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VARLINSKAYA, E. I., E. S. PETROV, S. R. ROBINSON AND W. P. SMOTHERMAN. Asymmetrictd develop- 
ment of the dopamine system in the fetal rat as indicated by lateraked administration of SKF-38393 and SCH-23390. 
PHARMACOL BIOCHEM BEHAV 50(3) 359-367, 1995.-The dopamine Di agonist SKF-38393 and the D, antagonist 
SCH-23390 were administered into the left or right cerebral hemisphere of the rat fetus on E21 of gestation. Intrahemispheric 
(IH) injection of the agonist promoted a large-magnitude increase in fetal motor behavior, which involved movements of the 
head, limbs, and body trunk. Although no lateral asymmetries were evident in left or right injections of the agonist, IH 
injection of the antagonist into the fetus’s left hemisphere produced more pronounced effects on oral behavior, including 
mouth, lick, and facial wipe movements. Administration of SCH-23390 into the same hemisphere as SKF-38393 was effective 
in reversing the behavioral effects of the agonist, with left IH injections showing more immediate and complete blockade of 
agonist-induced behavioral activation. These data provide evidence for functional asymmetries in D, receptors of the dopa- 
mine system in the term rat fetus. 

SKF-38393 SCH-23390 D, Dopamine Rat fetus Brain asymmetry 

TECHNIQUES that permit delivery of drugs directly into the 
central nervous system of the rat fetus have recently provided 
new information about the prenatal development of different 
neurochemical systems. Selective agonists of dopamine (18), 
opioid (10, la), or vasopressin systems (17) have been shown to 
produce large-magnitude changes in motor behavior of fetal 
subjects on the last 2 days of gestation (E20-E21). For exam- 
ple, SKF-38393, a selective agonist of the D, dopamine recep- 
tor, when administered into the cistema magna of the rat 
fetus, results in dosage-dependent increases in motor activity. 
In contrast, intracistemal injection of the D, antagonist SCH- 
23390 has little effect on overall motor activity, but promotes 
distinctive patterns of oral behavior, including mouthing, lick- 

ing, and wiping the forelimbs over the surface of the head 
(facial wiping). SCH-23390 also is effective in reversing the 
behavioral effects promoted by intracistemal injection of 
SKF-38393 (18). These findings confirm that D, receptors of 
the fetal dopamine system are functional and capable of en- 
gaging the motor system during the late prenatal period. 

A body of evidence obtained has suggested that many neu- 
rochemical systems exhibit distributions or functional organi- 
zations that differ between left and right sides of the brain. 
Lateral asymmetry in the dopamine system has been reported 
to vary among individual rats (12), and to contribute to indi- 
vidual differences in lateral&d behavior (e.g., rotational be- 
havior, tail posture, paw preference), stress reactivity, and 
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sensitivity to drugs. Most of the available information on 
asymmetry in the dopamine system derives from studies of 
adult rodents (3,4,6); relatively little work has been done to 
assess functiona asymmetries in developing animals. One 
noteworthy exception is the tendency for neonatal rats to ex- 
hibit postural asymmetry while in a prone position. Postural 
preference typically is measured by placing the pup on a sub- 
strate in a bilaterally symmetrical starting position and noting 
whether the pup’s tail is shifted to the left or right of the 
midline. Lateral bias in tail posture has been shown to be 
predictive of asymmetric spatial behavior in adulthood 
(11,13). Further, postural lateralization in neonates has been 
shown to correlate with asymmetry in dopamine activity in 
adult rats (1,ll). Although lateral asymmetry per se was not 
assessed in fetal subjects, prenatal stress induced by manipula- 
tion of pregnant rats can enhance the expression of lateral 
asymmetries in the dopamine system of adults (5). Collec- 
tively, these studies suggest that functional asymmetries in the 
dopamine system may have their ontogenetic origin in the 
prenatal period. 

The purpose of the present study was to investigate the 
early ontogeny of lateralized differences in the dopamine sys- 
tem of the rat fetus. Individual fetal subjects received injec- 
tions of selective D, dopamine agonist (SKF-38393) or antago- 
nist (SCH-23390) into the left or right cerebral hemisphere in 
the vicinity of the lateral ventricle. Behavioral effects of these 
prenatal manipulations were assessed by observation of the 
motor behavior of fetuses in vivo. Specifically, these experi- 
ments examined whether (a) lateralized administration of 
SKF-38393 or SCH-23390 is effective in promoting changes in 
fetal motor behavior, (b) whether left or right injections of the 
D1 agonist or antagonist differ in their effects on fetal behav- 
ior, and (c) whether ipsilateral injection of SCH-23390 is ef- 
fective in reversing the behavioral effects promoted by intra- 
hemispheric injection of SKF-38393. 

