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(2) 353–359, 2000.—Lactating rats (day 7 

 

6

 

 1 postpartum) were observed
during a 1-h reunion with their pups 4 h after separation from them and 10 min after subcutaneous injection of saline (SAL;
0.1 ml) or low dosages of the dopamine agonist, apomorphine (APO; 0.1 or 0.25 mg/kg). Although APO did not affect latency
to sniff pups or retrieve the first pup, there were dosage-dependent delays in onset of licking and nursing pups, and decreases
in retrieval and grouping of pups, nursing duration, and litter weight gain. The alterations in maternal responsiveness among
APO-treated dams were related to increased carrying and mouthing of pups and markedly increased sniffing of pups, bed-
ding, and cage. Duration of time spent licking pups, exploring, and self-grooming did not differ between groups. Thus, certain
APO-induced stereotypic behaviors interfered with the normal sequence of maternal behavior by exaggerating some compo-
nents and delaying others. These results are relevant to disturbances in maternal behavior caused by hyperreactivity or by
other drugs that increase dopaminergic activity, such as cocaine. © 2000 Elsevier Science Inc.
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IN common with other motorically active motivated behav-
iors, maternal retrieval and grouping of pups at the nest site
in rats are dependent upon adequate levels of dopamine
(DA) (39). This has been shown with systemic administration
of the D

 

2

 

 DA receptor antagonists, haloperidol (13,44) or
raclopride (15), 6-OHDA neurotoxic lesions of DA source
neurons in the ventral tegmental area (15), or of target neu-
rons in the ventral striatum (16), and microinfusion of the D

 

1

 

-
D

 

2

 

 DA receptor antagonist 

 

cis

 

-flupenthixol into the nucleus
accumbens (23). Nest building (13) and pup licking (23,44)
are also inhibited by effective antagonism of DA. Further, ac-
tive interaction with pups increases release of DA in the ven-
tral striatum of lactating rats (14), which is consonant with the
findings that systemic administration of low dosages of halo-
peridol (0.05 or 0.10 mg/kg) reduce maternal motivation to
make snout contact with pups, but do not interfere with re-
trieval and licking of pups when such contact is unimpeded
(41). Thus, baseline levels of DA are needed to ensure mater-
nal contact with pups despite an obstacle; this contact then in-
creases mesostriatal DA levels, an increase necessary for the
normal display of active maternal behaviors, such as the effi-
cient and complete execution of retrieval and grouping of
pups. In contrast, suckling-induced quiescent nursing behav-

ior (40,45) is facilitated by systemic (38,44) or intra-accum-
bens (23) DA receptor blockade, suggesting that suckling in-
hibits extrahypothalamic DA (38,44).

The exquisite sensitivity of distinct components of mater-
nal behavior (MB) to variations in levels of DA, and in inter-
action with variations in the dam’s level of motivation as well
(41), raise the question of whether mild increases in DA ac-
tivity would interfere with maternal responsiveness; this may
occur after stressful arousal that leads to the dam’s delay in
settling down to nurse due to increased exploratory sniffing,
prolonged carrying of pups, or both. There is suggestive evi-
dence for such interference from several studies on the acute
effects on MB in rats of cocaine, a psychomotor stimulant that
blocks the reuptake of DA, norepinephrine, and serotonin
transporters (33); these studies were carried out because of
reports that cocaine abuse by women increases the likelihood
of maternal neglect (3) and child abuse (28). The consensus of
these studies is that one or more component of MB is dis-
rupted when circulating cocaine levels are high (18,21,22,24,
49,50,54), but not once it is no longer present (49). Such dis-
ruption is evident not only after a series of daily administra-
tions beginning either prepartum (18,49) or postpartum
(21,54), but also after a single acute injection of cocaine at the
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onset of MB just after parturition (22) or during established
MB (24), and with dosages as low as 5–15 mg/kg (21,24,54).
Several studies also quantified large increases in locomotor ac-
tivity (21,48–50) and stereotypy (21,50) with these treatments.

