
Psychopharmacology (1992) 109:439-443 Psychopharmacology 
© Springer-Verlag 1992 

Scopolamine impairs delayed matching in an olfactory task in rats 
N. Ravel, M. Vigouroux, A. Elaagouby, and R. Gervais 

Laboratoire de Physiologic Neurosensorielle, Universit6 Lyon I-CNRS URA 180, 43, Bd du 11 Novembre 1918, F-69622 Villeurbanne 
Cedex, France 

Received February 20, 1992 / Final version July 27, 1992 

Abstract. The action of the cerebral cholinergic system 
seems to be important for remembering events over short 
time intervals. We decided to test this hypothesis in the 
rat by developing an original model of short term memo- 
ry based on the olfactory sensory modality which is a 
major determinant in the animal behaviour. The princi- 
ple of the experiment was a "delayed match-to-sample" 
test performed in a classical T maze divided into two 
compartments. In the first compartment, rats received 
an odorant stimulation, then, in the second, they had 
to discriminate between the two arms odorized different- 
ly. To receive a food reinforcement, the animals had 
to enter the arm signaled by the odor presented in the 
first part of the maze. The test was performed with 
(Short-term memory condition) or without (Immediate 
memory condition) a variable delay between the first 
odor sampling and the discrimination task. Both tests 
were performed with control and scopolamine-treated 
animals (0.5, 0.125 and 0.0625 mg/kg IP). An injection 
of scopolamine (0.5 mg/kg) impaired performances, even 
when no retention of the odor was required. However, 
lower doses (0.125, 0.0625 mg/kg) selectively altered per- 
formances in the short term memory condition. These 
results suggest that intact muscarinic transmission is re- 
quired for an olfactory cue to be used over a short time 
after its presentation. 

Key words" Olfaction- Acetylcholine - Short-term mem- 
ory Delayed match-to-sample 

Much evidence supporting the concept of a role for cen- 
tral cholinergic mechanisms in learning and memory 
processes has been obtained from recent research into 
the neuropathology of Alzheimer's disease (for reviews 
see Bartus et al. 1986; Collerton 1986; Durkin 1989). 

Many studies have examined the behavioural effects 
of pharmacological manipulations of the cholinergic 
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function. As the great majority of behavioural studies 
have used the central muscarinic receptor antagonist 
scopolamine, we focused our attention on data obtained 
with this drug. Numerous studies have shown that sco- 
polamine impairs the retention of new information in 
a dose and time-dependent manner. Such an impairment 
has been clearly demonstrated in man (Safer and Allen 
1971; Caine et al. 1981), non-human primates (Aigner 
and Mishkin 1986; Rupniak et al. 1990, 1991; Aigner 
et al. 1991) and rats (Dunnett 1985; Givens and Olton 
1990; Goto et al. 1990; Shannon et al. 1990). Scopola- 
mine does not affect recall of material learned prior to 
its administration, but rather seems to interfere with 
storage (Spangler et al. 1988; Aigner et al. 1991). 

Most studies carried out using rats are based upon 
visuo-spatial performance. This type of task often in- 
volves processing of complex sensory information which 
makes the interpretation of the pharmacological effects 
very difficult. We therefore decided to develop a test 
involving olfactory function. There are a variety of rea- 
sons for selecting this modality. Firstly, rats are reported 
as being able to solve olfactory problems much more 
rapidly than visual ones (Slotnick and Katz 1974), sec- 
ondly, pathways implicated in olfactory stimuli process- 
ing are fairly well known; finally, the olfactory system 
receives its cholinergic input from the basal forebrain 
region (Mesulam and Mufson 1984; Zaborszky et al. 
1986; Luiten et al. 1987). 

Previous data obtained from rats have shown that 
scopolamine disrupts habituation to novel odors 
(Hunter and Murray 1989) and impairs social recogni- 
tion of a juvenile conspecific by an adult male (Softie 
and Lamberty 1988; Perio et al. 1989). These results sug- 
gest the importance of cholinergic transmission for the 
retention of olfactory information over short time inter- 
vals. However, it seems important to confirm this hy- 
pothesis by developing a test which allows us a closer 
comparison of our results in the rat with those obtained 
from primates and man in visuospatial tasks. 

