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Caffeine-Induced Taste Aversion
and Mimetic Responses!
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WHITE, B. C. AND F. D. MASON. Caffeine-induced taste aversion and mimetic responses. PHARMACOL BIOCHEM
BEHAYV 23(4) 515-518, 1985.—Novel tastes preceded a range of caffeine doses (10-80 mg/kg) in a taste aversion
training trial. One week later rats which had doses of 30 mg or higher showed strong aversions as measured by a single
bottle consumption test. The 10 and 20 mg dose produced the most hyperactivity and apparently enhanced intake of
the taste paired with caffeine. During the training trial, rats receiving the 80 mg dose exhibited copious gapes and
chin-rubs, mimetic responses to noxious tastes. Gapes also occurred in these subjects during the aversion test. Consumption
was more sensitive than mimetic responding as a measure of the aversive effects of caffeine. Only the 80 mg dose
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produced neophobia. Tests with isotonic injections indicated that tonicity was not the source of the aversions.
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CAFFEINE, ubiquitous in the contemporary human diet,
has now been included in many of the nonprescription weight
control medications. The association of caffeine with dieting
raises questions about the effects of this methylxanthine on
food and water consumption. The use of caffeine in dieting
is somewhat paradoxical in light of recent reports that in
rats low to moderate doses may increase food consumption
[3,10] or leave it unaffected [2]. At doses above 50 mg/kg
there are consistent reports of decreased food intake and/
or body weight gain [2, 10, 13].

The results of several of these studies suggest that flavor
aversions may be involved in the decrease in food con-
sumption and body weight gain. Following forced chronic
consumption, rats developed a preference for caffeine but
avoided the flavor of the drink in which it had been ingested
[12]. A study from our lab [14] found that multiple injections
of 60 mg/kg doses produced weight loss and copious displays
of chin-rubbing and gaping, mimetic responses associated
with noxious tastes [8] and conditioned flavor aversions
(4].

In this context we have examined the range of caffeine
doses that produce taste aversions, neophobia, mimetic be-
haviors and locomotor activity. An additional purpose was
to assess the relative sensitivity of consumption and mimetic
responding as measures of aversion.

EXPERIMENT 1
METHOD
Animals

Thirty female Long-Evans rats (191-293 g) were ran-
domly assigned to five equal groups and housed individually
in stainless-steel cages. During the 16 days prior to training,
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subjects were habituated to a restricted water intake schedule
and maintained throughout the study at 85-90% of their ad
lib body weight. Each group was assigned to either one of
four caffeine doses (10, 20, 40, and 80 mg/kg, IP) or a
sodium benzoate vehicle control injection (80 mg/kg, IP).
The volume of injections was 1.0 ml/kg.

Procedure

For the last 9 days of the habituation period the animals
were placed in the training-test cages for 15 min during
which water was available. A graduated glass centrifuge
tube (13.0 ml) with rubber stopper and stainless-steel spout
was mounted at one end of the rectangular wiremesh cage
(20X 37 %17 cm). On the day of training the rats were
placed in the training-test cages for 30 min with saline
(0.15 M) or saccharin (0.1%) solution available for drinking
during the first 15 min. Half of each group received the
saline drinking solution and the remainder the saccharin.
Immediately following removal of the drinking tubes, the
animals were injected with their designated dose of caffeine
or sodium benzoate. For 15 min after injection an observer,
blind to the treatments, recorded locomotor activity (cross-
ings) and the mimetic responses of chin-rubbing and gaping
[8]. A chin-rub was recorded when the animal lowered its
chin to the substrate and moved forward, rubbing the chin
on the floor of the cage. A gape was indicated when the
mouth was opened wide which fully exposed the incisors.
Behavioral observations were made from an adjacent room
through a one-way mirror. The 15 min observation interval
was selected because mimetic behaviors appeared within
minutes of injections in an earlier study [14]. The half-time
for absorption of a 25 mg/kg oral dose of caffeine has been
reported to be on the order of 6 min [1]. This would suggest
that behavioral effects could occur very rapidly, especially
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FIG. 1. Top panel. Mean and sem consumption of taste solution
during training and aversion test. Middle panel. Consumption of
novel taste solution during neophobia test. Bottom panel. Locomotor
activity during 15 minute period following caffeine injection
(training session).

if they are initiated by gastro-intestinal irritation as may be
the case with mimetic responses.

Seven days after training the rats were again given access
to the training solution for 15 min in a single bottle test for
aversion. Gapes and chin-rubs were observed as above.
Five days later each subject was given 15 min with a novel
solution available as a test for neophobia. Saccharin was the
novel solution for subjects trained with saline and vice versa.
Only consumption was measured during the neophobia test.