The purpose of the present study was to assess the acute
effects of a low dosage of a mixed D

 

1

 

-D

 

2

 

 DA receptor agonist,
apomorphine (APO), on established MB. In male rats, low
dosages of APO (0.125, 0.25, and 0.5 mg/kg) elicited dosage-
dependent increases in the low intensity components of ste-
reotypy, sniffing, and repetitive head movements, whereas
high dosages (1–4 mg/kg) elicited the high intensity compo-
nents of licking, biting, and gnawing (6); also, treatment with
0.25, but not 0.1, mg/kg APO increased stereotypy scores at
30-min postinjection (27). In lactating rats, 0.1 mg/kg APO
did not significantly alter maternal retrieval in a 5-min test
(13). Therefore, we hypothesized that initial maternal respon-
siveness would not be altered by low dosages of APO, but
that the normal maternal sequence would then be disrupted
due to the induction of stereotyped behaviors. We observed
dams one at a time and continuously for 1 h after a 4-h dam–
litter separation and 10 min after injection of 0, 0.1, and 0.25
mg/kg APO SC, a procedure that ensures the full repertoire
of pup-directed MBs in controls (39) and the provision of
quantitative data on competitive behaviors that may account
for any observed alterations in the MB sequence.

 

METHOD

 

Animals

 

The subjects were primiparous Long–Evans rats, 

 

Rattus
norvegicus

 

, raised and bred in our laboratory. They were
housed three to four per suspension cage in a colony main-
tained at 22

 

8

 

C, on a 12 L:12 D cycle, with lights on at 0800 h.
Food (Purina Rat Chow) and water were available ad lib. Fe-
males, 65–90 days-old, were mated with a Long–Evans male
on a night of proestrus; pregnancy was confirmed by the pres-
ence of a copulatory plug and sperm in vaginal smears the
next day (gestation day 1). At least 3 days prior to parturition,
pregnant females were transferred to clear, polypropylene
cages (42 

 

3

 

 22 

 

3

 

 20 cm), with wood shavings for bedding. By
day 1, postpartum litters were culled to eight pups each. Four
hours before the start of behavioral testing, pups were re-
moved from their dams and placed in a moist incubator at
nest temperature (

 

z

 

34

 

8

 

C). Pups were manually expressed of
urine and feces shortly before reunion and weighed before
and after the observation.

 

Observations

 

Maternal behaviors were assessed with a minicomputer-
based event recorder (S & K Computer Products, Toronto,
Canada). We recorded behaviors directed toward the pups in-
cluding sniffing, retrieval (in which the dam picks up a pup by
the mouth and carries it to the nest), mouthing (reposition-
ing), licking, hovering over (while motorically active), and
nursing in an upright-crouched, dorsally-arched, or kyphotic
(39) posture (while immobile), as well as nest building (nosing
or paw manipulation of bedding near the nest site), self-
grooming, feeding, and immobility away from the nest. We
also recorded pup stretch responses (PSRs), indicative of a
milk ejection (11).

 

Procedure

 

Testing took place on day 7 

 

6

 

 1 postpartum. Ten minutes
before the start of the test, dams (

 

n

 

 

 

5

 

 8/group) were injected

subcutaneously (in the neck) with apomorphine (APO; Sigma
Chemicals), 0.1 or 0.25 mg/kg/ml, or the saline vehicle (SAL).
At the start of the 60-min observation, pups were scattered in
the dam’s cage opposite the nest site.

 

Statistical Analyses

 

Statistical differences between groups were assessed with
one-way analysis of variance (ANOVA) using SigmaStat. If
either normality or equal variance were violated using the
parametric 

 

F

 

-test, then the Kruskal–Wallis nonparametric
ANOVA was carried out and the 

 

H

 

-value reported instead.
Latencies included responders only, whereas other measures
also included nonresponders. Proportion positive for a given
measure was assessed with the Fisher Exact Probability Test.
The relative litter weight gain (RLWG; g) was calculated as:
[gain/weight before] 

 

3

 

 100.

 

RESULTS

 

All dams sniffed pups and within the first 5 min, and all but
one APO 0.25 dam retrieved 

 

>

 

1 pup; the groups did not differ
significantly in the latency to sniff pups, 

 

H

 

(2) 

 

5

 

 4.45, 

 

p

 

 

 

.

 

 0.1, or
to retrieve the first pup, 

 

H

 

(2) 

 

5

 

 1.41, 

 

p

 

 

 

.

 

 0.4 (responders only)
(Fig. 1A). The groups did not differ significantly in number of
pups retrieved within the first 5 min, 

 

H

 

(2) 

 

5

 

 4.39, 

 

p

 

 

 

.