Delayed matching or non-matching-to-sample tasks 
have provided a powerful means of testing short-term 
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memory in animals. Such tests have been widely used 
in monkeys (Aigner and Mishkin 1986; Aigner et al. 
1991) and more recently in rats (Rawlins and Olton 
1982; Dunnett 1985; Spencer et al. 1985; Alexinsky and 
Alliot 1987; Roitblat and Hayes 1987; Dunnett etal. 
1988a, b, 1990; Dunnett and Martel 1990). One of the 
advantage of delayed matching in the study of short- 
term memory is that it gives the possibility of discerning 
mnemonic consequences of experimental manipulations 
from other non-specific effects. Such tasks generally re- 
veal a decline in performance as the delay interval be- 
tween the sample and the choice is lengthened. The 
maintenance of accurate performance when the sample 
and choice responses are separated by only a short delay 
interval rules out the possibility of detection or discrimi- 
nation deficits. It also excludes impairments due to rule 
forgetting, lack of motivation or motor disabilities. To 
our knowledge, such a test had never been used before 
in olfaction. So, the first step of the experiments pre- 
sented here, was to characterize the ability of normal 
rats to solve a delayed matching-to-sample task based 
on odorant cues. Then, the perturbation induced by a 
systemic injection of three different doses of scopolamine 
just prior to the test was examined. 

Materials and methods 

Subjects. Twelve adult male Wistar rats (Iffa Credo, l'Arbresle, 
France; 250-300 g) were housed separately with fi'ee access to 
water. The rats were food deprived, except for 15-20 g standard 
laboratory chow per rat that was given at the end of  each daily 
session to maintain body weights at approximately 90% of free- 
feeding levels. 

Testing apparatus and odor delivering device. Training and testing 
were conducted in a classical T-maze (Fig. 1). The maze was made 
of three successive compartments. The access from one compart- 
ment to the other could be controlled by a pneumatic door locking 
device. The second and third compartments were fitted with one 
and two openings in the wall, respectively. These gave access to 
boxes where odors could be sampled. At the end of  each arm, 
there was a food tray. 
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Fig. 1. Experimental device. I Opening principle of  the door locked 
by a pneumatic bar (a): H Box giving access to the food tray. 
III Principle of one of the sampling points (A, B and B'). The 
odor is delivered at the top of the box (b) and permanently aspirat- 
ed (c). This creates an air draught (d) which prevents the odor 
diffusion to the maze 

Odors were delivered in sampling points at an above threshold 
value via an olfactometer the principle of which was described 
in detail elsewhere (Vigouroux and Chaput 1988; Vigouroux et al. 
1988). The different odors used were: amyl acetate, cineote, aceto- 
phenone and limonene, For each olfactory task, each odor was 
used alternately as the sample one in a pseudorandomly manner. 
To ensure rapid clearing of the odors and to prevent their diffusion 
to the compartment a fanning device was mounted on each sam- 
pling box. Preliminary experiments showed that the animals were 
unable to detect odors as soon as 10 s following valve offset. 

Procedure. Before each trial, one of the two odors of the pair 
was randomly assigned as the target odor. Each trial started by 
switching on the valve controlling the target odor port and by 
unlocking the door limiting access to the first compartment. The 
rat moved freely in that compartment where sampling of the target 
odor was allowed for no more than I rain. The dine of the offset 
of the valve controlling this sampling port determined the begin- 
ning of the delay stage varying from 0 s, 30 s, I, 2 and 3 min. 
A click associated with the unlocking of the second door signaled 
the end of the delay period. A few seconds before unlocking the 
door which limited access to the third compartment, the two odors 
of the choice test were delivered at their respective sampling ports. 
On each trial, the position of  the target odor on the left or on 
the right sampling port was chosen randomly. The other sampling 
port contained the second odor of  the pair. The sampling of at 
least one of  the two released the locking device of  the doors leading 
to the last part of the maze. If the rat made a correct matching 
response (i.e. chose the arm signalled by the odor presented in 
the second compartment) a pellet was delivered to the food tray 
at the end of the arm. Alternatively, if the rat made an incorrect 
non-matching response (i. e. chose the other arm) no reinforcement 
was delivered and the animal was returned to the starting compart- 
ment. The intertrial interval was 1 rain. 

Rats were tested in daily 30-40 min sessions. The maze floor 
was cleaned between each sessions. The first phase was devoted 
to train the animals to explore the maze with no hesitation in 
pushing doors and sampling odors after entering compartments. 

The second phase consisted of learning sessions. The odors 
were associated in two different pairs: amyle acetate versus cineole 
(task 1) and acetophenone versus limonene (task 2). Animals were 
trained for task 1 until reaching the learning criterion: 80% of 
correct choices over 20 trials on two consecutive sessions were 
reached. During the learning phase, the delay was reduced to about 
4 s (i.e. the time required for the animal to move from the first 
to the second compartment). Such an experimental condition will 
be referred to as "immediate memory test". 

