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ESTEVEZ, V. S., B. T. HO AND L. F. ENGLERT. Metabolism correlates o f  cocaine-induced stereotypy in rats. 
PHARMAC. BIOCHEM. BEHAV. 10(2) 267-271, 1979.--An increase in stereotyped behavior was observed in rats 
injected daily with cocaine (40 mg/kg, IP), as compared with the first day. This increase persisted 14 days after discontinua- 
tion of the drug treatment, and corresponded to increased levels of 3H-cocaine, norcocaine and benzoylecgonine in brain. 
Pretreatment of the animals with SKF-525A, an inhibitor of cocaine demethylation, produced a decrease in stereotypy 
rating and concomitantly a lower level of '~H-norcocaine in the brain. The role of this metabolite in the production of 
cocaine-induced stereotyped behavior is discussed. 

Cocaine Stereotyped behavior Metabolism 

REPEATED administration of  cocaine can result in an 
enhancement of its behavioral effects under certain condi- 
tions [1, 9, 15]. Reports of increase in motor  activity [4, 5, 12] 
and stereotypy during repeated administration [10, 11, 14] 
have demonstrated the cocaine-induced hypersensit ivity in 
laboratory animals. Furthermore,  this increased sensitivity 
was found to persist  after the termination of  chronic drug 
administration [7, 13, 14]. 

The metabolism of  cocaine has been extensively studied 
and one of  its main metabolites,  norcocaine, is a product of  
the microsomal enzyme system in the liver. After adminis- 
tration of  3H-cocaine, norcocaine accounts for 10 to 15% of  
the total concentration of the drug and metabolites in the 
brain [4,17]. When administered alone, it is behaviorally 
active [6,18], implying it is an active metabolite of cocaine. 

In a previous report,  we were able to demonstrate an 
increase in locomotor activity in chronically drug-treated 
rats, as compared to that in chronic saline animals receiving 
a single dose of  cocaine. This coincided with an increase in 
the levels of norcocaine and a concomitant decrease of 
cocaine concentration in the brains of  the chronic animals at 
the time of  measurement,  indicating a faster metabolism re- 
sulting from the chronic administration [4]. In addition, the 
administration of  SKF-525A, a microsomal enzyme in- 
hibitor, produced an elevation of unchanged cocaine in the 
rat brain without altering brain norcocaine concentrations. 
The locomotor activities of  rats after receiving cocaine were 
not significantly different in animals with or without pre- 
treatment of SKF-525A [3]. 

The purpose of the present work was to correlate the 
changes on cocaine-induced stereotyped behavior in rats 
with drug metabolism, after acute and repeated daily injec- 
tions. 

Behavioral Studies 

METHOD 

Three groups of eight female Sprague-Dawley rats (180- 
200 g) were used for this experiment. The rats were single 
caged and received food and water ad lib. The first group of 
animals received daily cocaine hydrochloride (40 mg/kg IP) 
in saline and the stereotyped behavior was evaluated follow- 
ing a procedure similar to that reported by Kilbey and Ellin- 
wood [7], i.e., on Days 1 and 14 of daily drug injection. On 
Day 14 following discontinuation of  treatment,  the rats re- 
ceived a final injection of  cocaine and were again scored for 
stereotyped behavior. Behavior ratings on the 8-point scale 
of Ellinwood and Balster [2] were made before the animals 
received cocaine injections, and at varying intervals up to 90 
min after receiving the drug. At each time interval, the rats 
were observed for 20 sec, and a score assigned. Data were 
calculated for significance using a Mann-Whitney U test. 

The other two groups of animals were used to study the 
effects of  SKF-525A, a microsomal enzyme inhibitor, on 
cocaine induced behavior. All animals received cocaine. HCI 
(40 mg/kg IP) daily for 14 days. On Day 14, half the rats were 
given SKF-525A (12.5 mg/kg IP) in saline 30 min prior to the 
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FIG. I. Enhancement of stereotyped behavior in rats injected daily for 14 days with cocaine HCI (40 
mg/kg, IP). Each value represents the mean score _+ SEM of 5 animals. ~ O, the group receiv- 

ing an acute dose of cocaine; © ©, the chronically treated group. 
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FIG. 2. Persistence of enhancement of stereotyped behavior at 7 days after discontinuation of chronic 
cocaine injections. Each value represents the mean score _+ SEM of 5 animals of the two groups 

shown in Fig. I. 
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TABLE 1 
EFFECTS OF CHRONIC ADMINISTRATION ON THE LEVELS OF 

