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LAWLEY, S. I. AND K. M. KANTAK. Postconditioning effects of magnesium on cocaine conditioned place preference in mice.
PHARMACOL BIOCHEM BEHAV 36(3) 531-538, 1990.—Magnesium chloride (MgCl,) has recently been shown to have
stimulant-like properties. Because stimulants are known to induce conditioned place preference (CPP), the CPP procedure was used
to test the hypothesis that cocaine and MgCl, share similar stimulus properties. This would be shown if cocaine-induced CPP could
be enhanced in a postconditioning preference test by MgCl, and other stimulants. Mice were conditioned with 5.0 mg/kg cocaine to
the nonpreferred end of a three-compartment straight shuttle box. All groups showed significant shifts in preference from the
preconditioning test to the postconditioning test. There were no changes in place preference over test days in mice that were injected
only with saline and therefore not conditioned. When animals were given acute injections of either saline, 5.0 mg/kg cocaine, 1.0
mg/kg amphetamine, 30 mg/kg MgCl,, 10 mg/kg pentobarbital, or 0.25 mg/kg haloperidol following conditioning with cocaine,
amphetamine and MgCl, elevated the conditioned cocaine effect, and pentobarbital and haloperidol decreased the conditioned cocaine
effect compared to saline. In addition, there was a dose-dependent influence of MgCl,, with 30 mg/kg producing the maximum effect
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on the conditioned cocaine effect.
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CONDITIONED place preference (CPP) is a procedure used to
investigate potential reinforcing stimulus properties of drugs. A
wide variety of methods and drugs have been utilized in this
procedure since Kumar (24) and Rossi and Reid (35) investigated
the consequences of rats given intraperitoneal and subcutaneous
injections of morphine in distinctive environments. Different
routes of administration, i.e., intraperitoneal (31, 37, 38), intra-
ventricular (29,32), and intracranial to the lateral hypothalamus,
nucleus accumbens, and the periaqueductal grey (42), can support
CPP induced by various compounds. Substances which have
induced CPP in rats include stimulants (see below), opiates (4, 22,
25, 31), clonidine (1), apomorphine (41), and food (39).

Both d-amphetamine (11, 25, 28, 41) and cocaine (25, 30, 32,
40) induce CPP. The shift in place preference is thought to be due
to the interactions of these drugs with the neurotransmitter
dopamine (DA) which is thought to mediate the reinforcing
stimulus properties of stimulants (44). Although there are many
similarities between amphetamine and cocaine CPP, there are
some differences. Amphetamine CPP is blocked by DA antago-
nists haloperidol (28,41) and alpha flupenthixol (2,25), whereas
cocaine CPP is not blocked by the administration of DA antago-
nists (25,40), unless the cocaine is administered intracerebrally
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(2,30). Other stimulants such as methylphenidate, apomorphine
and methamphetamine (12, 28, 41) produce CPP.

Magnesium chloride (MgCl,) has recently been shown to have
stimulant-like behavioral properties (17). Low doses of the stim-
ulants cocaine and d-amphetamine can increase aggression, whereas
higher doses attenuate it (21, 26, 27). These results are paralleled
by MgCl,. Low doses of MgCl, (15 and 30 mg/kg) increase
aggression and higher doses (125 and 250 mg/kg) reduce it (17).
In addition, tolerance to some of the behavioral activating effects
but not to the behavioral inhibiting effects of chronically admin-
istered cocaine and amphetamine is produced (13, 33, 36). At
doses of MgCl, which enhance aggression tolerance develops, and
at doses where it attenuates aggression tolerance does not develop
(17). MgCl, also potentiates the dose-dependent effects of cocaine
and attenuates the dose-dependent effects of haloperidol on mouse
aggression (19). Further studies demonstrate that MgCl, enhances
stereotyped sniffing behavior produced by apomorphine and loco-
motor behavior produced by 1-amphetamine (20). Shifts to the left
in the dose-response functions were observed which indicate that
MgCl, enhances the potency of these drugs.

A CPP procedure was developed in mice for the present series
of experiments using cocaine as the conditioning agent in order to



532

determine if MgCl, shares stimulus properties with cocaine as the
above studies would predict. One way to demonstrate this using a
CPP procedure would be to test the mice with MgCl, and other
drugs following conditioning with cocaine. Similar postcondition-
ing effects of MgCl, to other stimulants, which differ from a saline
control, would indicate that MgCl, shares stimulus properties with
cocaine. Three experiments were conducted. In the first experi-
ment the stability of side preference over time was determined in
the absence of any drug cues. Also, the postconditioning effect of
cocaine on cocaine-induced CPP was examined. The effect of the
acute administration of MgCl, after the induction of cocaine place
preference was examined in the second experiment and compared
with drugs known to share stimulus properties or not to share
stimulus properties with cocaine. In the third experiment, the dose
response of MgCl, administration after the induction of cocaine
place preference was determined.

METHOD
Animals

Adult male CFW strain mice (42 days old) from Charles River
Breeding Labs, Portage, MI, were housed in 11.5X7 X35 inch
clear plastic boxes in groups of 2 or 3 and were ear punched for
individual identification. All animals were housed 2 weeks prior to
conditioning and testing. A continuous 12-hour light/dark cycle
beginning at 8 a.m. and constant temperature were maintained
(72 = 4°F). The number of animals per drug group ranged from 4
to 9. All subjects had ad lib access to tap water and standard Purina
Lab Chow.

