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KINSLEY, C. H., D. TURCO, A. BAUER, M. BEVERLY, J. WELLMAN AND A. L. GRAHAM. Cocaine alters 
the onset and maintenance of maternal behavior in lactating rats. PHARMACOL BIOCHEM BEHAV 47(4) 857-864, 
1994.-Though much attention has been devoted to the behavioral and physiological consequences of cocaine abuse in 
offspring, little is known regarding the effects on the maternal behavior of the cocaine-exposed dam. We examined whether 
cocaine affects the initiation (late pregnancy) and/or maintenance (postpartum [PPD phases of full maternal behavior (I~[B; 
retrieving, grouping, and crouching over six pups) in Sprague-Dawley female rats. In Experiment 1, cocaine (5.0 or 10.0 mg/ 
kg) or saline was administered on PP day 5 or 6 and FMB scored. Both dosages significantly disrupted FMB, particularly 
crouching, though 10.0 mg/kg had a greater effect on FMB. Experiment 2 (using 10.0 mg/kg cocaine) examined specific 
elements of the disruption and found significant reductions in proportion of females engaging in FMB, as well as increases in 
the latencies to contact, retrieve, lick, group, and crouch over pups. In Experiment 3 osmotic pumps containing 20 mg 
cocalne/kg/day or saline were implanted SC in day 14 pregnant rats. FMB testing was performed on days 1-2 postpartum 
together with a T-maTe pup-retrieval test on postpartum days 3-5. Cocaine disrupted FMB in the homecage, in general, 
rendering the females less attentive to young, but was without effect in the T-maze tests. Coeaine-perhaps owing to its 
purported dopaminergic activity--may operate through motivational mechanisms to disrupt FMB in the postpartum mainte- 
nance phase; and through effects on late pregnancy levels of prolactin (a hormone which stimulates FMB), to disrupt maternal 
behavior during the initiation phase. 

Dopamine Drug abuse Hormones Lactation Maternal behavior Neonates 
Pregnancy Prolactin 

COCAINE consumption is a major public health concern; 
attention, however, has primarily focused on the myriad ways 
cocaine may reduce the viability of a fetus or neonate [and, 
hence, the adult; (1,10,21,36)]. Relative to what we know 
about the teratological consequences of cocaine-exposure, lit- 
tle is known regarding cocaine's effects on the mother's mater- 
hal behavior. Cocaine modifies endocrine profiles and devel- 
opment in the mother as well as her fetus (19,45). Maternal 
behavior - tha t  which is stimulated during pregnancy in the 
female-relies primarily on the interaction among ovarian 
hormones such as estradiol and progesterone, and the pitu- 
itary hormone prolactin (4). Cocaine, therefore, may interfere 
with this endocrine stimulation of maternal behavior. 

Though there is a dearth of information regarding co- 
caine's effects on the mother's maternal behavior [ef., (28, 
56)], Zimmerberg and Gray reported that cocaine exposure 
reduced parental care across sex and parity. Therefore, given 
the resilience of maternal responsiveness, and given that co- 

caine targets so-called motivational mechanisms (33,50), we 
wished to determine if and to what extent cocaine exposure 
could affect both the initiation and maintenance of maternal 
behavior, herein defined as retrieving, grouping, and crouch- 
ing over, six pups. Further, we examined another facet of the 
maternal motivation of cocaine-exposed females by having 
them venture into a T-maze to retrieve pups [cf., (9)]. 

GENERAL METHOD 

Animals 

Female nulliparous Spragne-Dawley rats [Crl : CD(SD)BR] 
purchased from Charles River Laboratories, Inc. (Wilming- 
ton, MA) were timed mated. The day that sperm was observed 
in the vaginal lavage was designated day 0 of pregnancy, at 
which time the females were isolated in 20 × 45 × 25 cm 
polypropylene cages whose floors were covered with pine 
shavings. Food (Purina rat chow) and water were available ad 
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lib and all animals were housed in light (on from 0500-1900 
h) and temperature (21-24°C)-controlled testing rooms for 
the duration of  the present work. Animals used in this study 
were maintained in accordance with the guidelines of  the Insti- 
tutional Animal Care and Use Committee of  the University of  
Richmond and those prepared by the Committee on Care and 
Use of  Laboratory Animal Resources, National Research 
Council (DHHS publication No. (NIH) 85-23, Revised, 1985). 

