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STRIPLING, J. S. AND E. H. ELLINWOOQOD, JR. Potentiation of the behavioral and convulsant effects of cocaine by
chronic administration in the rat. PHARMAC. BIOCHEM. BEHAV. 6(5) 571-579, 1977. — The effect of chronic
administration on the behavioral response to cocaine was studied in male Sprague-Dawley rats. In Experiment 1 five groups
of rats received daily intraperitoneal injections of either saline, 20 mg/kg, or 40 mg/kg cocaine hydrochloride for 10 days,
or of higher doses of cocaine until either one or three convulsions occurred. Following this initial treatment, all animals
were left untreated for seven days, and then sensitivity to cocaine was assessed in all animals by a test injection series (daily
injections of increasing doses of cocaine). Animals which had received 40 mg/kg cocaine during the initial treatment
exhibited a greater behavioral response (stereotyped behavior) to cocaine during the test injection series than did animals
treated with saline; both the 40 mg/kg and one — convulsion treatments during the initial stage of the experiment resulted
in greater sensitivity to the convulsant effect of cocaine during the test injection series. In Experiment 2 animals were
injected intraperitoneally with either saline or 40 mg/kg cocaine for 10 days and then tested with a series of daily cocaine
injections of increasing dosage after remaining untreated for 4, 8, 16 or 32 days. The results indicated that the initial
treatment with 40 mg/kg cocaine augmented both the behavioral and convulsant effects of cocaine during the subsequent
test injection series. The sensitization to the convulsant effect of cocaine was significant at all intervals after initial
treatment except 16 days, while the duration of sensitization to the behavioral effects of cocaine could not be determined
due to apparent age-related changes in the response of control animals to cocaine. The sensitization which was observed
was attributed to the effects of cocaine per se rather than to convulsions produced by the drug.
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COCAINE has two major known biochemical effects: the
prevention of monoamine uptake by neurons [2, 16, 30,
31, 33, 35] and a local anesthetic action [4,29]. Cor-
respondingly, it has two classes of behavioral effects. Like
amphetamine and other drugs affecting monoamine

EXPERIMENT 1

Experiment 1 was designed to determine the treatment
schedule necessary to produce sensitization to cocaine,
particularly to the convulsant effect of the drug. Previous

systems, it produces locomotor activity and various forms
of stereotyped behavior [12, 37, 43, 46]. In high doses
cocaine and other local anesthetics produce clonic con-
vulsions [6, 32, 42, 44, 45]. Both of these behavioral
effects of cocaine have been reported to undergo an
augmentation with repeated administration of the drug [S5,
15,19, 27, 401. One aspect of this phenomenon which has
not yet been examined in detail is the extent to which this
augmentation persists beyond the termination of chronic
drug administration. The purpose of the present ex-
periments was to study in detail the effects of chronic
administration of different doses of cocaine, and the
persistence of those effects.

studies of the convulsant effect of cocaine have demon-
strated sensitization following chronic administration in
one of two ways. First, repeated administration of a
subconvulsive dose of cocaine can eventually result in a
convulsion {5, 27, 40]. However, this effect is difficult to
interpret due to the absence of a control group. For
example, convulsive threshold may vary with age or body
weight, both of which change during the course of chronic
administration; furthermore, there is evidence that daily
handling or control injections may lower the convulsive
threshold [17].

A second measure of sensitization is a decrease in the
number of injections between successive drug-induced
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convulsions during chronic daily administration of a high
dose of cocaine [27]. Since this method does not use a
control group, it also suffers from the difficulties
mentioned above. In addition, it confounds the effect of
chronic drug treatment perse with that of previous
convulsions elicited by the drug. This is important, since
convulsions induced by several commonly used convulsive
agents have been found to result in a lowered convulsive
threshold [1, 26, 28].

Experiment 1 was designed to examine sensitization to
cocaine by a method which avoids these problems. Animals
which had been chronically treated with either convulsive
or subconvulsive doses of cocaine received test injections of
cocaine, and their response to the drug was compared to
that of animals which had been chronically treated with
saline.

Method

Animals. The animals were 53 male Sprague-Dawley rats
(Zivic-Miller) which weighed 220-350 g at the beginning of
the experiment. They were housed individually in clear
plastic cages (floor: 20 cm X 40 cm; height: 20 cm), and
were maintained on a 12/12 light/dark cycle with food and
water available ad libitum throughout the experiment.

Procedure. There were five groups of animals in the
experiment which received three stages of treatment: an
initial injection series, a waiting period, and a test injection
series. During the initial injection series, the five groups
were treated as follows. Two of the groups, designated as
20C and 40C, received a single daily intraperitoneal
injection of either 20 or 40 mg/kg of cocaine hydrochloride
for ten days. In another two groups, designated as
CONV(1) and CONV(3), animals were given daily cocaine
injections of increasing dosage until they had experienced
either one or three clonic convulsions, respectively. The
fifth group (SAL) was a saline control group. One half of
the animals in this group were injected with saline for 10
days to match the 20C and 40C groups; the other half of
the animals were matched to every fourth animal in the two
CONYV groups for the number of injections received.

