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WHITE, N. M. AND G. D. CARR. The conditioned place preference is affected by two independent reinforcement
processes. PHARMACOL BIOCHEM BEHAV 23(1) 37-42, 1985.—The conditioned place preference method for
measuring the affective properties of reinforcing events was studied using treatments of known affective value. The size of
the place aversion observed increased with dose when the reinforcer was injections of lithium chloride. The size of the
place preference observed increased with concentration when the reinforcer was drinking sucrose solutions. However,
when the reinforcer was solutions of saccharin (that were consumed in the same amounts as the sucrose solutions) no place
preferences were observed. This finding was explained in terms of the dual reinforcement hypothesis [20] which postulates
that although sucrose and saccharin both have positive affective properties (based on their tastes) only sucrose has memory
improving properties (based on its post-ingestive action). It was therefore proposed that conditioned place preferences
depend on the activation of both affective and memory improving processes. This hypothesis was confirmed by the
observation of place preferences with a saccharin solution as the reinforcer when the pairing trials were followed by
non-contingent, post-pairing injections of glucose or amphetamine (both of which are known to improve memory). There-
fore, behavior in the place preference method depends upon both the affective and the memory improving properties of the
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reinforcers under test.

Aversion Preference Memory Glucose

Saccharin

Conditioned place preference Amphetamine

VERSIONS of the conditioned place preference method
have been used to measure the reinforcing properties of
drugs by Beach [2], Kumar [17], Rossi and Reid [29] and
Reicher and Holman [26]. More recently, the method has
been used to detect rewarding effects of food [31] as well as
those of morphine [22,23], apomorphine [37], cocaine [33]
and amphetamine [32]. The method has also detected aver-
sive effects of lithium chloride [11,23], naloxone [22,23],
ethanol [30] and cholecystokinin [35].

As implied by its name, the rationale for the conditioned
place preference method of measuring the effects of reinforc-
ing events on behavior derives from associative learning
theory. It has been suggested [38] that rewarding or aversive
effects of reinforcers are expressed behaviorally as approach
or withdrawal tendencies, respectively; and that these affec-
tive states and behaviors become associated with the con-
stellation of neutral stimuli making up the distinctive pairing
environments used with this method. On future occasions
contact with the conditioned environmental stimuli evokes
the approach or withdrawal behaviors, leading to increased
or decreased contact with the environment containing the
conditioned stimuli. The outcome of this process is a con-
ditioned place preference or aversion.

This description implies that three stages precede the ob-
servation of a conditioned place preference. First, the rein-
forcing event under study must produce some affective
arousal leading to approach or withdrawal. Second, the be-
havioral tendency produced must become associated with
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the environmental stimuli with which it is paired. Finally,
this association must be remembered so that it can influence
behavior on future occasions. The distinction between the
affective process involved in the formation of associative
memories and the memory improving process involved in
their retention has been discussed in several previous papers
describing the results of experiments with electrical self-
stimulation of the brain [9,18], sucrose and glucose solutions
[20], amphetamine [5] and morphine [39,40].

In the present study we set out to examine the ability of
the conditioned place preference method to detect the affec-
tive properties of a variety of different pharmacological and
non-pharmacological stimuli. Some of these data are pre-
sented in Experiment 1. In the course of this investigation we
discovered that the detection of affective properties by this
method depends on both of the processes described above:
the formation and the retention of associative memories. The
evidence for this conclusion is presented in Experiment 2.

EXPERIMENT 1

METHOD
Subjects

Subjects were 69 male hooded rats weighing 275-300 g at
the start of the experiment. They were housed individually in
hanging wire cages with standard food pellets and water
continuously available except as described in the procedure.
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Apparatus

The place preference apparatus consisted of two large
pairing boxes (45x45x30 cm) made of wood with Plexiglas
fronts. The two boxes were separated by a wood partition. In
one large box the walls were painted white and the Plexiglas
floor was covered with wood chips. In the other large box
the walls were black with white masking tape stripes, there
was a wire grid floor, and 1 cc of 2 percent acetic acid was
dropped onto the floor before each training or test session.
The two large boxes were joined by a tunnel (36x 18 x20 cm)
made of unpainted wood, attached outside the pairing boxes
at the rear. When a rat was in one of the large boxes it could
not see the other one, but could move freely to it via the
tunnel. To confine an animal to one of the large boxes the
entrances from them to the tunnel were blocked with a
moveable wood partition. A diagram of this apparatus has
been published [6].