Statistics 

Proportions were analyzed with the Fisher's exact probabil- 
ity (FEP) test because of  the presence of  zeros in some of  the 
cells. The latency data in Experiment 2 were analyzed with a 
one-tailed within-groups t-test. In Experiment 3, a repeated- 
measures analysis of  variance (ANOVA) was used to test for 
overall latency effects. Significance in all cases was considered 
to b e p  < 0.05. 

E X P E R I M E N T  1 

Procedure 

On the day of parturition (day 0), two separate groups of  
females had their litters culled to six pups. On day 5 of  lacta- 
tion, the females' pups were removed and one group of  fe- 
males (n = 20) was then administered 5.0 mg/kg cocaine 
(COC) or saline. The second group of  females (n = 20) was 
administered 10.0 mg/kg cocaine or saline. Thirty minutes 
later the six pups were returned to the homecage and scattered 
about opposite the mother's location, and the females' home- 
cage maternal behavior toward the pups was observed. The 
behaviors we examined [and hereafter refer to as full maternal 
behavior (FMB)] consisted of  retrieving and grouping, and 
crouching over the pups during a l - h  test session. The females 
were scored as fully maternal if they retrieved, grouped, and 
crouched within 60 rain of  exposure to the young, following 
which, the pups remained in the homecage until testing the 
next and final day (day 6). All testing took place between 
1000 and 1300 h. On day 6 of  lactation, the complementary 
treatment (COC or saline) was administered. Thus, each fe- 
male served as her own control. 

Results 

Figure 1 depicts the results for the first study showing the 
5.0 mg/kg dosage of  COC. Whereas when treated with saline 
100070 of  the mothers responded with FMB, these same fe- 
males' maternal behavior was marginally (though signifi- 
cantly) disrupted with 5.0 mg/kg of  COC. The proportion of  
C O C -  vs. saline-treated females responding with FMB was 
70°7o vs. 100%, respectively (FEP = p < 0.01). Furthermore, 
significantly fewer COC-treated females retrieved (p < 
0.024), grouped (p < 0.024), and crouched (p < 0.01), com- 
pared to their saline-treated behavior. 

Figure 2 depicts the results for a second study using the 
10.0 mg/kg dosage of  COC. Treatment with this dosage had 
a much greater effect on the maternal behavior of  postpartum 
females. The proportion of  10.0 mg/kg COC- vs. saline- 
treated females responding with FMB was 10070 vs. 100%, 
respectively (FEP = p < 0.00001). And, significantly fewer 
10.0 mg/kg COC-treated females retrieved (p  < 0.00001), 
grouped (p  < 0.00001), and crouched (p < 0.00001), when 
compared to their own saline-treated control condition. In no 
case were there differences owing to order of  cocaine expo- 
sure, either day 5 or day 6. 
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FIG. 1. Proportion (percentage) of cocaine-exposed and control (sa- 
line) females displaying maternal behaviors in Experiment 1, using 
5.0 mg/kg cocaine. On days 5 and 6 of lactation, the females' pups 
were removed and the females were then injected (SC) with 5.0 rag/ 
kg cocaine or saline. Thirty minutes later the six pups were returned 
to the homecage and scattered around opposite the mother's location, 
and the females' homecage maternal behavior toward the pups was 
observed. The behaviors we examined [referred to as full maternal 
behavior (FMB)] consisted of retrieving and grouping and crouching 
over the pups during the l h test session. The females were scored as 
fully maternal if they retrieved all pups, grouped and crouched over 
them within 60 rain of exposure to the young (n = 20). (a) p < 
0.05; (b)p  < 0.01; (c)p < 0.001; (d)p  < 0.0001, cocaine-treated 
vs. saline-treated. 