The initial injection series for the two CONYV groups was
as follows: Days 1-7, 55 mg/kg; Days 8-12, 60 mg/kg; Days
13-15, 65 mg/kg. This schedule was designed to produce a
gradually increasing convulsant effect, utilizing the effects
of repeated administration as well as increasing dosage.

In the rat, a cocaine-induced clonic convulsion consists
of a primary episode of continual clonic jerks which may or
may not be followed by one or more secondary episodes
separated by periods without clonic activity. For the
purpose of the experiment a convulsion was defined as a
clonic episode with a total duration of 20 sec or longer, and
was characterized by three measures: (A) the duration in
seconds of the primary seizure; (B) the total duration in
seconds of the seizure from onset to the last secondary
seizure; and (C) the number of 15 sec periods between the
onset and termination of the seizure during which clonic
seizure activity was present. This last measure was intended
to reflect the total amount of seizure activity. The total
duration does not necessarily serve this purpose, since in
some animals short secondary episodes may occur several
minutes apart.

Throughout the experiment animals were observed
carefully for 30 min following injection for the occurrence
of a convulsion. During the initial injection series, diazepam
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(1 mg/kg IP) was administered to stop a convulsion if
secondary activity continued for three minutes beyond the
onset of the primary seizure. This was done to minimize
fatalities and to avoid the aphagia which may follow severe
convulsions. All animals which experienced a convulsion
were given wet mash in their cages until any weight loss was
regained. In addition, animals in the CONV(3) group were
not given additional injections of cocaine until any weight
loss following the convulsion was regained.

Following the initial injection series there was a waiting
period of 7 days, during which the animals were not
injected. This period was inserted between the initial and
test injection series to allow transitory effects of the initial
injection series to wear off.

The test injection series began for each animal on the
eighth day after its last injection in the initial injection
series. All animals were treated identically in this stage of
the experiment. The following ascending-dose series was
used: 1 day at 45 mg/kg; 1 day at 50 mg/kg; 7 days at 55
mg/kg; 5 days at 60 mg/kg; and 3 days at 65 mg/kg. The
test injection series was terminated for each animal after
one convulsion had been produced. The purpose of this
injection series was to assess the sensitivity of the various
groups to the convulsant effect of cocaine. The variable
used to measure this sensitivity was the number of
injections in the series required to produce a convulsion. It
was anticipated that this schedule would provide a very
sensitive measure, since the repeated administration of each
of the higher doses would allow sensitization to develop to
that dose before proceeding to the next dose. During the
test injection series, diazepam was not given unless a
convulsion persisted for 10 min rather than 3 min, in order
to obtain more information on seizure duration.

On the first day of the test injection series, each animal
was rated by an experienced observer for its behavioral
response to 45 mg/kg cocaine using a modification of a
rating scale developed in our laboratory for the purpose of
assessing the behavioral effects of stimulant drugs [8].
Behavior was rated over a 10 sec period once per minute for
15 min following injection. Behavior was rated on the scale
from 1 to 8 as follows: (1) asleep (lying down, eyes closed):
(2) inactive (lying or sitting, eyes open); (3) in-place
activity (grooming); (4) normal, alert, active (moving about
cage, sniffing, rearing); (5) hyperactive (rapid running
movements); (6) slow patterned (stereotyped locomotor
activity, usually circling the cage perimeter): (7) fast
patterned (fast stereotyped locomotor activity); (8) re-
stricted (stereotyped head and/or forelimb movements
without locomotor activity).

All testing of animals was done in their home cages
between the fifth and eighth hours of the light period.
Solutions of cocaine hydrochloride were prepared in
physiological saline with the concentration adjusted so that
animals received 1 ml/kg body weight.

Analvsis. Eight animals died from convulsions during the
initial injection series. This left the following number of
subjects in each group: SAL - 10: 20C - 10; 40C - 9:
CONV(1) — 8; CONV(3) — 8. Although one animal in the
CONV(3) group ftailed to develop a convulsion during the
15-day initial injection series, it was retained in the
experiment to avoid selective discard of animals from one
group.

Due to individual differences in the convulsive threshold
to cocaine, four of the five groups contained an animal
which did not convulse during the 17 day test injection
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series. This posed a problem for the analysis of the number
of injections required to produce a convulsion during the
test injection series. To solve this problem without intro-
ducing a bias, the animal with the largest number of
injections in each group was not included in this analysis.