 

 0.1 (Fig.
1B, left), although it was lowest in group APO 0.25. The per-
centage of dams retrieving 

 

>

 

5 pups within 5 min, however, was

FIG. 1. Effects on day 7 6 1 postpartum dams of treatment with 0
(saline), 0.10, or 0.25 mg/kg apomorphine (APO) on maternal behav-
ior during the first 5 min after reunion with their litter following a 4-h
separation. (A) Latency (mean second 1 SE) to sniff pups and to
retrieve the first pup. (B) Left: number of pups retrieved (mean 1 SE);
right: percentage of dams that retrieved >5 pups in ,5 min. *p , 0.05.
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significantly lower in group APO 0.25 (Fig. 1B, right). When re-
trieval was not completed by 5 min, either the remaining pups
grouped themselves or retrieval began or resumed later.

APO-treated dams displayed a 7–13-fold increase in time
spent carrying pups in the entire observation, both during re-
trieval while the dam roamed about the cage and when repo-
sitioning them within the nest by mouthing, 

 

H

 

(2) 

 

5

 

 6.20, 

 

p

 

 

 

,

 

0.05 (Fig. 2A). APO dams often grasped a pup in abnormal
areas, such as near the head or by the leg, rather than by the
back, and each pup-carrying episode was very prolonged,
sometimes for 

 

>

 

1 min continuously. Similarly, APO-treated
dams displayed a 10–15-fold increase in sniffing pups, 

 

H

 

(2) 

 

5

 

15.80, 

 

p

 

 

 

,

 

 0.001 (Fig. 2B), a five- to sevenfold increase in
sniffing the cage, 

 

H

 

(2) 

 

5

 

 6.08, 

 

p

 

 

 

,

 

 0.05 (Fig. 2C), and a 14–46-
fold increase in sniffing the bedding, 

 

H

 

(2) 

 

5

 

 17.83, 

 

p

 

 

 

,

 

 0.001
(Fig. 2D). The pup sniffing that occurred in the APO animals
seemed not to be directed specifically at the pups, but rather
was a consequence of the pups being on the bedding; indeed,
often an APO-treated dam would push away a pup to con-
tinue sniffing the bedding. The differences between the two
dosages of APO are not significant for these behaviors, ex-
cept for “sniff bedding,” in which case the effects of only the
higher dosage is significantly different from that of the saline
control condition. Whereas the total duration of all sniffing
(Table 1) constituted less than 2% of the observation time
among control dams, it was 16% and 32% in APO 0.10 and
0.25 dams, respectively, a significant dosage-dependent effect.
In contrast to these pronounced effects of APO treatment,
there were no group differences in durations of nesting or
self-grooming (Table 1), or in feeding (data not shown),
which was displayed by only a few dams. Unlike a report on
male rats treated with 0.03 or 0.3 mg/kg APO (1), we ob-

served little or no immobility and no vacuous mouth move-
ments. Although exploration (data not shown), including
rearing and walking about the cage, was highest in the APO
0.25 group, the group differences are not significant, the vari-
ance is high, and this measure, regrettably, was contaminated
with that of sniffing, whether displayed in one location for
prolonged periods or while moving.

The long time spent carrying and sniffing pups and sniffing
the cage and its bedding interfered with the normal progress
of maternal activities among APO-treated dams. Thus, there
were dosage-dependent increases in the latency to lick the
pups, 

 

H

 

(2) 

 

5

 

 18.68, 

 

p

 

 

 

,

 

 0.001 (Fig. 3A), and to nurse them in
a sustained kyphotic posture, 

 

F

 

(2,21) 

 

5

 

 28.00 

 

p

 

 

 

,

 

 0.001 (Fig.
3B). The duration of pup licking once begun did not differ
significantly between groups, 

 

H

 

(2) 

 

5

 

 4.96, 

 

p

 

 

 

5

 

 0.084 (Fig.
3C), but among the dams treated with 0.25 mg/kg APO there
was a significant decrease in the duration of total kyphotic
nursing, 

 

F

 

(2,21) 

 

5

 

 10.90, 

 

p

 

 

 

,

 

 0.001 (Fig. 3D), as well as in ky-
photic nursing with either a low or high dorsal arch (Table 1).
Nursing in other postures, such as supine (lying on side), was
not seen. The group differences in latency and duration of ky-
photic nursing are consonant with those in latency to first
PSR from time of reunion, number of PSRs, and RLWG (Ta-
ble 1). In contrast, there are no significant group differences in
duration of hovering over the pups, total time over the pups
(hovering over while active plus quiescent nursing), or latency
to first PSR from onset of sustained kyphosis (Table 1).

