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1998.—Rats were condi-
tioned by pairing cocaine with one side of an alley and placebo with the other. After conditioning, compared to Baseline and
a placebo-control group, rats spent more time in the place of cocaine experience. Subsequently, there were further tests ex-
cept now cocaine was given just before the test session in addition to one of two other kinds of injections. One of these addi-
tional injections was a placebo and the other was a combination of a small dose of isradipine (1 mg/kg) and a dose of nal-
trexone (3 mg/kg) (ISR

 

1

 

NTX). Measures of gross activity (movement from one side of the alley to the other) were taken
during testing. ISR

 

1

 

NTX blocked cocaine’s ability to sustain a place preference. ISR

 

1

 

NTX also blocked sensitization of co-
caine’s ability to enhance locomotor activity. This blockade of cocaine’s usual effects indicates that ISR

 

1

 

NTX may have a
role in treating cocaine use disorders. © 1998 Elsevier Science Inc.

 

Cocaine Isradipine Naltrexone Conditioned place preference Addiction 

 

ISRADIPINE (ISR) is a calcium channel inhibitor useful in
treating hypertension (8). Naltrexone (NTX) is an opioid an-
tagonist useful in treating heroin and alcohol use disorders
[for reviews, see (16,20)]. There is evidence to suggest that
both ISR and NTX might attenuate the reinforcing properties
of cocaine (3,10,13,14,17–19,21,24,25). Perhaps, small doses of
ISR combined with doses of NTX might be an effective inter-
vention in the treatment of cocaine use disorders. There are
reasons to be interested in small doses of the two in combina-
tion, because of the possibility that the two might have addi-
tive effects in terms of addiction-relevant effects, but not in
terms of side effects that might interfere with compliance to
take the combination.

It has recently been shown that a combination of ISR, 1.0
mg/kg, and NTX, 3.0 mg/kg (ISR

 

1

 

NTX), blocks cocaine’s
ability to enhance pressing for rewarding brain stimulation
(24). Neither the dose of ISR nor of NTX are sufficiently
large by themselves to block cocaine’s effects [(14,25); unpub-
lished data]. When no cocaine is given, moderate doses of
ISR

 

1

 

NTX (larger than those used in the combination) do not

significantly reduce pressing for brain stimulation. These ef-
fects support the conclusion that ISR

 

1

 

NTX would block ef-
fects relevant to cocaine use disorders without producing
problematic side effects.

The conditioned place preference (CPP) procedure was
designed to assess, among rodents, the affect induced by drugs
(26,29). Basically, the procedure involves having an alley with
at least two distinct places. These two places can be separated
by a removable barrier. After measuring a baseline prefer-
ence for being in each place without the barrier, the effects of
a test drug are paired with one of the places. The pairing usu-
ally involves merely confining a rat under the influence of the
test drug in one place. Subsequently, under the influence of a
placebo, the rat is confined in the other place. After pairing
the test drug’s effects with one place and the placebo’s effects
with another place, a test is done. A test involves placing the
rat in the alley without a barrier (as during Baseline) and
measuring the time spent in the place of drug experience. The
test is usually done with the rat receiving no injections. When
the pharmacodynamic effects of drugs having high addiction
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liability are paired with a place, rats subsequently, on average,
spend more time in that place than they did at baseline and
more time than a comparable group treated with only place-
bos, i.e., they establish a CPP (7,27).

Instead of doing the test for a CPP without an injection,
Bozarth (6) injected the drug just before a test. The injection
resulted in a larger preference for the place of the previous
experience of the drug. It is as if the effects of the drug at test-
ing strengthened the effects of conditioning. We (10) have re-
cently shown that cocaine, when given during testing, en-
hanced a cocaine CPP.

 

Experiment 1

 

A recent study indicates that ISR

 

1

 

NTX also blocks the es-
tablishment of a cocaine CPP (10). Because dosing with
ISR

 

1

 

NTX began 30 days before the CPP procedures, the
study also indicates that the combination’s effects did not
wane or show tolerance with repeated dosing.