EXPERIMENT 2 

Procedure 

Because the aim in Experiment 1 was to establish a dose of  
cocaine that was effective in disrupting FMB, we did not ex- 
amine the finer and more subtle aspects of  the behavioral 
disruption. Experiment 2, then, sought to establish how, and 
the degree to which, individual components of  maternal be- 
havior were affected using the most effective dosage from 
Experiment 1, 10.0 mg/kg (see the Results section). A separate 
group of  nulliparous females (n = 11) was timed mated and 
treated identically to those in Experiment 1, using the single 
dosage of  10.0 mg/kg COC. On days 5 and 6, though, in 
addition to the measures recorded in Experiment 1 for deter- 
mining homecage FMB, we examined: the exhibition of  FMB 
1 and 2 h after exposure to COC; the proportion and latencies 
of  animals exhibiting initial contact; retrieving the first 
through sixth pups; grouping, crouching over, and licking the 
pups. Lastly, we recorded total time spent on the nest in con- 
tact with the pups. 

Results 

Figure 3 depicts the results for the second experiment, 
wherein postpartum females were treated with 10.0 mg/kg 
COC. Whereas when treated with saline, all the females re- 
sponded with fun maternal behavior; in contrast, 10.0 mg/kg 
was again disruptive of  FMB, during both the first hour (FEP 
= p < 0.0001) and second hour, (p  < 0.0005). And, COC 
exposure significantly disrupted the proportion of  females 
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FIG. 2. Proportion (percentage) of cocaine-exposed and control (sa- 
line) females displaying maternal behaviors in Experiment 1, using 
10.0 mg/kg cocaine. On days 5 and 6 of lactation, the females' pups 
were removed and the females were then injected (SC) with 10.0 mg/ 
kg cocaine or saline. Thirty minutes later the six pups were returned 
to the homecage and scattered around opposite the mother's location, 
and the females' homecnge maternal behavior toward the pups was 
observed. The behaviors examined (referred to as FMB) consisted of 
retrieving and grouping and crouching over the pups during the 1 h 
test session. The females were scored as fully maternal if they retrieved 
all pups, grouped and crouched over them within 60 rain of exposure 
to the young (n = 20). (a) p < 0.05; Co) p < 0.01; (c) p < 0.001; 
(d) p < 0.0001, coeaine-treated vs. saline-treated. 

grouping, crouching over, and licking pups, each at p < 
0.018. Cocaine had no effect on the proportion of females 
retrieving the first or sixth pup (both at p < 0.50, NS) (see 
Fig. 3.)  

There may not be significant differences in the proportion 
of aulmals displaying a certain behavior, owing to the range 
(and hence, the inherent imprecision) of times during which 
an animal can be considered a responder in our maternal be- 
havior testing paradigm. Thus, we also recorded the latencies 
to respond with the components of maternal behavior (see 
Fig. 4). There were no significant effects on latencies to con- 
tact or retrieve the first through the fifth pup, though these 
latencies did approach significance with COC-treated females 
taking longer (range of p < 0.08 to p < 0.06). There was a 
significant increase in the latency to retrieve the sixth pup, 
t(10) = 2.04, p < 0.034; to group all six pups, t(lO) ffi 3.63, 
p < 0.0025; to begin licking the pups, tOO) = 3.61, p < 
0.0025; and to crouch over the pups, tO0) ffi 3.93, p < 
0.0015. Lastly, once the pups had been retrieved and grouped, 
and the female had begun to crouch over the pups, COC- 
treated females spent significantly less time on the nest and in 
contact with the pups, tOO) = 10.08, p < 0.00001. Again, 
as in Experiment 1, no day-of-injection order effects were 
observed. 

