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Morphine-induced taste aversions:
A consideration of parameters
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Following consumption of saccharin, groups of rats were injected with various doses of
morphine sulfate. Although no aversion was found after one conditioning trial, repeated
saccharin-morphine pairings resulted in decreases in consumption of the saccharin solution.
On the average, however, the groups of rats showed only a moderate aversion, independent
of the dose of morphine. Although there was little variability in consumption among rats
that received the smallest dose of morphine, there was considerable individual variability
among subjects receiving the larger doses. The differences between morphine-based condi
tioned taste aversions and aversions based on emetic USs were discussed.

Recently, a substantial amount of research on con
ditioned taste aversions has focused upon the specific
"toxin" paired with consumption during condition
ing (Berger, 1972; Gamzu, 1977; lonescu & Buresova,
1977; Martin & Storlien, 1976; Nachman & Hartley,
1975). Although initially demonstrated in rats
poisoned by X-irradiation (Garcia, Kimeldorf, &
Koelling, 1955), conditioned taste aversions have
now been induced by a wide range of pharmacological
agents from a large number of drug classes (Riley
& Clarke, 1977). While emetics such as LiCl, cytoxan,
and emetine are used most frequently to establish
aversions, drugs from such diverse classes as stim
ulants (amphetamine, nicotine), minor tranqulizers
(chlordiazepoxide, meprobamate), anesthetics (ether,
phenobarbital), and narcotics (morphine) are effec
tive in inducing food aversions.

One drug which has generated considerable interest
is the narcotic, morphine. This interest arose primarily
from the paradoxical findings that not only does
morphine function as a punisher in conditioning
aversions, but that it is also readily self-administered,
suggesting that morphine also functions as a rein-
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forcer (Cappell & LeBlanc, in press, Goudie &
Thornton, 1975; White, Sklar, & Amit, 1977; Wise,
Yokel, & deWitt, 1976). Procedural differences be
tween the two experimental designs, such as route
of administration, chronic vs. acute drug action, and
dosimetry, may contribute to the dual effect of
morphine. Nonetheless, when these major variables
are equated, both conditioned aversions and self
administration occur (White et al., 1977; Wise et al.,
1976).

Although a number of researchers have found
morphine to be an effective US in conditioning aver
sions (Amit, Levitan, Brown, & Rogan, in press;
Cappell & LeBlanc, 1977; Cappell, LeBlanc, &
Endrenyi, 1973; Cappell, LeBlanc, & Herling, 1975;
Coussens, 1974; Farber, Gorman, & Reid, 1976;
Goudie, Thornton, & Wheeler, 1976; Jacquet, 1973;
LeBlanc & Cappell, 1974, 1975; Parker, Failor, &
Weidman, 1973; Sklar & Amit, in press; White et al.,
1977), morphine-induced aversions often take more
than one trial to develop (Berger, 1972; Cappell
& LeBlanc, 1977; Coussens, Crowder, & Davis, 1973;
Farber et al., 1976; LeBlanc & Cappell, 1975) and
are typically incomplete even after repeated condi
tioning trials (Cappell et al., 1973; Farber et al.,
1976; Goudie et al., 1976; Jacquet, 1973; Parker
et al., 1973). The acquisition and strength of morphine
induced aversions are in marked contrast to aver
sions established by emetics. LiCl-induced aversions,
for example, typically take only one trial to develop
(Nachman & Ashe, 1973; Nachman & Hartley, 1975)
and are complete, i.e ., total suppression of consump
tion, with repeated conditioning trials (Fenwick,
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Mikulka, & Klein, 1975; Riley, Jacobs, & LoLordo,
1976).

It is possible that the difference in the acquisition
and strength of aversions established by morphine
and emetics are a result of different physiological
mechanisms underlying the conditioned aversions
(Amit, Levitan, Brown, & Rogan, in press; Cappell
& LeBlanc, in press; Elkins, 1974; Sklar & Amit, in
press). Amit et al. (in press), for example, have
suggested that aversions induced by morphine and
other drugs of abuse are based on the drugs' central
action, whereas emetic drugs like LiCI act primarily
at a peripheral level, e.g., by producing local tissue
damage.