Once the learning criterion was achieved, each session was di- 
vided into two blocks of ten trials. Control performance was esti- 
mated from the first ten trials as during the learning phase. Then, 
during the last ten, the effect of a delay upon the performance 
was investigated. A different delay (30 s, 1, 2 and 3 min) was tested 
on each session. This experimental condition will be referred to 
as "short-term memory test". If  the performance fell down below 
the criterion of  80% of correct choices, the same delay was retested 
over the two following sessions. Alternatively, a longer delay was 
used in the next session. In that way, we got a delay value for 
each animal which can be taken, in our experimental conditions, 
as the individual limit of short term memory. After that, each 
animal was returned to control level of performance before begin- 
ning the pharmacological part of the experiment. 

Pharmacological study. The effects of scopolamine hydrobromide, 
a central muscarinic antagonist, (Sigma; 0.5, 0.125 and 0.0625 rag/ 
kg IP) was assessed using the 30 s delay. The drug was dissolved 
in isotonic saline and administered 20 rain before the test. Each 
rat received the three doses of  scopolamine and the vehicle alone 
in different sessions. Each injection was followed by at least one 
drug-free session to return to baseline performance (i.e. 80% of 
correct choices). 



Percentage of correct choices 
100 [ 

8O 

60 

40 

20 

0 
IM 30 see t min 2 min 3 min 

Experimental conditions 

Fig. 2. Mean delayed matching-to-sample performance of untreat- 
ed rats (n = 12) across the different delays (30 s to 3 rain) ** P< 
0.0005, *P<0.01 when compared to the mean performance in 
the immediate memory test (IM) 
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Fig. 3. Mean performances of the rats (n=12) displayed in the 
immediate memory test (black) and the short-term memory test 
(gray) with the 30 s delay, in absence of treatment (ReJ), following 
an IP injection of saline (NacI) or 3 doses of scopolamine. ** P< 
0.0005 when compared to performances under saline 

Results 

Behavioural data on non-treated animals 

The familiarization to the maze took 9-11 sessions. 
Then, all animals (n= i2 )  learned to perform this de- 
layed matching-to-sample olfactory task efficiently. The 
rats naturally sampled the odors; however, the main 
difficulty was to train them to sample and wait a variable 
delay before the door was released. The mean number 
of trials to reach the criterion on the first olfactory prob- 
lem (amyle acetate versus cineole) was 205. The corre- 
sponding performance was 85% of correct choices. Six 
rats from the group were randomly chosen and put 
through the second problem at the end of the experiment 
(limonene versus acetophenone). The number of trials 
to reach the new task criterion was markedly reduced 
(n = 43) for a similar performance. 

Results obtained from the short-term memory test 
for the twelve rats are presented in Fig. 2. A one-way 
analysis of the variance with repeated measurements 
(Winer 1962) yielded significant main effect of the delay 
between the presentation of the sample odor and the 
choice (F=30.69, df=5,45, P<0.0005). Multiple or- 
thogonal comparisons, according to an a posteriori 
method for establishing the difference between pairs of 
means (Dagnelie 1975) pointed to a significant decline 
of the performance as soon as a delay of 2 min was 
introduced compared to the performance in the immedi- 
ate memory condition (F= 34.75, df= 1,45, P <  0.0005). 
The same method also demonstrated that the perfor- 
mance went on declining from 2 rain to 3 rain delay (F= 
8.22, df= 1,45, P<0.0I).  

Behavioural data on scopolamine-treated animals 

Figure 3 shows the effect of IP injections of saline or 
three doses of scopolamine. A significant main effect 

of drug dose came out from the analysis of variance 
(F=24.78, df=8,76, P<0.0005). As far as the results 
obtained in the immediate memory condition are con- 
cerned, the orthogonal comparisons of the performances 
under saline and scopolamine yielded to the conclusion 
that the muscarinic inhibitor did not significantly impair 
the performance except when the highest dose was used 
(F=89.27, df= 1,76, P<0.0005). As regards the results 
of the short-term memory test, even with only 30 s delay, 
the performances were significantly impaired, when 
compared to saline, as soon as the 0.125 mg/kg dose 
was used (F= 22.91, df= 1,76, P < 0.0005). No significant 
effect was observed with the lowest dose. 