E X P E R I M E N T  3 

Procedure 

Experiments 1 and 2 demonstrated that COC administra- 
tion, given acutely on days 5 or 6 postpartum, could disrupt 
established maternal behavior. The third experiment was de- 
signed to examine the effects of chronic COC-exposure during 

100" i 90 
,u 70 

= ; 8  6o 

50 

" '  ":' 4o  

~. 30 
~ 20 

~, 10 

0 
R1 

[ ]  SALINE 

[ ]  COCAINE 

/ /  

R6 

]nfif 

iii 
HR1 HR2 

MATERNAL BEHAVIORS FMB 

FIG. 3. Proportion (percentage) of a separate group of cocaine- 
exposed and control (saline) females displaying maternal behaviors in 
Experiment 2, using 10.0 mg/kg cocaine. On days 5 and 6 of lactation, 
the females' pups were removed and the females were then adminis- 
tered (SC injection) the cocaine or saline. Thirty minutes later the six 
pups were returned to the homecage and scattered around opposite 
the mother's location, and the females' homeease maternal behavior 
(retrieving, grouping, and crouching within both 60 min and 120 rain) 
toward the pups was observed (n = 11). (a)p < 0.05; (b)p < 0.01; 
(c)p < 0.001; (d)p < 0.0001, cocaine-treated vs. saline-treated. 
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FIG. 4. Latencies (in minutes + SEM) of cocaine-exposed and con- 
trol (saline) females to display various components of maternal behav- 
ior in Experiment 2..On days 5 and 6 of lactation, the females' pups 
were removed and the females were then adminigtcred 10.0 mg/kg 
cocaine or saline. Thirty minutes later the six pups were returned to 
the homecage and scattered around opposite the mother's location, 
and we recorded the latencies of animals to exhibit initial contact; 
retrieve the first through sixth pups; group, crouch over, and lick the 
pups. Lastly, we recorded total time spent on the nest in contact with 
the pups (n = 11). (a) p < 0.05; (b) p < 0.01; (c) p < 0.001; (d) 
p < 0.0001, cocaine-treated vs. saline-treated. 
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pregnancy on maternal behavior, as opposed to acutely, dur- 
ing the postpartum period. Therefore, on day 14 of  preg- 
nancy, females were implanted under ether anesthesia with 
Alzet osmotic pumps (model #2ML2; Alza Corporation, Palo 
Alto, CA) containing 2 ml of  solution. The pumps were cali- 
brated to secrete saline or a chronic dose of  COC equal to 20 
mg/kg/day,  double the acute higher dosage from the previous 
experiments (viz., 0.833 mg/kg/h)  for 14 days. Thus, the fe- 
males were under the influence of  COC prior to and after the 
pups were present. Females were monitored, but remained 
undisturbed (save for routine maintenance) for the duration 
of  pregnancy. At parturition (day 0), litters were checked for 
any anomalies (dead or deformed pups, low body weights, 
etc.) and culled to six pups, and initial behavioral interactions 
between mother and pups were observed informally. On days 
1 and 2 of  lactation, the females were examined for homecage 
maternal behavior. The pups were removed for a period of  1 
h, and then scattered about the cage with the female. The 
incidence of  and latencies to retrieve and lick, group and 
crouch over the six pups were recorded. On days 3, 4, and 5, 
we examined the females' maternal behavior in the face of a 
challenge, that of  having to retrieve their pups from the arms 
of  a T-maze. The pups were removed from the females and 1 
h later, one pup was placed in each arm of a T-maze (tunnel 
= 10.5 x 10.5 cm, arms = 60 cm and 90 cm). The female's 
cage was attached to the opening to the long arm of the T- 
maze through a fitted aperture in the female's cage. A guillo- 
tine door was raised and the female was, thus, introduced to 
the entrance of  the maze and the following behaviors scored 
for up to 30 min: latencies to enter the maze and to retrieve 
the first and second pups; and time spent on the nest (i.e., out 
of  the T-maze). This test is a measure of  the females' willing- 
ness to endure novelty to retrieve pups and, hence, examines 
another facet of her maternal behavioral repertoire (9). 
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FIG. 5. Proportion (percentage) of cocaine-exposed and control (sa- 
line) females displaying maternal behaviors in Experiment 3, day I. 
Each female was implanted with an osmotic pump containing cocaine 
(20 mg/kg/day) or saline on day 14 of pregnancy and maternal behav- 
ior testing-display of full maternal behavior; retrieving one or six 
pups; grouping, crouching over, and licking the pups-was conducted 
on both days l and 2 of lactation (n = 9). (a) p < 0.05; (b) p < 
O.Ol; (c) p < O.001; (d) p < O.0001, cocaine-treated vs. saline- 
treated. 
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FIG. 6. Latencies (in minutes + SEM) of cocaine-exposed and co- 
trol (saline) females to display various components of maternal behav- 
ior testing-display of full maternal behavior; retrieving one or six 
pups; grouping, crouching over, and licking the pups-was conducted 
on both days 1 and 2 of lactation (n = 9). (a) p < 0.05; (b) p < 
0.01; (c) p < 0.001; (d) p < 0.0001, cocaine-treated vs. saline- 
treated. 