Procedure

The place preference procedure required 14 days. On day
1 each rat was exposed to the apparatus with free access to
all boxes for 10 min. Over the next 12 days each rat was
confined in one of the two large boxes for 30 min. The box in
which each rat was confined alternated from day to day giv-
ing a total of 6 exposures to each box. Within each group half
the rats received the experimental treatment in conjunction
with exposure to one of the two boxes (the ‘‘paired’’ box),
and the control treatment in conjunction with exposure to
the other box (the ‘‘unpaired”’ box). The paired and unpaired
boxes were reversed for the other half of the rats in each
group. The assignment of rats to treatment boxes was ran-
dom. On day 1 half of the rats were exposed to their paired
boxes and the other half were exposed to their unpaired box.

On day 14 each rat was placed into the tunnel and allowed
free access to all boxes for 20 min. The amount of time spent
in each of the large boxes was recorded by observation. A rat
was considered to be in one of the boxes if any part of its
body (except its tail) was in that box. We have previously
reported [6] that a group of 8 rats tested with the apparatus
and procedure described, but with no experimental treat-
ment associated with either large box, showed no significant
preference (382 sec vs. 373 sec) on the test day.

Four groups of rats were used to test the effect of drinking
four concentrations of sucrose with the place preference
method: 1 percent (n=7), 4 percent (n=7), 20 percent (n=8)
and 40 percent (n=8). The 1 percent solution was made by
dissolving 1 g of sucrose in 100 ml water; for the other solu-
tions sucrose was increased to the required amount. Food
was removed from the rats’ home cages and two Richter
tubes, one containing the appropriate sucrose solution and
the other containing water, were placed on the front of each
cage. For the duration of the experiment food was placed in
the cages for 2 hr per day; during the place preference proce-
dure the rats were fed 30 min after their treatments for the
day. On the third day of deprivation the sucrose tubes were
removed from the cages (but water remained available ad lib)
and the 14 day place preference procedure began. The su-
crose solutions were presented in Richter tubes supported by
a stand placed in the rear outside corner of each animal’s
paired box. No solutions were presented in the unpaired
boxes.

Two groups of rats were used to test the effects of injec-
tions of lithium chloride with the place preference method:
32 mg/kg (0.75 mEq/kg) (n=8) and 64 mg/kg (n=8). The drug
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FIG. 1. Mean times spent in paired and unpaired boxes during 20
min test by rats in the groups that drank sucrose solutions in their
paired boxes. The vertical lines are standard errors.

was prepared in a solution of 15 mg/ml of distilled water and
injected intraperitoneally. During the 14 day place prefer-
ence procedure these animals received injections of LiCl
immediately before being placed into their paired boxes, and
injections of equivalent volumes of normal saline solution
before being placed into their unpaired boxes.

Two final groups of rats were used to test the effects of
saccharin with the place preference method: 0.5 percent
(n=8) and 0.8 percent (n=8). The solutions were made by
adding 0.5 or 0.8 mg of sodium saccharin to 100 ml of water.
These two concentrations were chosen on the basis of previ-
ous work from our laboratory [20] comparing 0.5 percent
saccharin with 4 percent sucrose and 0.8 percent saccharin
with 20 percent sucrose. In these experiments with satiated
rats: (1) the animals consumed approximately equal amounts
of the solutions within each pair when each was offered in a
choice with water; and (2) the amplitude of the conditioned
taste preferences produced by the solutions within each pair
was approximately equal.

The procedure was similar to that described for the su-
crose groups: the animals were on a food deprivation
schedule and were pre-exposed to the appropriate saccharin
solution in their home cages. During pairing the solutions
were presented in the animals’ paired boxes, and no solu-
tions were presented in their unpaired boxes.

