase arousal and improve task perfor­
mance, but with higher doses, anxiety and insomnia are
prevalent (Glavin & Krueger, 1985). Although prenatal
caffeine administration was employed in most of the
studies cited here, the behavioral effects occurred post­
natally , when the rats were no longer exposed to the
chemical.

Research shows that the effects of caffeine vary across
time and dosage . For example, caffeine may reduce
within-session decrements in ambu1ation and rearing in
adult rats, especially during the second hour of a session
(Loke & Meliska, 1984). Changes in behavior across ses­
sions also have been noted. Tight circling increased and
then decreased in frequency in adult rats (Mueller et al.,
1982). Holloway and Thor (1982) found that locomotor
activity increased consistently for the first several days
of testing and then decreased rapidly after an average of
14 days. They concluded that rat pups respond to increas­
ing doses of caffeine in a curvilinear fashion, such that
an initial increase in activity is followed by a decrease.

In light of these observations, we exposed rats to caffeine
throughout gestation, weaning, and early adulthood to mea­
sure the drug's effect on the acquisition of behaviors re­
quiring locomotor activity. On the basis of previous ac­
tivity data showing a curvilinear function relating activity
and trials in caffeine-exposed animals (e.g ., Holloway &
Thor, 1982; Mueller et al., 1982), it was hypothesized
that a caffe ine group would display high levels of maze
and barpress performance in early trials, followed by a
decline as training continued. On the other hand , a non-
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caffeine control group was expected to continue to in­
crease in performance throughout training .

METHOD

Subjects
Four adult male and 4 adult female rats were randomly selected from

the colony maintained at Ouachita Baptist University. These rats were
randomly assigned to 4 male-female breeding pairs. The breeding pairs
were housed together for 7 days and then separated . The pups were sep­
arated from the dams at 21 days of age and housed separately. The 39
pups delivered to the 4 dams (18 control, 21 experimental) served as
the subjects.

Apparatus
A Lafayette operant condition ing chamber (Model 84012) was used

for barpress training. A modified Hampton Court maze (69.5 x 84.5 ern;
alleys were 8.3 cm wide with 14.6-<:m-high walls) with 11 choice points
was used for all maze training .

Procedure
Upon formation , the breeding pairs were randomly assigned to the

experimental (caffeine) or control (no caffeine) condition. Pairs in the
experimental condition received .50 mg/m1caffeine in plain tap water,
while controls received plain tap water . Solutions were presented in 250­
rnl graduated drinking tubes and were the only available liquid throughout
the experiment. Lights in the room were on a 12:12-h light :dark cycle .
Beginning with Day 15 of gestation, the cages were checked daily for
births ; new litters were considered born the previous day . As soon as
they were detected, pups were marked with a permanent marker for
identification. Litters were checked daily for mortalities ; one pup from
the caffeine group died after birth . There were no visible differences
in weight between either the dams or the pups of the two groups .

At 21 days of age, the pups were weaned and began a series of tests
on the barpress and maze tasks for food reinforcement. The subjects
were food deprived for an average of 7 h (range , 6-8 h) prior to ex­
perimental testing . Otherw ise food and fluids, which corresponded to
those consumed by the respective dams, were freely available .

When the subjects were in the operant conditioning chamber, under
conditions of continuous reinforcement, barpresses within an 8-rnin pe­
riod were recorded . In the maze, the percent complete and actual time
of completion were recorded , with an 8-rnin limit . The subjects alter ­
nated tasks each day until 8 sessions of each task had been completed
(16 days) .

RESULTS AND DISCUSSION

Percent of Maze Completion
Analysis of variance (ANOV A) of the percent of maze

completion scores yielded a significant trials effect
[F(7,259) = 19.64,p < .001]. As can be seen from Fig­
ure I, subjects completed a higher percentage of the maze
across trials. The presence of a significant drug X trials
interaction [F(7,259) = 2.75, P < .01] indicated that
statements concerning the trials effect must be considered
in light of whether the subjects were caffeine exposed or
not. A series of simple main effects analyses comparing
the caffeine and the noncaffeine subjects on each trial was
employed to probe the interaction. The results of these
analyses indicated that the caffeine subjects completed a
higher percentage of the maze on Trials I and 2
[F(I,301) = 8.56,p < .01, and F(l, 301) = 8.80,p <
.01, respectively].

Time of Maze Completion
The time of completion ANOV A yielded significance

for the trials effect [F(7,259) = 28.59, p < .001] and
for the drug x trials interaction [F(7,259) = 2.93, p <
.01]. As can be seen from Figure 2, subjects generally
took less time to complete the maze across trials . The re­
sults of simple main effects analyses indicated that the
caffeine and noncaffeine groups differed on Trials 4 and
7 [F(I, 301) = 4.86, P < .05, and F(1, 301) = 4.01,
P < .05, respectively] . The groups were marginally dif­
ferent on Trials 5 and 6 [F(l,301) = 3.38,p < .07, and
F(I ,301) = 3.66,p < .06, respectively]. Figure 2 shows
that the noncaffeine group was slower on Trial 4 but faster
on Trials 5, 6, and 7.

Barpress
As with the maze data, the barpress ANOV A yielded

significance for the trials effect [F(7, 259) = 74.68, P <
.001] and the drug X trials interaction [F(7,259) =
15.02,P < .001]. Figure 3 shows that the number of bar­
presses increased reliably from the beginning to the end
of testing. Simple main effects analyses indicated that the
groups differed marginally on Trial 3 [F(1,301) = 3.56,
p < .07] and reliably on Trials 4-8 [smallest F(1, 301) =
5.36, p < .05]. In these instances, the noncaffeine ani­
mals made more barpresses than did the caffeine animals.

In the present study, we investigated the relationship
between caffeine and the performance of learned behaviors
requiring activity. Previous research on the effects of
caffeine on locomotor activities has shown an initial facili­
tation of the behavior followed by a decrement; the present
data are similar to those results . For maze running,
caffeine facilitated early performance but hindered or had
no effect on later performance. For barpressing, caffeine
resulted in reduced behavior across trials . Caffeine sub­
jects completed a higher percentage of the maze during the
first two trials (see Figure 1) and completed the maze in
less time on Trial 4, but took more time on Trials 5-7 (see
Figure 2). Caffeine subjects also produced fewer bar­
presses on Trials 3-8.

These results are consistent with previous research deal­
ing with locomotor activity, in that caffeine's effects were
beneficial (or less of a hindrance) on early trials . As trials
continued, the performance of the caffeine subjects tended
to level off, whereas the performance of noncaffeine sub­
jects continued to improve toward a higher asymptotic
level. Thus, it appears that caffeine produces beneficial
effects on early trials but that caffeine produces deficits
with extended testing.

The question of whether the caffeine-related decrements
occurred because of prenatal or postnatal caffeine expo­
sure is unanswered. Although the subjects in this study
may have been affected prenatally by caffeine, they also
continued to ingest caffeine postnatally. An extension of
this research would be to test the maze and barpress per­
formance of separate groups of animals exposed to
caffeine prenatally and postnatally.
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Figure 1. Percent of maze completed by caffe ine and noncafTeine rats across trials .
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Figure 2. Maze completion time by caffe ine and noncafTeine rats across trials .



Figure 3. Number of barpresses by caffeine and noncaffeine rats across trials.
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