Apparatus

Conditioning and testing of animals took place in painted
wooden boxes measuring 38 x4 x 5 inches. Each box consisted of
3 dissimilar sections separated by 2 guillotine doors. The top of the
boxes were covered with wire mesh. The central area measured 21
inches long and was painted grey. Most conditioning apparatus
used in CPP experiments have only 2 compartments (6), however,
there are several reasons for a central third compartment. First, by
using the central grey area as a start box during testing, the animal
was free to choose to go to the black or white side without being
initially biased by starting in one or the other end (39). Second, a
relatively large neutral area can be used to detect place aversion.
If one end were aversive to the animal, it could go to the neutral
grey area without spending more time in the opposite end. If the
animal were to spend a greater percent of the time in one end
chamber relative to the time spent in both ends, this would reflect
an actual preference for that end and not merely an aversion of the
other. Third, the central area would allow for the number of visits
to a side to be unbiased. An animal could leave and reenter one
side without entering the other side.

Three distinctive cues, a visual, an olfactory and a tactile cue,
were associated with the end chambers. The two end chambers
were alternately white and black, and measured 8.5 inches long.
The black end during testing and conditioning was swabbed with
a 2-3% apple cider vinegar solution to provide a weak odor cue,
and the floor was covered with a wire-mesh screen to provide a
tactile cue (29). The white end had no odor cue and the floor had
a smooth painted surface. Ten boxes were used for testing and
conditioning, and each animal was tested in the same box
throughout the experiment. An Epson portable computer and
Stoelting Behavioral Event Software were used to collect the time
of occurrence of entry into each compartment.

Drugs
Cocaine hydrochloride (5.0 mg/kg, Mallinckrodt, St. Louis,
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MO), d-amphetamine sulfate (1.0 mg/kg, Sigma, St. Louis, MO),
sodium pentobarbital (10.0 mg/kg, Lemmon Company, Sellers-
ville, PA) and haloperidol (0.25 mg/kg, Sigma, St. Louis, MO),
were injected intraperitoneally (IP) in a 0.9% saline vehicle.
Magnesium chloride (MgCl,-6H,0, Fisher Scientific) doses were
expressed as the anhydrous salt. Three doses of MgCl, were
administered, 15, 30, and 125 mg/kg, and were injected subcuta-
neously (SC) with distilled water as vehicle. All injection volumes
were 1 mi/100 g body weight. Drugs were administered immedi-
ately prior to testing except for amphetamine and haloperidol
which were injected 30 and 60 minutes prior to testing. respec-
tively. These doses and times were chosen based upon our
experience and previous literature (15, 23, 34, 40).

Procedure

Experiment 1: Stability of side preference and postconditioning
effects of cocaine. The first part of this experiment tested the
stability of preference with no cocaine conditioning. For 3 days
each animal was allowed to explore all 3 sections of the condi-
tioning chamber for 15 minutes per day. On the third, twelfth and
thirteenth days, the amount of time spent in each of the end
sections and the number of visits to each end were recorded. From
these data, four measures were calculated: 1) percent of time on
the cocaine conditioned side (day 3 nonpreferred side) as a primary
index of place preference, 2) total number of visits to the sides as
an index of activation or sedation, 3) number of visits to the
preferred vs. nonpreferred sides as a secondary index of place
preference, and 4) total time in ends as an index of place aversion.
Place preference was determined by establishing that side in which
the animal spent greater than 50% of the total time spent in the
ends. Experimenter assignment to side was not incorporated in the
design in order to observe the shifts in natural preferences with
conditioning. In these experiments with mice, initial preferences
were distributed equally between the black and white sides,
indicating that this is a balanced procedure (56). In addition, this
is a biased procedure because the side paired with the conditioning
drug was not randomly assigned (6).

Saline injections started on the fourth day. For the next eight
days animals were given daily 30-minute sessions of exposure
where they were alternately confined to either the black side or the
white side. On the first day of saline injections the animals were
confined to the side demonstrated to be less preferred on day 3
followed by the more preferred side on the second day of saline
injections and so on.

On the first day following the last saline injection (day 12).
each animal was again tested to determine if side preference had
switched. No drugs were administered on this day, though a sham
IP injection was given. On day 13 the animals were given single
IP injections of saline and tested for side preference. A second
group of animals was tested to determine the stability of side
preference when animals were conditioned with cocaine and then
tested under both nondrug conditions and drug conditions with
cocaine. The habituation or preconditioning phase of this group
was identical to the previous group. The second phase differed.
however, in that the subjects were conditioned in 30-minute
sessions on alternate days with either saline or cocaine. During the
conditioning sessions the animal was confined to either the black
or white end. The nonpreferred side was paired with cocaine on
days 4, 6, 8, and 10, while the preferred side was paired with
saline on days 5, 7, 9, and 11. Thus, each animal had 4 pairings
with cocaine and 4 pairings with saline for an 8-day total
conditioning period.