The procedures of this experiment were designed to ask
whether ISR

 

1

 

NTX would block cocaine’s ability to enhance
an established cocaine CPP. We believe that knowledge from
such a test is particularly relevant to treating patients’ cocaine
use disorders. Persons trying to abstain from using cocaine of-
ten succumb to using cocaine again while vowing to never
again engage heavy use of the drug. However, with the experi-
ence of initial dosing, there is a marked tendency to reinstate
the behaviors of heavy drug use. A useful adjunct to other
treatments for cocaine use disorder is apt to be a drug that
would block the full relapse back into heavy cocaine use when
some cocaine or cocaine-like effects are experienced. On the
surface, it seems that a drug that would block cocaine’s ability
to enhance an already established cocaine CPP among rats,
would also be effective in curbing binge use of cocaine and
would prevent a full relapse back into heavy use of cocaine by
people trying to achieve extended abstinence.

 

METHOD

 

Subjects

 

Forty-eight rats were purchased from Taconic Farms (Ger-
mantown, NY) when they weighed about 200 g. They were
housed in individual hanging cages where they always had
food and water. The windowless room housing the rats was
maintained at 22 

 

6

 

 2

 

8

 

C and had 12 h of incandescent light
daily beginning at 0700 h.

 

Drugs and Injections

 

The dose of cocaine HCl (from Sigma) was 5 mg/kg. The
combination, ISR

 

1

 

NTX, was 1 mg/kg of ISR (from Novartis)
plus 3 mg/kg of NTX HCl (from DuPont-Merck). All injec-
tions were 1 ml/kg, given intraperitoneally.

The carrier of cocaine was physiological saline (0.9%
NaCl). The carrier of the other agents was a solution of 5%
Tween 80 (polyoxyethylenesorbitan monooleate) in physio-
logical saline. Placebos associated with cocaine and the com-
bination were injections of their respective carriers.

 

Apparatus

 

The apparatus is 12 nearly identical alleys, and is described
in detail elsewhere (23). The two halves have distinct visual
and textural cues. The walls of one-half were painted gray,
while the walls of the other half were painted with black and

white horizontal stripes. Steel rods forming the floor of the al-
ley are perpendicular to the length of the alley in the gray side
and horizontal in the other side. Two dividers were used, on
different occasions, to separate the halves of the alley: one has
a large hole (12 cm in diameter) allowing the rats free access
to both sides, the other has no hole and was used to confine a
rat to one side of the alley.

Each half of the alley has an adjustable light overhead.
When the brightness of the sides of the alley are nearly the
same, rats show no reliable preference for one side over the
other. In these procedures, however, one side was made
brighter than the other, which in turn, produced a preference,
at baseline, for the darker half of the alley. For six of the al-
leys, the side with gray walls was the brighter place; and, for
the other six, the side with striped walls was brighter. The ef-
fects of cocaine were paired with the brighter side of the alley.

During baseline and tests, when a rat moves from one side
of the alley to the other, an electrical circuit is completed. Us-
ing these signals, a computer and the software developed for
this system (23) automatically tabulated the time on each side
of the alley and the number of times the rat crossed from one
side of the alley to the other.

 

Procedure

 

The procedure involved daily sessions given in the follow-
ing order: (a) habituation to the general procedures; (b) base-
line measurement; (c) conditioning; (d) test 1, a test for a co-
caine CPP; (e) tests 2, 3, and 4, which were tests for “cocaine
enhancement” with and without ISR

 

1

 

NTX, and concur-
rently, tests for cocaine-induced activity; (f) test 5, a test fol-
lowing cocaine injections but without ISR

 

1

 

NTX; and (g) test
6, a test identical to baseline.

