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BARDO, M. T.,J. S. MILLER AND . L. NEISEWANDER. Conditioned place preference with morphine; The effect of
extinction training on the reinforcing CR. PHARMACOL BIOCHEM BEHAV 21(4) 545-549, 1984.—Rats were injected
with either morphine (5 mg/kg) or saline in association with one set of distinct environmental stimuli, and injected with
saline in association with a different set of stimuli. After four conditioning trials, animals were given a 15-minute free-choice
test to determine which stimulus environment was preferred. Animals displayed CPP as a significant increase in duration
spent within the morphine-associated environment, but did not display any change in number of entries into that environ-
ment. In contrast, when extinction training was given following CPP, animals displayed a significant decrease in duration
spent per entry into the morphine-associated environment, but did not display any change in total duration spent in that
environment. These results suggest that assessment of the reinforcing conditioned response (CR) in the CPP model may
require measurement of both duration spent in and number of entries into the drug-associated environment.
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CONDITIONED place preference (CPP) has been devel-
oped recently as an animal model of drug reinforcement. It is
based on the notion that environmental stimuli which are
paired reliably with an appetitive stimulus or drug may serve
as conditioned reinforcers which facilitate operant behavior
(e.g., [15]). To demonstrate CPP, animals are given a drug in
association with distinct environmental stimuli, and then are
given a free-choice to spend time in the presence of either
drug-associated or non-associated stimuli. The strength of
the reinforcing conditioned response (CR) is reflected
presumably in the operant preference for drug-associated
stimuli. Using this procedure, a variety of psychoactive
drugs have been shown to produce CPP, including am-
phetamine [23,29], cocaine [18,30], heroin [4,25], and mor-
phine [2, 11, 20, 24, 28, 34].

Several lines of evidence support the assumption that
CPP involves the acquisition of a reinforcing CR in which the
reinforcing properties of the drug become associated with
environmental stimuli. First, it is clear that various drugs
may serve as effective appetitive or primary reinforcers [9].
Second, environmental stimuli which are paired reliably with
a drug may elicit a CR that mimics the unconditioned drug
effect. For example, a low dose of morphine produces hyper-
thermia, and stimuli associated with this drug effect can elicit
a similar hyperthermic CR [14, 17, 27]. Other CRs also mimic
the unconditioned effects of morphine, including changes in
catecholamine release into blood [16] and changes in cortical
evoked potentials [31,36]. Third, and perhaps most impor-
tant, evidence indicates that environmental stimuli associ-
ated with a reinforcing drug can direct operant behavior. For

example, monkeys and rats injected with morphine in asso-
ciation with an environmental stimulus will perform an oper-
ant response which delivers the stimulus alone [5, 7, 26, 32].

Despite this evidence, however, there is presently little
direct empirical support for the assumption that CPP reflects
the acquisition of a reinforcing CR. In CPP, the CR is not
observed directly, but is inferred from an operant choice
response. Typically, CR strength is assumed to be reflected
in the increased duration that an animal spends in the pres-
ence of drug-associated stimuli. If this assumption is correct,
then CPP ought to be attenuated or extinguished when
drug-associated stimuli are presented alone following condi-
tioning. The present investigation examined that possibility,
using morphine as the reinforcing stimulus.

EXPERIMENT 1

The first experiment was designed to examine the nature
of the putative CR in morphine-induced CPP. Typically, CPP
has been demonstrated by giving rats morphine in one dis-
tinct environment and saline in another environment. Later,
when the animal is in a drug-free state, it is given a 15-minute
free-access period to both environments simultaneously,
While numerous reports demonstrate that rats spend more
total time in the morphine-associated environment relative to
saline-treated controls, it is unclear whether this preference
is due to an increased duration spent during each entry into
the environment or to an increased number of entries into the
environment. Examination of these two alternatives may
help characterize the nature of the CR.
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METHOD
Animals

The animals were adult male Sprague-Dawley rats (Har-
lan, Indianapolis, IN) weighing between 400-500 g at the
start of the experiment. They were caged individually, and
were supplied food and water continuously in their home
cage.