During the day 12 test phase in this group, the animals were
treated the same way as the saline group, and on day 13 the
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TABLE 1
EFFECTS OF SALINE AND COCAINE DURING AND AFTER CONDITIONING

(n) Day 3 Day 12 Day 13

% Time on Less Preferred Side

Saline 4 19.25 £ 10.64 20.25 + 5.65 20.75 = 2.84

Cocaine (&) 26.60 = 7.64 75.80 = 12.77 84.20 + 10.22
Total Time (sec)

Saline 554.50 £ 55.85 723.75 + 28.85* 731.25 = 21.90*

Cocaine 520.80 = 101.53 556.20 x 96.02 653.40 + 94.34
Visit Frequency Saline

Preferred 18.00 = 1.87 13.75 = 1.25 13.25 £ 2.02

Nonpreferred 1.7 = 3.97 11.25 = 2.29 13.50 = 2.72
Cocaine

Preferred 18.20 = 5.48 26.80 = 6.07 46.20 = 6.67*

Nonpreferred 13.60 = 4.42 15.00 = 4.65 17.00 = 17.17

Values are the mean = S.E.M. Measures were taken on days 3, 12 and 13. The saline group was injected
with saline on all conditioning days and the cocaine group was administered 5.0 mg/kg cocaine on alternate
conditioning days and prior to the preference test on day 13. Saline conditioning group was administered saline
on day 13. *p<<0.05 compared to total time on day 3 and number of visits on nonpreferred side.

animals were given IP injections of cocaine (5.0 mg/kg) and tested
for side preference.

Experiment 2: Postconditioning drug effects on cocaine CPP.
The preconditioning phase of this experiment was identical to the
previous experiment. During second phase the subjects were
conditioned in 30-minute sessions on alternate days with either
saline or cocaine as in the second group of the previous ex-
periment.

On the first day following conditioning (day 12), each animal
was again tested to determine if side preference had switched due
to conditioning. No drugs were administered on this day, though
a sham injection was given as in Experiment 1. On day 13 the
animals were given injections of either saline, amphetamine (1.0
mg/kg), pentobarbital (10.0 mg/kg), haloperidol (0.25 mg/kg), or
MgCl, (30.0 mg/kg) prior to testing. These drugs were used to
calibrate this postconditioning drug injection procedure based
upon their effects in a self-administration procedure. Amphet-
amine substitutes for cocaine in a self-administration paradigm
(3,16), and therefore shares stimulus properties. It has been
shown, however, that pentobarbital, which is a self-administered
substance, will not substitute for psychomotor stimulants (45), and
therefore does not share stimulus properties with stimulants.
Dopamine antagonists are known to block the self-administration
of cocaine (8), and therefore do not share stimulus properties with
cocaine. Thus the effects of MgCl, can be directly compared to the
effects of drugs known to share stimulus properties and not to
share stimulus properties with cocaine.

Experiment 3: Postconditioning MgCl, dose effects on cocaine
CPP. In order to test the dose effects of MgCl,when acutely
administered after cocaine-induced CPP, the basic procedure of
Experiment 2 was repeated, except that different doses of MgCl,
were administered. The data from the saline and 30 mg/kg
MgCl,-treated animals from Experiment 2 were analyzed with
data from two groups given 15 and 125 mg/kg MgCl, on day 13.
The preconditioning and conditioning phases of this experiment
were the same as the previous experiment.

Statistics

Data were analyzed by the appropriate one-way or two-way

analysis of variance with repeated measures. For the visit data, the
DAY main effect was used to measure any differences in the total
number of visits, and the SIDE x DAY interaction was used to
measure any differences in visits to the preferred vs. nonpreferred
sides. Multiple comparisons among group means were made with
the Duncan Multiple Range test.

RESULTS

Experiment 1. Stability of Side Preference and Postconditioning
Effects of Cocaine

Analysis of percent of time spent on the conditioned side
revealed that there were significant effects due to conditioning
drug, F(1,7)=33.11, p<0.001, and due to test day, F(2,14)=
6.94, p<0.01. The interaction of day with drug was significant,
F(2,14)=6.30, p<0.05. Post hoc analysis of the saline-condi-
tioned animals revealed that there were no shifts in preference on
days 3, 12 and 13 (Table 1). This indicates that without drug
conditioning cues, preference for a location remains stable. In the
cocaine-conditioned group, there was a significant shift in prefer-
ence from day 3 to days 12 and 13, p<0.01 (Table 1). There were
no differences between day 12 and day 13. Furthermore, the saline
group and cocaine group had similar preferences on day 3, but
differences in preference on days 12 and 13, p<<0.01. These data
from days 12 and 13 show that cocaine had effects upon the
preference of the animals in the drugged state as well as in the
nondrugged state.

The two groups were analyzed for differences in total time
spent in the ends of the test apparatus. An analysis of variance for
the saline group showed a significant difference between days,
F(2,6)=7.97, p<0.05. Post hoc analysis revealed an increase in
the total time in the ends from day 3 to days 12 and 13, p<<0.05
(Table 1). For the cocaine group, animals tended to spend more
time in the ends over days but this effect was not significant.