Before conditioning and across 3 days, all subjects were
handled extensively to habituate them to the general proce-
dures. As part of that handling, they were transported, by way
of a mobile rack of cages, to the room of the apparatus (the
room of the apparatus was next to the room of the rat’s home
cages). On two consecutive occasions, each rat was placed in
its assigned alley for 30 min with access to both sides of the al-
ley. On the second of these occasions, the time spent on each
side of the alley was measured. Based on the time spent in the
brighter side of the alley (i.e., baseline), two groups of sub-
jects (

 

n 

 

5

 

 24) were formed so that their mean baseline scores
were nearly equal. One group was assigned to receive cocaine
and the other saline during putative conditioning.

Conditioning involved using the barrier that confined a rat
to only one side of the alley. A conditioning session was 30
min. Injections, either cocaine or saline, were given just be-
fore a rat was placed into a side of the alley. On the first day
of conditioning, all rats received saline and were placed in the
darker side of its alley. On the next day, the rats received their
assigned injections of either saline or cocaine and placed in
the brighter side of the alley, i.e., the side of putative condi-
tioning. The procedures of the first 2 days of conditioning
were repeated six times. Consequently, at the end of condi-
tioning, half of the rats had received cocaine in the brighter
side on six occasions and saline on the other side on six occa-
sions. The other half had received only saline, but otherwise
were handled as the half getting cocaine.

On the day after conditioning, there was a test (test 1) for
the effects of conditioning. Each rat was placed into its alley
with access to the entire alley for 30 min. No injections were
given before test 1, i.e., the procedures were the same as those
of baseline.
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After test 1, the rats of the cocaine and saline groups were
each subdivided into two groups (

 

n 

 

5

 

 12), such that the sub-
groups mean preference scores at test 1 were nearly equal.
These subgroups were assigned to receive either ISR

 

1

 

NTX
or its placebo across tests 2–4. The groups’ labels, cocaine–
placebo, cocaine–ISR

 

1

 

NTX, saline–placebo, and saline–
ISR

 

1

 

NTX, refer to their conditioning injections (cocaine or
saline) and their injections unique to tests 2–4 (ISR

 

1

 

NTX or
placebo).

Tests 2–4 occurred on consecutive days beginning the day
after test 1. Tests 2–4 were similar to test 1, except that all sub-
jects received an injection of cocaine immediately before each
test. Furthermore, the subjects also received their assigned in-
jections of either ISR

 

1

 

NTX or placebo 30 min before testing.
Test 5 was identical to tests 2, 3, and 4, except that no injec-

tions associated with ISR

 

1

 

NTX were given. All rats received
cocaine before test 5. Test 6 was identical in procedure to base-
line, except of course, now the rats had differential histories.

 

Data Reduction and Statistics

 

For baseline and the tests, two kinds of scores are automat-
ically tabulated: (a) proportion of time spent on the side of
putative conditioning, the measure of CPP; and (b) number of
times the rats crossed from one side of the box into the other,
a rough measure of gross activity. Each kind of score was ana-
lyzed separately.

To answer the question of whether conditioning modified
the rats’ preference for the place of cocaine experience, the
two groups of scores of proportions at baseline were com-
pared to those of test 1 and to each other. These data conform
to a 2 by 2 analyses of variance (ANOVA) for repeated mea-
sures having factors of (a) experiencing cocaine or placebo in
the brighter side of the alley, and (b) baseline vs. test 1. Given
that baseline scores were arranged to be similar across groups,
and given the expectation that cocaine would enhance the
proportion of time spent in the brighter side, the expected
outcome of the ANOVA is a reliable interaction between the
two factors. That was, indeed, the outcome of that ANOVA,
the values for the interaction were 

 

F

 

(1, 46)

 

 

 

5

 

 6.7, 

 

p 

 

5

 

 0.01.
The relevant analyses for confirming that cocaine produced a
CPP, therefore, is an analyses for simple main effects at test 1.