 

DISCUSSION

 

Treatment of lactating rats with low dosages of apomor-
phine did not interfere with initial maternal responsiveness,

FIG. 2. Effects on day 7 6 1 postpartum dams of treatment with 0 (saline), 0.10, or 0.25 mg/kg apomor-
phine (APO) on duration of various behaviors (mean minute 1 SE) of day 7 6 1 postpartum dams dur-
ing 1 h with their litter following a 4-h separation. (A) Carry and mouth pups; (B) sniff pups; (C) sniff
the cage, other than bedding; and (D) sniff bedding. *p , 0.05 vs. saline control group.
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as revealed by latency to sniff and to retrieve pups and re-
trieval frequency within the first 5 min after reunion. Subse-
quently, however, APO disrupted the maternal sequence in
various ways, effects that were more pronounced with 0.25
than with 0.1 mg/kg. APO treatment resulted in a delayed on-

set of licking pups, of nursing them, and, therefore, of milk
ejections. These delays were preceded by prolonged oral car-
rying of pups and stereotyped sniffing of pups, bedding, and
other parts of the cage. Once the effects of APO—which has
a half-life of about 10 min (1)—wore off, the normal sequence

 

TABLE 1

 

EFFECTS OF APOMORPHINE (0, 0.10, OR 0.25 mg/kg SC;

 

n

 

5

 

8 PER GROUP) ON MEAN

 

6

 

SEM VALUES OF
DAM BEHAVIORS AND OFFSPRING WEIGHT GAINS

Measure SAL APO 0.10 APO 0.25

 

F

 

(2, 21) or

 

H

 

(2)

 

p

 

 

 

<

 

Duration (s)
Total sniffing 61 

 

6

 

 16* 573 

 

6

 

 93

 

†

 

1142 

 

6

 

 199

 

‡

 

17.36

 

0.001
Hovering over 1113 

 

6

 

 77 1250 

 

6

 

 128 1449 

 

6

 

 276 0.87 NS
Low kyphotic crouch 1299 

 

6

 

 176* 1332 

 

6

 

 101* 830 

 

6

 

 112

 

†

 

4.41 0.025
High kyphotic crouch 581 

 

6

 

 105* 276 

 

6

 

 56

 

†

 

169 

 

6

 

 37

 

†

 

9.38

 

0.01
Total time over pups 2992 

 

6

 

 155 2858 

 

6

 

 104 2447 

 

6

 

 263

 

2.80

 

NS
Nesting 98 

 

6

 

 11 105 

 

6

 

 37 105 

 

6

 

 24 0.25 NS
Self-grooming 196 

 

6

 

 35 251 

 

6

 

 34 296 

 

6

 

 75 0.95 NS
Latency (s)

PSR 1203 

 

6

 

 177* 1865 

 

6

 

 249

 

†

 

2884 

 

6

 

 162

 

‡

 

16.82 0.0001
PSR from bout kyphosis 474 

 

6

 

 50 514 

 

6

 

 105 512 

 

6

 

 63 0.09 NS
Number of PSRs 5.5 

 

6

 

 0.6* 4.6 

 

6

 

 1.0*

 

†

 

2.5 6 0.5† 4.45 0.03
RLWG (g) 4.5 6 0.4* 4.0 6 0.6* 1.8 6 0.4† 8.28 0.002

PSR (pup stretch response) from bout kyphosis 5 the latency to first PSR from the onset of kyphotic nursing within that bout;
thus, two instances of >2 min of kyphosis followed by prolonged interruption of that nursing bout were excluded for this analysis.
RLWG 5 relative weight gain. Different symbols indicate significant mean differences, p < 0.05.

FIG. 3. Effects on day 7 6 1 postpartum dams of treatment with 0 (saline), 0.10, or 0.25 mg/kg apomor-
phine (APO) on latency (top) and duration (bottom) of licking pups (left) and kyphotic nursing (right)
(mean minute 1 SE) during 1 h with their litter following a 4-h separation. Latency (A) to lick pups and
(B) to display the kyphotic nursing posture for >2 min continuously; duration of (C) pup licking and (D)
kyphotic nursing. Means with different letters are significantly different, p < 0.05.
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of MB resumed. These results are the first to show the disrup-
tive effects on MB of a DA receptor agonist; thus, the expres-
sion of normal MB is impaired by either too little dopaminer-
gic activity (13,15,16,23,38,44) or too much.

