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CLODY, D. E. AND J. R. VOGEL. Drug-induced conditioned aversion to mouse-killing in rats. PHARMAC. BIOCHEM.
BEHAV. 1(4) 477-481, 1973.—Posttrial administration of atropine methylnitrate (MA) to rats that kill mice resulted in a
marked inhibition of mouse-killing behavior. This conditioned aversion to mouse-killing after treatment with MA was more
readily produced in rats fed ad lib than in those on a restricted food regimen. Food-deprived rats demonstrated a greater
incidence of predatory behavior (i.e., consumption of the prey) than did killer rats not deprived of food. Predatory
behavior appeared more sensitive to this conditioned aversion procedure than did the act of killing,
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RATS injected intraperitoneally (IP) with an anticholin-
ergic drug after they have ingested a novel and preferred
substance (sweetened condensed milk) subsequently dem-
onstrate a strong aversion to that substance [1,9]. Presum-
ably, the aversive effects of the drug are classically condi-
tioned to the taste and ingestive properties of the novel
substance. For this conditioned aversion phenomenon, it
has been demonstrated that any of several classes of taste
stimuli can serve as the conditioned stimulus, and that
administration of any one of many drugs or of X-irradiation
can function as the aversive unconditioned stimulus [7].

Predatory behavior can also be modified by the condi-
tioned aversion procedure. The bluejay, for example, will
attack and consume the monarch butterfly. If the butterfly
has recently fed on plants containing cardiac glycosides,
however, consumption of several butterflies will produce
prolonged emesis in the bluejay [2]. The bluejay subse-
quently demonstrates a clear aversion to attacking and con-
suming the monarch butterfly or similarly marked insects.

Some laboratory rats, given the opportunity, will sponta-
neously attack and kill a mouse [4]. The present experi-
ments were designed to examine conditioned aversion to
mouse-Killing behavior.

EXPERIMENT 1
Method

Male albino Hotzman rats (110—140 g) were placed on a
limited feeding regimen (8—-10 g of food/day and water ad
lib) for 4 days prior to being tested. In each test session, a
mouse was left in the rats” home cage for 3 min. Twelve rats
that spontaneously attacked and killed mice were used in
Experiment 1.

All mice, alive or dead, were removed from the home
cages at the end of each test, and the rats were then given
IP injections of either saline (SAL), 1 mg/kg (six rats) or
atropine methylnitrate (MA), 1 mg/kg (six rats). All rats
were switched to ad lib feeding after the fifth test, and
treatments (MA or SAL) were reversed after the ninth test-
session.

Results

As shown in Fig. 1, mouse-killing behavior in food-
deprived rats was not consistently affected by posttrial
injections of MA. After introduction of the ad lib feeding
conditions, the mouse-killing behavior by rats in the MA-
SAL group decreased precipitously, reaching a minimum by
the sixth session. Introduction of the ad lib feeding condi-
tions, however, did not affect the killing behavior of the
SAL-MA animals, and rats in this group killed significantly
more mice than did those in the MA-SAL group in Session
6 through 9 (p<0.05; Fisher’s Exact Probability Test).

Figure 1 also shows the effects of reversing the drug
treatment (Sessions 10 through 26). Five of six rats in the
SAL-MA group stopped Kkilling after several posttrial injec-
tions of MA (Session 21). Even after 17 sessions of saline
treatment, however, there was no substantial recovery (Ses-
sion 26) of mouse-killing behavior in the MA-SAL group.

Mouse-killing by rats is ordinarily a very predictable and
stereotyped behavior: the mouse is seized and bitten at the
servical or upper thoracic region of the spine, resulting in
severance of the spinal cord and death. In many instances,
the prey is consumed. After a few pairings of the mouse
and an injection of methylatropine, the rats demonstrated
clear approach-avoidance behavior to the mouse, and
appeared to show a decreased tendency to consume it after
it had been Kkilled.

! This paper was presented in part at a meeting of the Behavioral Pharmacology Society, Bryn Mawr, 1971.

?Now at William H. Roter, Inc., Fort Washington, Pennsylvania.
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FIG. 1. The effects of posttrial injections of methylatropine (1 mg/kg) on the response of mouse-killing. All rats were placed on ad lib food
and water prior to the fifth session; drug treatments were switched, beginning with Session 10.

EXPERIMENT 2

The results of Experiment 1 suggested that deprivation
of food might interact with posttrial injections of MA in
inhibiting mouse-killing behavior. It also appeared that
treatment of killer rats with MA might lead, first, to an
inhibition of consumption of the dead mouse and, later, to
an inhibition of mouse-killing itself.

In Experiment 2, the effect of posttrial injections of MA
on mouse-killing and on consumption of prey were studied
in rats deprived of food and in others fed ad lib.