It is also possible, however, that these differences
in results reflect parametric differences among indivi
dual studies examining morphine and emetic-induced
aversions. To examine this possibility, in the following
experiment, morphine was paired with a novel
saccharin solution under parametric conditions which
result in food aversions when LiCI is used as the US
(Riley et al., 1976). Several parameters which affect
the strength of LiCI-induced aversions, e.g. , repeated
conditioning trials (Fenwick et al., 1975; Garcia &
Koelling, 1966) and higher doses (Nachman & Ashe,
1973; Rolls & Rolls, 1973)were also examined. These
parametric manipulations allow us to assess the sim
ilarity of the effects of morphine and emetics in
conditioning taste aversions .

METHOD

Subjects
Subjects were 36 experimentally naive, female rats of Long-Evans

descent, approx imately 90-120 days of age. They were maintained
on ad-lib access to food but were water-deprived throughout the
experiment. All the rats were maintained on a 12-h light/l2-h dark
cycle for the duration of the experiment.

respectively, Group C received an injection of saline. Again, 3
recovery days were given after the conditioning trial.

This cycle of conditioning trial followed by three recovery
days was repeated until all subjects had received five complete
cycles. Following the fifth cycle, a final one-bottle test of the
aversion to saccharin was given.

Phase 2. Following the final one-bottle test of Pha se I , subjects
in Groups 20, 50, and 80 were immediately given an IP injection
of 20, 50, and 80 mg/kg morphine sulfate, respectively. As above,
3 recovery days followed this treatment. This cycle was repeated
until six additional cycles had been completed. Following the last
cycle (Cycle II), a final one-bottle test of the aversion to saccharin
was given.

RESULTS

All determinations of statistical significance were
made at p < .05.

Phase 1
Over the 12 water-adaptation days, rats in all

groups gradually increased their consumption of
water, drinking approximately 13 milday over the
final 3 days. There were no significant differences
in water consumption among groups at this point.
When saccharin replaced water on Day 13, there
were no significant changes in consumption from the
water baseline for any group of subjects . Group 20
drank significantly more saccharin on the first condi
tioning trial than Group C or 10, t(12) = 2.78 and
t(14) = 2.30. There were no significant differences
in saccharin consumption among any other remain
ing groups.

On the first one-bottle test of the aversion to
saccharin (Conditioning Trial 2), there were no signi
ficant differences in saccharin consumption among
groups, with no group drinking significantly differ
ent amounts of saccharin on this test from its initial
saccharin baseline (see Figure 1). On the final aversion

Figure 1. Mean consumption of saccharin for Groups C, 10, 20,
50, and 80 over repeated conditioning trials during Phase 1.

CONDITIONING TRIALS

Final
Test

54

..... __ --0

~:::.-"'---"--"----_._" .,, _.._,,,,...........- e._ __

--

3

C 0---<>

10 0--0

20
50 e--e

80 e -- ·--e

2

20

::: 15

!
Z
o
i= 10
ll.
:::E
:::l
en
~ 5
o

Procedure
Phase 1. Rats were given 20-min 'access to water once a day

for 12 consecutive days, at which point all rats approached and
drank from the tube within 2 sec of its presentat ion. Then differ
ent treatments were administered to five groups of randomly
selected rats. On Day 13, Group 10 (n = 6) was given 20-min
access to a novel saccharin solution followed immediately by an
intraperitoneal (IP) injection of 10 rug/kg morphine sulfate . Simi
larly, Group s 20, 50, and 80 (n = 8 for each group) were given
20-min access to saccharin, followed immediately by an IP injec
tion of 20, 50, and 80 mg/kg morphine sulfate , respectively.
Group C (n = 6) was given 20-min access to saccharin, followed
immediately by an IP injection of physiological saline (.9 0/0).
Following this treatmen t, all subjects were given 20-min access
to water for 3 consecutive recovery days. On the day following
the last recovery day, all subjects were given 20-min access to
saccharin in a one-bottle test of the aversion to saccharin. Imme
diately following this test, Groups 10, 20, 50, and 80 were given
an IP injection of 10, 20, 50, and 80 rug/kg morphine sulfate,