RESULTS AND DISCUSSION

Figure 1 shows the effects of the 4 concentrations of su-
crose tested with the place preference method. An increasing
dose-concentration relationship, measured by preference for
the paired side, is apparent between 1 and 20 percent. At 40
percent the preference is decreased. A two-way analysis of
variance was computed for these data, with concentration of
glucose as one factor and side (repeated measure) as the
other. There was a significant effect of glucose concentra-
tion, F(3,26)=3.47, p<0.03, and a significant effect of side,
F(1,26)=4.89, p<0.04. The amounts of time spent by the
animals on their paired and unpaired sides were not signifi-
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TABLE 1

MEAN TOTAL AMOUNTS [ml (sem)] OF SWEET SOLUTIONS
CONSUMED ON 6 EXPOSURES TO PAIRED BOXES

Sucrose
1 percent 4.9 (1.0)
4 47.9 (14.0)
20 23.0 (10.3)
40 20.5 3.4
Saccharin
0.5 percent 21.3 5.4
0.8 22.6 (7.2

cantly different at 1 (F=0.20) or 4 (F=0.34) percent, but
were significantly different at 20, F=5.81, p<0.004, and 40,
F=4.06, p<0.02, percent (all dfs=1,26). These data suggest
that the version of the place preference method used in the
present experiment can detect the positive affective proper-
ties associated with the ingestion of glucose solutions.

The correlation coefficient between the total amount of
glucose solution consumed during each rat’s 6 exposures to
its paired box and the time spent in that box during the test,
calculated for all 30 rats in the 4 glucose groups, was 0.31.
This suggests that the amount consumed during pairing ac-
counted for about 10 percent of the variance of the amount of
time spent in the paired box on the test day. Table 1 shows
the means of the total amounts of glucose drunk by the
animals during their 6 exposures to their paired boxes. The
conclusion that there is no consistent influence of amount
consumed on time spent in the paired box is strengthened by
the lack of relationship between these variables on a group
basis.

The consumption data in Table 1 also suggest that for rats
in the conditions of deprivation used in the present experi-
ment the 1.0 percent sucrose solution was the least reward-
ing, the 4.0 percent solution was the most rewarding, and
that the reward values of the 20 and 40 percent solutions
were equal and about midway between the other two. (It is
unlikely that feedback from the ingested sucrose inhibited
intake [7,36] because the amounts consumed on each trial
were too low.) The fact that the most rewarding solution—as
judged by consumption—failed to cause a significant place
preference while more concentrated but less rewarding solu-
tions did cause preferences will be discussed further in the
General Discussion.

Data for pairings with LiCl and saccharin are presented in
Fig. 2. Exposure to the paired box while under the influence
of LiCl caused an aversion to that box during the test ses-
sion. A two-way analysis of variance computed on the
lithium data showed a significant effect of side,
F(1,14)=13.67, p<0.003, and a significant interaction be-
tween dose and side, F(1,14)=4.78, p<0.05. The difference
between the amounts of time spent on the paired and un-
paired sides was not significant at 32 mg/kg (F(1,14)=1.14),
but was significant at 62 mg/kg, F(1,14)=17.31, p<0.001.
These data suggest that the place preference method can
detect the aversive affective properties that are generally
assumed to be associated with an injection of lithium
chloride [14, 27, 28]. However, it is of interest that a much
higher dose of lithium was required to demonstrate aversion
using the present method than is required with the taste
aversion method. Conditioned taste aversions have been
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FIG. 2. Mean times spent in paired and unpaired boxes during 20
min test by rats that received injections of lithium chloride before
being placed into their paired boxes (first two pairs of bars) and by
rats that drank saccharin solutions in their paired boxes (last two
pairs of bars). The vertical lines are standard errors.

demonstrated [24] with only a single pairing of doses equiv-
alent to and even lower than the 32 mg/kg which failed to
produce a significant place aversion after six pairings in the
present study.