GENERAL METHOD 

Subjects 

Fetuses produced in timed matings of pregnant Sprague- 
Dawley rats (Charles River Laboratories, Wilmington, MA) 
served as experimental subjects. A total of 191 fetal subjects 
derived from 61 pregnancies were used in the three experi- 
ments of this study. Breeding female rats were housed in 
groups of three in plastic breeding cages (36 x 47 x 20 cm) 
and were time mated by introducing one male rat into the 
cage. Vaginal smears were collected daily during a dday 
breeding period to date conception; embryonic day 0 (EO) was 
defined as the first day sperm were detected (birth occurs on 
E21.5). Pregnant rats were maintained on a 12L : 12D cycle 
(lights on at 0700 h) under conditions of constant room tem- 
perature (22OC) until the date of fetal testing (E21). Food and 
water were available ad lib. At all times, rats were maintained 
and treated in accordance with guidelines for animal care es- 
tablished by the National Institutes of Health. 

Prenatal Preparation 

Pregnant rats were surgically prepared on E21 of gestation 
for testing of fetal subjects. The rat was placed under ether 
anesthesia and 100% ethanol (70 ~1) was injected into the 
spinal canal between the first and second lumbar vertebrae 
to produce a chemical transection of the spinal cord. This 
chemomyelotomy procedure results in irreversible blockade of 
neural transmission within the spinal cord at the low thoracic 

level, eliminating sensation in the lower part of the body. 
After chemomyelotomy, the prepared rat was placed in a 
holding device and immersed to chest depth in a buffered 
isotonic saline bath at 37.5%. The activity of the pregnant rat 
was monitored visually throughout the experiment to ensure 
completeness of the spinal transection. Access to fetal subjects 
was provided by exteriorizing the uterus through a low midline 
incision in the rat’s abdomen. Individual fetuses selected as 
experimental subjects were externalized through a small inci- 
sion in the uterus and the embryonic membranes were re- 
moved. Approximately the same proportion of male and fe- 
male fetuses were used as subjects in each treatment group 
within the three experiments. [The sex of each fetus was deter- 
mined by examination of anogenital distance, which is a reli- 
able indicator of gender on E21 (2).] The fetal subject was 
attached to the placenta, which remained inside the uterus. 
Subjects remained under the water surface throughout experi- 
mentation and were monitored to ensure that they remained 
pink and showed no behavioral indications of hypoxia, includ- 
ing lateral trunk curls (14). To avoid confounding litter effects 
with treatment effects, only one subject from each pregnancy 
was assigned to each treatment group, and all treatments were 
represented within the pregnancy whenever feasible (7). The 
order of testing subjects and their location within the uterus 
were randomized among the treatments in each pregnancy. 
After surgical preparation, a 20-min period elapsed before 
behavioral testing (15). 

Central Administration of D, Agonist and Antagonkt 

Solutions containing various dosages of the selective D, 
agonist SKF-38393 (SKF, a selective D, agonist), SCH-23390 
(SCH, a selective Dr antagonist), or isotonic saline (SAL) were 
administered into the central nervous system of individual fe- 
tal subjects (drugs obtained from Research Biochemicals Inc., 
Natick, MA). The dosages of SKF (5.5 pg/subject) and SCH 
(5.5 pg) used in this study were determined by dose-response 
studies (18). All drug or vehicle solutions were administered to 
individual fetal subjects by intrahemispheric (IH) injection. 
To deliver IH injections, drug solutions were loaded into the 
terminal section of transparent polyethylene tubing (PE-10). 
A 30-ga hypodermic needle at the end of this tubing was in- 
serted under visual guidance into the subject’s left or right 
cerebral hemisphere to a depth of 1.5 mm at a point located 
1 .O mm anterior and 1 .O mm lateral from bregma. These coor- 
dinates correspond to the location of the lateral ventricle in 
the brain of the term rat fetus (E21-PO) (9). A fixed volume 
(1 .O ~1) of the drug or vehicle solution was injected in a pulse 
lasting 8-10 s. Additional details about this procedure for 
central administration of drugs to fetal subjects have been 
described previously (17). Drug solutions were prepared in 
advance in an isotonic saline vehicle (with dosages calculated 
from the weight of the salt), refrigerated, and warmed to fetal 
body temperature before injection. The volumetric equivalent 
of isotonic saline was used as the vehicle in preparing these 
solutions. 