Apparatus

Conditioning was conducted in a rectangular chamber
with three different compartments separated by guillotine
doors. The two end compartments measured 22xX26%x30 cm,
while the middle compartment measured 22X 14x30 cm. One
end compartment had white walls, a wire-mesh floor, and
pine wood chips under the floor. The other end compartment
had black walls, a metal grid floor, and cedar wood shavings
under the floor. The middle room had gray walls and a solid
wood floor which was also gray. Preliminary pilot data indi-
cated that naive animals had a slight preference for the black
compartment.

Procedure

Each animal was acclimated to handling for one week
prior to the start of the experiment. Following acclimations,
animals were divided randomly into three separate groups
(n=7 per group). All animals were given 2 daily injections,
one immediately before and one immediately after being
placed into the apparatus. For one group, morphine sulfate
(5 mg/kg, SC) was given once every other day immediately
before being placed into the white compartment for 30 min
with the guillotine door closed. After removal from the white
compartment, these animals were then injected with saline
and returned to the home cage. On alternate days, these
animals were injected with saline both before and after a
30-min exposure to the black compartment. This procedure
continued until a total of 4 morphine-white pairings and 4
saline-black pairings were completed. The second treatment
group was treated similarly, except that morphine was in-
jected immediately after rather than immediately before ex-
posure to the white compartment. The third treatment group
was also treated similarly, except that all injections were
saline. In sum, one treatment group experienced morphine
simultaneously with exposure to the white compartment
(group Morphine-Simultaneous or M-S); one experienced
morphine delayed after exposure to the white compartment
(group Morphine-Delayed or M-D); and one did not experi-
ence morphine, but served as a saline-injected control group
(group Sal).

On the day after the last conditioning trial, all animals
were assessed for CPP. Each animal was placed in the gray
middle compartment with the guillotine doors open. An ob-
server who was unaware of the animals’ individual treatment
recorded (1) the total duration spent in each compartment
and (2) the number of entries into the white and black com-
partments. These readings were made in three consecutive
5-min blocks, for a total observation period of 15 min per
animal.

Statistical Analyses

Data were analyzed by analyses of variance, using either
split-plot, completely randomized, or factorial designs [12],
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FIG. 1. Mean total duration (+£S.E.M,) in each compartment on test
day from animals in Experiment 1. Group M-S experienced mor-
phine simultaneously with exposure to white; group M-D experi-
enced morphine delayed after exposure to white; and group Sal
received saline control treatment. Asterisk (*) represents significant
difference from both M-D and Sal groups, p<0.05.

All subsequent pairwise comparisons were made using
Tukey’s HSD test of significance.

RESULTS

The data were analyzed initially across the three 5-min
blocks for each animal. Across this repeated measure, there
was a significant decline in the duration spent in the white
compartment and a significant decline in the number of
entries into the white compartment (data not shown). How-
ever, since this within-subjects repeated measure did not
interact statistically with the treatment factor, the data were
collapsed across the total 15-min observation period.

As shown in Fig. 1, there was a significant difference
between treatment groups in the total duration spent in the
white compartment, F(2,18)=5.69, p<0.05. Animals given
morphine immediately before exposure to white (group M-8)
spent significantly more time in white relative to animals
given morphine immediately after exposure to white (group
M-D; 1(18)=3.11, p<0.05) and relative to saline-injected con-
trol animals (group Sal; 7(18)=2.71, p<0.05). In contrast,
animals given morphine immediately after exposure to the
white compartment (group M-D) did not spend more time in
white relative to saline controls. Thus, these results demon-
strate that CPP may only be obtained when there is a tem-
poral overlap between morphine and the to-be-conditioned
stimulus environment, and that experience with morphine
per se is ineffective in establishing CPP.

Analysis of the entry data revealed further that there were
no significant treatment-related differences in the number of
entries into either the white or black compartments. How-
ever, animals given morphine before exposure to white
(group M-S) spent a longer duration per entry in white rela-
tive to saline-injected (group Sal) control animals (see Table
1). These results demonstrate that CPP evident in M-S
animals in Fig. 1 is due to an increased duration spent in the
white compartment during each entry, rather than an in-
crease in the number of entries into white per se.
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TABLE 1

TOTAL NUMBER OF ENTRIES AND MEAN DURATION PER ENTRY INTO WHITE AND
BLACK COMPARTMENTS IN M-S, M-D AND SAL GROUPS IN EXPERIMENT 1