For the total number of visits to the ends and for visits to the
preferred vs. nonpreferred end, analyses of variance revealed that
there were no significant main effects or interaction effects.
However, in the cocaine group there was a greater number of visits
in the drugged state and post hoc analysis showed that there were
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FIG. 1. Mean*S.E.M. percentage of time spent on the day 3 less-
preferred side on day 3 (preconditioning), day 12 (postcocaine condition-
ing) and day 13 (drug treatment). The drug treatment groups on day 13
were saline (sal), 1 mg/kg amphetamine (amph), 30 mg/kg magnesium
chloride (Mg®*), 10 mg/kg pentobarbital (pento) and 0.25 mg/kg halo-
peridol (hal). Significantly different from the saline treatment, *p<<0.05,
**p<0.01.
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significantly more visits on day 13 in the cocaine group when
compared to those animals that received saline injections on this
day and compared to its day 3 preconditioning baseline, p<<0.05.
In addition, the number of visits to the preferred end on day 13 was
significantly greater than the visits to the nonpreferred end
following cocaine treatment (Table 1).

Experiment 2: Postconditioning Drug Effects on Cocaine CPP

Analysis of the percent of time showed significant differences
between groups as a main effect, F(4,27)=5.29, p<<0.01. There
was also a significant effect of test day on percent time, F(2,54) =
90.55, p<0.0001. Analysis of the interaction effect revealed
significant differences between drug treatment and specific test
days, F(8,54) =4.89, p<0.001 (Fig. 1). Post hoc analysis showed
that there were no differences among groups during day 3
preconditioning testing nor during day 12 post cocaine-condi-
tioning testing, and that all groups showed significant differences
between percentage of time on day 3 and day 12, p<<0.01. This
indicates a significant effect of cocaine conditioning in reversing
placed preference in all groups. On day 13 the different drugs had
different effects upon the conditioned cocaine effect. Following
saline, the percent of time on the cocaine-conditioned side was
maintained at a slightly lower amount than on day 12. For both
amphetamine and MgCl,, the percent of time on the cocaine-
conditioned side was maintained at a slightly higher amount than
on day 12. Consequently, on day 13, the percentage of time spent
on the conditioned side was significantly greater following am-
phetamine and MgCl,, compared to saline (p<<0.05). On day 13,
both pentobarbital (p<0.05) and haloperidol (p<<0.01) reduced the
percent of time on the cocaine-conditioned side compared to

TABLE 2
POSTCONDITIONING DRUG EFFECTS ON COCAINE CPP

Sal Amph MgCl, Pento Hal

(n}) 9 4 % (5) (5)

Day 3

Preconditioning

Total Time 510.9 = 34.8 544.8 = 63.7 526.9 = 33.1 4886 = 102.1 382.6 = 57.5
(sec)

Visits Preferred 20.1 = 1.6 165 = 3.7 18.0 = 1.4 172+ 26 162 34

Nonpreferred 16.8 = 2.0 120 23 182 = 1.8 142+ 38 112+ 2.1

Day 12

Cocaine conditioning

Total Time 642.3 + 33.2% 612.0 = 57.3 6066 = 59.2 6268 = 73.0 598.6 = 38.1%
(sec)

Visits Preferred 218+ 20t 250+ 07+ 17.6 + 22* 198 x 22 234+ 43

Nonpreferred 148 + 14 11.3 = 27 127 = 23 132+ 1.5 212 3.1

Day 13

Drug treatment

Total Time 709.2 + 31.6+ 690.5 * 82.2 671.3 = 59.9 658.0 = 43.9 6152 = 61.4F
(sec)

Visits Preferred 214 + 32F 345 67¢* 122 L7* 314 40 104z 13

Nonpreferred 150 = 2.2 18.8 = 39 72 £ 1.5 296+ 72 102=x 22

Values are the mean = S.E.M. Doses of drugs used on day 13 (drug treatment) are as follows: saline (Sal),
1 mg/kg amphetamine (Amph), 30 mg/kg magnesium chloride (MgCl,), 10 mg/kg pentobarbital (Pento) and
0.25 mg/kg haloperidol (Hal). Significant differences when compared with nonpreferred visits and total time on

day 3 are *p<<0.05 and 1p<<0.01.
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FIG. 2. Mean+S.E.M. percentage of time spent on the day 3 less-
preferred side on day 3 (preconditioning), day 12 (postcocaine condition-
ing) and day 13 (magnesium chloride treatment). Doses of magnesium
chloride on day 13 were O (saline), 15, 30, and 125 mg/kg. Significantly
different from the saline treatment, *p<<0.05.

saline. The percent of time on the cocaine-conditioned side
following pentobarbital and haloperidol on day 13 was not
significantly different from the day 3 preconditioning baseline.

Each of the five drug treatment groups were analyzed sepa-
rately for differences in total time spent on either end of the test
apparatus as a function of test day. As in Experiment 1, the total
time spent in the end compartments generally increased from the
preconditioning to the postconditioning phases, though only two
of the drug groups showed significant differences (Table 2). These
were the saline, F(2,16)=9.18, p<<0.01, and haloperidol, F(2,8) =
10.71, p<0.01, treatments. Post hoc analysis for both of these
groups revealed that there were significant increases from day 3 to
days 12 and 13 (p<<0.01) for the haloperidol treatment group, and
significant differences from day 3 to day 12 (p<<0.05) and day 13
(»<0.01) for the saline treatment group. There were no differ-
ences between day 12 and day 13 in either group.