Behavioral Observation 

Effects of drug treatment were assessed by scoring the mo- 
tor behavior of fetuses over an experimental session lasting 5- 
12 min. The observer noted each instance of fetal movement 
and called the appropriate behavioral category to an assistant, 
who entered the category of behavior into a microcomputer- 
based event recorder. Because the assistant conducted the drug 
administrations, the observer remained blind to drug treat- 
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ments received by each fetal subject. Seven categories of fetal 
behavior were distinguished: forelimb (movement involving 
one or both forelimbs), rearlimb (movement involving one or 
both rearlimbs), head (change in head position relative to the 
body trunk), trunk (ventriflexion or lateral flexion of the body 
trunk), mouth (opening and closing of the mouth), lick (pro- 
trusion of the tongue outside the oral cavity), and wipe [place- 
ment of one or both forepaws against the side of the head and 
movement of the forepaw(s) in a rostra1 direction, in contact 
with the face]. No attempt was made to distinguish move- 
ments directed toward or invoving body parts on the left or 
right side of the body. The sum of movement events in all 
seven categories was used as a measure of overall fetal activity. 
The event recording system also recorded the time of each 
data entry, thereby providing information about the fre- 
quency and timing of fetal movements. We have reported that 
this observation and recording protocol is highly consistent 
between observation sessions (reliability > 0.90) (15). 

Data Analysis 

In each experiment, a series of statistical analyses was con- 
ducted to assess the effects of drug treatment and site of injec- 
tion. An overall analysis comprising all treatment groups in- 
volved a multifactor analysis of variance (ANOVA), with 
scores during successive minutes of observation treated as a 
repeated measure. Significant main or interaction effects in- 
volving the drug treatment factor were followed by tests for 
simple main effects to further characterize treatment effects. 
A similar series of analyses was conducted to characterize drug 
effects on each of the seven categories of fetal movement. 
Owing to the large number of analyses involved, an alpha level 
of p < 0.01 was used to judge statistical significance. 

EXPERIMENT 1. INTRAHEMISPHERIC ADMINISTRATION 
OF SKF-38393 

Peripheral administration or injection of SKF-38393 into 
the cisterna magna of the rat fetus results in dose-dependent 
increases in overall fetal motor activity. Peripheral adminis- 
tration of the Di agonist resulted in elevated movements of the 
forelimbs, rearlimbs, and head (8), whereas central injection 
promoted head and forelimb activity but no change in rear- 
limb movement (18). These findings confirm that peripheral 
or intracistemal injection of dopaminergic drugs can engage 
D, receptors to bring about changes in fetal motor behavior. 
Both methods of drug administration are likely to have re- 
sulted in equivalent stimulation of receptors located in left and 
right cerebral hemispheres. The objective of Experiment 1 was 
to administer the D1 agonist SKF-38393 into the left or right 
hemisphere to provide information about possible asymmet- 
ries in the developing dopamine system of the fetal rat. 

Method 

A total of 71 fetuses from 22 pregnancies served as subjects 
in Experiment 1. Each subject received a single IH injection at 
the beginning of the test session consisting of the isotonic 
saline vehicle (SAL) or SKF-38393 (SKF) administered into 
the left or right hemisphere. The combination of drug and site 
of injection thus yielded four treatment groups: SAL-Left (N 
= 10 subjects), SAL-Right (N = lo), SKF-Left (N = 26), 
and SKF-Right (N = 25). Immediately following IH injec- 
tion, the behavior of fetal subjects was recorded in a 10&n 
observation session. 
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Results 

Overall fetal activity was compared in a three-factor re- 
peated-measures ANOVA (SKF or SAL x left or right injec- 
tion x 10 min). This analysis indicated the significant interac- 
tion of drug treatment and time, F(9,603) = 7.2, p c 0.001. 
Post hoc tests for the simple main effect of drug treatment for 
each minute of the session indicated significant differences 
between SKF and SAL, regardless of side of injection, during 
minutes 2-10 (p < 0.01). Tests for the simple main effect of 
time indicated that overall activity increased in subjects 
treated with SKF (p c O.OOl), but not in SAL-treated sub- 
jects. Intrahemispheric injection of SKF resulted in three- to 
fourfold increases in motor activity that were evident within 
l-2 min after injection and persisted without decline for the 
remainder of the IO-min session (Fig. 1). The increase in activ- 
ity was evident following both left and right IH injection of 
SKF. 