The data for the two groups of rats that experienced pair-
ings with saccharin are also shown in Fig. 2. Neither concen-
tration caused a place preference. The analysis of variance
showed no significant effect of group (F(1,14)=3.57) or side
(F(1,14)=0.21). The total amounts of saccharin solutions
consumed by the rats in each group during their 6 exposures
to their paired sides are shown in Table 1. The correlation
coefficient between the total amounts of saccharin consumed
during the 4 pairings and time spent in the paired box on the
test day was 0.26.

The fact that these two concentrations of saccharin failed
to cause a place preference is of particular interest in view of
the fact that total consumption of the two solutions was
about equal to that for the 20 and 40 percent sucrose solu-
tions (Table 1) which did cause preferences. This fact, taken
together with our previous data [20] described briefly in the
Procedure section, as well as the data of other workers [8,
36, 42], all support the suggestion that the saccharin solu-
tions used in the present experiment had substantial reward-
ing properties. The question is, therefore, why did the place
preference method fail to detect rewarding effects of sac-
charin that are detected by direct consumption, by prefer-
ence tests against water, and by conditioned taste preference
methods? A possible explanation of this phenomenon, and of
the fact that the place preference method also failed to detect
the rewarding properties of the 4 percent glucose solution, is
presented in Experiment 2.

EXPERIMENT 2

A possible explanation of the fact that the place prefer-
ence method detects the rewarding properties of glucose but
not those of saccharin rests on the findings of a previous
experiment [20] that examined the reinforcing properties of
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these two substances. That experiment showed that although
appropriately chosen concentrations of sucrose and saccha-
rin have equal rewarding or positive affective properties
based on their tastes, the differences in the post-ingestional
effects of these two substances [3, 12, 34] lead to demon-
strable differences in their reinforcing, or memory improving
properties. The memory improving properties of sucrose and
saccharin were measured by giving animals access to solu-
tions of these substances after a training session on a con-
ditioned emotional response task. Drinking sucrose solutions
or subcutaneous injections of glucose improved retention of
the CER in a retroactive, non-contingent manner. Drinking
equally rewarding saccharin solutions had no such effect.

When applied to the data of Experiment 1, these findings
suggest that drinking sucrose solutions caused place prefer-
ences because these solutions had positive affective conse-
quences based on their taste and because they also had
memory improving properties based on their post-ingestive
consequences. On this hypothesis drinking saccharin solu-
tions failed to cause place preferences because, although
they probably have equivalent rewarding properties based
on their taste, these solutions lack the post-ingestive conse-
quences that produce the memory improvement effect.

This explanation of the data of Experiment 1 leads to an
hypothesis about the place preference method. Although it
seems clear from Experiment 1 and from the data of other
workers cited in the introduction that the place preference
method measures the affective properties of reinforcing
events, it may be that these properties are not detected by
this method unless a second process—memory improve-
ment—is also activated. In the present experiment this hy-
pothesis was tested by exposing rats to saccharin during the
pairing phase of the place preference method and giving
them post-training, non-contingent treatments with two
known memory improving agents: glucose [20] or am-
phetamine [5, 10, 16, 19]. If it is true that saccharin solutions
fail to cause a place preference because they lack the post-
ingestional consequences that initiate a memory improving
process then activating that process with post-training
treatments should allow the affective consequences of these
solutions to be expressed as preferences for the animals’
paired boxes.

METHOD
Subjects
Subjects were 32 rats similar to those used in Experiment 1.

Apparatus

The apparatus was the same as described in Experiment 1.

Procedure

There were 4 groups with 8 subjects per group. The rats in
the No Treatment group did not receive any post-training
injections. The rats in the Saline group were injected with 2
ml/kg normal saline. The rats in the Glucose group were
injected with 2 g/kg glucose prepared as 1 g/ml distilled
water. The rats in the Amphetamine group were injected
with 2 mg/kg d-amphetamine sulphate prepared as 2 mg/ml
normal saline. All injections were given subcutaneously on
the flank.