RESULTS

The top panel of Fig. 1 illustrates the mean consumption
of the taste solutions during training and the aversion test.
Aversion training significantly affected consumption during
the test session (between subjects: F(4.25)=35.11, p<<0.01),
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producing decreased drinking at the 40 and 80 mg/kg doses
(p’$<0.01, Newman-Keuls). The within subjects compar-
ison of training with aversion test consumption was also
statistically significant, F(1,25)=8.33, p<<0.01, as was the
dose by training-test interaction, F(4,25)=15.28, p<<0.01.
Individual comparisons of the 40 and 80 mg caffeine groups
with their respective consumption during training revealed
significant decreases during the aversion test (p’s<0.01).

The lower caffeine doses appear to have enhanced con-
sumption of the taste solution that preceded them. During
the aversion test, the 10 and 20 mg groups consumed more
of the taste solution than the sodium benzoate group
(p<0.05). These groups also drank more during their aver-
sion test than during their training exposure to the solutions
(p<0.05). The sodium benzoate group’s consumption did
not differ significantly between training and testing. These
results obscure the magnitude of the enhancement since
50% of the subjects in the 10 and 20 mg groups exhausted
the capacity (13.5 ml) of the drinking tubes within the 15
min test session.

The middle panel of Fig. 1 shows the results of the neo-
phobia test. Only the 80 mg dose of caffeine produced a
significant attenuation of drinking, F(4,25)=15.33, p<<0.01).
This group drank significantly less than each other group
(p’s<0.01), even though the previous day’s water con-
sumption was indistinguishable from that of the other groups.

Table 1 summarizes the observations of mimetic responses
during training. The 80 mg caffeine group exhibited 91%
of the observed gapes and 94% of the chin-rubs. Gaping
was observed in each 80 mg subject and chin-rubbing was
detected from all but one animal in this group. During the
aversion test, each 80 mg subject was observed to gape
upon tasting the solution. No chin-rubs were recorded during
the aversion test. One sodium benzoate subject was judged
to have gaped during the test.

EXPERIMENT 2

In Experiment 1 the injections were given at a constant
volume (1.0 ml/kg), resulting in hypertonic solutions at the
two highest doses. This procedure confounded the tonicity
of the solutions with the doses that produced taste aversion.
Accordingly, local irritations of the peritoneum may have
produced the observed aversions. Consequently, a second
experiment was conducted in order to determine whether
aversions would occur at the highest dose when given in
isotonic solution.

METHOD

Four groups of six female hooded rats (125-158 g) were
habituated to water restriction and housed as in Experiment
1. All injections were made with isotonic solutions and
administered intraperitoneally. The first group received an
80 mg/kg dose of caffeine dissolved in sodium benzoate
solution. The second group was trained with a 30 mg/kg
caffeine injection to provide more information about aver-
sions from the middle of the dose range used in Experiment
1. Group three received isotonic sodium benzoate at a dose
of 80 mg/kg and served as a vehicle control. A fourth group
was a volume control and received isotonic saline at a volume
similar to that of group one (4 ml/kg). Training and testing
procedures were the same as in Experiment 1 with the ex-
ceptions that mimetic responses were observed only during
training and there was no neophobia test.
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TABLE 1
TOTAL MIMETIC RESPONSES DURING TRAINING

Caffeine (mg/kg)

Mimetic Sodium
Response Benzoate Saline 10 20 30 40 80
Experiment 1
Chin Rub 1 — 0 0 — 3 63
Gape 0 — 0 0 — 3 30
Experiment 2
Chin Rub 1 0 — — 0 — 115
Gape 1 — — 1 — 44
RESULTS hinges on the availability of alternatives and the consistency

The 80 mg caffeine dose remained a potent agent for
inducing aversions when given as an isotonic solution (simple
analysis of variance for experiment 2 aversion test:
F(3,20)=24.73, p<0.01). Mean consumption (0.5 ml,
sem = 0.2) of the averted solutions was virtually the same
during the aversion test as that of the 80 mg caffeine group
of Experiment 1. The profuse mimetic responding that oc-
curred with the isotonic 80 mg caffeine dose (See Table 1.)
is also consistent with the results of Experiment 1. Gapes
and chin-rubs were very infrequent in the other isotonic
groups.

The 30 mg caffeine dose appears to be close to the
threshold for inducing aversions. Mean consumption (4.1
ml, sem = 1.7) was significantly (p<<0.01, Newman-Kuels)
below the saline and sodium benzoate groups (10.4 ml,
sem=0.8 and 10.7 ml, sem=0.6, respectively) and sig-

nificantly greater than the 80 mg caffeine group (p<<0.05).