3H-COCAINE AND METABOLITES IN THE RAT BRAIN 

TABLE 2 

EFFECTS OF CHRONIC ADMINISTRATION ON THE LEVELS OF 
all-COCAINE AND METABOLITES IN THE RAT PLASMA 

nmole/g 

Cocaine Norcocaine Benzoylecgonine 

nmole/ml 

Cocaine Norcocaine Benzoylecgonine 

Day 1 11.8 ± 0.27 3.86 ± 0.06 2.3 ± 0.16 
(40 mg/kg) 

Day 14 16.3 ± 0.43* 4.72 _ 0.03* 3.78 ± 0.05* 
(40 mg/kg) (38% 1'):~ (22% 1'):~ (64% 1'):~ 

Day 14 21.6 ± 2.4I 4.82 ± 0.03* 3.21 ± 0.05* 
Posttreatment 

(40 mg/kg) (83% T)$ (25% T)~t (40% 1')$ 

Day 1 3.5 ± 0.08 1.9 _ 0.02 19.9 - 0.47 
(40 mg/kg) 

Day 14 6.7 ± 0.05* 3.2 ± 0.03* 17.5 _ 0.56I 
(40 mg/kg) (90% T)$ (68% 1')~ (12% ~)~: 

Day 14 5.0 ± 0.06* 2.2 ± 0.03* 27.2 ± 0.80* 
Posttreatment 

(40 mg/kg) (43% l')~t (16% T)$ (37% I')~ 

Each value represents the mean - SEM of duplicate samples 
from 6 rats. 

*p<0.001, to the Day 1 group. 
tp<0.01, compared to the Day 1 group. 
Percent changes: to the Day 1 grouper. 

Each value represents the mean ± SEM of duplicate samples 
from 6 rats. 

*p<0.001, compared to the Day 1 group. 
tp<0.02, compared to the Day 1 group. 
Percent changes: to the Day 1 group $. 

drug; the other half received saline. Ratings were made as 
described above. 

Metabolic Studies 

Three groups of 6 female Sprague-Dawley rats (180-200 g) 
were used for the studies. The first group received 
intraperitoneally 40 mg/kg of 3H-labeled cocaine (4/zC/mg) in 
saline and was sacrificed 45 min later, under ether anes- 
thesia. The second group received nonlabeled drug (40 mg/kg 
IP) daily for 13 days, followed by one administration of the 
labeled compound on the 14th day; the animals were sac- 
rificed 45 min postinjection. The third group was injected 
with cocaine. HC1 daily for 14 days. The drug treatment was 
discontinued for 13 days and a dose of the labeled compound 
was given to the rats on Day 14. Sacrificing was performed in 
the same manner as above. 

Blood was collected in heparinized tubes, and the brain 
removed from each rat. Plasma was separated by centrifuga- 
tion at 10,000 x g for 20 min at 4°C. Aliquots of plasma and 
brain homogenates, 20% in water, were assayed for radioac- 
tivity. Unchanged cocaine and metabolites in tissues were 
extracted and chromatographed as described in previously 
published procedures [5,16]. 

For inhibition studies, a group of 12 rats received 
cocaine. HCI (40 mg/kg, IP) in saline daily for 13 days. On 
the 14th day all animals received 3H-cocaine-HC1. Half the 
rats were injected with SKF-525A (12.5 mg/kg, IP), 30 min 
prior to receiving the labeled drug. The other half received 
saline. Thirty min after receiving the 3H-cocaine, all animals 
were sacrificed under ether anesthesia. The time for sacrific- 
ing was chosen to coincide with the peak of stereotypy ob- 
served in the chronically cocaine-treated animals (Fig. 2). 
Metabolic studies were carried out as described above. All 
data were analyzed for significance using Student 's t-test. 

RESULTS 

For behavioral studies, data were divided into three 
groups for each set of animals: onset period, peak period and 

offset period, as fully described by Kilbey and Ellinwood [7]. 
Daily administration of cocaine for 14 days produced a sig- 
nificant increase in the cocaine-induced stereotypy both at 
the onset period (3-15 min, p =0.014) and at the peak period 
(20-45 min, p =0.014) (Fig. 1). This enhancement of behavior 
persisted 7 days after the discontinuation of treatment. The 
onset and offset periods remained unaltered 7 days after 
termination of the drug (Fig. 2). 

The levels of unchanged labeled cocaine, norcocaine and 
benzoylecgonine in brain and plasma are shown in Tables 1 
and 2. 

Fourteen days of daily treatment resulted in an increase 
of 38%, 22% and 64% of labeled cocaine, norcocaine and 
benzoylecgonine, respectively, in brain over the levels ob- 
served after one dose of the drug. This increase was still 
observed on the 14th day after drug discontinuation, as the 
levels of the three compounds were significantly higher than 
those of the first day of treatment. 

In plasma, changes in levels of labeled cocaine and nor- 
cocaine were similar, with a slight decrease of the two com- 
pounds on the 14th day of postdrug treatment with respect to 
the 14th day. However~ benzoylecgonine levels were rather 
erratic at the two intervals. 