The procedure was similar to that described for Experi-
ment 1. Food was removed from the animals’ home cages
and they were given access to 2 Richter tubes, one filled with
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FIG. 3. Mean times spent in paired and unpaired boxes during 20
min test by rats that drank 0.5 percent saccharin solution in their
paired boxes and received the injections indicated on the abscissa
immediately after their last exposures to both their paired and un-
paired boxes. The vertical lines are standard errors.

water and the other with 0.5 percent sodium saccharin, for 48
hr. They were then pre-exposed to the place preference
apparatus for 10 min, and pairings began on the following
day. The pairing procedure differed from that for Experi-
ment | in two ways. First, it lasted for 8 days, so that each
rat received 4 exposures to each of the two boxes. Second,
on each of the last two pairing days each rat in the three
treatment groups received an injection immediately after it
was removed from the apparatus. Thus, each animal re-
ceived an injection after its last exposure to its paired box
and after its last exposure to its unpaired box. The order of
exposure to the paired and unpaired boxes was counterbal-
anced. All animals were returned to their home cages im-
mediately after their injections. The test session was identi-
cal to that described for Experiment 1.

RESULTS AND DISCUSSION

The place preference data are illustrated in Fig. 3. The
lack of effect of saccharin alone contrasts with the place
preferences observed in the rats that received the post-
training memory improving treatments. The analysis of vari-
ance of these data showed a significant effect of treatment,
F(3,28)=3.52, p<0.03, and a significant effect of side,
F(1,28)=15.51, p<0.005. There was no significant difference
between the amounts of time spent on the paired and un-
paired sides by the animals in the No Treatment (F=0.01) or
Saline groups (F=2.52). These two values were significantly
different for the Glucose, F=5.95, p<0.005, and Am-
phetamine, F=15.01, p<0.001, groups (all dfs=1,28).

The main hypothesis of this experiment, that drinking
saccharin solutions would cause a place preference if the
pairings were followed by a post-training, non-contingent
memory improving treatment, is confirmed by these data. It
is important to note that the post-training treatments could
not have contributed directly to the place preferences ob-
served because they were given after exposure to both the
paired and unpaired boxes for each animal. Therefore, even
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TABLE 2

MEAN TOTAL AMOUNTS [ml (sem)] OF 0.5 PERCENT SACCHARIN
CONSUMED ON 4 EXPOSURES TO PAIRED BOXES

No treatment 13.2 (1.7)
Saline 11.5 (1.1
Glucose 10.3 (1.4)
Amphetamine 9.1 3.1

if these treatments had rewarding consequences and even if
the animals were able to form an association between the
experience of the boxes and these consequences, these
putative associations had an equal chance of influencing be-
havior with respect to both boxes and could not therefore be
the cause of the preferences observed. The only source of
bias in the animals’ experience of the two boxes was the
presence of saccharin in one of them. Therefore, this must
have been the cause of the observed preferences. However,
the data of this experiment make it clear that in the absence
of a memory improving event preferences are not expressed
in this situation. The data suggest that in the absence of such
an event animals do not remember the association between
the paired box and the reward on the test day.

The fact that a noticeable (although non-significant) effect
was observed in the Saline group is consistent with our pre-
vious data on the effect of post-training injections in experi-
ments designed to test memory effects [5,20]. In those
studies a significant difference between the effect of saline
and treatment injections was observed. The fact that no such
differences exist in the present data make it difficult to at-
tribute the effects observed to specific actions of glucose or
amphetamine on memory substrates. However, the place
preference method was never intended to be used in the
study of memory processes, and this was not the purpose of
the present experiments. These data provide no new infor-
mation about memory processes. They do however provide
an important insight into the characteristics of the place
preference method because they show that it depends on the
operation of two independent and separable processes: af-
fective arousal and memory improvement.

GENERAL DISCUSSION

In agreement with data published by other workers the
present experiments show that the place preference method
is a measure of the affective arousal produced by certain
types of rewarding stimuli. However, the lack of effect of
saccharin alone, together with the fact that its rewarding
effects were detected when post-training memory improving
treatments were used, show that the place preference
method is not a simple measure of affective arousal. These
findings suggest that the behavior observed with this method
is influenced by both the affective and the memory improv-
ing processes.