When parametric tests were appropriate, data were
analyzed by analyses of variance followed by individual
comparisons using the Newman-Keuls method [47]. Non-
parametric statistics were used for variables which were not
normally distributed, and for the number of injections
required to produce a convulsion during the test injection
series, since the dose increases in the test injection series
were not evenly spaced. In these cases, the data were
analyzed by the Kruskal-Wallace H test or the Friedman
analysis of variance by ranks for repeated measures, with
the Mann-Whitney U test used for individual comparisons
[361.

Results

Initial injection series. During the initial injection series
animals treated with cocaine gained weight more slowly
than saline animals. In addition, individual animals lost
significant amounts of weight following convulsions. How-
ever, the wet mash placed in these animals’ cages com-
pensated for the weight loss. The rate of weight gain for the
groups from the first day of the experiment to the first day
of the test injection series, expressed as a percentage of the
weight gained in the saline group, was as follows: 20C
(100.1%); 40C (98.7%); CONV(1l) (95.6%); CONV(3)
(94.7%). While this difference is significant, F(4,39) = 2.77,
p<0.05, the differences are quite small and indicate that
even in the two CONYV groups the animal body weights had
recovered to near normal levels at the beginning of the test
injection series. Thus it is difficult to attribute differences
in seizure susceptibility during the test injection series to
physical debilitation.

During the initial injection series, the CONV(1) group
received an average of 5.63 injections of cocaine, while the
CONV(3) group received an average of 10.25 injections of
cocaine. Thus the duration of treatment for the CONV(3)
group was comparable to that received by the 20C and 40C
groups while the CONV(1) group received treatment of
shorter duration.

The seizure parameters for the CONV(3) group during
the initial injection series are shown in Fig. 1. As can be
seen there was a trend for all parameters to increase from
the first to the third convulsion. This trend was significant
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FIG. 1. Experiment 1. Mean scizure parameters for the CONV (3)
group during the initial injection series.
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FIG. 2. Experiment 1. Mean behavioral rating and S.E.M. for the

five groups over the 15 min period following injection of 45 mg/kg
cocaine on the first day of the test injection series.
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FIG. 3. Experiment 1. Mean days-to-convulsion and S.E.M. for the
five groups during the test injection series.

only for primary duration, F(2,12) =4.03, p<0.05, and the
number of 1[5 sec periods containing seizure activity
(Friedman analysis of variance by ranks; X2 = 7.9;df = 1,
p<0.02). Thus the amount of seizure activity present
during a convulsion increased as a function of the number
of previous convulsions.

Test injection series. The behavioral response to the
injection of 45 mg/kg cocaine on the first day of the test
injection series is shown in Fig. 2. A single-factor analysis of
variance indicated a highly significant difference among the
groups, F(4,40) = 5.92, p<0.01. Individual comparisons by
the Newman-Keuls procedure indicated that the 40C group
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FIG. 4. Experiment 1. Mean seizure parameters for the five groups during the test injection period.
The number of animals per group is shown above each bar.

had a significantly greater response to cocaine than did the
SAL (q = 6.33, p<0.05), the 20C (q = 2.91, p<0.05), the
CONV(1) (q = 3.85, p<0.05), or the CONV(3) (q = 4.92,
p<0.05) groups. No other comparisons were significant.

The number of days required for a seizure to occur
during the test injection series is shown in Fig.3. A
Kruskal-Wallace H test indicated that there was a significant
difference among the groups (H = 11.95, df = 4, p<0.02).
The nature of this difference was analyzed by comparison
of each cocaine group with the SAL group using the
Mann-Whitney U test. Both the 40C group (U = 12.5,
p<0.05, two-tailed) and CONV(1) group (U= 7.0, p<0.02,
two-tailed) convulsed significantly sooner than the SAL
group. In addition, the CONV(3) group approached sig-
nificance (U = 12.5, p<0.10, two-tailed). While the 40C
group was intended to represent a high but subconvulsive
level of treatment, three of the animals in that group
convulsed during the initial injection series, and con-
sequently the increased sensitivity to cocaine in this group
cannot be attributed to a purely subconvulsive initial
treatment.

The seizure parameters for the five groups during the
test injection series are shown in Fig. 4. During the test
injection series 12 animals out of the 45 in the experiment
died during convulsions. Because the total duration and
number of 15 sec periods of seizure activity were cut short
in the animals that died, analysis of these measures included
only animals which survived the convulsions. Primary
duration was analyzed by analysis of variance, while the
other measures were analyzed by the Kruskal-Wallace H
test. The groups differed significantly in both total duration
(H=14.57, p<0.01) and the number of 15 sec segments of
seizure activity (H = 17.22, p<0.01), but not in primary
duration. F(4,36) = 2.31, p<0.10. Mann-Whitney U tests
indicated that only the two CONV groups had a sig-
nificantly greater total duration and number of 15 sec
periods of seizure activity than did the SAL group
(CONV(1): U=5,p<0.015and U= 0, p<0.001; CONV(3):
U = 0, p<0.001 and U = 0, p<0.001; all p values
two-tailed).