Analysis of the main effects for day of testing showed that all
of the treatment groups except the saline treatment group had
differential number of visits on different days: pentobarbital,
F(2,8)=12.75, p<<0.01; amphetamine, F(2,6)=7.99, p<0.05;
haloperidol, F(2,8)=10.23, p<<0.01; and MgCl,, F(2,16)=12.82,
p<0.001. For both the pentobarbital and the amphetamine treat-
ment groups, post hoc analysis showed significant differences
between the total number of visits to the two sides on day 3 and
day 13, p<<0.01, and on days 12 and 13, p<<0.05 for amphetamine
and p<<0.01 for pentobarbital. Both the haloperidol and MgCl,
treatment groups showed significant decreases on day 13 with
respect to day 12, p<<0.01, but no decreases below the day 3
baseline occurred. Although there was no significant interaction of
test day with side preference for the visit data, there was an overall
tendency for a greater number of visits to the preferred side
following cocaine conditioning on day 12. Post hoc analysis on
day 13 revealed that the preferred side was visited significantly
more times in the saline (p<<0.01), amphetamine (»<<0.05), and
MgCl, treatment groups p<<0.05) (Table 2). Following pentobar-
bital and haloperidol, there were equal number of visits to both
preferred and nonpreferred sides.
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Experiment 3: Postconditioning MgCl, Dose Effects on
Cocaine CPP

There were no significant differences in percent of time spent
on the cocaine-conditioned side due to MgCl, dose, but there was
a significant effect due to test day, F(2,46)=98.83, p<0.0001.
Cocaine produced significant place conditioning in all groups,
p<0.01, and this conditioned effect was maintained by all doses of
MgCl, on day 13 (Fig. 2). Post hoc analysis of day 13 showed that
the 30 mg/kg treatment significantly maintained the cocaine-
conditioned place preference above saline, p<<0.05. The 15 mg/kg
and 125 mg/kg treatments were not different from saline.

An analysis of the total time spent in the ends showed that there
were no significant differences over test days for the MgCl,
treatment groups, though the saline treatment group did show a
significant increase over test days on this measure, F(2,16)=9.18,
p<0.01 (Table 3).

The two higher doses of MgCl,, 30 and 125 mg/kg, showed
significant differences in number of visits over test days, F(2,16) =
12.82, p<<0.001, and F(2,8)=4.54, p<<0.05, respectively. In the
30 mg/kg group, the total number of visits to the two ends
decreased on day 13 compared to day 12, p<<0.01, but was no
different than the day 3 baseline. There was a significant increase
in the total number of visits to the two ends from day 3 to day 12
in the 125 mg/kg group, p<<0.05.

As in Experiment 2, animals generally visited the preferred
side more often than the nonpreferred side (Table 3). These
differences were significant in the saline treatment group, F(1,8) =
33.80, p<0.001, and the 30 mg/kg MgCl, treatment group,
F(1,8)=8.33, p<0.05. Post hoc analysis of the interaction re-
vealed that there were significant differences between preferred
and nonpreferred sides on days 12 and 13 for the saline group
(p<0.01), and on days 12 and 13 for the 30 mg/kg group
(»<0.05).

DISCUSSION

These data indicate that mice do show robust cocaine condi-
tioning effects in the CPP paradigm. It has been argued that mice
make good subjects in the study of neural mechanisms of reward
because they are compact, inexpensive, and vary in number of
dopamine and opiate receptors (7). These data appear to support
their use in this paradigm because of the strength of the cocaine
conditioning and the robustness of acute effects of pharmacolog-
ical agents upon cocaine-induced CPP when they are administered
after conditioning.

The results from Experiment ! demonstrate that unconditioned
preferences remain stable over time. The stability of the side
preference of the subjects over time is crucial to the interpretation
of the preference changes with cocaine administration. Because of
the stability of side preference in the unconditioned state, any
significant changes in side preference following drug administra-
tion could be attributed to conditioning. Also, mice that were not
conditioned spent more time in the end chambers during the latter
test days without any changes in the number of visits to each side
on all test days. This effect on total time was also seen in many
conditioning groups. Therefore, the increase in total time spent in
the two end compartments is not what contributed to the drug
effects, but could reflect an increased familiarity of the apparatus
over the testing periods.

Cocaine CPP in mice was easily obtained with a dose of 5.0
mg/kg in the second part of Experiment 1, as well as in
Experiments 2 and 3, Spyraki (40) using rats, was not able to
demonstrate any significant changes in side-preference with 0.625
mg/kg cocaine, though was able to with higher doses, ranging
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TABLE 3
DOSE RESPONSE OF MAGNESIUM TREATMENT ON COCAINE CPP

Saline 15 30 125

(n) &) 4 9 (5)

Day 3

Preconditioning

Total Time 5109 = 34.8 553.0 £ 914 526.9 + 33.1 465.4 = 75.5
sec

Visits Preferred 20.1 = 1.6 443 = 315 180 = 1.4 204 = 34

Nonpreferred 16.8 = 2.0 255 £ 15.7 182 + 1.8 154 = 44

Day 12

Cocaine conditioning

Total Time 642.3 = 33.2% 584.0 = 92.9 606.6 = 59.2 562.0 = 29.0
(sec)

