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Abstract 

It has been reported from this laboratory that prenatal cocaine exposure results in the post- 
natal transient alterations of rat striatal dopamine uptake sites examined from postnatal 0-32 wk. 
The present s tudy aims to examine whether this will result in a direct/indirect stimulation of 
dopamine D 2 receptors. Pregnant rats were dosed orally with cocaine hydrochloride (60 m g / k g / d )  
from gestational day (GD) 7-21. Control animals received an equivalent volume of water. The 
striatum from the offspring at postnatal 0-32 wk was examined. The radioligand [3H]sulpiride 
was used for the Scatchard analysis of the D 2 receptors, and the changes in the levels of mRNA 
for the D 2 receptor were studied using Northern blot analysis. Results from the present s tudy 
revealed that in the control group, there was an age-dependent increase in the number  of D 2 
receptor sites (Bmax: 44.00 + 2.12 to 178.00 + 45.10 fmol /mg protein) and in the levels of D 2 mRNA 
from PN0-32 wk with the most rapid increase occurring during the first 4 wk of postnatal 
development.  Prenatal cocaine exposure resulted in only a significant decrease (p < 0.001) in the 
number of D 2 receptor sites at PN0 wk and in a 10% increase in mRNA levels at PN3, 4, and 12 
wk. It was concluded from this study that prenatal cocaine exposure resulted in minimal postna- 
tal changes in the dopamine D 2 receptor. 

Index Entries: Cocaine; prenatal; dopamine D 2 receptor, [3H]sulpiride; striatum; rat. 

Introduction 

In the pas t  decade ,  there  has  been  a g rowi ng  
heal th p rob lem o w i n g  to the increase in cocaine 

use  a m o n g  p regnan t  w o m e n  (Chasnof f  et al., 
1987, 1990; M o f e n s o n  a n d  C a r a c c i o ,  1987; 
Frank et al., 1988; Little et al., 1988; O ' M a l l e y  et 
al., 1988; N e e r h o f  et al., 1989). Clinical  s tud ies  
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have shown that infants born to cocaine-abus- 
ing mothers  had altered behavioral  patterns 
characterized by abnormal  sleep patterns, poor 
feed ing ,  t remors  and  hype r t on i a  (Oro and  
Dixon, 1987), underarousal  (Corwin et al., 1992) 
and hyperresponsiveness  (Freier et al., 1991), 
impai rment  in orientation, motor  ability, and 
state regulation behaviors, as well as abnormal 
reflexes (Chasnoff  et al., 1985, 1986, 1989). 
However ,  contrary to these reports, there are 
studies revealing that cocaine-exposed infants 
had little (Neuspiel et al., 1991) or no neurobe- 
havioral  dysfunct ion (Schneider et al., 1989; 
Eisen et al., 1991; Richardson and Day 1991; 
Coles et al., 1992). 

Animal  studies of prenatal cocaine exposure 
also provided evidence of postnatal age depen- 
dent  behavioral  changes, such as an increase 
or decrease in locomotor activity (Hutchings et 
al., 1989; Smith et al., 1989; Spear et al., 1989; 
Church and Overbeck, 1990; Henderson  and 
McMillen, 1990; Church et al., 1991; Johns et al., 
1992a; Peris et al., 1992), hyperresponsiveness 
to stress (Smith et al., 1989; Spear et al., 1989; 
McMil len et al., 1991; Bilitzke and Church,  
1992; Johns et al., 1992b), delayed or acceler- 
ated acquisition of the righting reflex (Hender- 
son and McMillen, 1990; Sobrian et al., 1990), 
and  a c c e l e r a t e d  d e v e l o p m e n t  in acous t ic  
startle response  (Davis, 1985; Sobrian et al., 
1990). Fetal  behav i o r a l  changes  we re  also 
observed (Burchfield et al., 1990; Abrams et al., 
1992) as shown in the decrease in rapid eye 
movemen t  and nonrapid  eye movement  sleep 
(Abrams et al., 1992). There are, however,  as in 
the h u m a n  studies, contrary reports to these 
animal  studies revealing little or no behavioral 
changes in the prenatally cocaine-exposed ani- 
mals. These s tudies  showed  no p ronounced  
changes in exploratory behavior and activity 
(Riley and Foss, 1991), acoustic startle reflex 
(Foss and Riley, 1991), condit ioned place pref- 
erence (Heyser et al., 1992), and activity and 
rest-activity cycle (Zmitrovich et al., 1992). 