EXPERIMENT 2

Experiment 1 indicated that chronic administration of a

convulsive dose of cocaine produces a sensitization to the
drug’s convulsant effect. However, the question of whether
chronic administration of a sub-convulsive dose can also
produce sensitization was left unanswered, since three
animals in the 40C group convulsed during initial treat-
ment. Experiment 2 was designed to address this point and
also to assess the extent to which the sensitization to
cocaine persists beyond the termination of chronic ad-
ministration.

Method

Animals. The animals were 66 male Sprague-Dawley rats
(Zivic-Miller) which weighed 240320 g at the beginning of
the experiment. Their housing conditions were identical to
those of Experiment 1.

Procedure. Like Experiment 1 this experiment had three
parts: an initial injection series, a waiting period, and a test
injection series. There were five groups: a saline group
(SAL) and four cocaine groups. During the initial injection
series, all animals were injected intraperitoneally once per
day for 10 days. The SAL group received saline and all the
cocaine groups received 40 mg/kg cocaine. Two animals
died from convulsions during the initial injection series.
leaving 64 animals in the study: 16 in the SAL group and
12 in each of the cocaine groups. Following the initial
injection series, the four cocaine groups, designated as
40C-4, 40C-8, 40C-16, and 40C-32, were left untreated for
a waiting period of 4, 8. 16, or 32 days, respectively. The
SAL group was divided into four subgroups (N = 4 each)
which were matched to the four cocaine groups for
duration of the waiting period. Following the waiting
period all animals underwent an identical test injection
series which began at 45 mg/kg cocaine and increased each
day by 2.5 mgrkg. Injections were terminated for each
animal when that animal had a clonic convulsion of a total
duration of 20 sec or longer, or if it reached 77.5 mg/kg
without convulsing. Because the dose of cocaine in the test
injection series increased in regular daily increments,
parametric statistics were used to analyze the dose at which
the animals convulsed.

During the first 48 hr of the initial injection series daily
food consumption of the groups was measured to de-
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FIG. 6. Experiment 2. Mean behavioral rating for the five groups over the 120 min period following
injection of 45 mg/kg cocaine on the first day of the test injection series.

termine the magnitude of cocaine’s effect on food intake.
Subsequent to this point, animals in the cocaine groups
received food pellets in their cages to counteract the
cocaine-induced reduction in weight increase, while SAL
animals were placed on a slightly restricted feeding schedule
(90% of the ad lib amount). These manipulations remained
in effect until the sixth day of the waiting period, except
for the SAL-4 and 40C-4 animals, which were returned to
normal feeding on the third day of the waiting period
(48 hr before the beginning of their test injection series).
On the first day of the test injection series the behavioral

response to 45 mg/kg cocaine was rated for all animals. The
behavior for each animal was rated over a 10 sec period
every 3 min for the first 15 min postinjection, and every
15 min thereafter until 120 min postinjection. The rating
scale was the same as that used in Experiment 1.

All data were collected between the fifth and eighth
hours of the light period. Drug solutions were prepared as
in Experiment 1. All animals were closely observed for
30 min following injection, and convulsions were scored as
in Experiment 1. The data were analyzed by the procedures
used in Experiment 1 and by Dunnett’s ¢-test [47].
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FIG. 7. Experiment 2. Mean behavioral rating and S.E.M. for the five groups over three blocks of time
following injection of 45 mg/kg cocaine on the first day of the test injection series.

Results

The animals in the cocaine groups had a significantly
lower food consumption than did SAL controls over the
first 48 hr of the initial injection series (26.1 vs 29.1 g:
F(1,62) = 10.64, p<0.01). However, Fig. 5 illustrates that
the feeding manipulations employed resulted in comparable
body weights in the SAL and cocaine groups throughout
the course of the experiment.