The respective roles of cocaine and its metabolites in the 
enhancement of stereotypy could not be differentiated by 
brain levels of the compounds. SKF-525A was used to re- 
duce cocaine metabolism in anticipation that any behavioral 
alteration would coincide with changes in concentration in 
the brain. Animals that received the inhibitor prior to the 
drug exhibited a significantly lower stereotypy rating 
(p =0.029) at the peak period (20-45 min) than those without 
SKF-525A pretreatment (Fig. 3). No statistical difference 
was found for the onset (3-15 rain) or offset period (60-90 
min). Metabolic studies with SKF-525A revealed that at 30 
min the inhibitor produced a significant 28% increase of 
cocaine and a 25% and 19% decrease of norcocaine and ben- 
zoylecgonine, respectively, in brain (Table 3). 

DISCUSSION 

Our studies confirm the reports of Kilbey and Ellinwood 
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TABLE 3 
INHIBITION OF ~H-COCAINE METABOLISM BY SKF-525A IN CHRONIC 

RATS 

Plasma Pretreatment 
Cocaine 

nmole/g or nmole/mi 

Norcocaine Benzoylecgonine 

Brain 

Plasma 

Saline 27.5 --- 1.39 7.70 - 0.31 6.25 _+ 0.33 
SKF-525A 35.1 _+ 1.38" 5.80 _+ 0.21" 5.07 _+ 0.29% 

(28% I') (25% ~) (19% ~) 

Saline 5.19 --- 0.45 2.45 _+ 0.13 18.8 _+ 0.96 
SKF-525A 6.27 ± 0.21 1.96 -+ 0.07% 18.3 _+ 0.8 

(21% ~') (20% i) 

Each value represents the mean -+ SEM of duplicate samples from 6 
rats. Significant levels from the respective controls: *p<0.001;?p<0.02. 
Values in parentheses are the percent changes from the control group. 
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FIG. 3. Effects of SKF-525A on the stereotyped behavior in rats 
injected daily for 14 days with cocaine HCI (40 mg/kg, IP). Each 
value represents the mean score + SEM of 5 animals. ~ 0, 

the SKF-525A-pretreated group; © (3, the saline group. 

[7] and other investigators that repeated administration of 
high doses of cocaine enhances stereotyped behavior in ani- 
mals. We have found this potentiation of behavior to coin- 
cide with an increase in brain levels of cocaine and its 
metabolites, norcocaine and benzoylecgonine, at the interval 
studied. This enhancement of behavior persisted 14 days 
after discontinuation of drug treatment. 

We have previously demonstrated that chronic adminis- 
tration of cocaine causes alteration of the liver enzyme func- 
tion, with a resultant increase in metabolites of cocaine in 
brain tissue [4]. In the case of the high convulsant dose (40 
mg/kg) used in the present study, the concomitant increase 
of unchanged cocaine in the brain could be a result of satura- 

tion of metabolic enzyme systems beyond their capacity to 
metabolize the drug. 

The effects of ether on cocaine metabolism have not been 
reported. However, the possibility that it might alter the drug 
disposition of the drug is considered minimal in this case, 
since animals were anesthetized for only one minute prior to 
sacrificing at 45 minutes postinjection. A decrease in the 
stereotypy rating with the use of the SKF-525A inhibitor, 
along with a significant decrease of norcocaine in brain, 
while cocaine levels remained elevated, indicates a major 
role for this metabolite in the production of stereotyped be- 
havior. Stereotypy ratings for SKFo525A and control ani- 
mals were not significantly different prior to receiving 
cocaine. Although repeated cocaine administration, as well 
as SKF-525A pretreatment, produced changes in benzoylec- 
gonine and norcocaine levels in the brain, benzoylecgonine, 
in contrast to norcocaine, was behaviorally inactive when 
given systemically [6,8]. Further investigation is needed for 
determining the role of benzoylecgonine in the behavioral 
effects of cocaine. 

In this work, the sacrificing time was chosen to coincide 
with the peak found for the behavioral effect, although this 
time may not coincide with the peak level of the drug or 
metabolites on each group under study. We had previously 
reported the enhancement of locomotor activity in rats 
chronically treated with cocaine and that the potentiation of 
this particular behavior corresponded to an increase in nor- 
cocaine and a decrease of cocaine in brain [4]. 

Ortiz [19] reported a difference in the disposition and 
elimination of ecgonine in male and female rats, whereas the 
levels of cocaine and benzoylecgonine in brain were not 
different. Female rats were chosen in the present study to 
duplicate conditions used in the work of Kilbey and Ellin- 
wood [7], who initially observed the enhancement of 
stereotyped behavior upon chronic administration of 
cocaine. 
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