Visits Preferred 21.8 = 2.0f 23.8 £ 5.1 17.6 = 2.2% 310 £ 5.6

Nonpreferred 148 =+ 14 173 £ 5.3 127 = 2.3 234 £ 40

Day 13

Drug treatment

Total Time 709.2 + 31.6% 512.0 = 38.2 671.3 £ 59.9 579.8 = 66.7
(sec)

Visits Preferred 21.4 =+ 3.2% 218 = 3.6 122 = 1.7% 248 + 40

Nonpreferred 15.0 £ 2.2 268 £ 6.9 72 % 15 21.8 = 5.7

Values are the mean + S.E.M. Doses of MgCl, used on day 13 (drug treatment) are saline, 15, 30, and 125
mg/kg. Significant differences when compared with nonpreferred visits and total time on day 3 are *p<<0.05 and

+p<0.01.

from 1.25 to 20 mg/kg. The greatest effect was produced at 5.0
mg/kg. Since the primary objective of this study was to investigate
the postconditioning effects of drugs on cocaine CPP, no dose-
responsive curve to cocaine conditioning was measured in mice.
The present data show that mice are robustly showing cocaine CPP
at this fixed dose. The dose response in mice may be similar to that
of rats, though this remains to be determined.

Drugs may have two independent properties when administered
during place conditioning: 1) a reinforcing stimulus property, and
2) a discriminative stimulus property (9,10). These discriminative
properties of the drug are a part of a stimulus compound that is
partially absent in the nondrugged test situation, and then is wholly
present during the drugged situation. If it is the internal cues that
animals respond to and cause the increase in conditioned place
preference during testing in the drugged state, it is arguable that
different drugs of a specific class could enhance or maintain CPP
induced by drugs within the same class. The slight lowering of the
cocaine-conditioned effect on day 13 by saline administration
indicates a resistance of the conditioned effect to extinction.
Administration of MgCl, immediately prior to testing enhanced
the conditioned preference above the level seen with saline
administration, indicating a delay in the extinction process. It was
also shown that amphetamine and cocaine strongly maintained the
conditioned place preference of cocaine above the level measured
for saline treatment. Haloperidol and pentobarbital, which do not
share similar stimulus properties with cocaine, did not enhance the
conditioned place preference, but actually blocked it, and thus
possibly expedited the extinction process. These data suggest that
MgCl, shares stimulus properties with cocaine as other drugs
having stimulant properties do.

From these data it appears that the drug state of the animal
affects place preference in the test situation. There have been only
a few studies comparing CPP testing in a drugged vs. nondrugged

state. For example, Mucha and Iverson (31) showed no difference
between the morphine-induced CPP of animals tested in drugged
or nondrugged state. In an experiment by Bozarth which used a
procedure very similar to the present procedure (§), rats were
conditioned by confining them to their nonpreferred side for three
daily 30-minute sessions after being injected with either 0.3 mg/kg
heroin or saline. On the first day after the conditioning phase, all
rats were tested for a change in the amount of time spent in the
conditioned side. Rats conditioned with saline showed no change
in the amount of time spent on that side, though animals
conditioned with heroin showed a significant increase in time
spent on that side. On the following day both groups of animals
were given injections of saline or heroin and then tested for
preference. Those animals given acute heroin injections spent
significantly more time on the conditioned side than the previous
day, and those given saline showed no difference. Thus, it was
found that testing animals under drug conditions following CPP
conditioning in a within-groups design produced an increase in the
magnitude of the conditioned place preference. This postcondi-
tioning effect was interpreted to be due to the additional presence
of internal discriminative stimulus cues from the drug which were
also present during conditioning, but not present on the first
postconditioning test day when no drugs were given. The rein-
statement of stimulus cues associated with drug reinforcement has
also been used to explain the recovery of extinguished responding
in an operant paradigm using cocaine (9) and heroin (10).

The present data further demonstrate that haloperidol can block
cocaine CPP when the haloperidol is administered after condition-
ing to peripherally injected cocaine. This is in contrast to studies
showing that cocaine CPP is not easily blocked by haloperidol
when the haloperidol is administered at the time of conditioning
(25,40). In the present study, there were no reductions in the
number of visits from the day 3 baseline which indicates that the
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drug treatments did not produce any sedative effects. This is
important, particularly with respect to haloperidol which can
reduce locomotion (14) and aggression (19) with the dose tested.
It is interesting that with the treatments (including saline) that did
enhance the conditioned effect of cocaine, there were more visits
to the preferred side than nonpreferred side. The ability of MgCl,
to enhance cocaine CPP in a manner similar to cocaine and
amphetamine on both the preference and visit measures indicates
again that MgCl, may share stimulus properties with cocaine.
This would be predicted from previous data from our labora-
tory showing stimulant-like properties of MgCl,. Deficiencies of
Mg”™* and high excess doses of MgCl, reduce agression, whereas
low excess doses of MgCl, enhance it (17,18). Since tolerance
develops to this agression-enhancing effect of MgCl, (17), and
catecholamine function is enhanced by excesses (20) and reduced
by deficiencies (18), a stimulant action of Mg?™ is suggested.
Further support of this is indicated by the ability of 30 mg/kg
MgCl, to enhance the behavioral facilitating action of cocaine on
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mouse aggression (19). The ability of Mg®* to enhance cocaine
CPP is related to dose of Mg?™ where an optimum effect is
observed with 30 mg/kg. Doses of 15 mg/kg and 125 mg/kg did
not enhance the cocaine CPP above saline levels. Since 125 mg/kg
MgCl, has been shown to inhibit aggressive behavior (17), and to
potentiate the inhibitory effects of cocaine on mouse aggression
(18), these data may reflect a loss of stimulant- or reward-like
effects at this dose. The 15 mg/kg dose of MgCl, may not be
potent enough to sustain the conditioned cocaine effect, although
it has potent stimulant-like properties in other paradigms (17).