Mean Number Mean Duration Mean Total
of Entries per Entry Duration
Group N White Black White Black White Black
M-S 7 9.3 7.9 48.3* 34.0 449.2% 268.6
M-D 7 8.7 9.0 27.5 33.1 239.3 297.9
Sal 7 9.7 11.6 27.4 34,3 265.8 397.9
*Significant difference from Sal Group, p<0.05.
EXPERIMENT 2 - SO0 wATE GRAY BLACK
The second experiment was designed to assess the effect EJ
of extinction training on CPP as assessed by the duration £ _H
spent in the morphine-associated environment and by the & 400_D5AL|NE - L
number of entries into the morphine-associated environ- P J_
[
ment. FL
I * L]
Q
METHOD &
. 300 - B 1L
Animals z
The animals (n=28) were similar to those described in 2 M
Experiment 1, except that body weights ranged between §
250--300 g at the start of the experiment, bl 200[ B "
Apparatus %
The apparatus was that described in Experiment 1. = J L | | ‘ |1}
EXT  NO EXT NO EXT NO
Procedure EXT EXT EXT
Each animal was acclimated to handling prior to the start TREATMENT

of the experiment. Following acclimation, animals were di-
vided randomly into 4 separate groups (n=6-8 per group).
Two groups were injected with morphine sulfate (5 mg/kg,
SC) once every other day for a total of 4 morphine injections.
Immediately after each morphine injection, these animals
were placed into the white compartment for 30 min. On
alternate days, these animals received saline and were
placed in the black compartment for 30 min. The other two
groups were treated similarly, except that all injections were
saline.

Following conditioning, one-half of the morphine-treated
and one half of the saline-treated animals were given extinc-
tion training. This consisted of placing the animal in the
white compartment for 30 min daily on each of 6 consecutive
days. During this period, the other animals were left in their
home cages. In sum, the 4 treatment groups made up a 2x2
factorial design in which each animal was conditioned with
either morphine or saline and was either given extinction
training or not. On the day following the last extinction trial,
all animals were tested for CPP as described before.

RESULTS

As in Experiment 1, the data were collapsed across three
5-min blocks, because this repeated measure did not interact
statistically with either treatment factor. A factorial analysis
of variance of the data summarized in Fig. 2 revealed that
morphine-treated animals spent significantly more total time

FIG. 2. Mean total duration (+S,E.M.) in each compartment on test
day from animals in Experiment 2. Each animal was conditioned
with either morphine or saline in white and then given either extinc-
tion training (Ext. groups) or no extinction training (No Ext.
groups). Asterisks (*) represent significant difference from saline-
injected control group, p<0.05.

in the white compartment than the saline-treated animals
when the data were collapsed across extinction groups,
F(1,24)=9%.40, p<0.01. Subsequent pairwise comparisons
revealed that the morphine-induced increase in time spent in
white was evident relative to saline controls, both in animals
given extinction training, £(12)=5.91, p<0.01, and in animals
given no extinction training, #(12)=2.72, p<0.01. Further,
extinction training produced a clear decrease in the duration
spent in white for both morphine- and saline-treated animals,
F(1,24)=15.91, p<0.001. However, there was no significant
interaction between the drug and extinction factors, indicat-
ing that extinction training attenuated the time in white for
animals given either morphine or saline (see Fig. 2, left
panel).

Nonetheless, further analysis indicated that extinction
training altered differentially the entry of morphine- and
saline-treated animals into the morphine-associated en-
vironment. As shown previously in Experiment 1, morphine-
and saline-treated animals (given no extinction training)
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TABLE 2

TOTAL NUMBER OF ENTRIES AND MEAN DURATION PER ENTRY INTO WHITE AND BLACK COMPARTMENTS IN 4
TREATMENT GROUPS IN EXPERIMENT 2

Mean Number Mean Duration Mean Total
of Entries per Entry Duration
Group Drug Extinction N  White Black White Black White Black
1 Morph Ext 8 16.1* 17.0 12.9 18.8 207.7* 319.6*
2 Sal Ext 6 10.8 17.0 11.8 24.9 127.4 423.3
3 Morph No Ext 8 12.6 12.9 24.8* 20.9 312.5% 269.6
4 Sal No Ext 6 12.1 13.3 19.6 21.9 237.2 291.3