The behavioral response to 45 mg/kg cocaine on the first
day of the test injection series is shown in Fig. 6. Two
animals were not included in this figure and the subsequent
analysis: one in the 40C-32 group which was the only
animal to convulse on the first day of the test injection
series, and one in the 40C-4 group which did not exhibit a
behavioral response to the injection, having a mean rating
of 2.38 over the first hour vs 5.50 as the next lowest score
in the experiment. For the purpose of analysis the data
were pooled into three blocks intended to reflect the onset
(Min 3-12), maximal level (Min 15-60), and offset
(Min 75-120) of the drug effect (Fig. 7). A single-factor
analysis of variance indicated that there was a significant
difference among the groups in each of the three blocks
(onset: F(4,57) = 5.75, p<0.01; maximal level: F(4,57) =
3.59, p<0.05; offset: F(4,57) = 3.18, p<0.05). Individual
comparisons with the SAL group via Dunnett’s r-test
indicated that all of the cocaine groups had a significantly
greater behavioral response than the SAL group during
onset (40C-4: ¢ = 3.47, p<0.01;40C-8; ¢ = 3.87, p<0.01;
40C-16: t = 3.79, p<0.01; 40C-32: ¢t = 2.81, p<0.05; all p
values two-tailed) and all but the 40C-8 group had a
significantly greater maximal level (40C-4: ¢ 3.10,
p<0.05; 40C-8: ¢ = 2.48, p<0.10; 40C-16: r 2.97,
p<0.05; 40C-32: t = 2.66, p<0.05; all p values two-tailed).
However, no cocaine group was significantly different from
the SAL group during offset. Examination of Figs. 6 and 7
indicates that the significant overall differeng among the
groups during offset reflects a more rapid offset of the drug
effect in animals tested after the shorter waiting periods.

Figure 8 shows a breakdown of the response to cocaine
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FIG. 8. Experiment 2. Mean behavioral rating and S.E.M. for the
four SAL subgroups over three blocks of time following injection of
45 mg/kg cocaine on the first day of the test injection series.

among the SAL animals. There was no significant difference
among the four subgroups during the onset, F(3,12) = 0.60,
or maximal level, F(3,12) = 1.39, p>0.25, of the drug
effect, but there was a significant difference during the
offset, F(3,12) = 3.62, p<0.05. As with the cocaine groups.
the SAL subgroups tested earliest had a more rapid offset
of the drug effect.

Seizure susceptibility was measured by the dose at which
a convulsion occurred during the test injection series. Several
of the groups contained an animal which did not convulse
during the test injection series, and to solve this problem
without bias the highest score in each group was discarded
from the analysis. Under these conditions (Fig. 9A), there
was a highly significant difference among the groups,
F(4,54) = 4.80, p<0.01. Individual comparisons with the
SAL group by means of Dunnett’s ¢-test indicated that the
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FIG. 9. Experiment 2. Mean dose at convulsion and S.E.M. for the

five groups during the test injection series. (A) Highest score/group

discarded; (B) Highest score/group and scores of all animals which
convulsed during the initial injection series discarded.

40C-4 (r = 3.37, p<0.01), 40C-8 (r = 3.64, p<0.01), and
40C-32 (¢t = 2.73, p<0.05) groups, but not the 40C-16
group (¢t = 1.28), were significantly more sensitive to the
convulsant effect of cocaine than the SAL group (all p
values two-tailed). However, this effect cannot be at-
tributed to a purely subconvulsive level of treatment,
because six of the animals in the cocaine groups convulsed
during the initial injection series. If these animals are
discarded, so that only animals which received a purely
subconvulsive level of cocaine treatment during the initial
injection series are analyzed (Fig. 9B), there is still
a significant overall difference among the groups, F(4,48) =
3.12, p<0.05. Using a two-tailed test only the 40C-8 group
has a significantly lower convulsive dose (¢ = 3.00, p<0.05),
while the 40C-4 (r 2.35, p<0.10) and 40C-32 (¢ = 2.50,
»<0.10) groups approach significance. However, given the
directional nature of the hypothesis being tested (that
chronic cocaine administration lowers the convulsive
threshold to cocaine), one-tailed tests are appropriate, in
which case the 40C-4 and 40C-32 groups are significantly
more sensitive to cocaine than the SAL group at the 0.05
level, and the 40C-8 group at the 0.025 level.

There was no significant difference among the SAL
subgroups in sensitivity to the convulsant effect of cocaine
(Fig. 10; F(3,12) = 0.43). None of the seizure parameters
(initial duration, total duration, or number of 15 sec
periods of seizure activity) varied significantly as a function
of the drug administered during the initial injection period
or the duration of the waiting period.

DIBCUSSION

The results of the present experiments confirm previous
reports that the chronic administration of cocaine can
result in augmentation of its behavioral effects. Further-
more, this augmentation was found to persist beyond the
termination of chronic drug administration. Experiment 1
indicated a persistence for at least 8 days of both the
enhanced stereotyped behavior and the enhanced con-
vulsant effect of cocaine, but Experiment 2 did not
pinpoint the duration of this enhancement. The stereo-
typed behavior produced by cocaine in Experiment 2 was
significantly greater in all cocaine groups than in the SAL
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FIG. 10. Experiment 2. Mean dose at convulsion and S.E.M. for the
four SAL subgroups during the test injection series.