The results of this study support the suggestion that MgCl, may
share stimulus properties with cocaine. Whether it is reinforcing
and/or discriminative stimulus properties that are shared remains
to be specifically determined. The curious behavioral effects of
MgCl, seen in these studies suggest that a careful analysis of the
interaction of MgCl, and cocaine on drug reinforcement and drug
discrimination is warranted in follow-up studies.

REFERENCES

1. Asin, K. E.; Wintshafter, D. Clonidine produces a conditioned place
preference in rats. Psychopharmacology (Berlin) 85:383-385; 1985.

2. Aulist, E. F.; Hoebel, B. G. Rewarding effects of amphetamine and
cocaine in the nucleus accumbens and block by alpha-flupenthixol.
Soc. Neurosci. Abstr. 9:121; 1983.

3. Balster, R. L.; Schuster, C. R. A comparison of d-amphetamine,
l-amphetamine and methamphetamine self-administration in rhesus
monkeys. Pharmacol. Biochem. Behav. 1:67-71; 1973,

4. Blander, A.; Hunt, T.; Blair, R.; Amit, Z. Conditioned place
preference: An evaluation of morphine’s positive reinforcing proper-
ties. Psychopharmacology (Berlin) 84:124-127; 1984.

5. Bozarth, M. A. Conditioned place preference: A parametric analysis
using systemic heroin injections. In: Bozarth, M., ed. Methods of
assessing the reinforcing properties of abused drugs. New York:
Springer-Verlag; 1987:229-240.

6. Carr, G. D.; Fibiger, H. C.; Phillips, A. G. Conditioned place
preference as a measure of drug reward. In: Liebman, J. M.; Cooper,
S. 1., eds. Reviews in psychopharmacology: vol. 1. Neuropharma-
logical basis of reward. New York: Oxford University Press; in press.

7. Criswell, H. E. The mouse as a subject in the study of neural
mechanisms of reward. In: Bozarth, M. A., ed. Methods of assessing
the reinforcing properties of abused drugs. New York: Springer-
Verlag; 1987.

8. deWit, H.; Wise, R. A. Blockage of cocaine reinforcement in rats
with the dopamine receptor blocker pimozide, but not with noradren-
ergic blockers phentolamine or phenoxybenzamine. Can. J. Pyschol.
31:195-203; 1977.

9. deWit, H.; Stewart, J. Reinstatement of cocaine-reinforced respond-
ing in the rat. Psychopharmacology (Berlin) 75:134—143; 1981.

10. deWit, H.; Stewart, J. Drug reinstatement of heroin-reinforced re-
sponding in the rat. Psychopharmacology (Berlin) 79:29-31; 1983.

11. Di Scala, G.; Iverson, M. T.: Fibiger, H. C. The effects of progabide
(SL 76002) on locomotor activity and conditioned place preference
induced by d-amphetamine. Eur. J. Pharmacol. 107:271-274; 1985.

12. Duncan, P. M.; Saunders, K.; Byerly, P. Dose-response effects of
methamphetamine-produced location preference. Soc. Neurosci. Ab-
str. 9:1146; 1983.

13. Eicher, A. J.; Antelman, S. M.; Black, C. A. Amphetamine stereo-
type is not a homogeneous phenomenon: sniffing and licking show
distinct profiles of sensitization and tolerance. Psychopharmacology
(Berlin) 68:287-290; 1983.

14. Fielding, S.; Lal, H. Behavioral actions of neuroleptics. In: Iversen,
L. L.; Iversen, S. D.; Snyder, S. H., eds. Handbook of psychophar-
macology, vol. 10, Neuroleptics and schizophrenia. New York:
Plenum Press; 1978.

15. Harris, R. T.; Balster, R. L. An analysis of the function of drugs in the
stimulus control of operant behavior. In: Thompson, T.; Pickens, R.,
eds. Stimulus properties of drugs. New York: Appleton-Century-
Crofts; 1971:111-132.

16. Hofmeister, F.; Goldberg, S. R.; Schlichting, U. U.; Wuttke, W.
Self-administration of d-amphetamine, morphine and chiorpromazine
by cocaine ‘*dependent’” rhesus monkeys. Naunyn Schmiedebergs
Arch. Pharmacol. 266:359-360; 1970.

17. Izenwasser, S. E.; Garcia-Valdez, K.; Kantak, K. M. Stimulant-like
effects of magnesium on aggression in mice. Pharmacol. Biochem.
Behav. 25:1195-1199; 1986.

18. Kantak, K. M. Magnesium deficiency alters aggressive behavior and
catecholamine function. Behav. Neurosci. 102:304-311; 1988.