Resul ts  

Figure 5 depicts the proportion of  females implanted with 
COC-containing pumps to display maternal behavior on day 
1 postpartum. Significantly fewer COC-implanted females re- 
sponded with FMB relative to saline-implanted females, 55% 

TABLE 1 

PROPORTION (PERCENTAGE) OF COCAINE-EXPOSED 
AND CONTROL (SALINE) FEMALES DISPLAYING 

MATERNAL BEHAVIORS IN EXPERIMENT 3, DAY 2* 

Cocaine Saline 
Implanted Implanted 

FMB 6/9 9/9 
(67) (lOO) 

Retrieve l pup 9/9 9/9 
(lO0) (lO0) 

Retrieve 6 pups 8/9 9/9 
(89) (lO0) 

Group all pups 7/9 9/9 
(78) (100) 

Crouch on at least 1 pup 6/9 9/9 
(67) (100) 

Lick pups 9/9 9/9 
000) (100) 

ns 9 9 

Each female was implanted with an osmotic pump on day 
14 of pregnancy and maternal behavior testing was conducted 
on days I and 2 of lactation. 

*Overall data were analyzed with the Fishers exact proba- 
bility (FEP) test. See the Results section for details. 
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TABLE 2 
LATENCIES (IN MINUTES + SEM) OF COCAINE-EXPOSED 

AND CONTROL (SALINE) FEMALES TO DISPLAY 
VARIOUS COMPONENTS OF MATERNAL BEHAVIOR IN 

EXPERIMENT 3, DAY 2* 

Cocaine Implanted Saline Implanted 

Contact pups 0.37 (0.12) 0.51 (0.10) 

Retrieve I pup 0.90 (0.12) 1.22 (0.62) 

Retrieve 2 pups 1.28 (0.41) 1.87 (0.68) 

Retrieve 3 pups 1.67 (0.40) 2.93 (1.00) 

Retrieve 4 pups 2.60 (0.72) 3.23 (1.05) 

Retrieve 5 pups 18.32 (8.15) 5.10 (1.25) 

Retrieve 6 pups 17.10 (8.30) 16.85 (8.23) 

Group all pups 16.90 (8.22) 11.38 (3.15) 

Crouch on at least 1 pup 17.60 (6.10) 13.10 (3.05) 

Lick pups 6.48 (2.25) 6.43 (1.27) 

Time spent on the nest 28.48 (5.95)1" 40.58 (3.33) 

ns 9 9 

Each female was implanted with an osmotic pump on day 14 of 
pregnancy and maternal behavior testing was conducted on days 1 
and 2 of lactation. 

*Overall data were analyzed with the Fishers exact probability 
(FEP) test. See the Results section for details. 

tSignificantly different, p < 0.05. 

vs. 100%, FEP = p < 0.04. Also, significantly fewer COC 
females retrieved six pups, p < 0.014; and significantly fewer 
grouped (p < 0.04) and crouched over (/7 < 0.04) young. 