H

group for the first hr postinjection, but trends among the
SAL subgroups (see Fig. 8), although not significant,
suggest that the significant enhancement of stereotypy in
the cocaine groups with the longest waiting periods (40C-16
and 40C-32) may have been due at least in part to an
increase in response with age. The significant difference
among both the 40C groups and the SAL subgroups during
the second hour postinjection indicates that the rate of
offset of the cocaine effect decreases with age (see Figs. 6,
7, and 8). Other work in our laboratory has indicated that
naive rats have similar age-related differences in offset when
injected with cocaine for the first time {20]. This change
could be a secondary etfect of the body weight increase
associated with increasing age in the rat (Fig. 5), or related
to other changes with age such as reduced degradative
metabolism of drugs [18].

The period of time during which the convulsant effect of
cocaine remained enhanced in Experiment 2 is also un-
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certain. It can be argued that the effect persisted for 33
days or more after termination of drug administration,
since the 40C-32 group exhibited a significant en-
hancement, while the SAL subgroups showed no tendency
for sensitivity to increase with duration of the waiting
period. However, the absence of a significant persistence in
the 40C-16 group weakens this interpretation. The sig-
nificant effects in the 40C-4 and 40C-8 groups indicate that
the sensitization persisted for at least 9 days after the end
of initial treatment, but the conflicting results in the
40C-16 and 40C-32 groups do not clearly establish the
duration of this persistence.

Several points can be made about the nature of the
enhanced response to cocaine. Administration of either
40 mg/kg cocaine or the CONV(1) treatment produced an
increased convulsant effect of cocaine in Experiment 1.
Experiment 2 demonstrated that a purely subconvulsive
level of cocaine treatment (40 mg/kg) could result in a
reduced convulsive threshold to cocaine. In Experiment |
the 40 mg/kg treatment but not the CONV treatments
resulted in augmentation of stereotyped behavior. Thus the
enhancement of both these effects of cocaine seems due
primarily to the effects of the drug per se rather than the
convulsions produced by the drug. In contrast, Ex-
periment 1 showed that only the CONV treatments in-
creased the amount of seizure activity present during a
convulsion, and in Experiment 2 the chronic administration
of 40 mgs/kg cocaine had no effect on this measure. These
findings demonstrate a distinction between the convulsive
threshold to cocaine and the intensity of the resulting
convulsion, with the latter being affected only when
convulsions were produced during the initial treatment.
This difference may be a reflection of different mechanisms
underlying these two aspects of convulsions [13].

We have recently demonstrated that the chronic ad-
ministration of cocaine results in a persistent augmentation
of the drug’s electrophysiological as well as behavioral
effects [39]. The mechanisms by which chronic cocaine
produces these etfects are not known. The results of the
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present experiments indicate that the augmented behavioral
response 1s not related to any debilitation produced in the
animals by chronic cocaine administration. Although Ex-
periment 2 demonstrated a small reduction in food con-
sumption due to cocaine, the animals receiving chronic
cocaine treatment continued to gain weight, and the
enhanced response they showed was in comparison to
saline-treated animals matched for weight gain. This finding
suggests that the enhanced response to cocaine is a fairly
specific effect of chronic administration rather than being
related to the general physiological condition of the animal.

A number of possible explanations for this enhanced
response can be formulated, including (a) the development
of a conditioned response to the drug: (b) an increase in the
amount of drug reaching its sites of action due (o
accumulation in the brain or alterations in absorption.
entry into the brain, or degradation: or (c¢) an increased
responsiveness of the brain to the drug due to changes in
receptor sensitivity or the repetition of the electro-
physiological effects of cocaine in a manner resembling the
kindling phenomenon of Goddard [14]. These possibilities
and the evidence bearing on them have been discussed in
detail elsewhere [9, 38, 39].

In addition to cocaine, d-amphetamine has also been
reported to produce an augmented response (locomotor
activity and stereotyped behavior) following chronic ad-
ministration [19, 21, 25, 34]. This sensitization to certain
behavioral effects of these two psychomotor stimulants
contrasts with the tolerance which occurs to the hyper-
thermic, anorectic, and lethal effects of the drugs [11. 22,
23, 41]. If sensitization such as that reported here also
occurs in humans, it may be related to the development of
pathological behavior which has been observed in humans
during chronic use of high doses of these drugs [3. 7. 10.
241 consequently, experimental analysis of the mech-
anisms underlying the sensitization in animals may provide
information relevant to the behavior changes which occur
in human users of these drugs.

REFERENCES

1. Adler, M. W. S. Sagel, S. Kitagawa, T. Segawa and E. S.
Maynert. The effects of repeated flurothyl-induced seizures on
convulsive thresholds and brain monoamines in rats. Arch. int.
Pharmacodyn. Thér. 170: 12-21, 1967.