*Significantly different from Sal control group, p<0.05.

entered the white compartment a similar number of times
(see Table 2). This corroborates our earlier conclusion that
CPP measured by total duration spent in the morphine-
associated environment is due to an increase in the duration
spent per entry, rather than an increase in the number of
entries. More important, however, this conclusion did not
hold following extinction training. Instead, morphine-treated
animals given extinction training displayed significantly
more entries into the white compartment relative to saline-
treated control animals, 1(12)=4.34, p<0.001, and relative to
morphine-conditioned animals given no extinction training
(see Table 2). Further, while there was a significant differ-
ence in duration per entry into white between morphine- and
saline-treated animals given no extinction training, no signif-
icant difference was evident between morphine- and saline-
treated animals given extinction training. In addition, ex-
tinction training per se attentuated the mean duration per
entry into white for both morphine- and saline-pretreated
groups.

DISCUSSION

The present results indicate that, in addition to measuring
the duration spent in each compartment, the number of
entries into each compartment may be an important depend-
ent variable in the CPP model of drug reinforcement. In the
typical CPP procedure, conditioned and non-conditioned
animals display a similar number of entries into the drug-
associated environment (Experiment 1). In this circum-
stance, the total duration and duration per entry measure-
ments yield essentially identical outcomes. However, the
present results also demonstrate that conditioned and non-
conditioned animals may display a different number of
entries into the drug-associated environment following ex-
tinction training (Experiment 2). In this instance, the total
duration and duration per entry measurements yielded dif-
ferent outcomes.

Specifically, we found that extinction training following
CPP produced differential effects on total duration spent in
and number of entries into the drug-associated white com-
partment. Animals given extinction training decreased their
total duration in the white compartment, regardless whether
it was paired previously with either morphine or saline. This
effect may reflect nonassociative habituation to cues which
elicit exploratory approach behavior in that environment. In
contrast, morphine-conditioned animals given extinction
training displayed an increased number of entries into the
drug-associated environment relative to saline-treated con-

trols and relative to morphine-conditioned animals given no
extinction training. This “‘extinction’ effect may reflect a
process similar to the transient increase in operant respond-
ing often seen during extinction of morphine-reinforced
lever-pressing in rats [33]. However, regardless of the in-
terpretation, when the results were expressed as duration
per entry, significant CPP was evident in non-extinguished
animals (cf., 24.8 vs. 19.6, Table 2), but not in extinguished
animals (cf., 12.9 vs. 11.8, Table 2). Thus, when duration per
entry is used as an index of CR strength, rather than total
duration in the drug-associated environment, the present re-
sults are consistent with a classical conditioning interpreta-
tion of CPP.

Unfortunately, the present results do not rule out the
possibility that morphine-induced CPP reflects the acquisi-
tion of a hypoactive CR, rather than a reinforcing CR. In
rats, morphine doses of § mg/kg or higher produce a period
of unconditioned hypoactivity which extends over 30 min-
utes [6, 13, 19]. Since morphine (5 mg/kg) was paired with
environmental stimuli for 30 post-injection minutes, the
hypoactive effect may have become conditioned to these
stimuli. Consistent with this notion, conditioned animals
displayed longer durations per entry into the morphine-
associated environment relative to non-conditioned animals,
suggesting that entry into that environment may have elicited
a conditioned decrease in locomotor activity which reduced
the likelihood of leaving. This possibility is further supported
by the finding that conditioned locomotor effects are ob-
tained with psychostimulant drugs [1, 3, 21, 22].

While acquisition of a hypoactive CR cannot be ruled out
by the present results, several lines of evidence mitigate
against this possibility. First, low doses of morphine (1
mg/kg) that produce an unconditioned hyperactive effect in
rats [10] can also produce CPP [11]. Second, stimulant drugs
such as amphetamine and cocaine, which increase locomotor
activity, produce CPP [18, 23, 29, 30]. Third, other agents
such as lithium chloride and ethanol, which may produce an
unconditioned hypoactive effect, do not produce CPP
[18,35]. Taken together, these studies indicate that
morphine-induced CPP reflects the acquisition of a reinforc-
ing CR that is independent of drug-induced changes in loco-
motor activity. However, a direct measurement of locomo-
tor activity during CPP assessment may be required to con-
firm this hypothesis.

