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MAZURSKI, E. J. AND R. J. BENINGER. Environment-specific conditioning and sensitization with (+)-amphetamine.
PHARMACOL BIOCHEM BEHAYV 27(1) 61-65, 1987.—Learning variables have an important role in determining the
behavioral effects of some pharmacological treatments. Environmental control of sensitization and conditioning of the
stimulant effects of (+)-amphetamine (AMPH) were studied in two experiments. Rats were given 6 1-hr habituation
sessions in automated activity chambers conducted every second day. Two days later the 12 rats in the paired group in each
study received AMPH (2.0 mg/kg) followed immediately by placement in the chambers for 1 hr whereas rats in the unpaired
groups received saline. All rats were injected the following day and left in their home cages afterwards. At this time the
paired groups received saline and the unpaired groups received AMPH. Three days later a second pairing and subsequent
home cage injection was administered, using the same procedure. Immediately prior to the test session (4 days after the last
pairing session) all rats in the sensitization experiment received AMPH and those in the conditioning study received saline.
During pairing sessions AMPH treated rats exhibited more vertical activity than controls. On the saline test session in the
conditioning study there was still a significant group difference demonstrating environment-specific conditioning. There
was no evidence of sensitization on vertical activity; however, a significant difference in horizontal activity was seen on the
AMPH test session. Results suggest that these two phenomena can be dissociated behaviorally and may not follow the
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same time-course.
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PSYCHOMOTOR stimulants, such as (+)-amphetamine
(AMPH), demonstrate alterations in effect with repeated
administration. For example, the anorexia and disruption of
operant responding produced by AMPH typically exhibit
tolerance [6, 8, 25]. Other effects, such as increased locomo-
tion and production of stereotyped behaviors, more often
exhibit sensitization, or an enhanced response over the
course of treatment [5, 9-12, 14, 18, 19, 21, 23, 27]. How-
ever, sensitization has not been found to be universal. It
appears that presentation of the drug on an intermittent basis
produces sensitization, whereas continuous exposure results
in tolerance {14, 15, 17]. Furthermore, more widely spaced
trials appear to produce stronger effects than daily drug
treatment (1, 11, 21].

Attempts to account for sensitization include physiolog-
ical changes such as alterations in receptor numbers or sen-
sitivity, pharmacokinetic changes, and learning factors [1,7].
Several lines of research support the notion that learning is
involved. Animals given repeated injections of AMPH or
cocaine showed stronger sensitization to the drug if it was
later given in the same room where the drug was previously
administered rather than in an environment unassociated
with the drug [10, 18, 27]). Although some studies have indi-
cated the presence of sensitization without an associative
component [20,24], the bulk of evidence suggests a stronger
effect with discrete cues. In similar studies, conditioned ef-
fects have been observed by administering saline to animals
in an environment previously associated with a stimulant
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drug. These animals were found to be more active there than
control groups, with the same drug history, but the drug and
environment unassociated. The difference between the
groups ruled out the possibility that the enhanced activity
was solely a physiological response to drug treatment irre-
spective of associative factors [3, 4, 9, 16, 18, 22, 23, 26, 27].
One study demonstrated that as few as 6 pairing sessions
were needed to produce environment-specific conditioned
locomotion with AMPH [16]. Typically however, a larger
number of pairing sessions is administered in an attempt to
produce a robust conditioned effect.

The present study sought to examine environment-
specific conditioning and sensitization. It was hypothesized
that if conditioning principles contribute to each of these
phenomena to a similar degree they should coexist and
should exhibit similar time courses. By utilizing identical
procedures to attempt to produce environment-specific sen-
sitization and conditioning, these possibilities were exam-
ined.

METHOD
Subjects

Forty-eight male Wistar rats, initially weighing 250 (+25)
g, were individually housed in a climatically controlled
(21+1°C) environment kept on a 12 hr light (0600-1800
hr)/dark cycle. Purina Rat Chow and water were freely avail-
able in the home cage.
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Apparatus

All behavioral testing was conducted in 6 automated ac-
tivity monitoring chambers. Details of the apparatus have
been previously described [2]. Briefly, each Plexiglas
chamber (41x50x 37 cm) was equipped with sets of infrared
emitters and detectors at 5 and 15 ¢cm above the wire rod
floor, which provided independent indices of horizontal and
vertical activity. Each chamber was enclosed in a plywood
box insulated with Styrofoam painted flat black. A 2.5 W
light was mounted on the ceiling and a small fan provided
ventilation and background noise for each box.

