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Periadolescent rats and cocaine effects

Effect of cocaine on periadolescent
rats with or without early maternal
separation
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Abstract

Cocaine-induced behavioral sensitization and weight loss were inves-

tigated in periadolescent Wistar rats kept with their mothers or sub-

jected to repeated maternal separation. Litters allocated to the separa-

tion procedure were placed in a temperature-controlled (33ºC) cham-

ber for 3 h per day from postnatal day 6 (P6) to P20. Non-handled rats

were left undisturbed until weaning. Treatments were started on P30-

31 and the test was performed on P36-37. Animals received injections

of saline or cocaine (10 mg/kg, sc) twice daily for 5 days. On day 6 all

animals received saline. On day 7 animals were challenged with 10

mg/kg cocaine and their locomotion was evaluated in activity cages. A

third group received saline throughout the 7-day period. Body weights

were recorded on P30-31 and P36-37. Two-way ANOVA on body

weights showed a main effect of treatment group (F(1,35) = 10.446,

P = 0.003; N = 10-12). Non-handled rats treated with cocaine for 5

days gained significantly less weight, while no significant effect was

observed in maternally separated rats. Two-way ANOVA revealed a

main effect of drug treatment on locomotor activity (F(2,32) = 15.209,

P<0.001; N = 6-8), but not on rearing condition (F(1,32)<0.001,

P = 0.998). Animals pretreated with cocaine showed a clear behavioral

sensitization relative to the saline group. No difference in the magni-

tude of sensitization was found between separated and non-handled

animals. Only the effect of cocaine on weight gain was significantly

affected by repeated episodes of early maternal separation during the

pre-weaning period.
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Adolescents across a variety of species

exhibit age-specific behaviors that can help

them attain the necessary skills for adult

independence. These adolescent-related char-

acteristics, such as risk taking and novelty

seeking, may be promoted by developmental

events in the central nervous system and can

predispose adolescents to initiating drug use

(1).

Behavioral sensitization is a progressive

and enduring enhancement of the motor

stimulant effects of cocaine and other drugs

of abuse, elicited by repeated administration

of these drugs (2). Behavioral sensitization

has been extensively studied in adult animals

because it is believed to be a key component

of the drug addiction process (3). Compara-

bly few studies have assessed behavioral

sensitization in adolescent animals, although

this type of study is potentially important for

early human psychostimulant use since drug

abuse among humans often begins during the
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adolescence period (4).

It has been extensively demonstrated that

stressful experiences in adulthood have a

strong influence on susceptibility to drug-

taking behavior (5,6). Moreover, there is

evidence that an animal’s response to a drug

can be affected by early exposure to stress.

For example, maternal separation during the

pre-weaning period leads to altered behav-

ioral responses to cocaine and amphetamines

in adult animals (7-9). Thus far, investiga-

tions addressing the interplay between stress

and the effects of drugs of abuse have been

devoted mainly to adult subjects.

Many adolescent-specific neurobehav-

ioral alterations observed in humans are also

seen in rats of comparable age. Spear and

Brake (10) defined periadolescence as the

age period around the time of sexual matura-

tion when age-specific behavioral and psy-

chopharmacological discontinuities are evi-

dent. Using this criterion, postnatal days 30-

42 were designated as periadolescence in

rats (10).

We investigated cocaine-induced behav-

ioral sensitization in periadolescent rats, and

how it is affected by maternal separation.

The effect of cocaine on body weight was

also monitored.

Primiparous pregnant Wistar dams were

obtained from the animal breeding facility of

the Institute of Biomedical Science, Univer-

sity of São Paulo, SP, Brazil. The date of

birth was defined as postnatal day 0 (P0). On

P1 litters were culled to 7-11 pups. Dams

and their pups were housed together in plas-

tic cages measuring 40 (length) x 32 (width)

x 16 (height) cm. All animals were kept in

the same temperature- and humidity-con-

trolled holding facility (22 ± 2ºC) on a 12/

12-h light/dark cycle (lights on at 7:00 am)

with food and water available ad libitum.

The litters allocated to the separation

procedure were removed from their nest cages

and placed in small plastic cages in a temper-

ature-controlled (33ºC) chamber for 3 h per

day from P6 to P20. Pup weight was re-

corded on P7, P13 and P21. Control rat

litters (non-handled), originating from litters

born in the colony at about the same time,

were left undisturbed until weaning, except

for cleaning the cages and weighing on P7,

P13 and P21.