Three-factor repeated-measures ANOVAs also were con- 
ducted for each of the seven categories of fetal movement 
(Fig. 2). A significant interaction of drug treatment x time 
was evident for movements of head, F(9, 603) = 13.7, p < 
0.001, and forelimb, F(9, 603) = 5.4, p < 0.001. Main ef- 
fects of drug treatment were evident for rearlimb, F(1, 67) = 
17.7,~ < 0.001, trunk, fll, 67) = 17.6,~ < 0.001, mouth, 
F(1, 67) = 8.8, p c 0.01, and wipe, F(1, 67) = 27.8, p < 
0.001. Post hoc tests for simple main effects indicated that 
head movements of SKF-treated fetuses were elevated relative 
to the SAL group during minutes 2-10 (p < 0.01). Head 
movements also changed with time in SKF-treated subjects (p 
< O.Ol), but not in SAL-treated subjects. SKF also resulted in 
an increase in forelimb movements relative to SAL during 
minutes 4-10 (p < 0.01). Forelimb movements increased with 
time only in subjects treated with SKF @ -C 0.01). Trunk, 
mouth, and wiping movements were elevated after IH injec- 
tion of SKF relative to SAL controls @ < 0.01). However, 
rearlimb movements decreased following IH injection of SKF 
compared to SAL-treated subjects @ < 0.01). These analyses 
indicated that IH administration of SKF resulted in significant 
increases of head, forelimb, rearlimb, trunk, mouth, and wip- 
ing, but no change in licking. There was no evidence for signif- 
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FIG. 1. Overall motor activity of E21 rat fetuses following left or 
right intrahemispheric (III) injection of SKF-38393 (SKF; 5.5 pg per 
subject) or the isotonic saline vehicle (SAL) in Experiment 1. Points 
depict the mean number of fetal movements per minute; vertical lines 
show SEM. Injection of SKF-38393 into either the left or right hemi- 
sphere resulted in significant, threefold increases in fetal activity that 
were evident 2 min after injection and persisted through the end of the 
lO-min test session. 
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EXPERIMENT 2. INTRAHEMISPHERIC ADMINISTRATION 
OF SCH-23390 

Intraperitoneal or intracisternal administration of SCH- 
23390 can promote modest effects on fetal motor behavior. 
Both peripheral and central injections of the D, antagonist 
increase categories of movement in the perioral region of the 
fetus, including elevated mouthing, licking, and facial wiping 
behavior (8,18). These findings demonstrate that the term rat 
fetus exhibits endogenous activity in the dopamine system and 
that blockade of endogenous activity at D, receptors promotes 
the expression of perioral behavior. The objective of Experi- 

ment 2 of this study was to administer the D, antagonist SCH- 
23390 into the left or right hemisphere to provide information 
about asymmetries in endogenous activity at D, receptors in 
the fetal rat. This experiment provided necessary information 
preliminary to using the D, antagonist to reverse behavioral 
effects of SKF-38393, reported below (Experiment 3). 

Method 

A total of 80 fetuses from 22 pregnancies served as subjects 
in Experiment 2. Each subject received a single IH injection at 
the beginning of the test session consisting of the isotonic 
saline vehicle (SAL) or SCH-23390 (SCH) administered into 
the left or right hemisphere. The combination of drug and site 
of injection thus yielded four treatment groups: SAL-Left (N 
= 20 subjects), SAL-Right (N = 2O), SCH-Left (N = 20), 
and SCH-Right (N = 20). Immediately following IH injec- 
tion, the behavior of fetal subjects was recorded in a S-min 
observation session. 

Results 

Overall fetal activity was compared in a three-factor re- 
peated-measures ANOVA (SCH or SAL x left or right injec- 
tion x 5 min). This analysis indicated the significant interac- 
tion of drug treatment and site of injection, fll, 76) = 7.3, p 
< 0.01, and the main effect of time, F(4, 304) = 5.1. p < 
0.001. Post hoc tests for the simple main effect of drug treat- 
ment separately for left and right IH injections indicated a 
significant difference between SCH and SAL following injec- 
tion into the subject’s left hemisphere @ < O.OOl), but no 
difference between SCH and SAL injected into the right hemi- 
sphere. Tests for the simple main effect of site of injection 



FETAL DOPAMINE ASYMMETRY 

-0 1 2 3 4 5 

Time (min) 

FIG. 3. Overall motor activity following left or right IH injection of 
SCH-23390 (SCH; 5.5 pg per subject) or the isotonic saline vehicle 
(SAL) in Experiment 2. A small but significant decrease in fetal activ- 
ity was evident following injection of SCH-23390 into the left, but not 
the right, hemisphere. A main effect of time was also indicated, with 
the lowest levels of fetal activity expressed during minute 3. 

indicated that overall activity differed between left and right 
injections only in subjects that received an IH injection of 
SCH (p < O.OOl), but not in SAL-treated subjects. These 
post hoc analyses indicate that SCH resulted in an overall 
decrease in fetal motor activity only when administered into 
the left hemisphere (Fig. 3). Post hoc comparisons of fetal 
activity at each minute after injection (collapsed across 
groups) indicated a small but significant reduction in fetal 
activity at minute 3 relative to minute 5 (p < 0.01). 

