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MAcMAHON, S. W., N. M. BLAMPIED AND R. N. HUGHES. Aversive stimulus properties of scopolamine. PHAR- 
MAC. BIOCHEM. BEHAV. 15(3) 389--392, 1981.--The drug state produced in rats by intraperitoneal injections of 
scopolamine hydrobromide (1.2 mg/kg) was treated as a putative aversive US. This US was paired with a distinctive spatial 
location in a shuttle box for 6 of 12 daily sessions by confining the subject to one side following scopolamine and to the 
other side following saline (6 sessions). Two groups of 8 subjects each received zero and 20 min post-injection delays 
respectively. Following zero delay, but not 20 min delay, subjects avoided the side associated with scopolamine in 
drug-free, free choice tests. This is evidence that the immediate post-injection drug state induced by scopolamine is 
aversive. 

Scopolamine Aversive drug state Location avoidance Rats 

THE question of  how one determines whether or not a drug 
state is aversive to a rat is not easily answered. Four  proce- 
dures have been developed as attempts to assess the aver- 
sive stimulus properties of  drugs. Three of  the four employ a 
respondent conditioning paradigm, in which the drug injec- 
tion is treated as a putative aversive unconditioned stimulus 
(US). In one or  more conditioning trials the drug state is 
paired with a conditioned stimulus (CS). Then in subsequent 
drug-free tests, the behavioral effects of the CS alone are 
assessed, and compared with the effects known to be 
produced by pairing the CS with an established aversive US 
such as electric shock. One procedure uses the conditioned 
taste aversion technique in which a distinctive flavor CS is 
paired with drug injection [3]. If  subsequent consumption 
and preference tests show the consumption of the flavor is 
suppressed and/or avoided, it is inferred that the drug state is 
aversive. 

A second method uses the conditioned suppression 
method [5,6]. If  the CS is shown to disrupt an on-going oper- 
ant response (e.g., bar-pressing) the drug state may be in- 
ferred to be aversive. However,  conditioned suppression 
may be produced by USs which are not conventionally re- 
garded as aversive [2,5] a finding which limits inferences 
from this procedure about the aversive nature of  the drug 
state [6]. 

The third respondent conditioning procedure is derived 
from recent investigations of  the positively reinforcing ef- 
fects of  drugs [19, 24, 26, 28]. When this procedure is used to 
assess the aversive stimulus properties of  drugs, the drug 

state is paired with confinement in one side of  a two com- 
partment shuttle box. If  in subsequent drug-free, free-choice 
tests the subjects avoid the side paired with the drug state, it 
is inferred that the drug state was aversive. 

A further group of  methods involves instrumental condi- 
tioning. The injection of  the drug follows an instrumental 
response. If the response rate subsequently increases it is 
inferred that the drug state is positively reinforcing [31], 
while if the response declines in frequency, the drug is in- 
ferred to be a punishing event [7]. 

The present research investigated the aversive stimulus 
properties of the anticholinergic drug scopolamine hydro- 
bromide. Conditioned taste aversions are produced by 
scopolamine [3,22] and by scopolamine methyl-nitrate [4, 21, 
23], and these drugs have been shown to disrupt the prefer- 
ence for novelty normally displayed by undrugged rats 
[16,18], an effect which has been interpreted as a conse- 
quence of their aversive stimulus properties [17]. The aver- 
sive stimulus properties of  scopolamine hydrobromide were 
directly investigated using a conditioned location avoidance 
test derived from the conditioned location preference proce- 
dure of Reicher and Holman [26]. 

EXPERIMENT 1 

METHOD 

Subjects 
Eight naive New Zealand random-bred hooded male rats 
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from the departmental  breeding colony were used. Their age 
range was 166--174 days (mean= 168 days) and their weight 
range was 310--404 g (mean=355 g). Ad lib food and water 
was available in the home cage. 

Apparatus 

Subjects were individually trained and tested in a 
Lafayette Shuttlebox (model A550), measuring 61x25x28 
cm ( L x W x H ) ,  which was divided across the middle by a 
partition which contained a guillotine door (9x12 cm, 
W x H ) .  The floor consisted of  36 0.5 cm diameter stainless 
steel rods spaced 2 cm apart. A 15 W light bulb positioned 
immediately above the transparent perspex ceiling of both 
chambers gave 325 lux illumination in each chamber. One 
end wall was covered by 3 cm black and white vertical lines 
and the end wall on the other side by 3 cm black and white 
horizontal lines. A speaker posit ioned behind the shuttlebox 
provided background white noise of  80 dB. Micro-switches 
detected movements  of  the grid floor and Pye Hi-Log pro- 
gramming equipment automatically recorded time (in 0.5 sec 
units) spent on each side and the number of  crossings from 
one side of  the shuttlebox to the other. 