2. Carmichael, F. J. and Y. Israel. /n vitro inhibitory effects of
narcotic analgesics and other psychotropic drugs on the active
uptake of norepinephrine in mouse brain tissue. J. Pharmac.
exp. Ther. 186: 253 -260, 1973.

3. Connell, P. H. Amphetamine Psychosis. London: Oxford
University Press, 1958.

4. deJong, R. H. Physiology and Pharmacology of Local Anes-
thesia. Springtield: Charles C. Thomas, 1970.

5. Downs, A. W. and N. B, Eddy. The effect of repeated doses of
cocaine on the rat.J. Pharmac. exp. Ther. 46: 199200, 1932.

6. Eidelberg, E., H. Lesse and I'. P. Gault. An experimental model
of temporal lobe epilepsy: Studies of the convulsant properties
of cocaine. In: EEG and Behavior, edited by G. H. Glaser. New
York: Basic Books, 1963, pp. 272-283.

7. Ellinwood, E. H., Jr. Amphetamine psychosis: I. Description of
the individuals and process. J. Nerv. ment. Dis. 144: 272 -283,
1967.

8. Ellinwood, E. H., Jr. and R. L. Balster. Rating the behavioral
cffects of amphetamine. Eur. J. Pharmac. 28: 35 -41, 1974,

9. Ellinwood, E. H., Jr., J. S. Stripling and M. M. Kilbey. Chronic
changes with amphetamine intoxication: Underlying processes.
In: Neuroregulators and Hvpotheses of Psychiatric Disorders,
edited by E. Usdin and J. Barchas. London: Oxftord University
Press, in press.

10. Ellinwood, E. H., Jr., A. Sudilovsky and L. M. Nelson. Evolving
behavior in the clinical and experimental amphetamine (model)
psychosis. Am. J. Psychiat. 130: 1088—1093, 1973.

Fl. Iischman, M. W. and C. R. Schuster. Tolerance devetopment to
chronic methamphetamine intoxication in the rhesus monkey.
Pharmac. Biochem. Behav. 2: 503 -508, 1974.

12. Fog, R. Stereotyped and non-stereotyped behavior in rats
induced by various stimulant drugs. Psychopharmacologia 14:
299-304, 1969.

13. Gastaut, H. and M. Fischer-Williams. The physiopathology ot
epileptic seixures. In: Handbook of Physiology. Section 1.
Neurophysiology, Vol. 1, edited by 1. Field. H. W. Magoun and
V. E. Hall. Baltimore: Williams and Wilkins, 1959.

14. Goddard, G. V., D. C. McIntyre and C. K. Leech. A permanent
change in brain function resulting from daily clectrical stim-
ulation. Kxp! Neurol. 25: 295-330, 1969.



CHRONIC COCAINE ADMINISTRATION IN THE RAT

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ho, B. T., D. L. Taylor, V. S. Estevez, L. F. Englert and M. L.
McKenna. Behavioral effects of cocaine--Metabolic and neuro-
chemical approach. In: Cocaine and Other Stimulants, edited
by E. H. Ellinwood, Jr. and M. M. Kilbey. New York: Plenum
Press, in press.

Iversen, L. L. The Uptake and Storage of Noradrenaline in
Sympathetic Nerves. London: Cambridge University Press,
1967.

Izquierdo, 1., J. Fernandes, R. Oliveira and F. Settineri. Effect
of daily saline, drug, or blank injections on the susceptibility to
the convulsant effect of drugs. Pharmac. Biochem. Behav. 3:
721-722,1975.

Kato, R., P. Vassanelli, G. Frontino and E. Chiesara. Variation
in the activity of liver microsomal drug--metabolizing enzymes
in rats in relation to the age., Biochem. Pharmac. 13:
1037-1051, 1964.

Kilbey, M. M. and E. H. Ellinwood, Jr. Chronic administration
of stimulant drugs: Response modification. In: Cocaine and
Other Stimulants, edited by E. H. Ellinwood, Jr. and M. M.
Kilbey. New York: Plenum Press, in press.

Kilbey, M. M. and E. H. Ellinwood, Jr. The effect of
age-related factors on behavior induced by cocaine. Submitted
for publication.

Kiawans, H. L., P, Crossett, and N. Dana. Effect of chronic
amphetamine exposure on stereotyped behavior: Implications
for pathogenesis of 1-DOPA-induced dyskinesias. In: Advances
in Neurology, Vol, 9, edited by D. B. Calne, T. N. Chase and A.
Barbeau. New York: Raven Press, 1975, pp. 105—112.
Lewander, T. Urinary excretion and tissue levels of catechol-
amines during chronic amphetamine intoxication. Psychio-
pharmacologia 13: 394—-407, 1968.

Lewander, T. A mechanism for the development of tolerance
to amphetamine in rats. Psychopharmacologia 21: 17-31,
1971.