Discussion 

There have been several approaches to rat olfactory 
memory. Most data have been obtained from experi- 
ments based on the rat's ability to perform successive 
odor discriminations (Stfiubli etal. t984, 1986, 1987, 
1989; Eichenbaum etal. 1988, 1989; Slotnick 1989). 
Some authors also used the capacity of rats to recognize 
the odor of a familiar juvenile (Softie and Lamberty 
1988; Perio et al. 1989) or more generally to discriminate 
a novel stimulus from a previously presented one 
(Hunter and Murray 1989). But, to our knowledge, this 
study is the first attempt to use an olfactory delayed 
match-to-sample paradigm in the rat. 

As regards the test itself, it proved to be appropriate 
for the study of rat olfactory memory in the time range 
from a few tens of seconds to 3 min. The training and 
the learning phases were quite time consuming (about 
2 weeks) and led to stable performance in the immediate 
memory test. Moreover, the number of trials required 
to solve the second olfactory task was about 5 times 
fewer than required for the first task. Despite the fact 
that this has been considered as the evidence for the 
acquisition of a learning set for odors (Slotnick and Katz 
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1974), this result must be taken with care. A recent paper 
(Reid and Morris 1992) pointed out the fact that this 
sole evidence is clearly insufficient to demonstrate the 
acquisition of an abstract rule as it has been done for 
monkeys. Finally, performances declined progressively 
as the delay increased from 30 s to 3 rain, thus providing 
for intact animals the reference delay-performance curve 
from optimum to random performances. As a whole, 
this presents good similarities to experimental conditions 
used to explore short-term visual memory in primates 
(Aigner and Mishkin 1986; Aigner et al. 1991). As re- 
gards the results of the short-term memory test, although 
it remains difficult to make comparison across species 
and modalities, the performance of the rats in an olfacto- 
ry delayed match-to-sample is rather good when com- 
pared to that of monkeys in a visual one (Buccafuso 
and Jackson 1991) and similar to what has been reported 
with mice or rats in non matching-to-sample tasks (Suth- 
erland and Mc Donald 1990; Furusawa 1991). 

The results of the systemic injection of scopolamine 
support the view that central cholinergic mechanisms 
are involved in the performance of a short-term olfacto- 
ry task. This is in agreement with other previous studies 
(Softie and Lamberty 1988; Hunter and Murray 1989; 
Perio et al. 1989). The results of our pharmacological 
study yielded a classical dose-effect curve. The highest 
dose we used (0.5 mg/kg) proved to impair performances 
even when no memory of the target odor was required. 
Such a non-specific effect had already been suggested 
by Softie and Lamberty (1988). These authors suspected 
that at this dose, a general cholinergic blocker such as 
scopolamine could disturb chemosensory receptivity. 
Our personal observations suggest that these deficits 
could also be interpreted in terms of disinhibition or 
attentional deficits. Importantly, this type of effects did 
not occur for the two lowest doses. Indeed, performances 
in the immediate memory test then did not differ from 
the one obtained in absence of any treatment or after 
injection of the vehicle. But, following administration 
of the 0.125 mg/kg dose, the animals performed near 
chance as soon as the 30 s delay was introduced. This 
result supports the hypothesis that the central choliner- 
gic transmission is necessary for new information to be 
recognized over a short period of time after its presenta- 
tion. Such an effect has already been demonstrated in 
monkeys for a visual task (Aigner and Mishkin 1986; 
Aigner et al. 1991). Using almost the same type of task, 
the authors argued that scopolamine exerts an effect on 
the storage process, attenuating the initial strength of 
the memory trace in a dose-related manner. The action 
of the drug can be compared to the imposition of a 
longer delay between the entry of an item into memory 
and its ensuing retrieval. We could make the same type 
of reasoning as our results show that scopolamine re- 
duces the performance for a 30 s delay to those obtained 
for a 2 rain one. 

Systemic injection of the drug precludes identification 
of central scopolamine-sensitive structures involved in 
the deficit of short-term olfactory memory. However, 
other studies focused on olfactory discrimination learn- 
ing (St~iubli et al. 1984; Eichenbaum et al. 1988, 1989; 

Slotnick 1989) demonstrated that hippocampal denerva- 
tion did not produce any deficit. Moreover, the results 
from Hunter and Murray (1989) with septal lesions 
strongly suggest that if the hippocampus likely plays 
a role in mediating olfactory learning this does not in- 
volve the cholinergic projections from the septum. Tak- 
ing these data into account, the effects we observed 
might mainly reflect an impairment of cholinergic trans- 
mission in the cortical structures involved in olfactory 
stimuli processing. Current experiments are testing this 
hypothesis. 
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