We also examined the latencies with which the COC-and 
saline implant females displayed the various subcomponents 
of maternal behavior (see Fig. 6). There were neither differ- 
ences in latencies to contact pups, retrieving one through six 
pups, licking the pups, nor in total time on nest. COC females, 
however, took significantly longer to group the six pups, t(16) 

= 2.26, p < 0.02. Also, the COC females took significantly 
longer to crouch over the pups, t(16) = 2.57, p < 0.01. 

On day 2 postpartum, there were improvements in the dis- 
play of maternal behavior by the COC-exposed females, ow- 
ing possibly to having the previous 24 h maternal experience. 
There were no differences in the proportions of COC-exposed 
females vs. controls to display maternal behavior (see Table 
1). And, there were no differences in the latencies to contact 
pups, retrieve one through six pups, group, or crouch over 
pups. There was, however, a significant difference in the 
amount of time the COC-exposed females spent on the nest 
compared with the controls, t(16) = 1.77, p < 0.05 (see Ta- 
ble 2). 

As for the females' performance in the T-maze, we ob- 
served very few, if any, effects on their behavior during this 
maternal behavioral challenge (Table 3), and no significant 
between-group (i.e., COC vs. saline) differences in latencies 
to enter the maze, to retrieve the first or second pup, or the 
amount of time spent on the nest. Lastly, we observed no 
evidence of litter anomalies following the pregnancy cocaine 
exposure. 

GENERAL DISCUSSION 

The present work demonstrates that cocaine administration 
reduces maternal responsiveness. Whether administered 
acutely during the postpartum, maintenance phase (at which 
time maternal behavior has been established and is maintained 
primarily by pup cues), or chronically during the initiation 
phase [wherein the cascade of hormonal and neurochemicai 
factors are prevalent and serve to stimulate the behavior;(4)], 
cocaine reduces the smooth integration of the maternal behav- 
ior of lactating females toward young. As discussed below, 
cocaine may modify motivational and/or hormonal mecha- 
nisms. These findings, together with those reported by Zim- 
merberg and Gray (56), suggest that cocaine should be consid- 
ered doubly threatening to the offspring because of: a) the 
marked debilitation in the pups' biological development; cou- 
pled to b) the complete nutritional dependence of these altri- 
cial pups on their mother, not to mention the sensory and 
excretory stimulation provided by her (24). (Though one may 

TABLE 3 
LATENCIES (IN MINUTES + SEM) OF COCAINE-EXPOSED AND CONTROL (SALINE) 

FEMALES TO DISPLAY MATERNAL BEHAVIOR FOLLOWING A BEHAVIORAL CHALLENGE IN 
A T-MAZE IN EXPERIMENT 3, LACTATION DAYS 3-5* 

Lactation Day 

3 4 5 

COC SAL COC SAL COC SAL 

Latency to enter maze 3.98 5.73 2.58 1.83 0.43 0.45 
(1.35) (1.45) (1.22) (0.73) (0.13) (0.15) 

Retrieve 1st pup 6.43 6.62 3.05 2.55 1.72 0.73 
(1.27) (1.37) (1.22) (0.83) (1.18) (0.20) 

Retrieve 2nd pup 6.68 6.83 3.68 3.02 2.13 0.98 
(1.30) (1.28) (1.25) (0.95) (1.13) (0.20) 

Time spent on the nest 9.28 9.73 9.87 9.68 5.50 6.18 
(0.57) (0.27) (0.14) (0.32) (1.37) (1.47) 

Each female was implanted with an osmotic pump on day 14 of pregnancy and homecage maternal 
behavior testing was conducted on days I and 2 of lactation (n = 9/group). 

*Overall data were analyzed with a repeated measures ANOVA. No between-group (Cocaine vs. 
Saline) differences were observed. See the Results section for details. 
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argue that cocaine merely increases locomotor ac t iv i t y -  
thereby indirectly reducing maternal behav ior -casua l  obser- 
vations of  locomotor activity revealed little to account for the 
marked inattention to pups; the females simply failed to be- 
have maternally as defined by our criteria.) Cocaine-treated 
females preferred to investigate the cage, to rear and climb 
along the top, and to eat and drink, all of which increased the 
latency to approach and carry/retrieve pups. These observa- 
tions are in accord with those of  Zimmerberg and Gray (56), 
who reported that cocaine-treated mothers would retrieve 
pups, but would not attend to them thereafter. 