Apparatus
The rats were housed in individual wire-mesh cages. In the front

of each cage were two openings into which graduated Nalgene
tubes were placed for presentat ions of water and /or sodium
saccharin (I g/liter).
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test (following the fifth conditioning trial), however,
Groups 20, 50, and 80 had significantly decreased
consumption of saccharin below their initial saccharin
baseline, F(1,46) = 17.33. Groups C and 10 did not
significantly change their consumption of saccharin
from their initial saccharin baselines. On the final
aversion test, all groups injected with morphine drank
significantly less saccharin than the saline-injected
Group C, F( 1,34) = 8.52. There were no significant
differences in consumption of saccharin among any
of the groups injected with morphine (see Figure 1,
final test).

There was considerable individual variability in the
effect of morphine on consumption of saccharin
in Groups 20, 50, and 80 (see Figure 2). Although
there were no clear differences in the range of con
sumption or amount of variability among these three
groups, these measures were quite large within each
group. For example, the standard deviations of
saccharin consumption on the final aversion test of
Phase 1 for Groups 20, 50, and 80 were 5.79, 5.75
and 5.14, respectively. This variability is in contrast
to the consistency within Groups C and 10, which
had standard deviations of .99 and 1.59, respectively.
While several subjects in Groups 20, 50, and 80
completely, or nearly completely (0-2 ml), avoided
saccharin consumption, others drank intermediate
amounts (5-9 ml) and still others drank as much as
nonpoisoned controls (14-16 ml). Although the mean
consumption of saccharin was not significantly
different among morphine-injected subjects, it is
clear that there was much less variability in Group 10
than in groups that received larger doses of morphine.

Phase 2
Consumption of saccharin by Groups 20, 50, and

80 did not change significantly from the final aversion
test of Phase 1 to the final aversion test of Phase 2.
On this latter aversion test, there were no significant
differences in consumption of saccharin among
Groups 20, 50, and 80. Each group drank approx
imately 8.5 ml (see Figure 3). As in Phase 1, individ
ual data within each group were still quite variable
(see Figure 4). The standard deviat ions of saccharin
consumption on the final aversion test of Phase 2
for Groups 20,50, and 80 were 5.52, 6.73, and 5.32,
respectively. Although there was considerable varia
bility within each group, consumption of saccharin
for any individual subject was quite consistent over
repeated conditioning trials. The mean standard
deviations of saccharin consumption over Condition
ing Trials 6-11 for Groups 20, 50, and 80 were 1.65,
1.20, and 1.48, respectively. Comparison of the indi
vidual data for any particular subject demonstrates
this individual consistency in consumption across
repeated conditioning trials (see Figures 2 and 4).

DISCUSSION

Although no group showed an aversion to saccharin
following a single saccharin-morphine pairing, re
peated conditioning trials did result in a moderate
aversion to the saccharin solution. However, the rats
still drank some saccharin, even after repeated condi
tioning trials. While quite consistent with other re
ports on morphine-based aversions (Berger, 1972;
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Figure 2. Consumption of saccharin for individual subjects in Groups C, 10, 20, SO, and 80 on
the final aversion test of Phase 1.
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REFERENCE NOTE

Although the average consumption for all morphine
injected subjects was approximately 8 ml, individual
data within each group were quite variable; subjects
consumed a range of 0-16 ml. This variability is in
marked contrast to the consistently large aversions
seen when repeated saccharin-lithium chloride pair
ings are given (Riley et al., 1976).