Three-factor repeated-measures ANOVAs were conducted 

Head Forelimb 
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for each of the seven categories of fetal movement (Fig. 4). A 
significant interaction of drug treatment x site of injection 
was evident for movements of Forelimb, F(1,76) = 12.5, p c 
.OOl. Post hoc tests for simple main effects indicated that 
forelimb movements were depressed relative to the SAL group 
in subjects that received an IH injection of SCH into either the 
left or right hemisphere (p < 0.001). Differences in forelimb 
activity after IH injection were evident only after administra- 
tion of SCH (p c O.OOl), not SAL. Main effects of drug 
treatment were indicated for head, F(1, 76) = 35.4, p < 
0.001, trunk, fll, 76) = 10.3, p < 0.01, mouth, F(1, 76) = 
43.9, p < 0.001, and lick, fll, 76) = 46.7, p < 0.001, with 
SCH resulting in significant decreases in head, rearlimb, and 
trunk movements, and significant increases in mouth and lick 
movements. Main effects of time after injection were found 
for head, F(4, 304) = 5.1, p c 0.001, forelimb, F(4, 304) 
= 3.5,~ < 0.01, and rearlimb, F(4, 304) = 8.8, p < 0.001. 
Post hoc comparisons of different times after injection (col- 
lapsed across groups) revealed that head, forelimb, and rear- 
limb movements were suppressed at minutes 3 and 4 relative 
to minute 1 (p c 0.01). The significant interaction of drug 
treatment x time was found for wipe, F(4, 304) = 3.6, p < 
0.01. Tests for simple main effects on wiping movements indi- 
cated that wiping was elevated following IH administration of 
SCH during minutes 2,4, and 5 relative to SAL-injected sub- 
jects (p < 0.001). The simple effect of time was indicated 
only for subjects treated with SCH @ < 0.001). 

Discussion 

The results of this experiment demonstrate that IH injec- 
tion of SCH-23390 results in significant changes in motor be- 
havior in the E21 rat fetus. The IH administration of the D, 
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FIG. 4. Changes in seven categories of fetal behavior following left or right IH injection of different dosages of SCH or SAL 
in Experiment 2. Data for head, forelimb, rearlimb. trunk, mouth. lick, and wipe are shown in separate graphs. Administra- 
tion of SCH-23390 into the left or right hemisphere resulted in signficant decreases in head, forelimb, rearlimb, and trunk 
movements, and significant increases in mouth, lick, and wipe. 
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antagonist depressed movements of the head and appendages, 
but increased activity in the perioral region of the fetus 
(mouth, lick, and wipe). However, the effects of the D, antag- 
onist on fetal motor activity, although significant, were mod- 
est in magnitude relative to the pronounced increases in activ- 
ity that result from IH administration of the D, agonist 
(Experiment 1), and were evident only when SCH was injected 
into the left cerebral hemiphere. Experiment 2 thus provided 
evidence for asymmetric effects of SCH-23390 on fetal motor 
behavior. Overall activity was reduced when SCH was injected 
into the left hemisphere of the fetus, but not when adminis- 
tered into the right hemisphere. The pattern of reduced ac- 
tivity in fetuses receiving left IH injections was consistently 
expressed across head, forelimb, rearlimb, and trunk 
movements. Where SCH-23390 resulted in elevated fetal 
movements (mouth, lick, wipe), fetuses that received left IH 
injections showed smaller increases in activity. Across all 
seven categories, therefore, consistent but small differences in 
activity-with less activity following left IH injection- were 
cumulatively responsible for the asymetrical pattern of effects 
on overall motor activity. Whereas intrahemispheric injection 
of SKF-38393 provided no evidence for differences in sensitiv- 
ity of left and right hemispheres to exogenous stimulation 
of D, receptors (Experiment 1), differences in fetal behavior 
following IH injection of SCH-23390 suggests that endoge- 
nous activity at D, receptors differs between left and right 
cerebral hemispheres in the term rat fetus. Alternatively, 
asymmetrical effects of SCH-23390 may be due to differences 
in the action of the D, antagonist in left and right hemispheres 
and may not be reflective of endogenous dopamine activity. 