Procedure

Both studies utilized similar procedures with the excep-
tion of treatment on the test session. Initially all rats were
given 6 1-hr habituation sessions in the chambers, each
occurring every second day. Each rat was always placed in
the same chamber, and tested at the same time of day. When
not in an activity monitoring sessions, all rats remained in
their home cages in the colony room.

Two days after habituation had ended, all rats received a
1-hr drug-environment pairing session. Twelve rats in each
study comprising the ‘paired groups’ received an intraperi-
toneal injection of 2.0 mg/kg of AMPH (Smith Kline &
French) dissolved in distilled water immediately prior to the
session. The other 12 rats, the ‘unpaired group,” were given
identical treatment but they received saline (0.9%) instead of
AMPH. The next day all rats were given an injection of the
compound they had not received in conjunction with the
session. Following this injection they were left in their home
cages for the duration of that day and the following two days.
The following day (4 days after the first drug-environment
pairing) all rats were given a second drug-environment pair-
ing session and subsequent home cage injection following the
same procedure as for the first.

The test session was conducted 4 days following the sec-
ond drug-environment pairing. In the sensitization study all
24 rats received AMPH (2.0 mg/kg) immediately prior to the
1-hr session. In the conditioning study all rats received saline
immediately prior to the test session.

Statistics

All data analyses were conducted utilizing analyses of
variance (ANOVA). Horizontal and vertical activity were
analysed separately. The accepted level of significance for
all tests was set at p<<0.05.

RESULTS
Sensitization

Figure 1 shows the mean (+SEM) horizontal and vertical
activity levels (counts per 10 min) of the rats during habitua-
tion, each pairing session, and the test session. The 6
habituation sessions were analysed using a three-way
ANOVA with time, session, and group as the factors (note
that the data points in the figure are averaged over the six
sessions). There were no significant effects with horizontal
activity suggesting a lack of intra- or inter-session changes,
or any group differences prior to drug treatment. There were
however significant time, F(5,110)=92.77, p<0.001, and
session, F(5,110)=23.98, p<0.001, effects during habituation
with vertical activity. The session effect indicated a decline
in activity across sessions whereas the time effect indicated a
decrease in frequency of vertical activity within the sessions.
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FIG. 1. Mean (=SEM) activity counts per 10 min on horizontal and
vertical measures during the six habituation sessions combined,
each pairing session, and the AMPH challenge session for rats given
AMPH (O) or saline (@) prior to each pairing session. N=12 in each
group.

The two pairing sessions were each examined separately.
With horizontal activity there was only one significant effect;
in the first session the group pretreaied with AMPH had
fewer counts than saline treated rats F(1,22)=4.71, p<0.0S.
The stimulant effects of the drug were apparent with vertical
activity. In both sessions there was a significant group effect,
rats receiving the drug being more active than controls (ses-
sion 1, F(1,22)=11.02, p<0.01; session 2, F(1,22)=4.87,
p<0.05). In both cases the time effect was also signifi-
cant (session 1, F(5,110)=7.72, p<0.001; session 2,
F(5,110)=30.41, p<0.001), suggesting that vertical activity
decreased across the session regardless of drug treatment.

The test session revealed a slightly different pattern of
activity. Although all rats received AMPH prior to this ses-
sion, those who had previously had AMPH-environment
pairings were significantly more active on the horizontal
measure, F(1,22)=5.35, p<0.05. The group effect was not
significant with vertical activity but, as in habituation and
pairing, there was a significant time effect, F(5,110)=4.60,
p<0.01.

One final analysis was conducted on the group that re-
ceived a total of 3 AMPH-environment pairings. A two-way
ANOVA, with time and session as the factors, over the three
sessions, yielded a significant session effect on horizontal
activity, F(2,22)=3.58, p<0.05, the mean activity level in-
creasing over sessions. A similar analysis on vertical activity
showed only a significant time effect, F(5,55)=7.50,
p<0.001.