This conclusion has implications for the interpretation of
the finding—in Experiment 1—that the 4 percent solution
which was judged most preferred on the basis of consump-
tion failed to cause a significant place preference, while the
20 and 40 percent solutions that were less preferred did cause
place preferences. Unpublished experiments from our lab-
oratory show that 2 g/kg, which is the equivalent of a 300 g
rat drinking 3 ml of a 20 percent solution, is approximately
the minimum dose of glucose that will produce an improve-
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ment in retention. Calculations based on the consumption
data in Table 1 show that, on each of the 6 trials when glu-
cose was presented, the rats in the 1 and 4 percent groups
consumed an average of 0.03 and 1.06 g/kg respectively,
while the rats in the 20 and 40 percent groups consumed an
average of 2.55 and 4.55 g/kg respectively. The fact that the
consumption of glucose was below threshold in the 1 and 4
percent groups but above threshold in the 20 and 40 percent
groups may account for the fact that place preferences were
observed in the latter but not in the former groups.

A second implication of the present findings is that the
treatments that cause significant place preferences must
have both affective and memory improving consequences.
There is independent evidence that sucrose has memory im-
proving properties [20]. There is also independent evidence
for memory improving properties of amphetamine [5, 10, 16,
19], of morphine [39], of naloxone [15,21] and of ethanol
[1,25] all of which cause conditioned place preferences or
aversions. There is also some evidence that lithium has a
memory improving effect [11], and clear evidence that aver-
sive events in general can improve retention [41]. The con-
ditioned place preference effects that have been observed for
these substances are consistent with the suggestion that they
initiate both types of processes. There do not appear to be
any data on the post-training, non-contingent memory im-
proving properties of apomorphine, cocaine or cholecys-
tokinin, the other substances for which affective properties
have been detected with the conditioned place preference
method. However, if the present analysis of the factors in-
fluencing place preference is correct then the affective prop-
erties suggested by the place preference data for these sub-
stances can be taken at face value since the memory improv-
ing process affects only the expression but not the nature of
the affective process. Moreover, it can be predicted that
apomorphine, cocaine and CCK would exhibit memory im-
proving properties if tested in the appropriate experiments.

As illustrated by the data for saccharin however, the ab-
sence of an effect for a particular treatment is problematical.
In the general case it is not possible to know if a particular
treatment fails to cause an effect because it lacks affective
properties, or because it lacks memory-improving proper-
ties. One solution to this problem is to try the post-training,
non-contingent memory improving method described here.
Possibly a better solution is to try another method of measur-
ing the affective properties of the treatment. As already dis-
cussed other methods such as simple consumption, prefer-
ence tests and conditioned taste preference techniques de-
tect the rewarding properties of saccharin quite well, and the
same may prove to be true for other treatments that fail to
cause conditioned place preferences.

Another illustration of the importance of studying the af-
fective properties of drugs with several different methods is
found in the present data for lithium chloride injections. A
dose of lithium that gives unambiguous evidence of aversion
with the taste aversion method [24] failed to exhibit aversive
properties in the present experiment. A much higher dose
and many more pairings were required to demonstrate these
properties with the place preference method. This finding
may suggest that taste aversion is a more appropriate meas-
ure than place aversion method for the particular affective
properties of lithium. This is a case where the use of data
from a single method would lead to erroneous conclusions
about the affective properties of a treatment. A more striking
instance of the power of using more than a single method to
study the reénforcing properties of drugs is the fact that con-
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ditioned place preferences—evidence of positive affective
arousal—are observed with both amphetamine [32] and
apomorphine [37] while these same substances both cause
conditioned taste aversions [4,13]—evidence of negative af-
fective arousal. Finally, the present data demonstrate the
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importance of examining the memory improving properties
of drugs in separate experiments. A complete understanding
of the effects of drugs on behavior will be possible only when
data are available from a variety of measures of both the
affective and the memory improving processes they initiate.
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