Drugs 

Scopolamine hydrobromide (Hyoscine hydrobromide 0.6 
mg/ml McGaw Ethicals) was injected at a dose of  1.2 mg/kg 
body weight. Control injections were of  sterile isotonic 
saline solution. Injection volume was 2 ml/kg body weight 
IP. 

Procedure 

Each subject received 24 consecutive daily sessions each 
of 20 rain duration. 

Adaptation. On days 1-4 each subject received one ses- 
sion per day in the experimental chamber without injection. 
Each subject was confined to the side with the vertical line 
stimulus (VS) or the side with the horizontal line stimulus 
(HS) on alternate days.  Subjects were randomly assigned to 
two groups so that order of  exposure to the two sides was 
counterbalanced. 

Test for baseline stimulus preference. On days 5-6 the 
guillotine door was retracted and the subjects were individ- 
ually placed in the apparatus with free access to both sides. 
On day 5 half of  the subjects in each group were placed on 
the VS side and half on the HS side. On day 6 the sides of  
entry were reversed. Time spent in each side of the 
shuttlebox and the number of  times the subject crossed from 
one side to the other was recorded. 

Conditioning. On days 7-19 each subject was injected 
with either saline or scopolamine immediately before being 
confined to one half of the shuttlebox. Subjects were given 
scopolamine or saline on alternate days. After injection with 
scopolamine the rat was always placed on one side of the 
box, and placed on the other side when injected with saline. 
Subjects were thus confined to the VS or HS sides on alter- 
nate days.  Subjects received six scopolamine sessions (120 
min total) and six saline sessions (120 rain total). Half  of  the 
subjects were placed in the VS side after scopolamine admini- 
istration and half on the HS side. These two groups were 
divided such that order of injection was counterbalanced 
over days.  

Post-test for conditioned effects. On days 20--24 the pro- 

cedure followed during the test for initial stimulus preference 
was duplicated with one modification. The side of  entry to 
the shuttlebox was not alternated. One subject from each of 
the four subgroups was entered on the VS side on every day 
of the post-test while the other was always entered on the HS 
side. No injections were given during this phase of the exper- 
iment. 

RESULTS 

The raw scores of location preference (i.e., time spent in 
each half of  the apparatus) obtained in the post-test (days 
1%21) after conditioning sessions were used to produce a 
single preference score for each animal for the side associ- 
ated with saline injection. This score is the proportion: 

TSAL 
TSAL + Tscop 

w h e r e  TSA L = time spent in side associated with 
saline injection 

and TscoP = time spent in side associated with 
scopolamine injection. 

Indifference, would produce a score of  0.50. (N.B., TSAL 
+ TSCOP does not equal total time in apparatus,  because it 
excludes time spent crossing the midline). Scores obtained in 
the pre-test trials (days 5 and 6) prior to conditioning ses- 
sions were used in the same way to produce preference pro- 
portions for the side later to be associated with saline injec- 
tion. 

The mean daily preference for the 0 delay saline- 
associated side is shown in Fig. 1. Prior to conditioning the 
subjects showed indifference, spending equal time on both 
sides of the apparatus. Following conditioning, however, 
there was a significant increased preference for the saline 
side, shown by a one way ANOVA, F(1,35)=9.47, p<0.05  
[20]. This preference declined to indifference over the 4 ex- 
tinction days. 

Midline crossings declined from a mean of  27.6 in Session 
l ,  to a mean of 20.75 in Session 6, but this change was not 
significant. 

EXPERIMENT 2 

At zero delay between drug injection and pairing with one 
side of  the shuttle box, significant location avoidance was 
shown (Experiment 1). Following Reicher and Holman [26] a 
second experiment was run, in which a 20 min delay oc- 
curred between injection and confinement to examine the 
time course of  the aversive effect. 

METHOD 

Subjects 

Eight subjects of the same strain and sex used in Experi- 
ment 1 were used. Their age at time of testing was 140 days. 
Their weight range was 325-440 g (mean=371 g). 