After weaning, on P21, the siblings were

separated by gender and only males were

housed in groups of four in standard cages.

No more than two individuals per litter were

used for any given test condition. The ani-

mals were allowed free access to food and

water, except during observation.

The dose of cocaine used in these experi-

ments is known to induce locomotor activity

in the absence of focused stereotypies (11).

The schedule for repeated cocaine exposure

was adapted from Laviola et al. (12), who

studied cocaine sensitization in periadoles-

cent and adult rats.

The entire sensitization protocol took 7

days. On days 1 to 5, the rats were weighed

and given a subcutaneous injection of 10

mg/kg cocaine (COC) hydrochloride (Sigma,

St. Louis, MO, USA) or saline (SAL) twice a

day (7:00 am and 7:00 pm). Immediately

after injection, the animals were returned to

their home cages.

On day 6 all animals received saline. On

day 7 (test) both SAL and COC pretreatment

groups received a challenge dose of 10 mg/kg

cocaine (SAL + COC and COC + COC groups).

Immediately after the injections their loco-

motor activity was recorded in commercially

available (Columbus Instruments, Colum-

bus, OH, USA) activity monitoring cham-

bers consisting of Plexiglas cages equipped

with 10 matched pairs of photocells which

were used to measure the horizontal locomo-

tor activity. The consecutive interruption of

two beams was recorded as one locomotion

unit. Photocell counts accumulated during

5-min periods were recorded during a 45-

min testing session. The animals were al-

lowed a 30-min adaptation period in the

photocell apparatus prior to injection. A third

group of animals received saline injections
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throughout the 7-day period (SAL + SAL).

Treatments started when the rats were at

P30-31 and the test was performed on P36-

37. Body weights were also recorded on

P30-31 and P36-37.

All data are reported as means ± SEM.

Behavioral data were analyzed using 3 x 2

(treatment group x rearing condition)

ANOVA. Body weight gain during the sen-

sitization protocol was analyzed by 2 x 2

(drug treatment x rearing condition) ANOVA.

Appropriate post-hoc comparisons were per-

formed using the Newman-Keuls test.

Two-way ANOVA applied to body

weight data showed a main effect of treat-

ment group (F(1,35) = 10.446; P = 0.003),

but not of rearing condition (F(1,35) = 0.066;

P = 0.798). In addition, no significant inter-

action between factors was detected (F(1,35)

= 0.517; P = 0.477). Pairwise comparison by

the Newman-Keuls test revealed that non-

handled rats treated with cocaine for 5 days

(COC + COC) had a significantly lower

weight gain when compared to the SAL +

SAL group (P<0.05), whereas the reduction

in body weight gain in maternally separated

rats was not significant (P = 0.08). There-

fore, as found with adult subjects, cocaine

also makes periadolescent animals anorexic.

However, this effect was not significant in

rats separated from their mother at an early

age (Figure 1), suggesting that maternal sepa-

ration altered neural systems that regulate

body weight. In fact, although no changes in

body weight were observed during the pre-

weaning period, the body weights were sig-

nificantly higher in the maternally separated

adolescent rats when compared to non-

handled ones (data not shown).

As indicated in Figure 2, two-way

ANOVA revealed a major effect of drug

treatment on locomotor activity (F(2,32) =

15.209; P<0.001) but not on rearing condi-

tion (F(1,32)<0.001; P = 0.998). In addition,

no interaction between factors was detected

(F(2,32) = 0.060; P = 0.942).

Post-hoc analyses did not show any sig-
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Figure 1. Effect of repeated co-
caine injections on body weights
of non-handled and early mater-
nally separated periadolescent
rats. The rats received twice
daily injections of 10 mg/kg co-
caine, sc, for 5 days. Data are
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Figure 2. Effect of repeated cocaine injections on locomotor activity after a challenge dose
of cocaine in non-handled and early maternally separated periadolescent rats. A challenge
dose of 10 mg/kg cocaine ip was administered to animals pretreated with twice daily
injections of 10 mg/kg cocaine sc for 5 days. Data are reported as means ± SEM for 6-8
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nificant difference in locomotor activity when

comparing the SAL + COC to SAL + SAL

groups in either non-handled or separated

rats. However, locomotion was significantly

higher in the COC + COC compared to both

the SAL + SAL and the SAL + COC groups

(P<0.05). Thus, repeated exposure to co-

caine induces behavioral sensitization in

periadolescent rats, which is not affected by

maternal separation.