An ANOVA of the data of proportion of time on side of
putative conditioning of the two groups getting saline
throughout conditioning indicates that these groups’ scores
did not differ reliably across the six tests of the procedures
(mean across all saline subjects across all tests 

 

5

 

 0.31). Given
this consistency of scores of the saline–placebo and saline–
ISR

 

1

 

NTX groups, their variability is not considered further
in terms of CPP scores.

To answer the question of whether, within this experiment,
an injection of cocaine can strengthen an established CPP, the
revealing comparison is the scores of test 1 to those of test 2.
The comparison of the scores of test 1 to test 2 of the cocaine–
placebo group is indicative of whether cocaine enhanced a co-
caine CPP. Further comparisons of that same group, however,
of test 1 to tests 3 and 4 indicates that cocaine given before
testing did not reliably enhance the CPP and the preference
data associated with tests 3 and 4 are not discussed further.
The reason for a diminishing enhancement effect is probably
related to the fact that both placebo and cocaine effects were
paired with both sides of the alley during tests 1 and 2, respec-
tively, thereby, counterconditioning the effects of previous
conditioning. Regardless of the explanation, it is apparent,
given the fact that the enhancement effect is manifest only at

test 2 in the cocaine–placebo group, that it is only during test 2
that we can assess whether ISR

 

1

 

NTX blocked the enhance-
ment effect.

In summary, initial analyses showed that rats just getting
saline do not reliably change their place preference across
tests. Rats getting cocaine did change their preference (in
comparison to their own baseline and in comparison to saline
controls). These outcomes set the stage for the germane ques-
tion: Does ISR

 

1

 

NTX reliably modify cocaine’s enhancement
of a cocaine CPP? Aid in answering that question is given by a
between group 

 

t-

 

test of the two groups conditioned with co-
caine (placebo–controls and ISR

 

1

 

NTX) at test 2.
In addition to the preference scores, there are scores asso-

ciated with movement from one side of the alley to another.
During baseline, all subjects crossed from one side to another
a mean of 25.4 times, whereas, during the test 1, all subjects
made, on average 26.7 crosses. A 2 by 2 ANOVA of those
data, with factors of cocaine vs. saline and baseline vs. test 1,
failed to reveal any reliable sources of variance (all 

 

p

 

s

 

 

 

.

 

 0.08)
In brief, there was no reliable change in the mean number of
crosses from baseline to test 1 for either the rats conditioned
with cocaine or those that received only saline, a finding con-
sistent with what we have observed before. Conditioning
seems to affect proportion of time spent in a place somewhat
independently of the number of times that subjects cross from
one side to another. Given this circumstance, the activity
scores during baseline and test 1 are not considered further.

Cocaine was given to all subjects before tests 2, 3, and 4.
Half of the subjects had a history of cocaine injections associ-
ated with conditioning. Half the subjects also had ISR

 

1

 

NTX
before tests 2, 3, and 4. The data of activity (number of crosses
from one side of the alley to the other during the 30 min) con-
form to a 2 by 2 by 3 ANOVA, having repeated measures,
with factors of history of cocaine injections (6 vs. 0 before test
2), ISR

 

1

 

NTX vs. placebo, and the three tests.
The results of test 5 conform to a 2 by 2 ANOVA with dif-

ferential drug histories as the factors (10 vs. 4 doses of cocaine
and 3 vs. 0 doses of ISR

 

1

 

NTX). The results of test 6 also con-
form to a 2 by 2 ANOVA with factors associated with differ-
ing drug histories.

 

RESULTS AND DISCUSSION

 

A one-way ANOVA of the data associated with prefer-
ence scores for test 1, reveals that the two groups’ mean
scores were reliably different, 

 

F

 

(1,46) 

 

5

 

 8.8, 

 

p 

 

5

 

 0.005: mean
score of the saline group is 0.30, and mean score of the co-
caine group is 0.42. This outcome indicates that a cocaine CPP
was established.