These data are compatible with the suggestion that
drugs of abuse, e.g., morphine, amphetamine, and t:.9

_

THC, and emetic drugs, e.g., cytoxan, emetine, and
LiCl, act on very different physiological systems in
establishing aversions (Amit et al., in press; Cappell
& LeBlanc, in press; Elkins, 1974; Sklar & Amit,
in press). These different loci of drug action may
produce different types and/or strengths of condi
tioning, and thereby, different levels and amounts of
variability in performance.

Although morphine-induced aversions were var
iable and moderate, it is possible that the physiolo
gical system underlying morphine and emetic-based
aversions is the same. The activation of such a system,
however, might be different for individual drugs .
One particular system which might be generally in
volved in conditioned food aversions is the
hypothalamic-pituitary-adrenal axis (Ader, 1976;
Braveman, 1977; Hennessy, Smotherman, & Levine,
1976; Kendler, Hennessy, Smotherman, & Levine,
1976; Rigter & Popping, 1976; Riley et al., 1976;
Smotherman, Hennessy, & Levine, 1976a, 1976b;
Watson & Riley, Note 1). A number of drugs which
are used to establish food aversions also elicit adreno
cortiocotrophic hormone (ACTH) (Riley et al., 1976).
This correlation is supported by the fact that both
pharmacological interventions and physiological
manipulations that alter baseline levels of ACTH
as well as the ACTH response to a stressor also alter
conditioned food aversions (Riley & Clarke, 1977).
In relation to the present data, Watson and Riley
(Note 1) have demonstrated that although both mor
phine (50 mg/kg) and LiCI (.15 M LiCl, 12 mg/kg)
elicit ACTH, the ACTH response to morphine is
asymptotically weaker, shorter-lived, and more var
iable than that produced by LiCl. This differential
activation of the pituitary-adrenal system may pro
vide some basis for the findings in the present report
as well as providing some support for the notion
of a general physiological mechanism underlying
conditioned taste aversions (Braveman, 1977; Riley
et al., 1976).

20 50 80

- r-

r-

in ;,.........r- If

= 15
!
Z
o
;: 10
Q.

:I
:::>
III

~ 5
u

20

o

!
z
Q 10
I-
e,
~
::l
III

~ 5
(J

20 --
50
80 .-----4

2 3 4 5 6 7 8 9 10 11 Final
Test

Figure 3. Mean consumption of saccharin for Groups 20. 50.
and 80 over repeated conditioning trials in Phase 1 and Phase 2.
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Coussens et al. , 1973; Farber et al ., 1976; Goudie
et al., 1976; Jacquet, 1973; Parker et al., 1973),
these data are in sharp contrast to the aversions typi
cally induced by emetic USs. Lithium chloride, for
example, produces strong aversions after only one
trial (Nachman & Ashe, 1973; Nachman & Hartley,
1975) and complete aversions when repeated trials
are given (Fenwick et al., 1975; Riley et al., 1976).

After five conditioning trials, all groups injected
with morphine consumed less than control animals,
drinking an average of approximately 8-10 ml. How
ever, there was no differential effect on mean con
sumption attributable to the dose of morphine. Sim
ilar results using smaller doses of morphine have
recently been reported (Farber et al., 1976; Jacquet,
1973; LeBlanc & Cappell, 1975). Nachman and Ashe
(1973) and Rolls and Rolls (1973), on the other hand,
have demonstrated that as the amount or dose of LiCI
is increased, the strength of the aversion increases.
Thus, the absence of a graded effect of morphine
dose also contrasts with the typical outcome of aver
sion studies which use emetics.

SUBJECTS 1. Watson. B.• & Riley. A. Effects of lithium chloride and
morphine sulfate on blood corticosterone levels in the rat.

Figure 4. Consumption of saccharin for individual subjects in Paper presented at the meeting of the Canadian Psychological
Groups 20. 50. and 80 on the final aversion test of Phase 2. Association. Toronto. Ontario. June 1976.
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