19. Kantak, K. M. Magnesium alters the potency of cocaine and halo-
peridol on mouse aggression. Psychopharmacology (Berlin) 99:181—
188; 1989.

20. Kantak, K. M.; Adlerstein, L. K. Enhancement of apomorphine and
l-amphetamine-induced behaviors by magnesium. Pharmacol. Bio-
chem. Behav. 36:29-33; 1990.

21. Kantak, K. M.; Miczek, K. A. Social, motor, and autonomic signs of
morphine withdrawal: differential sensitivities to catecholaminergic
drugs in mice. Psychopharmacology (Berlin) 96:468-476; 1988.

22. Katz, R. J.; Gormezano, G. A rapid and inexpensive technique for
assessing the reinforcing effects of opiate drugs. Pharmacol. Bio-
chem. Behav. 11:231-233; 1979.

23. Kuhn, D. M.; Appel, J. B.; Greenberg, I. An analysis of some
discriminative properties of d-amphetamine. Psychopharmacologia
39:57-66; 1974.

24. Kumar, R. Morphine dependence in rats: Secondary reinforcement
from environmental stimuli. Psychopharmacologia 25:971-979; 1972.

25. Mackey, W. B.; van der Kooy, D. Neuroleptics block the positive
reinforcing effects of amphetamine but not of morphine as measured
by placing conditioning. Pharmacol. Biochem. Behav. 22:101-105;
1985.

26. Miczek, K. A. Effects of |-dopa, d-amphetamine and cocaine on
intruder-evoked aggression in rats and mice. Prog. Neuropsychophar-
macol. 1:271-277; 1977.

27. Miczek, K. A.; O'Donnell, J. M. Intruder-evoked aggression in
isolated and nonisolated mice: Effects of psychomotor stimulants and
I-dopa. Psychopharmacology (Berlin) 57:47-55; 1978.

28. Mithani, S.; Martin-Iverson, M. T.; Phillips, A. G.; Fibiger, H. C.
The effects of haloperidol on amphetamine and methylphenidate-
induced conditioned place preferences and locomotor activity. Psy-
chopharmacology (Berlin) 90:247-252; 1986.

29. Morency, M. A.; Beninger, R. J. Conditioned place preference
induced by intracerebroventricular microinjections of cocaine: Possi-
ble involvement of central dopamine. Soc. Neurosci. Abstr. 11:718;
1985.

30. Morency, M. A.; Beninger, R. J. Dopaminergic substrates of cocaine-
induced place conditioning. Brain Res. 399:33-41; 1986.

31. Mucha, R. F.; Iversen, S. D. Reinforcing properties of morphine and
naloxone revealed by conditioned place preferences: a procedural
examination. Psychopharmacology (Berlin) 82:241-247; 1984.



538

32.

33.

34.
35.

36.

37.

38.

39.

Mucha, R. F.; van der Kooy, D.; O’Shaughnessy, M.; Bucenieks, P.
Drug reinforcement studied by use of place conditioning in rat. Brain
Res. 243:91-105; 1982.

O’Donrell, J. M.; Miczek, K. A. No tolerance to antiaggressive effect
of d-amphetamine in mice. Psychopharmacology (Berlin) 68:191—
196; 1980.

Overton, D. A. State-dependent or ‘‘dissociated’’ learning produced
with pentobarbital. J. Comp. Physiol. Psychol. 57:3-12; 1964.
Rossi, N. A.; Reid, L. Affective states associated with morphine
injections. Physiol. Psychol. 4:269-274; 1976.

Segal, D. S.; Mandel, A. J. Long-term administration of d-amphet-
amine: Progressive augmentation of motor activity and stereotype.
Pharmacol. Biochem. Behav. 2:249-256; 1974.

Sherman, J. E.; Pickman, C.; Rice, A.; Leibeskind, J. C.; Holman, E.
Rewarding and aversive effects of morphine: Temporal and pharma-
cological properties. Pharmacol. Biochem. Behav. 13:501-505; 1980.
Sherman, J. E.; Roberts, T.; Roskam, S. E.; Holman, E. W.
Temporal properties of rewarding and aversive effects of amphet-
amine in rats. Pharmacol. Biochem. Behav. 13:597-599; 1980.
Spyraki, C.; Fibiger, H. C.; Phillips, A. G. Attenuation by haloperi-
dol of place preference conditioning using food reinforcement. Psy-

40.

41.

42.

43.

45.

LAWLEY AND KANTAK

chopharmacology (Berlin) 77:379-382; 1982.

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

Spyraki, C.; Fibiger, H. C.; Phillips, A. G. Dopaminergic substrates
of amphetamine-induced place preference conditioning. Brain Res.
253:185-193; 1982.

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

van der Kooy, D. Place conditioning: A simple and effective method
for assessing the motivational properties of drugs. In: Bozarth, M. A.,
ed. Methods of assessing the reinforcing properties of abused drugs.
New York: Springer-Verlag; 1987.

. Wise, R. A. The dopamine synapse and the notion of ‘pleasure

centers’ in the brain. Trends Neurosci. 3:91-95; 1980.

Yanagita, T.; Ando, K.; Takahashi, S. A testing method for psycho-
logical dependence liability of drugs in monkeys. Paper presented at
the 32nd Annual Meeting of the Committee on Problems of Drug
Dependence, NAS-NRC, 1970.