EXPERIMENT 3. REVERSAL OF INTRAHEMISPHERIC SKF-38393 
EFFECTS WITH IPSILATERAL ADMINISTRATION OF SCH-23390 

Previous experiments with fetal subjects have confirmed 
that changes in behavior promoted by SKF-38393 are medi- 
ated by activity at the D, receptor. Peripheral administration 
of SCH-23390 can block behavioral effects by SKF-38393 (8). 
Similarly, elevated motor activity resulting from central ad- 
ministration of SKF-38393 can be reversed by injection of 
SCH-23390 into the cisterna magna (18). Data presented in 
Experiment 1 of this study confirmed that SKF-38393 also 
promotes large-magnitude increases in fetal activity when in- 
jected directly into the cerebral hemisphere of the rat fetus, 
and that administration of the D, agonist into the left or right 
hemisphere produces similar effects. However, the findings of 
Experiment 2, in which SCH-23390 was injected into the left 
or right hemisphere of the fetus, suggested asymmetric behav- 
ioral effects resulting from blockade of D, receptors. It is 
possible that these results are indicative of left-right differ- 
ences in endogenous activity in the dopamine system, or that 
SCH-23390 exerts quantitatively or qualitatively different ef- 
fects in the two hemispheres. The objective of Experiment 3 in 
this study was to provide further information about possible 
asymmetries in the functioning of the dopamine system in the 
term rat fetus by administering the D, agonist and D, antago- 
nist into the same cerebral hemisphere. 

Method 

A total of 40 fetuses from 17 pregnancies served as subjects 
in Experiment 3. Each subject received a single IH injection at 
the beginning of the test session consisting of SKF-38393 
(SKF) administered into the left or right hemisphere. Fetuses 
were observed for 5 min after SKF injection, then received a 
second IH injection consisting of SCH-23390 (SCH) into the 
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same hemisphere as the original SKF injection (ipsilateral 
hemisphere), yielding two experimental groups (SCH-Left, N 
= 12; SCH-Right, N = 12). Two additional control groups 
involved IH injection of SAL into the ipsilateral hemisphere 
(SAL-Left, N = 8; SAL-Right, N = 8). The purpose of these 
control groups was to confirm that SKF would continue to 
promote elevated motor activity after a second IH injection. 
IH injection of SCH or SAL occurred during a 2-min period 
(minutes 6-7 of the test session), which was followed by an 
additional 5-min period of observation. 

Rest&s 

A preliminary analysis was conducted over the first S-min 
period of observation (after SKF injection) to confirm that IH 
injection of SKF resulted in an increase in fetal motor activity. 
The two-factor repeated-measures ANOVA (four groups x 5 
min) assessing changes in overall activity indicated the signifi- 
cant main effect of time, F(4, 144) = 103.3, p < 0.001. SKF 
promoted a sharp increase in fetal activity that was similar 
to the effects reported in Experiment 1 (Fig. 5). Significant 
SKF-induced increases in head, F(4, 144) = 97.0, p < 0.001, 
forelimb, F(4, 144) = 76.8, p < 0.001, trunk, F(4, 144) = 
37.6, p < 0.001, and wipe, F(4, 144) = 3.7,~ < 0.01, also 
were indicated. Trunk movements were somewhat reduced in 
subjects that would later receive SCH injection compared to 
subjects that would receive SAL, as suggested by the main 
effect of group, F(3, 36) = 4.5, p < 0.01. There was no indi- 
cation that SKF exerted different effects on fetal behavior 
when administered into the left or right hemisphere. There- 
fore, SKF administration into the left or right hemisphere of 
the fetus resulted in pronounced increases in motor activity 
that continued to be expressed immediately before the second 
IH injection. 