Administration of cocaine (10 mg/kg) to

animals pretreated with saline produced a

nonsignificant increase in locomotor activ-

ity. In another experiment we found a sig-

nificant increase in locomotion in adult rats

injected with the same dose of cocaine (13).

The finding that adolescent rats are less

sensitive to the acute effects of cocaine is

consistent with previous reports which indi-

cated that periadolescents have a character-

istic hyporesponsiveness to the effects of

acute administration of psychostimulants on

locomotor activity (14). Periadolescent rats

have also been found to have a reduced

sensitivity to amphetamine-induced place

preference (15), as well as a marked resis-

tance to amphetamine-induced taste aver-

sion (16). According to Ramsay and Woods

(17), the initial insensitivity to psychoactive

drugs might underlie an increased risk for

addiction. This lower sensitivity might lead

to repeated experiences with the drug to

achieve its rewarding effects, and could pro-

voke sensitization, which is strongly linked

to the development of drug dependence. In

fact, despite the low level of locomotor acti-

vation after acute cocaine exposure, adoles-

cent rats treated with cocaine for 5 days

showed a marked increase in locomotion

counts after a challenge dose of cocaine

given 48 h after the last injection. Thus, the

present study confirms the findings of Laviola

et al. (12) who observed sensitization to the

behavioral effects of cocaine in periadoles-

cent rats. This finding is particularly inter-

esting in view of the few studies in the

literature on the ontogenetic characteriza-

tion of psychostimulant-induced behavioral

sensitization.

There is evidence that pre- as well as

postsynaptic alterations in dopaminergic neu-

rotransmission are relevant for the manifes-

tation of sensitization (3). Laviola et al. (18),

using in vivo microdialysis, demonstrated

that periadolescent rats treated with amphet-

amine show a strong sensitization of am-

phetamine-stimulated dopamine release,

whereas no such change was observed in

adult animals. Therefore, different mechan-

isms might underlie psychostimulant-induced

behavioral sensitization in adults versus

periadolescent animals.

A 3-h maternal separation from P6 to P20

had no affect on either acute or repeated

effects of cocaine-induced locomotion in

periadolescent rats.

Few studies have investigated the influ-

ence of maternal separation on the effects of

psychostimulants. Matthews et al. (7) re-

ported an attenuated locomotor response to

amphetamines in adult female, but not male,

rats that had been separated from their dams

for 6 h on 10 occasions between P5 and P20.

The acquisition and maintenance of co-

caine self-administration in adult rats sepa-

rated from their dams during the pre-wean-

ing period is gender and dose dependent. For

example, a reduced response to cocaine was

observed by Matthews et al. (8) at the 0.05

mg/injection dose only for female rats. Ad-

ditionally, they found facilitated acquisition

of cocaine self-administration at a higher

dose (0.08 mg/injection) in females that had

been maternally separated (8).

Recently, Kosten et al. (9) reported that

1-h maternal isolation from P2-P9 enhances

the acquisition of cocaine self-administra-

tion in adult male rats.

It is difficult to compare our results with

the literature since: a) the nature of the physi-

ological changes produced by maternal sepa-

ration depends upon the specifics of the

separation procedure, the environmental con-

ditions, the postnatal period, and the dura-
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tion of separation, and b) so far, none of the

studies have investigated the consequences

of maternal separation on the effects of co-

caine on adolescent rats. These facts point to

the relevance of the present study on the

influence of different periods of maternal

separation on the effects of psychostimulants,

especially in adolescent animals.

During late childhood and adolescence,

neurobiological systems are still undergoing

important developmental rearrangements. In

addition, hormone levels change dramati-

cally during adolescence as a result of the

onset of puberty (for discussion, see Ref. 1).

A better characterization of cocaine-induced

behavioral sensitization in adolescents will

require careful delineation of behavioral, neu-

rochemical, neuroendocrine and neuroana-

tomical aspects and their modification by

environmental manipulation.

However, behavioral sensitization and

the potential impact of environmental fac-

tors and drugs during adolescence have re-

ceived surprisingly little attention. A better

understanding of the effect of psychostimu-

lants during adolescence and their modifica-

tion by early stress should allow the devel-

opment of more effective prevention and

treatment strategies.
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