Our finding that initial maternal responsiveness is not pre-
vented by a low intensity of DA agonism is supported by
other reports. While 0.1 mg/kg APO in lactating rats injected
immediately before 5-min tests (with no prior dam–litter sep-
aration) counteracted the retrieval-disrupting effect of treat-
ment with 0.2 mg/kg haloperidol 2–2.5 h earlier (86 vs. 0–14%
retrieved and grouped all six pups), this dosage of APO alone
decreased the percentage retrieving slightly but not signifi-
cantly (57 vs. 100% pretest), a decrease that may have been
due to the transient display of stereotypical behaviors (13).
Similarly, daily retrieval frequency of lactating rats during
5-min tests in the home cage was not impaired after injection
of a low dosage of cocaine (5 mg/kg) (54) and retrieval la-
tency was not impaired after a single injection of 5, 10 (24), or
15 (22) mg/kg cocaine. Indeed, low dosages of APO (e.g., 0.2
mg/kg) have been used to reactive the sexual arousal of male
rats thought to have a blockade of DA transmission due to
sexual satiety (26); perhaps waning maternal responsive-
ness—due, for example, to prolonged separation from pups
(35)—may be similarly reactivated.

Apomorphine, by binding to DA receptors of both the D1
and D2 families, induces a variety of stereotypies; as the dos-
age of APO increases, the stereotypy progressively intensifies
(17,29). DA agonism, induced in this study with low dosages
of APO, may have been heightened by the dam’s physical
contact with pups, which induces release of DA from the ven-
tral striatum, including the nucleus accumbens (Acb) (14),
probably via stimulation of the trigeminal nerve during sniff-
ing and carrying pups (20,36,39,42,43). Stereotypical behav-
iors interfered with normal responsiveness to stimuli from
pups until the APO wore off (12,46). When the dam directed
her sniffing toward pups, it was abnormally prolonged [vs.
,0.5 s normally before each retrieval: (42)], and she was
likely to push the pup away to sniff the bedding instead,
which has been termed “head down” (5). Similarly, during
APO treatment male rats paired with another male in an
open field are asocial, but increase their activity level in re-
sponse to the other rat (5). Although licking is another type
of oral stereotypy, licking of pups was delayed until the APO
wore off. Stereotypical licking requires a higher level of DA
agonism than that administered in the present study (6,17),
and may not be expressed in a social context (12,46). Because
quiescent nursing necessarily requires inhibition of motoric
activity (39,40,45), and is enhanced by DA receptor antago-
nism (23,38,44), it is understandable that it was delayed while
motorically active stereotypical behaviors were displayed.
These effects on nursing behavior were reflected as well by
prolonged latency to the first milk ejection and reduced litter
weight gains, the latter being due to the limited time available
in the 60-min observation once sustained nursing finally began.

Because no research group that has reported on the effects
of cocaine on MB in animals has yet to assess the neurochem-
ical basis of their positive findings—for example, by compari-
sons with amphetamine or by coadministration of a DA or se-
rotonin receptor antagonist—the present findings on the
effects of APO on MB in rats provide an initial perspective on
the extent to which these effects of cocaine may be due to its
heightened dopaminergic activity. As indicated above, low
dosages of cocaine (5–15 mg/kg), administered acutely shortly
before a test, like low dosages of APO in the present study,
did not interfere with initial maternal responsiveness. Subse-