To assess the effects of the second injection on SKF- 
induced increases in fetal movement, motor activity during 
minutes 8-12 was compared in a two-factor repeated-measures 
ANOVA (four groups x 5 min of observation). This analysis 
revealed the significant interaction of groups x time, F(4, 
144) = 94.3, p < 0.001. Post hoc tests for simple main ef- 
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FIG. 5. Overall motor activity in Experiment 3. Fetuses received a 
left or right IH injection of SKF (5.5 pg) at the beginning of the 
session. Five minutes later, subjects received an ipsilateral IH injec- 
tion of SCH (5.5 pg) or SAL. Fetal activity increased after IH admin- 
istration of SKF-38393 (minutes l-5). but decreased significantly after 
a second injection involving SCH-23390. The D, a&agonist had a 
significantly greater effect when administered into the left hemisphere 
of the fetus, which was evident during minutes 8- 11. 
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fects of group indicated significant differences in fetal activity 
during all 5 min after the second IH injection 0, < 0.001). 
During minutes 8-12, fetal activity remained high in both con- 
trol groups (SAL-Left, SAL-Right), suggesting that SKF con- 
tinued to promote high levels of motor activity throughout the 
test session. Injection of SCH into the left hemisphere resulted 
in an immediate, pronounced decrease in fetal motor activity 
relative to SAL-injected controls. Injection of SCH into the 
right hemisphere initially resulted in a more modest decrease 
in motor activity (minutes 8-1 l), and reached a reduction in 
activity equivalent to the SCH-Left group by minute 12. 

A series of two-factor repeated-measures ANOVAs was 
conducted for each of the seven categories of fetal movement 
(Fig. 6). The significant interaction of groups x time was in- 
dicated for movements of head, 012, 144) = 7.6,~ c 0.001, 
and forelimb, F(12, 144) = 5.5, p < 0.001. The pattern of 
effects on these two behavioral categories was nearly identical 
to that described above for overall activity: SCH promoted a 
more pronounced decrease in movements of head (minutes 8- 
11) and forelimb (minutes 8-10) when injected into the left 
hemisphere @ < 0.01). The main effect of group was signifi- 
cant for trunk movements, 03, 36) = 89.4, p < 0.001, with 
pronounced decreases in trunk movements evident in both the 
SCH-Left and SCH-Right groups. The main effect of groups 
also was indicated for mouth movements, F(3, 36) = 8.7, p 
< 0.001. Pairwise comparisons of mouthing between groups 
revealed that mouthing was significantly elevated only in sub- 
jects that received an IH injection of SCH into the right hemi- 
sphere @ < 0.01). The main effect of groups was indicated 
for lick, F(3, 36) = 5.2, p < 0.01, with more licking ex- 
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pressed by fetuses that received IH injection of SCH into the 
right hemisphere @ < 0.01). The main effect of groups was 
found for wipe, F(3, 36) = 15.6, p < 0.001, with more wip- 
ing movements expressed in subjects that received IH injection 
of SCH in the left hemisphere @ < 0.01). 

Discussion 

The results of Experiment 3 confrm that IH injection of 
SCH-23390 is effective in reversing the behavioral effects of 
the D, agonist, SKF-38393, administered into the same cere- 
bral hemisphere. SKF injection into either the left or right 
hemisphere promoted large-magnitude increases in overall ac- 
tivity, including movements of head, forelimbs, and body 
trunk, which were sharply reduced by IH injection of SCH. 
However, this experiment also provides further evidence for 
asymmetries between left and right hemispheres in the effects 
of the D, antagonist. IH injection of SCH into the left hemi- 
sphere resulted in more immediate and more pronounced de- 
creases in head, forelimb, and trunk movements (the principal 
patterns increased after SKF injection), and a significant in- 
crease in wiping movements. Conversely, injection of SCH 
into the right hemisphere resulted in elevated mouth and lick 
movements relative to subjects receiving left hemisphere injec- 
tion of SCH or control injections of SAL. Because the asym- 
metric effects of SCH-23390 in Experiment 3 were observed 
following pharmacological stimulation of D, receptors with 
SKF-38393, it seems unlikely that they can be attributed to 
differences in endogenous dopamine activity in the left and 
right hemispheres. Rather, alternative explanations should be 
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FIG. 6. Changes in seven categories of fetal behavior after left or right IH injection of SKF followed by ipsilateral IH 
injection of SCH or SAL in Experiment 3. Data for head, forelimb, rearlimb, trunk. mouth, lick, and wipe are shown in 
separate graphs. The asymmetrical effects of SCH-23390 were evident in a significantly greater reduction of head and forelimb 
movements after IH injection into the left hemisphere, a greater increase of mouth and lick movements after injection into 
the right hemisphere, and a greater increase in wipe movements after injection into the left hemisphere. 
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sought to explain differences in the effects of SCH-23390 in 
the left and right hemispheres of the rat fetus. 