Figure 1 is a summary of results germane to the issue of
whether ISR

 

1

 

NTX blocked cocaine’s enhancement of a co-
caine CPP. The figure shows the means of the cocaine–pla-
cebo and cocaine–ISR

 

1

 

NTX groups at baseline and tests 1
and 2. At baseline, and by design, all rats had similar scores.
Also, without experiencing cocaine’s effects on one side of the
alley, scores do not vary across tests (see above, data not pre-
sented). So, the best score for comparing cocaine-related
scores is either mean baseline of the groups eventually receiv-
ing cocaine or mean of all test scores of the groups getting sa-
line during conditioning (mean 

 

5

 

 0.31).
The cocaine–placebo group (Fig. 1) showed an enhanced

CPP, but the degree of enhancement was not statistically sig-
nificant: test 1’s score 

 

5

 

 0.42, test 2’s score 

 

5

 

 0.51, 

 

t

 

(11)

 

 

 

5

 

1.69, 

 

p 

 

5

 

 0.12. The Cocaine–ISR

 

1

 

NTX group did not show
an enhanced time in the brighter side of the alley, in fact, their
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mean score is less than the previous score. A 

 

t-

 

test, for depen-
dent measures, of these two groups’ test 2 scores yields

 

 t

 

(22)

 

 

 

5

 

2.2, 

 

p 

 

5

 

 0.04. Another way to assess the effects of ISR

 

1

 

NTX
is to compare baseline scores to those of test 2. The mean test
2 scores of the cocaine–placebo group is significantly greater
than their mean baseline score, 

 

t

 

(11)

 

 

 

5

 

 4.64, 

 

p 

 

5

 

 0.0007. The
same comparison for the cocaine–ISR

 

1

 

NTX group yields

 

t

 

(11) 

 

5

 

 0.27, 

 

p 

 

5

 

 0.79. In brief, ISR

 

1

 

NTX blocked cocaine’s
tendency to enhance a cocaine CPP.

Figure 2 presents the data associated with activity for tests
2, 3, and 4. An ANOVA of those data yields, for the factor of
ISR

 

1

 

NTX vs. placebo, 

 

F

 

(1, 44)

 

 

 

5

 

 30.5, 

 

p 

 

,

 

 0.0001. That same
ANOVA reveals a reliable interaction between history of co-
caine dosing and the factor of ISR

 

1

 

NTX vs. placebo, 

 

F

 

(1, 44)

 

 

 

5

 

4.47, 

 

p 

 

5

 

 0.04. All other factors associated with that ANOVA
were not reliable sources of variance (

 

p

 

s 

 

.

 

 0.15). Notice that
the cocaine–placebo group had the largest activity scores,
thereby reflecting sensitization [an ANOVA of the scores of
the cocaine–placebo and saline–placebo groups yields a reli-
able main effect associated with injections of cocaine, 

 

F

 

(1, 22) 

 

5

 

5.41, 

 

p 

 

5

 

 0.03]. The cocaine–ISR

 

1

 

NTX group did not show
heightened activity. Apparently, ISR

 

1

 

NTX blocked all mani-
festations of cocaine’s usual effect of increasing activity.

Separate ANOVAs of the activity data of tests 5 and 6 in-
dicates that the groups’ scores were not reliably different from
one another. However, the rats, on average, were more active
during test 6 compared to baseline, 

 

F

 

(1, 44)

 

 

 

5

 

 10.4, 

 

p 

 

5

 

 0.002,
an expected outcome given that all rats received cocaine dur-
ing some conditioning or testing. In addition, there was a reli-
able baseline–test 6 by placebo–ISR

 

1

 

NTX interaction. The
difference (test 6 minus baseline), in terms of the number of
crossings, for subjects receiving the placebo for ISR

 

1

 

NTX is
9.5, whereas the difference for subjects receiving ISR

 

1

 

NTX is
1.4, 

 

F

 

(1, 44)

 

 

 

5

 

 5.84, 

 

p 

 

5

 

 0.02. These data indicate that
ISR

 

1

 

NTX muted cocaine’s ability to produce conditioned
enhancement of activity.