Where there were increases in the latencies to engage in 
maternal behavior, the effects took the form of  less time spent 
with the offspring. For example, in Experiment 2, which used 
injections of  10.0 mg/kg,  FMB was reduced, and this reduc- 
tion was due in large part to poor crouching responses by the 
females. In Experiment 3, in which cocaine-containing pumps 
were implanted, similar effects of  the cocaine were observed 
on day 1 of  lactation (and, in part,  on day 2). In general, 
then, cocaine appears to reduce, not eliminate, maternal re- 
sponsiveness. In contrast, the opiate morphine, in dosages 
ranging from 2.5 mg/kg to 10 mg/kg,  affected maternal be- 
havior much differently, rendering the female averse to pups 
and thereby abolishing her maternal behavior [with the higher 
doses (6,29,30)]. 

That cocaine hindered the females' maternal responsiveness 
during the observation period, or extended latencies to retrieve 
or crouch over pups, points to a different mechanism of  effect 
relative to morph ine ' s - i n  which case the females generally 
failed to display any behavior toward pups whatsoever. 
Though there were slight effects on retrieving and grouping 
the pups in cocaine-treated females, the latter generally failed 
to spend much time in the nest with the pups (Experiments 1 
and 2; and Experiment 3, day 2); in fact, once the pups were 
retrieved, the cocaine-treated mothers virtually ignored them. 
It seems apparent, then, that cocaine prevents the full integra- 
tion of  the maternal response, that it affects how the compo- 
nents of  maternal behavior mesh together. Whereas morphine 
may affect the olfactory perception and consequent interest in 
p u p s -  rendering the odors of  the pups aversive to the mother 
(30)-cocaine may alter individual motivational mechanisms, 
per se, independent of olfactory mediation [cf., (33,50)]. 

As with other varieties of  pharmacological research, ques- 
tions of route and manner of  drug administration must be 
addressed. In Experiments 1 and 2, SC injections of  5.0 or 
10.0 mg/kg cocaine were given, whereas in Experiment 3, an 
implanted osmotic pump was used that secreted 20 mg co- 
caine/kg/day.  Without clearance rates and other pharmaco- 
dynamic data then, comparing across experiments is problem- 
atical. This latter route was chosen for two main reasons: 
first, to obviate the rarely reported findings of  tissue damage, 
necrosis, and accompanying discomfort at the site of  the injec- 
tion; and to eliminate the repeated stress of  daily injections 
of  the pregnant female. This cocaine regimen allowed us to 
examine pregnancy exposure, whereas Experiments 1 and 2 
investigated postpartum, lactational cocaine zxposure. 

Though there were effects on maternal behavior in Experi- 
ment 3 using the osmotic pumps, the reader should keep in 
mind several points: First, neither the brain levels, nor tempo- 
ral pattern, of  cocaine induced by the two methods (injection 
and pumps) may be comparable (nor was this our aim). Sec- 
ond, there are obvious differences between the endocrinologic 
s ta tes  of  a pregnant female and a lactating one that could 
affect the pharmacokinetics of  cocaine exposure. Third, there 
may be differences in the onset rates of  tolerance vs. sensitiza- 

tion between the two routes of  administration. Together, 
though, the two time points (lactation and pregnancy) and the 
three experiments demonstrate a significant effect of cocaine 
on overall maternal responsiveness. 

Cocaine is a central nervous system sympathomimetic. Its 
many effects, both acute and chronic (and especially those 
involving its reinforcing properties of cocaine), are mediated 
through monoaminergic mechanisms such as dopamine (DA) 
(14,12,21,25,27,43,44,50,52-54). Cocaine also affects repro- 
ductive functions (13,15-18,22,35,47,48), The data, however, 
on cocaine's effects on endocrine levels/dynamics are less clear 
and consistent, particularly regarding a likely hormonal fac- 
tor, prolactin (Prl), in a variety of  species (3,32,34,41,49). 