CONCLUSIONS 

The present study contributes to a growing literature that 
the dopamine system is functional during the prenatal period 
and can exert effects on motor behavior of the developing rat 
fetus. Administration of the selective D, agonist SKF-38393 
into cisterna magna (18) or laterally into one of the cerebral 
hemispheres (this study) results in immediate, sustained, large- 
magnitude increases in motor activity. The principal behav- 
ioral categories that contribute to this increase in movement 
are head, forelimbs, and body trunk. In fact, the behavioral 
effects resulting from IH or intracisternal administration of 
SKF-38393 are very similar. One possible interpretation of this 
similarity is that the agonist engages the same population of 
D, receptors to bring about changes in fetal motor activity 
after left IH, right IH, or intracisternal injection. It is unlikely 
that the similarity in effects of left and right IH injection are 
due to ceiling effects; higher doses of SKF-38393 have been 
shown to promote motor activity 5Ovo greater than the levels 
reported in this study (18). Central administration of the selec- 
tive D, antagonist SCH-23390 also produces behavioral effects 
in the E21 rat fetus. However, blockade of D, receptors ap- 
pears to exert slightly different behavioral effects that depend 
upon the site of injection. In a previous study, we reported 
that intracisternal injection of SCH-23390 increases mouth, 
lick, and wipe movements, but exerts little influence on other 
categories of fetal activity. Specifically, a range of doses of 
the D, antagonist (1 .O-20.0 pg per subject) administered into 
the cisterna magna provided no evidence for reduced fetal 
activity. In contrast, Experiment 2 of this study demonstrated 
that injection of SCH-23390 into the left or right cerebral 
hemisphere resulted in significant reductions of head, fore- 
limb, rearlimb, and trunk movements, with slightly greater 
reductions occurring after IH injection into the left hemi- 
sphere. Qualitative differences between IH and intracisternal 
administration of SCH-23390, and quantitative differences 
between left and right IH injections of this drug, suggest that 
the D1 antagonist may engage different populations of D, re- 
ceptors . 

the left hemisphere showed an immediate, pronounced reduc- 
tion in activity, whereas fetuses that received a right injection 
showed a slower decline in movement. Somewhat surprising 
was the finding that fetuses receiving right IH injections 
showed higher levels of mouth and lick movements than fe- 
tuses receiving left IH injections. The results of this study 
therefore provide intriguing evidence that D, receptors of the 
dopamine system exhibit functional asymmetries during the 
prenatal period. One hypothesis to explain asymmetries in the 
effects of IH injections of dopaminergic drugs is that the two 
hemispheres exhibit a transient difference in their rates of 
development, with one hemisphere somewhat more developed 
on E21 than the other (e.g., more receptors, more neurons 
bearing D, receptors, better connections with effector sys- 
tems). Alternatively, lateral asymmetries may suggest that the 
two hemispheres exhibit qualitative differences in structure 
that emerge during the prenatal period and persist into adult- 
hood. 

The results of Experiment 3 corroborated earlier findings 
that SCH-23390 exerts different effects when administered 
into the left or right cerebral hemisphere of the fetal rat. All 
fetal subjects in this experiment showed pronounced increases 
in motor activity as a result of IH injection of the D, agonist 
SKF-38393. Experimental subjects that received a second IH 
injection of SCH-23390 showed a subsequent reduction in ac- 
tivity that differed in magnitude and time course as a function 
of whether the injection was delivered into the left or right 
hemisphere. Specifically, fetuses that received SCH-23390 into 

Various studies have documented that early behavior or 
experience can influence or predict lateral asymmetries in the 
adult brain. Neonatal tail posture (a preference for holding 
the tail to the left or right of the midline) is predictive of 
lateralized behavior expressed by rats in adulthood, such as 
spontaneous rotation (13). Rotational behavior of adults is 
related to asymmetries in the striatal dopamine system (3,6). 
A left bias in tail posture of neonatal rats (1 day after birth) 
also is correlated with lateral asymmetry in the dopamine sys- 
tem of adult rats, with more dopamine in the right striatum 
(11). Even earlier links to adult dopamine asymmetry have 
been reported to result from prenatal stress resulting from 
maternal exposure to acoustic and visual stimulation, which 
amplify left-right differences in dopamine activity in the cor- 
tex, nucleus accumbens, and striatum of adult rats (5). The 
present study suggests that the dopamine system of the rat 
fetus exhibits a functional asymmetry on E21 of gestation, 
and that prenatal or neonatal manipulations that influence 
lateralized behavior of adults may result from influences on a 
dopamine system that is already lateralized. By extension, the 
present study has implications for the effects of prenatal expo- 
sure to drugs of abuse, such as cocaine, that affect the dopa- 
mine system. Future investigations of prenatal drug effects 
should consider that prenatal exposure to drugs may promote 
lateralized effects on behavior by exerting an asymmetrical 
influence on dopamine activity in the fetal brain. 
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