A limitation of this particular experiment is the inability to
segregate the effects of blockade of enhanced movement with

enhanced positive affect. Because a CPP test usually does not
involve giving the drug during the testing for the drug’s ef-
fects, the test has the advantage of being able to ask questions
about affective reactivity unconfounded by motoric effects of
the test drug. Here, however, we deliberately confounded en-
hancement of motor effects with the measure of affect. Re-
gardless of this confound, it seems clear that ISR

 

1

 

NTX pro-
duces a fundamental change in the rats’ reactivity to cocaine
that interacts with a history of experience with cocaine. Also,
ISR

 

1

 

NTX has been show to block the establishment of a
CPP in another experiment (10).

 

Experiment 2

 

Although it is highly unlikely, perhaps ISR

 

1

 

NTX blocks
the ability to recall events associated with conditioning. Per-
haps, the cocaine-conditioned rats at the critical test 2 of Ex-
periment 1 reacted as saline-conditioned controls, because
ISR

 

1

 

NTX blocked recall rather than a critical incentive moti-
vational property of cocaine. This supposition is unlikely, be-
cause both calcium channel inhibitors and opioid antagonists
have been shown to have no effects on learning and memory
or to enhance learning (11,30,33). Nevertheless, to check on
the potential for the combination to affect memory, the ef-
fects of the dose of ISR

 

1

 

NTX was assessed in a one-trial pas-
sive avoidance task.

 

METHOD

 

Subjects

 

The 36 male Sprague–Dawley rats of these procedures were
similar to those of the previous procedure. At the start of
these procedures, they weighed 337.4 

 

6

 

 4.76 g (mean 

 

6

 

 SEM).

 

Apparatus

 

The apparatus was a Plexiglas alley measuring 62 

 

3

 

 28 

 

3

 

36 cm (L 

 

3

 

 W 

 

3

 

 H). One-half of the apparatus was covered
with cardboard to make it dark inside that half of the alley.

FIG. 1. The two groups, whose scores are depicted here, received
the same procedures until test 2. Test 1 was an assessment after pair-
ing cocaine’s effects with the brighter side of the alley. Test 2 was sim-
ilar to test 1 except cocaine was given to both groups. In addition, at
test 2, one group received ISR1NTX (closed circles) while the other
received the placebo for the combination (open circles). The two
groups not receiving cocaine during conditioning (data not pre-
sented) had a mean score of 0.31 across all tests. Error bars are stan-
dard errors of the means.

FIG. 2. Mean activity scores, in terms of the number of crosses
(transitions) from one side of the alley to the other, for four groups of
rats (n 5 12). Across tests 2–4, all rats received cocaine just before
the test session. Group labels refer to whether the rats received
cocaine or saline during conditioning and whether they received
ISR1NTX or its placebo across tests 2–4. During baseline and test 1,
the mean number of transitions was 25.4 and 26.7, respectively, across
all rats. Further, there were no reliable differences between groups
(saline vs. cocaine) at baseline or test 1. Error bars are standard
errors of the means.
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The opening between the sides of the alley measured 28 by 15
cm (W 3 H).

Stainless steel rods served as the floor of the apparatus.
The grid floor of the dark half of the alley was connected to a
scrambled shock source. When shock was administered, it was
1.3 mAmps for no longer than 3 s.

At the start of these procedures, the rats were randomly
assigned to be in one of four groups (n 5 9). The procedures
spanned 2 days and involved giving half of the rats ISR1NTX
(the same doses as in the previous experiment), and the other
half placebos, intraperitoneally, 30 min before each daily session.
On the first day, half of the rats received foot shock upon en-
tering the dark half of an apparatus while the others did not.