Lewin, L. Phantastica. Narcotic and Stimulating Drugs, trans-
lated by P. H. A. Wirth. New York: E. P. Dutton, 1931.
Magos, L. Persistence of the effect of amphetamine on
stereotyped activity in rats. Eur. J. Pharmac. 6: 200-201,
1969.

Mason, C. R. and R. M. Cooper. A permanent change in
convulsive threshold in normal and brain-damaged rats with
repeated small doses of pentylenetetrazol. Epilepsia 13:
663-674,1972.

Post, R. M. Progressive changes in behavior and seizures
following chronic cocaine administration: Relationship to
kindling and psychosis. In: Cocaine and Other Stimulants,
edited by E. H. Ellinwood Jr. and M. M. Kilbey. New York:
Plenum Press, in press.

Prichard, J. W., B. B. Gallagher and G. H. Glaser. Experimental
seizure-threshold testing with flurothyl. J. Pharmac. exp. Ther.
166: 170178, 1969.

Ritchie, J. M., P. J. Cohen and R. D. Dripps. Cocaine, Procaine
and other synthetic local anesthetics. In: The Pharmacological
Basis of Therapeutics, edited by L. S. Goodman and A.
Gilman. New York: Macmillan, 1970, pp. 371-401.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43,

44.

45.

46.

47.

579

Ross, S. B. and A. L. Renyi. Inhibition of the uptake of
tritiated catecholamines by antidepressant and related agents.
Eur. J. Pharmac, 2: 181-186, 1967.

Ross, S. B. and A. L. Renyi. Inhibition of the uptake of
tritiated 5-hydroxytryptamine in brain tissue. Fur. J. Pharmac.
7:270-277, 1969.

Saunders, H. D. A comparison of the convulsant activity of
procaine and pentylenetetrazol. Archs int. Pharmacodyn. Thér.
170: 165-177,1967.

Schildkraut, J. J., S. M. Schanberg, G. R. Breese and I. J.
Kopin. Norepinephrine metabolism and drugs used in the
affective disorders: A possible mechanism of action. Am. J.
Psychiat. 124: 600-608, 1967.

Segal, D. S. and A. J. Mandell. Long-term administration of
d-amphetamine: Progressive augmentation of motor activity
and stereotypy. Pharmac. Biochem. Behav. 22: 249-255,
1974.

Segawa, T. and 1. Kuruma. The influences ot drugs on the
uptake of 5-hydroxytryptamine by nerve-ending particles of
rabbit brain stem. J. Pharmac. Pharmac. 20: 320-322, 1968.
Siegel, S. Nonparametric Statistics for the Behavioral Sciences.
New York: McGraw-Hill, 1956.

Simon, P., Z. Sultan, R. Chermat and J. Boissier. La cocaine,
une substance amphetaminique? Un probleme de psycho-
pharmacologie experimentale. J. Pharmac. Paris 3: 129-142,
1972.

Stripling, J. S. and E. H. Ellinwood, Jr. Cocaine: Physiological
and behavioral effects of acute and chronic administration. In:
Cocaine: Chemical, Biological, Clinical, Social and Treatment
Aspects, edited by S. Mulé. Cleveland: CRC Press, in press.
Stripling, J. S. and E. H. Ellinwood, Jr. Augmentation of the
behavioral and electrophysiological response to cocaine by
chronic administration in the rat. £xp/ Neurol., in press.
Tatum, A. L. and M. H. Seevers. Experimental cocaine
addiction. J. Pharmac. exp. Ther. 36: 401-410, 1929.
Tormey, J. and L. Lasagna. Relation of thyroid function to
acute and chronic effects of amphetamine in the rat. J.
Pharmac. exp. Ther. 128: 201-209, 1960.

Usubiaga, [. E., J. Wikinski, R. Ferrero, L. E. Usubiaga and R.
Wikinski. Local anesthetic-induced convulsions in man-an
electroencephalographic study. Anesth. Analg. Curr. Res. 45:
611-620, 1966.

van Rossum, J. M. Mode of action of psychomotor stimulant
drugs. /nt. Rev. Neurobiol. 12: 307383, 1970.

Wagman, 1. H., R. H. de Jong and D. A. Prince. Effects of
lidocaine on the central nervous system. Anesthesiology 28:
155-169, 1967.

Wagman, 1. H., R. H. de Jong and D. A. Prince. Effects of
lidocaine on spontaneous cortical and subcortical electrical
activity. Archs Neurol. Psychiat. 18: 277-290, 1968.

Wallach, M. B. and S. Gershon. The induction and antagonism
of central nervous system stimulant-induced stereotyped be-
havior in the cat. Eur. J. Pharmac. 18: 22-26,1972.

Winer, B. J. Statistical Principles in Experimental Design. New
York: McGraw-Hill, 1962.