Conditioning

The activity of rats in this experiment is illustrated in Fig.
2. These rats exhibited similar activity profiles to those in the
sensitization study during the habituation and pairing ses-
sions. During habituation there was a significant time effect,
F(5,110)=4.04, p<0.01, suggesting a decline of horizontal
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FIG. 2. Mean (+SEM) activity counts per 10 min on horizontal and
vertical measures during the six habituation sessions combined,
each pairing session, and the saline challenge session for rats given
AMPH (O) or saline (®) prior to each pairing session. N=12 in each
group.

activity across the session. Vertical activity during habitua-
tion exhibited significant time, F(5,110)=101.59, p<0.001,
session, F(5,110)=9.86, p<0.001, and time by session ef-
fects, F(25,550)=2.18, p<0.01, again suggesting that there
was a decline both within and across sessions, and no differ-
ence between the groups.

During the two pairing sessions there were no significant
effects observed on horizontal activity. With the vertical
measure there were significant time (session 1,
F(5,110)=4.55, p<0.01; session 2, F(5,110)=5.85, p<0.01),
and group effects (session 1, F(1,22)=11.14, p<0.01; session
2, F(1,22)=12.82, p<0.01), demonstrating a stimulant effect
of the drug as well as a within session decline in activity.

In the saline test session, there were no significant effects
observed on horizontal activity. However, there was a signif-
icant group effect with vertical activity F(1,22)=6.01,
p<0.05, those rats previously having the drug associated
with the chambers being more active. Again the time effect
was also significant, F(5,110)=26.57, p<0.001.

DISCUSSION

The results indicate that measures of horizontal and verti-
cal activity were somewhat independent as the two appeared
not to covary. This finding suggests that each was assessing
a different aspect of the rats’ behavioral repetoire. There-
fore, horizontal and vertical activity will be discussed sepa-
rately.

Horizontal activity, which incorporates general ambula-
tion and possibly some aspects of grooming, appeared to be
little affected by the habituation process. Indeed, there was a
significant within session decline only in the conditioning
experiment and no between session decline in either experi-
ment. Thus, it appeared that this measure of activity did not
exhibit typical habituation within the parameters of the pres-
ent study.
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The absence of an unconditioned effect of AMPH on the
horizontal activity is perhaps a surprising result, although it
is consistent with previous data from our laboratory [2,4].
There is an abundance of literature demonstrating that the
dose utilized here is a stimulant enhancing the frequency of
locomotion {13]. However, there are several possible expla-
nations for the present findings. The activity chambers used
here (41x50%37 ¢m) were much larger than those typically
used by others e.g., [18]. Perhaps the larger floor space was
conducive to a high level of horizontal activity. Thus, it is
possible that horizontal activity counts had shown a ceiling
effect in the control group. This proposition is supported by
the fact that during the habituation sessions there was little
evidence of a decline in horizontal activity. Thus, any
stimulant effect of the drug may have been masked by this
high level of activity in the control group. The apparent de-
crease in horizontal activity seen in AMPH-treated rats on
the first pairing day in the sensitization study might be ac-
counted for by the possibility that some rats in the drugged
groups were engaged in stereotyped behavior, although no
attempt was made to systematically observe the rats during
the sessions. As stereotypy is more focused and replaces
locomotion it would interfere with and actually reduce hori-
zontal activity [13]. If stereotypy provides an explanation for
the decreased horizontal activity seen on pairing day 1,
AMPH must have produced significantly less stereotypy on
pairing day 2 or the sensitization test day where no decrease
in horizontal activity was seen in the paired group. The ob-
servation that the unpaired group showed significantly less
horizontal activity than the paired group on the sensitization
test day provides a replication of the effect seen in the paired
group during their first AMPH administration. Although the
exact reason cannot be determined here, it appears that the
first time AMPH is administered in these activity monitors
there may be a decline in horizontal activity which wanes
with subsequent treatment.

The AMPH and saline test sessions also yielded some
interesting results on horizontal activity. In the drug-free test
for environment-specific conditioning there was no signifi-
cant difference between the paired and unpaired groups.
Since there appeared to be no unconditioned stimulant ef-
fect, the absence of a conditioned stimulant effect is congru-
ent with general learning principles. The results from the
sensitization study suggest that horizontal activity did indeed
undergo some sensitization. One criterion often used to
identify sensitization is an increase in the recorded measure
over repeated administration. Using this criterion sensitiza-
tion was evidenced as the paired group showed more hori-
zontal activity following each successive drug injection (a
significant effect of sessions). A criterion used to determine
if the sensitization effect was specific to the environment,
i.e., under the influence of learning factors, is to compare the
paired and unpaired groups on the AMPH challenge session.
If the paired group shows a stronger effect again there is
evidence of sensitization. This second criterion would also
lead to the conclusion that sensitization occurred. Further-
more, since sensitization apparently occurred only in the
drug-paired group, it follows that there was an environ-
mental influence on sensitization. However, this influence did
not extend to the test session for conditioning as no con-
ditioned effect was observed. This is a surprising result in
view of the notion that the same principles underlie each
effect. It is possible that had there been more sessions a
cumulative effect may have emerged.