The amount of time it took for a rat to enter the dark half
of the alley on each day of the procedure was tabulated. If, af-
ter 180 s a rat failed to enter the dark half of the alley, it was
assigned a score of 180 s. The data conform to a 2 3 2 3 2 fac-
torial ANOVA, having repeated measures, with factors asso-
ciated with (a) ISR1NTX–placebo, (b) shock–no shock, and
(c) day 1–day 2.

In addition to these procedures, the latency scores of the
groups getting shock and ISR1NTX were again tabulated 3
days after their last injection. If their recall of shock was de-
pendent upon the state produced by ISR1NTX, it would be
expected that they would behave as they did at baseline.

RESULTS AND DISCUSSION

The results are presented in Fig 3. The ANOVA of those
data reveals reliable main effects associated with shock, F(1,
32) 5 70.0, p , 0.0001, and days, F(1, 32) 5 98.4, p , 0.0001.
The ANOVA also revealed a reliable shock by day interac-
tion, F(1, 32) 5 129.5, p , 0.0001. These results were ex-
pected, because there is no overlap in distributions of scores
between the rats that received shock and those that did not on
day 2.

There is no indication in these data that the effects of
ISR1NTX differ from those of placebos. No factor of the
ANOVA associated with drug effects yielded an F-value indi-
cating a reliable effect, all p-values . 0.29. On day 2, the
means of ISR1NTX and placebo groups are equal in the
shocked groups and are not statistically significantly different
in the no-shock groups, t(16) 5 0.84, p 5 0.42.

It should be noted that on day 2 every rat receiving shock
on day 1 failed to enter the dark half of the alley and, there-
fore, received a score of 180 s. It was clear from observing the
rats that these rats would not have entered the dark half of the
alley even after an extensive period. These rats stayed as far
away from the dark half as possible. The rats clearly learned
and recalled the events of foot shock regardless of whether
they received ISR1NTX or placebos.

The rats of ISR1NTX and foot shock all scored 180 s on
their third day of testing. Their recall of events of foot shock
did not, evidently, depend on being dosed with ISR1NTX.

There is no basis, in these results, for concluding that
ISR1NTX blocked the pain of foot shock, the expression of
fear, learning, or memory. Also, the learning transferred from
the drugged to the nondrugged state. Because the effects of
ISR1NTX did not adversely affect memory, and because
there are almost no reasons to suppose they might, it can be
concluded that the effects of ISR1NTX in Experiment 1 are
not due to the combination blocking memory.

These data lead to the conclusion that ISR1NTX does not
have a gross effect on learning and memory. The combina-
tion, however, could have subtle effects that this rather insen-
sitive assessment would not index. It may be, for example,

that the combination might improve cognitive functioning in
some circumstances, and such an improvement would not
have been seen with this kind of testing.

GENERAL DISCUSSION

Because there are no pharmacological interventions that
have been proven to be successful in treating cocaine use dis-
orders, there is no sure way of knowing directly whether the
performance of a putative intervention in any of our animal
models is apt to be predictive of success in treating people. All
we have to rely on is the apparent reasonableness of our mod-
els as derived from modern theories of addiction (7). On
those grounds, it seems that a cocaine-induced enhancement
of a previously established cocaine CPP would index phenom-
ena germane to cocaine addiction. The results of this experi-
ment, however, indicate that if one wishes to make multiple
assessments of a test drug’s effectiveness in blocking enhance-
ments that further conditioning needs to be interspersed be-
tween tests.

The results provide further support for the conclusion that
ISR1NTX will be an effective intervention within a program
of treatment for cocaine use disorders. First, ISR1NTX
blocked cocaine’s ability to enhance a cocaine CPP, and that
seems particularly relevant to the drug’s ability to prevent re-
lapse into heavy cocaine use. Second, ISR1NTX blocked the
expression of cocaine-induced hyperactivity, even among sub-
jects that had previously been sensitized to cocaine’s effects.
These data combined with the previously collected data (10,24)
provide strong support for the conclusion that ISR1NTX fun-
damentally changes the way cocaine is experienced.