quently, the responsiveness to pups by cocaine-treated dams
resembles that seen herein after APO, including roaming
about the cage with a pup in the mouth (54), delayed or de-
creased licking of pups (24,54), and decreased nursing behav-
ior (18,21,22,24,48,49). These comparisons lend strong sup-
port to an interpretation of disruptions in MB while APO or
cocaine are circulating as due largely to display of competitive
behaviors elicited by heightened dopaminergic activity in me-
sotelencephalic pathways. Indeed, acute, systemic administra-
tion of 15, 20, or 40 mg/kg cocaine in lactating rats caused sub-
stantial increases in stereotypical behaviors (21,49,50),
locomotor activity (48–50), or both. Further, the various be-
havioral effects of cocaine in rats—including hyperactivity,
sniffing, and oral stereotypies—are dependent upon height-
ened mesolimbic dopaminergic activity [see (51)], including
activation of both the D1 and D2 DA receptors (47), while a
drug substitution test revealed comparable effects of apomor-
phine and cocaine (4). It is not surprising, therefore, that all
papers on effects of cocaine on MB acknowledge that height-
ened dopaminergic transmission is the most likely mediating
factor. Until the appropriate experiments are carried out,
however, interaction with other neurotransmitters or interfer-
ence with neuroendocrine regulation cannot be ruled out for
at least a partial explanation of the effects on MB of cocaine
[see (21) and (24)] or APO, although these are unlikely when
a low dosage is administered acutely.

Systemically administered APO and cocaine have wide-
spread actions on the brain. Infusion of a D2 receptor anti-
sense oligonucleotide was used recently to show that stereo-
typic sniffing induced by low dosages of APO are mediated
by presynaptic D2 autoreceptors in the striatum (34). Microin-
fusion of various dopaminergic drugs revealed that both D1
and D2 receptor subtypes are involved in the expression of
oral stereotypies, including head-down sniffing and mouth
movements, and that the ventrolateral striatum is the major
site for the elicitation of these behaviors (7). In contrast, loco-
motor activation is elicited by cocaine microinfusions into the
Acb (8). These findings shed light on the site-specific effects
of cocaine (50 mg/0.5 ml/side) on MB that were demonstrated
recently. Following microinfusions into the medial preoptic
area (MPOA) or Acb in lactating rats, but not into the dorsal
striatum or dorsomedial hippocampus, both hyperactivity and
impairments in all aspects of pup-oriented MB were found,
but no stereotypy (51). Thus, cocaine infused specifically into
two regions known to be important for the expression of MB,
but not into sites known not to be so involved (16,23,30,37),
essentially duplicated findings with systemic administration.
The authors argue persuasively that the effects of acutely ad-
ministered cocaine on MB are due to its stimulant and not its
anesthetic properties because cocaine, but not the local anes-
thetics, procaine or lidocaine, elicited hyperactivity when in-
fused into the Acb (8). The further argument that because of
differences in their temporal pattern the disruptions in MB
are not due to hyperactivity—measured in a special apparatus
away from the home cage— is less persuasive. What is needed
are measures of activity and other nonmaternal behaviors
during the interactions with pups to provide a behavioral ex-
planation of the dysfunctions, and because the temporal pat-
tern of hyperactivity induced by cocaine may be altered by
pup-elicited DA release from the ventral striatum (14).

Whether or not the effects of site-specific microinfusions
of cocaine are all due to specific “alterations in the neural cir-
cuit that supports MB” (51) remains to be determined. Infu-
sions of cocaine in the core of the Acb were as effective as
those in the shell of the Acb in interfering with retrieval of
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pups (51), findings at variance with results from our labora-
tory showing that microinfusions of the DA receptor antago-
nist, cis-flupenthixol, in the Acb that included the shell, but
not those confined to the core, prevented retrieval of pups
(23). This shell-core difference is supported by a wealth of
data on their distinctions, such as mesolimbic vs. nigrostriatal
characteristics (2,10,19,53); in particular, the shell, but not the
core, of Acb is connected with regions known to be important
for retrieval of pups, such as the lateral hypothalamus and
preoptic area (30), bed nucleus of the stria terminalis (31),
ventral tegmental area (32), and periaqueductal gray (25).
Thus, it is likely that hyperactivity induced by microinfusions
of cocaine into either the core or the shell of Acb, or the
MPOA, largely contributes to impairments in MB.

In conclusion, elucidating the basis for the disruptions in
maternal behavior following acute administration of apomor-
phine revealed that they are not specific to maternal motiva-
tion, but rather to induction of competitive responses; this
view may be applicable as well to the effects of cocaine on

MB. In support of the present interpretation, operant re-
sponding for food reinforcement was dose dependently de-
creased by low dosages of APO, with cessation of responding
after 0.3 mg/kg (9), similar to the higher dosage used herein to
assess spontaneous maternal behavior. Appropriate site- and
neurochemical-specific manipulations, however, can reveal
the precise role of a given neurotransmitter, such as dopam-
ine, with respect to each component of a complex motivated
behavior (23,52).
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