In summary, activity recorded on the horizontal measure
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appeared not to habituate. This finding, and the fact that
AMPH may have initially depressed this measure, may ex-
plain the absence of an unconditioned stimulant effect, and
subsequently the lack of a conditioned effect. However,
examination of the group receiving the drug three times in
the environment suggests that some sensitization was
occurring.

Vertical activity, which incorporates jumping and rearing,
exhibited a very different profile from that observed with
horizontal activity. During the habituation sessions there
was strong evidence of both within and between session de-
clines, suggesting that this measure is highly susceptible to
the habituation process.

The unconditioned effect of AMPH on vertical activity
was very pronounced. The drug produced marked increases
on all occasions that it was administered. These data are also
consistent with earlier research [2,4].

During the test session in the conditioning experiment,
the group previously having AMPH-environment pairings
was significantly more active than the other group. Thus,
there was evidence of environment specific conditioning.
However, it should be noted that although the group exhib-
ited a conditioned response, the conditioned effect was much
weaker than the corresponding unconditioned effect. This
finding is in good agreement with a number of previous
studies [3, 4, 9, 16, 22, 26, 27]. An earlier study demonstrated
that conditioning can be produced with as few as six drug-
environment pairings [16]; the present report suggests that
the effect can be produced with as few as two trials.

It is of interest that the unconditioned and conditioned
effects with vertical activity seen here were apparently non-
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interactive. That is, the conditioned effect did not summate
with the unconditioned effect to result in sensitization. The
reason for the absence of the two aspects altering behavior
simultaneously is not known. Perhaps the fact that the con-
ditioned effect was not nearly as strong as the unconditioned
effect may have been a factor. Thus, the relatively minor
contribution of the conditioned effect could be masked by
the much larger unconditioned effect.

It has been suggested previously that both sensitization
and conditioning are related and may coexist. Although sen-
sitization has been produced with minimizing the influence
of discrete environmental cues [20,24], evidence suggests
that a maximal effect occurs with the use of such cues [10,
18, 27]. As there is evidence suggesting that both sensitiza-
tion and conditioning are strongly affected by environmental
context it would follow that similar learning principles are
involved (i.e., association of the drug and environment). The
present study suggests that the horizontal and vertical activ-
ity seen in rats treated with AMPH were differentially af-
fected. Conditioning without sensitization was observed
with vertical activity whereas sensitization in absence of
conditioning occurred with horizontal activity. Thus, the
data suggest that the two phenomena can be dissociated.

ACKNOWLEDGEMENTS

We thank Smith Kline & French, Canada for the generous gift of
(+)-amphetamine. This study was supported by grants from the
Natural Sciences and Engineering Research Council of Canada and
the Ontario Ministry of Health to R.J.B.

REFERENCES

1. Antelman, S. M. and L. A. Chiodo. Dopamine autoreceptor
subsensitivity: A mechanism common to the treatment of de-
pression and the induction of amphetamine psychosis? Biol
Psychiatry 16: 717-727, 1981.

2. Beninger, R. J., T. A. Cooper and E. J. Mazurski. Automating
the measurement of locomotor activity. Neurobehav Toxicol
Terator 7: 79-85, 1985.

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

4. Beninger, R. J. and R. S. Herz. Pimozide blocks establishment
but not expression of cocaine-produced environment-specific
conditioning. Life Sci 38: 1425-1431, 1986.

5. Browne, R. G. and D. S. Segal. Metabolic and experiential fac-
tors in the behavioral response to repeated amphetamine.
Pharmacol Biochem Behav 6: 545-552, 1977.

6. Demellweek, C. and A. J. Goudie. Behavioural tolerance to
amphetamine and other psychostimulants: The case for consid-
ering behavioural mechanisms. Psychopharmacology (Berlin)
80: 287-307, 1983.

7. Ellinwood, E. H. and M. M. Kilbey. Fundamental mechanisms
underlying altered behavior following chronic administration of
psychomotor stimulants. Biol Psychiatry 15: 749-757, 1980.