FIG. 3. The mean number of seconds for each of four groups (n 5 9)
of rats to move into a darker side of an alley. On day 1, after entering
the darker side, half of the rats were given foot shock and half were
not. Before days 1 and 2, half of the rats were given ISR1NTX and
the others, placebo. The rats receiving shock clearly learned and
recalled the experience of shock, regardless of whether or not they
received ISR1NTX. Error bars are standard errors of the means.
Note that on day 2, all rats that had received shock had a score of 180 s.
Thus, there are no variance estimates associated with the shocked
groups on day 2.



852 CRAMER, HUBBELL AND REID

There are a number of limitations to the conclusions that
can be drawn from this experiment. The results, for example,
are derived from the use of only single doses of cocaine and
ISR1NTX. There are, however, other data indicating that a
wide variety of doses of ISR combined with doses of NTX are
as effective as the doses used here [(24,25); unpublished data]
in suppressing cocaine’s enhancement of pressing for brain
stimulation. Further, this dose of ISR1NTX blocked the en-
hancement of pressing for brain stimulation usually induced
by 20 mg/kg doses of cocaine (unpublished data). So, we can
be reasonably sure that the effects are not limited to only
these doses.

Although these and other data clearly show that ISR1NTX
dramatically modifies the experience usually induced by co-
caine, it provides little information about how it might accom-
plish that change. This dose of ISR1NTX does not, by itself,
reduce high levels of pressing for brain stimulation. So, the
rats are not debilitated in terms of motor movement. That
same result indicates that the rats have the capacity, under
ISR1NTX, to experience stimulation-induced affect, thereby,
indicating that the system for affect is functional. The doses of
ISR and NTX are both small, in terms of behaviorally active
doses, and do not either separately or in combination tend to
produce signs of malaise or sickness (9,25). In one recently
finished experiment, the doses used here were given for over
80 days, and the rats receiving those doses did gain weight
regularly and at only slightly reduced rates as those receiving
placebos (10). ISR1NTX does not block the ability to learn
and recall significant events (Experiment 2). So, maybe
ISR1NTX produces it effects in terms other than interfering
with the central neural effects germane to cocaine’s addictive
potential, but it is not obvious how that might be achieved
from merely observing the behavior of the rats.

ISR1NTX may prevent the salient effects of stimulants by
dampening a positive feedback loop that is normally engaged
by events associated with stimulants. There are a number of
indications that the endogenous opioid systems are particu-

larly salient to the reinforcing effects of many addictive agents
and would be elements in such a positive feedback system. In
particular, endogenous opioids seem to be salient to the ef-
fects cocaine and similar stimulants (1,2). Recently, we have
shown that the selective delta-2 opioid antagonist, naltriben,
blocked salient effects of cocaine (22). NTX presumably pro-
vides some antagonism at these receptors. NTX has, however,
the advantage of already being used by people and advan-
tages in terms of safety and having a long duration of action.
Presumably, both naltriben and NTX dampen the secondary
effects of a surfeit of dopamine that is associated with cocaine
administration.

ISR could dampen the effects of cocaine in a number of
ways. ISR might compete with cocaine for the dopamine re-
uptake site (5). ISR might reduce or slow the release of dopa-
mine. We have recently shown that another agent that inhibits
the release of dopamine reduces the reinforcing effect of a
stimulant (4). So, the combination may achieve its effects by
blocking the elaboration of events usually induced by cocaine.

ISR1NTX also reduce rats’ intakes of alcoholic beverage
in circumstances that usually sustain large intakes (12). NTX
by itself should block the effects of addicting opioids. ISR by
itself may be helpful in correcting the hypertension associated
with excessive intake of alcohol. ISR may be helpful in cor-
recting the cerebrovascular deficits associated with extensive
use of cocaine (15,24,28,31,32). These considerations lead to
the conclusion that a combination of ISR and NTX should be
an effective medicine for the treatment of polydrug abuse.
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