Finally, it appears that the putative reinforcing CR in
morphine-induced CPP requires some temporal overlap be-
tween the to-be-conditioned stimulus environment (CS) and
the drug experience. Previous work indicated that adminis-
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tration of morphine one hour before CS exposure produces
CPP [24]. However, administration of morphine immediately
after CS exposure is ineffective in establishing CPP [28]. The
present results also demonstrate that once the putative CR is
acquired, it is maintained for a substantial delay between
conditioning and testing, i.e., 6 days. Similarly, in the self-
administration model, the secondary reinforcing effects of
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morphine are obtained over a similar delay period [8],
suggesting a parallel between CPP and self-administration
procedures. Nonetheless, a number of procedural and
theoretical differences exist between the CPP and self-
administration models [18], and further work is required to
determine whether these models reflect a common rein-
forcement process.

REFERENCES

1. Barr, G. A., N. S. Sharpless, S. Cooper, S. R. Schiff, W.
Paredes and W. H. Bridger. Classical conditioning, decay and
extinction of cocaine-induced hyperactivity and stereotypy.
Life Sc¢i 33: 1341-1351, 1983,

2. Beach, H. D. Morphine addiction in rats. Can J Psychol 11:
104-112, 1957.

3. Beninger, R. J. and B. L. Hahn. Pimozide blocks establishment
but not expression of amphetamine-produced environment-
specific conditioning, Science 220: 1304-1306, 1983,

4. Bozarth, M. A. and R. A. Wise. Heroin reward is dependent on
a dopaminergic substrate. Life Sci 29: 1881-1886, 1981.

5. Carnathan, G., R. E. Meyer and J. Cochin. Narcotic blockade,
length of addiction and persistence of intravenous morphine
self-administration in rats. Psychopharmacology (Berlin) S4:
67-71, 1977.

6. Collins, L. G. Effect of morphine sulfate on spontaneous activ-
ity level of the albino rat. Psychol Rep 16: 693-696, 1965.

7. Davis, W. M. and S. G. Smith. Naloxone use to eliminate opiate
seeking behavior: Need for extinction of conditioned reinforce-
ment, Biol Psychiatry 9: 181189, 1974.

8. Davis, W. M., 8. G. Smithand J. H. Khalsa, Noradrenergic role
in self-administration of morphine or amphetamine. Pharmaco!
Biochem Behav 3: 477-484, 1975,

9. Grabowski, J. and D. R. Cherek. Conditioning factors in opiate
dependence. In: The Newrobiology of Opiate Reward Proc-
esses, edited by I. E. Smith and J. D. Lane. Amsterdam:
Elsevier Biomedical Press, 1983, pp. 175-210.

10. Iwamoto, E. T. Locomotor activity and antinociception after
putative mu, kappa and sigma opioid receptor agonists in the
rat: Influence of dopaminergic agonists and antagonists. J
Pharmacol Exp Ther 217: 451-460, 1981.

11. Katz, R. J, and G. Gormezano. A rapid inexpensive technique
for assessing the reinforcing effects of opiate drugs. Pharmacol
Biochem Behav 113 231233, 1979,

12. Kirk, R. E. Experimental Design: Procedures for the Behav-
ioral Sciences. Belmont: Wadsworth Publishing Co., 1968.

13. Kuschinsky, K. and O. Hornykiewicz. Effects of morphine on
striatal dopamine metabolism: Possible mechanism of its oppo-
site effect on locomotor activity in rats and mice. Eur J Phar-
macol 26: 41-50, 1974,

14, Lal, H., S. Miksic and N. Smith, Naloxone antagonism of con-
ditioned hyperthermia: An evidence for release of endogenous
opioid. Life Sci 18: 971-976, 1976,

15. Lovibond, P. F, Facilitation of instrumental behavior by a Pav-
lovian appetitive conditioned stimulus. J Exp Psychol 9; 225~
247, 1983,

16. Mansfield, J. G., J. R. Wenger, R. S. Benedict, J. B. Halter and
S. C. Woods. Sensitization to the hyperthermic and
catecholamine-releasing effects of morphine. Life Sci 29; 1697~
1704, 1981,

17. Miksic, S., N. Smith, R. Numan and H, Lal. Acquisition and
extinction of a conditioned hyperthermic response to a tone
paired with morphine administration. Neuropsychobiology 1:
277-283, 1975.