8. Harris, R. A., D. Snell and H. H. Loh. Effects of chronic
d-amphetamine treatment on schedule-controlled behavior.
Psychopharmacology (Berlin) 63: 55-61, 1979.

9. Hayashi, T., K. Ohaski and S. Tadokoro. Conditioned drug
effects to d-amphetamine-and morphine-induced motor accel-
eration in mice: Experimental approach for placebo effect. Jpn J
Pharmacol 30: 93-100, 1980.

10. Hinson, R. E. and C. X. Poulos. Sensitization to the behavioral
effects of cocaine: Modification by Pavlovian conditioning.
Pharmacol Biochem Behav 15: 559-562, 1981.

11. Hirabayashi, M. and M. R. Alam. Enhancing effect of metham-
phetamine on ambulatory activity produced by repeated admin-
istration in mice. Pharmacol Biochem Behav 15: 925-932, 1981.

12. Leith, N. J. and R. Kuczenski. Chronic amphetamine:
Tolerance and reverse tolerance reflect different behavioral ac-
tions of the drug. Pharmacol Biochem Behav 15: 399-404, 1981.

13. Lyon, M. and T. Robbins. The action of central nervous system
stimulant drugs: A general theory concerning amphetamine ef-
fects. In: Current Developments in Psychopharmacology, Vol
2, edited by W. Essman and L. Valzelli. New York: Spectrum,
1975, pp. 79-163.

14. Nelson, L. R. and G. Ellison. Enhanced sterotypies after re-
peated injections but not continuous amphetamines.
Neuropharmacology 17: 1081-1084, 1978.

15. Nielson, E. B. Rapid decline of stereotyped behavior in rats
during constant one week administration of amphetamine via
implanted ALZET osmotic minipumps. Pharmacol Biochem
Behav 15: 161-165, 1981.

16. 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.

17. Post, R. M. Intermittent versus continuous stimulation: Effect
of time interval on the development of sensitization or
tolerance. Life Sci 26: 12751282, 1980.

18. Post, R. M., A. Lockfeld, K. M. Squillace and N. R. Contel.
Drug-environment interaction: Context dependency of cocaine-
induced behavioral sensitization. Life Sci 28: 755-760, 1981.



CONDITIONING AND SENSITIZATION

19.

20.

21.

22.
23.

Robinson, T. E. and J. B. Becker. Behavioral sensitization is
accompanied by an enhancement in amphetamine-stimulated
dopamine release from striatal tissue in vitro. Eur J Pharmacol
85: 253-254, 1982.

Robinson, T. E. and J. B. Becker. Enduring changes in brain
and behavior produced by chronic amphetamine administration:
A review and evaluation of animal models of amphetamine psy-
chosis. Brain Res Rev 11: 157-198, 1986.

Robinson, T. E., J. B. Becker and S. K. Presty. Long-term
facilitation of amphetamine-induced rotational behavior and
striatal dopamine release produced by a single exposure to am-
phetamine: sex differences. Brain Res 253: 231-241, 1982.
Schiff, S. R. Conditioned dopaminergic activity. Biol Psychiatry
17: 135-154, 1982.

Schreiber, H. L., W. G. Wood and R. H. Carlson. The role of
locomotion in conditioning methylphenidate-induced locomotor
activity, Pharmacol Biochem Behav 4: 393-395, 1976.

24.

25.

26.

27.

65

Segal, D. S., M. A. Geyer and M. A. Schuckit. Stimulant-
induced psychosis: An evaluation of animal models. In: Essays
in Neurochemistry and Neuropharmacology (Vol 5), edited by
M. B. H. Youdim, W. Lovenberg, D. F. Sharman and !. R.
Lagnado. New York: John Wiley, 1981, pp. 95-129.

Sparber, S. B. and L. H. Fossum. Amphetamine cumulation
and tolerance development: Concurrent and opposing
phenomena. Pharmacol Biochem Behav 20: 415-424, 1984.
Swerdlow, N. R. and G. F. Koob. Restrained rats learn
amphetamine-conditioned locomotion, but not place prefer-
ence. Psychopharmacology (Berlin) 84: 163-166, 1984.

Tilson, H. A. and R. H. Rech. Conditioned drug effects and
absence of tolerance to d-amphetamine induced motor activity.
Pharmacol Biochem Behav 1: 149-153, 1973.