Apparatus and Drugs 

These were the same as in Experiment 1. 

Procedure 

The procedure followed in Experiment 1 was duplicated 
with one modification. During the conditioning phase of  the 
experiment the subjects were injected and then returned to 
the home cage for 20 min before being confined to one side or 
the other of the shuttlebox. 
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FIG. 1. Proportion of time spent on the saline associated side before 
and after conditioning trials as a function of delay between injection 
and exposure. 

RESULTS 

Time spent on left and right sides was used to calculate a 
preference proportion for the saline-associated side, as in 
Experiment 1, and the mean values are shown in Fig. 1. The 
mean of the two pre-conditioning sessions was 0.57, indicat- 
ing an initial bias towards the side to be associated with 
saline. On Session 3, immediately post-conditioning, there 
was a slight apparent elevation of preference for the saline 
associated side (mean=0.60), but overall there were no sig- 
nificant differences, F(6,35)= 1.25. 

Mean daily midline crossings showed a non-significant 
decline from Session 1 to Session 6, as in Experiment 1. 

G E N E R A L  DISCUSSION 

When exposed to a particular location immediately fol- 
lowing an injection of  scopolamine, rats subsequently 
avoided that location in undrugged, free-choice tests. This 
conditioned avoidance extinguished over four non- 
reinforced sessions. When the injection preceded condition- 
ing by 20 min no conditioned avoidance was observed. 

From this evidence it can be inferred that it is the im- 
mediate, post-injection drug state produced by scopolamine 
which is aversive. Whatever the stimulus properties of the 

drug-state 20 min after injection, they were insufficiently a- 
versive to generate conditioned location avoidance, at least 
using the dose of  the present experiment.  Berger [3] also 
found scopolamine ineffective in producing a conditioned 
taste aversion when injected 30 min prior to consumption of  
the test solution. These data suggest a dissociation between 
the aversive stimulus properties of  scopolamine and its other 
behavioral and pharmacological effects which are often re- 
ported to increase to maximum magnitude 20 to 30 min post- 
injection. The extent to which these effects on location pref- 
erence are due to the peripheral anticholinergie effects of 
scopolamine remains to be determined by subsequent re- 
search using quaternary analogues which do not readily pass 
the blood-brain barrier. The aversive stimulus properties of 
scopolamine appear  to be weaker than those of  am- 
phetamine, which persist over  a 20 min post-injection delay 
[26]. 

These results provide further evidence showing the con- 
ditioning of an exteroceptive,  spatial cue to an interoceptive, 
drug-induced US. Despite initial claims that such associa- 
tions could not be formed by rats [13,14] it is now clear that 
exteroceptive CS-interoceptive US associations can be 
formed, using several different conditioning procedures [12, 
26, 27]. 

The conclusion that scopolamine is aversive rests on the 
assumption that the subjects were avoiding the sco- 
polamine-associated side, rather than approaching the 
saline associated side. Given the extensive prior habituation, 
and the pre-conditioning demonstration of equal preference 
for the two sides it is hard to argue that the drug treatment 
should have left the scopolamine side neutral while making 
the saline side positive in some way. For  example,  impaired 
habituation to or memory of [9,10] the drug-associated side 
by scopolamine would have rendered that side more novel 
and thus preferred at least on the first post-test day [17]. 

This demonstration of the aversive stimulus properties of  
scopolamine provides direct support for Hughes'  [17] re- 
evaluation of the effects of anticholinergic drugs on some 
measures of habituation to novelty. Hughes has argued that 
the effects of many psychotropic drugs (particularly anticho- 
linergics) on certain indices of habituation to, and preference 
for novelty can be more parsimoniously interpreted as due to 
the aversive effects of  the drugs acting to suppress prefer- 
ences by enhancing novelty-avoidance in a manner anal- 
ogous to the effects of  electric shock [1,25], rather than by 
appealing to complex central neuropharmacological mech- 
anisms (e.g., [8, 9, 10]). 

Unconditioned aversive effects are one of  a number of 
stimulus properties of  drugs which may be important in 
producing their behavioral effects [11, 15, 29, 30, 33]. The 
role which these stimulus properties may play in determining 
the outcome of an experiment is frequently overlooked. This 
especially applies to experiments concerned with drug ef- 
fects on associative processes such as habituation, condi- 
tioning and memory, where explanations based on neuro- 
pharmacological changes in central synaptic and neuronal 
physiology are often preferred. 
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