Direct involvement of  cocaine on DA systems and maternal 
behavior is likely as well, as shown by Numan and Smith (39). 
Bilateral lesions of  the ventral tegmental area (VTA), an area 
rich in DA-ergic fibers, in particular, ascending mesolimbic- 
mesocortical projections, disrupt maternal behavior in lactat- 
ing rats. Numan (37) speculates that such lesions may affect 
maternal behavior through a DA sensory-motor interaction 
involving motor output relevant to care of  the young, together 
with olfactory input from the young. In other words, such 
lesions may disrupt the integration of maternal responsive- 
ness. Further, there is other evidence of  DA involvement in 
maternal behavior [cf., (23,51)]. Also, both Prl and estradiol 
administration affect DA-ergic neural activity in VTA and 
nucleus accumbens (20,26); and, fiber projections, transmit- 
ting the suckling stimulation received by a lactating female, 
course through afferents that project to and through the me- 
dial forebrain bundle ( 55 ) - a n  area rich in DA and involved 
in self-stimulation (50). Too little has been done investigating 
direct DA involvement in maternal behavior. Nevertheless, 
what data there are suggest a role for this neurotransmitter 
in the exhibition of the behavior. As summarized in (37), 
" . . .  estrogen, and perhaps prolactin, via actions on the 
MPOA [medial preoptic area, a site of  maternal mediation; 
see (38)], stimulate maternal behavior via preoptic activation 
of  VTA dopaminergic input to the ventral striatum (p. 1620)." 

There are interactions among opioids, maternal behavior, 
and DA. For instance, morphine and other opioids can de- 
crease DA synthesis and turnover in the median eminence and 
DA concentrations in pituitary portal circulation (2,42), and 
opioids can reverse DA inhibition of  Prl secretion (11) and 
increase Prl secretion in the presence of dopamine infusions 
(2). Thus, an examination of  such complex interactions may 
prove fruitful [cf., (46)]. 

As discussed above, cocaine may work via a DA mecha- 
nism (44,52,54); given DA's generally inhibitory effects on Prl 
secretion (outlined above), cocaine may suppress Prl in both 
the pregnant and the lactating female. Prolactin is under tonic 
DA inhibition (save for the disinihibition that occurs during 
proestrus and early and late pregnancy and lactation [when 
there are elevated levels of  Prl; (3)]. Because of  the pervasive 
role of  Prl in the display of maternal behavior (5,7,8,31) per- 
haps cocaine reduces maternal behavior (particularly that es- 
tablished during pregnancy) by inhibiting adequate secretion 
of  Prl during critical periods in the pregnant and the lactating 
f e m a l e - t o  date, stages in the reproductive life of  the female 
yet to be examined adequately for cocaine effects on behavior. 

In conclusion, cocaine prevents the full display of  maternal 
.behavior in lactating rats. Hurt [cited in (40)] reported that 
maternal caring for newborns was significantly impaired in 
cocaine-abusing human mothers. For instance, measures such 
as hospital visitations of  babies in neonatal intensive care units 
by their mothers, quality of  interactions with young, and num- 
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hers of babies put up for adoption, were telling for cocaine 
moms: in each case-fewer maternal visits, stilted and averse 
reactions to young, and greater numbers put up for adop- 
t i o n - t h e  offspring of cocaine moms were at a severe disad- 
vantage. In short, cocaine abuse/addiction significantly re- 
duced maternal behavior. Because the primary care for the 
neonates is provided by the postpartum mother, maternal be- 
havior compromised through pharmacological means may im- 
peril the offspring. Thus, in combination with, and in addition 
to, the teratological effects of gestational cocaine exposure, 

the offspring may face the double jeopardy of poor maternal 
care. 
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