Method

Thirty male albino Holtzman rats (150-180 g) were
placed on a limited feeding regimen (8—10 g of food/day
and water ad lib) for 7 days prior to being tested. When the
rats were tested for mouse-killing, 22 killed a mouse within
1 hr on each of two test days and within 5 min on the third
test day. Following the third test, the rats were then injec-
ted intraperitoneally with either SAL or MA (see Experi-
ment 1). Of these 22 animals, 10 were maintained on the
food deprivation schedule and 12 were fed ad lib, starting
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FIG. 2. The effects of posttrial administration of methylatropine (1 mg/kg) on mouse-killing by food deprived and nondeprived rats.

after the third test day. At least 1 day was allowed between
sessions. In each test, a mouse was placed.in the rat’s home
cage and the rat was allowed 5 min to kill it; and the
latency to kill (in sec) was recorded. The dead mice were
inspected for evidence of predation. Immediately after each
test, the rats were given an injection of MA or SAL. There
were five animals each in the MA-food-deprived and SAL-
food-deprived group and in the SAL-food ad lib group. The
MA-food ad lib group consisted of seven animals.

Results

Figure 2 illustrates the effects of posttrial injections of
either methylatropine or saline on mouse-killing behavior in
food-deprived and fed Kkiller rats. After only four injections
of MA (p<0.05), rats fed ad lib showed a significant reduc-
tion in mouse-killing as compared with control rats. Food-
deprived rats did not demonstrate a significant decrease in
mouse-killing until after 11 pairings of mice and MA.

Figure 3 shows the percentage of rats that killed and

consumed mice. Posttrial administration of methylatropine
to food-deprived animals significantly inhibited consump-
tion of the prey (p<0.05) by the fourth trial, but there was
no decrease in killing behavior at this time (cf., Fig. 2).

In rats fed ad lib, consumption of dead mice was highly
variable, and no significant differences were observed until
there was also a marked reduction in Kkilling. Most of the
rats killed mice within 20 sec. There were no consistent
differences in latencies between groups except that the
latencies for the SAL-food ad lib group tended to be longer
(but not significantly) than those for the SAL-food de-
prived group.

DISCUSSION

Mouse-killing behavior by rats was inhibited by posttrial
injections of methylatropine nitrate. One difference be-
tween this conditioned aversion procedure and others
reported in the literature is that methylatropine does not
produce overt malaise, as do apomorphine [3], cyclo-
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FIG. 3. The effects of posttrial administration of methylatropine (1 mg/kg) on the response of mouse-killing and consumption of the
prey by food-deprived and nondeprived rats.

phosphamides [11] and X-irradiation [8].

The results also suggest something about the motiva-
tional components of mouse-killing. Paul et al. [6] demon-
strated that depriving rats of food and water does not influ-
ence the maintenance of mouse-killing. Their finding, at
first, appears to have been confirmed in the present study;
saline-treated animals showed no changes in mouse-killing
behavior as a result of deprivation. However, posttrial injec-
tions of MA immediately inhibited mouse-killing in non-
deprived animals, but not in deprived animals. In this
respect, at least, deprivation may be said to influence
mouse-Killing behavior.

When shock is administered to a killer rat for attacking a
mouse, the attacking and killing behavior gradually de-
clines, but is recovered within 24 hr after shock has been
discontinued [5]. In other paradigms of aversive condition-
ing, in which footshock is associated with ingestion of a
novel substance, subsequent tests for aversion demonstrate
relatively weak effects, as compared with those observed

when a drug is associated with the ingestion of that same
substance [1]. The present studies have demonstrated that
the act of mouse-killing can be attenuated and, in some
cases, virtually eliminated, by association of it with a pre-
sumably aversive internal event produced by a drug. These
effects are qualitatively similar to those reported with foot-
shock [5], but the aversion to mouse-killing based on
association with MA is much stronger, i.e., there is no sub-
stantial recovery of the behavior after the drug treatment
has been discontinued.

An alternative explanation for these data is that MA has
some proactive effect on subsequent tests for mouse-killing.
It was demonstrated that this is not the case; pretest admin-
istration of methylatropine did not block the mouse-killing
response [9].

The behavioral repertoire of mouse-killing that is ob-
served in laboratory rats is apparently similar to other
appetitive-consummatory behaviors, in that the act of
mouse-killing was able to assume aversive qualities when
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subjected to a conditioned aversion procedure. In the pres-
ent studies, this aversive conditioning of mouse-killing fol-
lowed an orderly pattern. The last member of the behav-

ioral chain, the consummatory response, was suppressed
before the attacking and killing responses were inhibited,
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