18. Mucha, R. F., D. van der Kooy, M. O'Shaughnessy and P.
Bucenieks. Drug reinforcement studied by use of place condi-
tioning in rat. Brain Res 243: 91-105, 1982.

19. Murakami, H. and T. Segawa. Effect of apomorphine on
morphine-induced decrease in locomotor activity and increase

in dopamine turnover in rats. Jpn J Pharmacol 30: 565-567,
1980.

20. Phillips, A. G. and F. G. LePiane. Reinforcing effects of mor-
phine microinjection into the ventral tegmental area. Pharmacol
Biochem Behav 12: 965-968, 1980,

21. Pickens, R. W. and W. F. Crowder. Effects of CS-US interval
on conditioning of drug response, with assessment of speed of
conditioning. Psychopharmacologia 11: 88-94, 1967,

22. Pickens, R. W. and J. A, Dougherty. Conditioning of the activ-
ity effects of drugs. In: Stimulus Properties of Drugs, edited by
T. Thompson and R. Pickens. New York: Appleton-Century-
Crofts, 1971, pp. 39-50.

23. Reicher, M. A, and E. W. Holman, Location preference and
flavor aversion reinforced by amphetamine in rats. Anim Learn
Behav 5: 333-346, 1977,

24. Rossi, N. A. and L. D. Reid. Affective states associated with
morphine injections. Physiol Psychol 4 269~274, 1976.

25. Schenk, S., T, Hunt, L. Colle and Z. Amit. Isolation versus
grouped housing in rats: Differential effects of low doses of
heroin in the place preference paradigm. Life Sci 32: 1129-1134,
1983.

26. Schuster, C. R, and J. H. Woods. The conditioned reinforging
effects of stimuli associated with morphine reinforcement. Int J
Addict 3: 223-230, 1968.

27. Sherman, J. E. The effects of conditioning and novelty on the
rats analgesic and pyretic responses to morphine. Learn Motiv
10: 383-418, 1979.

28, Sherman, J. E., C. Pickman, A, Rice, J. C. Liebeskind and E.
W. Holman. Rewarding and aversive effects of morphine: Tem-
poral and pharmacological properties. Pharmacol Biochem
Behay 13: 501-505, 1980.

29. Sherman, J. E., T. Roberts, S. E. Roskam and E. W. Holman.
Temporal properties of the rewarding and aversive effects of
amphetamine in rats. Pharmacol Biochem Behav 13: 597-599,
1980.

30. Spyraki, C., H. C. Fibiger and A. G. Phillips. Cocaine-induced
place preference conditioning: Lack of effects of neuroleptics
and 6-hydroxydopamine lesions. Brain Res 253: 195-203,
1982.

31. Stein, E. A., J. J. Lynch and D. S. Ruchkin. Evoked potential
changes during classical conditioning of morphine in the awake,
freely behaving rat. Exp Neurol 55; 505-519, 1977.

32, Thompson, T. and C. R. Schuster. Morphine self-
administration, food reinforced and avoidance behaviors in
rhesus monkeys. Psychopharmacologia 5: 87-94, 1964,

33, Tortella, F. C, and J. E. Moreton. D-Ala*-methionine-enkephalin-
amide self-administration in the morphine-dependent rats. Psy-
chopharmacology (Berlin} 69: 143147, 1980, .

34, van der Kooy, D., R. F. Mucha, M. O’Shaughnessy and P.
Bucenieks. Reinforcing effects of brain microinjections of mor-
phine revealed by conditioned place preference, Brain Res 243:
107-117, 1982.

35. van der Kooy, D., M. O’Shaughnessy, R. F. Mucha and H.
Kalant. Motivational properties of ethanol in' naive rats as
studied by place conditioning. Pharmacol Biochem Behav 19:
441-445, 1983,

36. Wilder, M. B. and J. H. O’Brien. Evoked potential conditioning
using morphine as the unconditioned stimulus in rats. Exp
Neurol 67: 539-553, 1980.