GENERAL DISCUSSION

The results of the aversion test indicated that caffeine is
a potent agent for inducing taste aversions. The 30 mg/kg
dose appears to be close to the threshold dose for conditioning
aversions with a single injection when tested without al-
ternative flavors available. This dose is well within the
range of doses commonly used in behavioral studies of caf-
feine. The results of the present study suggest that food
aversions may have been involved in the arrested body weight
in rats given multiple caffeine treatments at 30 and 60 mg/
kg [14]. Other investigators [2,10] have reported decreased
food consumption following doses of 50 mg or higher. When
food intake is measured within minutes of injection the
attenuation of consumption is likely to be the result of the
direct pharmacological effects of the drug. In the present
study copious mimetic responding occurred during the 15
min following the 80 mg dose of caffeine, revealing the
immediacy and severity of the malaise.

The single-bottle test of the present study may have con-
tributed to the similarity in doses that produce aversion and
doses that affect food consumption [2,10] and body weight
[14]. In contrast, a two-bottle test has revealed aversion at
doses as low as 3—6 mg/kg [12]. We believe that the single-
bottle test is closer to the situation used in the feeding
studies where alternatives are not offered. The relevance
of either test to the human use of caffeine in weight control

of flavors in the diet.

In the case where feeding is measured over an extended
period of time, depressed intake following caffeine treatment
may involve conditioned flavor aversions. Merkel et al.
[10] found food consumption attenuated for up to two days
following caffeine doses of 50 and 100 mg/kg. Our results
suggest that conditioned food aversion may have been in-
volved; however, the authors discounted this explanation
with the comment that aversion to familiar tastes ‘‘cannot”
be conditioned. In fact, conditioned aversions to familiar
tastes are well documented [4,9]. These aversions are not
as strong and may require a more intense illness than those
of novel tastes. Accordingly, our results show that the doses
used by Merkel ez al. [10] are well above those needed to
produce aversions to novel tastes. In fact, one week after
training our 80 mg dose produced extremely cautious sam-
pling of the averted solution followed by gaping responses.
Training was sufficiently aversive at the high dose to induce
measurable neophobia twelve days later. Avoiding novel
tastes following illness has obvious survival value for the
animal [11]. There may also be survival value in being
cautious with familiar foods following intense malaise. In
the study by Merkel et al. [10], the absence of novel alter-
natives both before and after caffeine and the magnitude of
the doses seem sufficient to have established conditioned
aversion and temporary depression of food intake.

In the present study the high incidence of gaping and
chin rubbing is indicative of the immediate noxious effects
of the 80 mg caffeine dose. The fact that few of these mimetic
responses were observed with the 30 and 40 mg doses during
training reveals that gapes and chin rubs elicited by the
aversive agent are not a very sensitive predictor of condi-
tioned taste aversion. When elicited by the averted taste,
mimetic responses indicated aversion at only the highest
dose and then only gaping was exhibited. These results
show that gapes and chin rubs are less sensitive than con-
sumption as indices of aversion or malaise. However, in
studies where consumption is not measured, mimetic re-
sponses may provide a useful index of toxic reactions to
high doses of a drug.

Experiment 2 demonstrated that the 80 mg dose used in
Experiment | retained its potency when injected as an is-
otonic solution. Intake was similar for the 80 mg caffeine
groups of the two experiments. A substantial number of
mimetic responses occurred in each 80 mg caffeine group
with very few observed at other doses. Differences between
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the two 80 mg groups were most likely the result of having
different observers in the two experiments. The results from
the two observers agree in that very few responses were
recorded for the other groups.

In Experiment 1 the results of the 10 mg caffeine treatment
suggest the possibility of a conditioned taste enhancement.
One week after tasting the novel flavor followed by caffeine,
the rats in this group consumed more of the taste solution
than at their initial exposure and more than the sodium
benzoate control group. Other researchers [3,10] have re-
ported increases in feeding under the immediate influence
of similar doses of caffeine. In this latter case feeding may
be stimulated as part of the general arousal effects of the
drug, since low doses of amphetamine have a similar effect
on feeding [3]. In the present study the 10 and 20 mg doses
produced the most locomotor activity. The conditioned en-
hancement of Experiment 1 may also be related to the activity
effects of the lower doses. If the arousal effects of caffeine
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are accompanied by a positive affect as with humans [7],
then conditioned enhancement may be the consequence of
pairing this effect with a novel taste. This process may be
similar to that reported by Green and Garcia [6] who found
enhanced consumption of flavors associated with recuper-
ation from illness.

If the effects of caffeine are similar in rats and humans,
the utility of caffeine in dieting depends on the dose. High
doses may be capable of reducing food consumption through
either direct pharmacological effects or conditioned aversion.
Lower caffeine doses may be included in diet medication
for their arousing effects, but this may be counter productive
given the potential for enhancement of consumption by
stimulating doses.
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