Despite the inconsistency of the reports on 
the behaviora l  ou tcome of prenatal  cocaine 
exposure,  it is, however,  known that cocaine 
has several sites of action in the adult  central 

nervous  system. Cocaine has been shown to 
block the reuptake of dopamine  (DA), norepi-  
nephrine (NE), and serotonin (5-HT) (see Carroll 
et al., 1992), and the cocaine b ind ing  site on 
the DA transporter has been implicated in the 
r e i n f o r c i n g  a n d  a d d i c t i n g  p r o p e r t i e s  of 
cocaine (Ritz et al., 1987; Kuhar et al., 1991). 
Since the mesocorticolimbic and nigrostriatal 
dopaminerg ic  system has been shown  to be 
involved in behavior, such as reinforcement,  
arousal, environmental  challenges, sensorimo- 
tor integration, and perception of stress (see Le 
Moal and Simon, 1991 for review), the influ- 
ence of p rena t a l  coca ine  e x p o s u r e  on the 
d o p a m i n e r g i c  sys tem of the of fspr ing  has  
received some attention. 

A n u m b e r  of an imal  s tudies  on prena ta l  
cocaine exposure have shown changes in the 
DA receptors, a l though the findings have been 
inconsistent .  It had  been  s h o w n  au torad io-  
graphically that at postnatal days (PND) 11 and 
20, there is an increase in D 1 DA receptor bind- 
ing in the s tr iatum (Dow-Edwards ,  1989) as 
well as in the substantia nigra at PND60 of the 
cocaine-exposed offspring (Dow-Edwards  et 
al., 1990). This change in D 1 DA receptor was, 
however,  not observed at PND21 in the stria- 
tum and nucleus accumbens using Scatchard 
analysis (Scalzo et al., 1990). Changes in the D 2 

DA receptor include a decrease in the K d of the 
D 2 DA receptor  in the s t r i a tum at PND21 
(Scalzo et al., 1990) and a decrease in Bma x in 
the s t r ia tum at PND180 ( H e n d e r s o n  et al., 
1991). However,  contrary to this, no change in 
D 2 DA receptor b inding or the rate of DA turn- 
over in the str iatum was observed at PND14 
(Fung et al., 1989). Other changes observed in 
the d o p a m i n e r g i c  sys tem also i n c l u d e  the 
decrease in the number  of electrophysiologi-  
cally measured spontaneously active DA cells 
in the substantia nigra and ventral  tegmental  
area at PND56-68 (Minabe et al., 1992). Ele- 
vated whole-brain tyrosine hydroxylase  activ- 
ity measu red  at bir th was  also obse rved  in 
coca ine -exposed  rats (Meyer  and  D u p o n t ,  
1993). The discrepancies in the results observed 
may be because of the differences in drug  dos- 
age or t reatment  regimen,  or the m e t h o d  of 
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analysis. The differences in the age of the sub- 
ject s tudied could be a crucial factor that makes 
interpretation difficult, since this may under-  
m i n e  any  t r ans i en t  effects  of coca ine  no t  
observed in a fixed t ime-point study. Recently, 
it was shown in a long-term study from post- 
natal  (PN) 0-32 wk  that there is a t ransient  
decrease in the number  of [3H]mazindoMabeled 
DA uptake sites in the rat striatum at PN3 and 
4 wk  in the cocaine-exposed offspring (Stadlin 
et al., 1994). It had been suggested that block- 
ing of DA uptake results in an indirect stimula- 
tion of DA receptors (Peris and Zahniser, 1989). 
Also, a p rev ious  r epor t  on MPT P- induced  
hemiparkinsonism showed that a decrease in 
[3H]mazindol- labeled DA up take  sites was  
accompanied by the increase in [3H]spiperone 
binding of D 2 receptors (Joyce et al., 1986). In 
light of this, the present s tudy aims to observe 
further changes in the D 2 DA receptors over the 
per iod  of PN0-32 w k  in order  to ascertain 
whether  similar transient effects could also be 
observed .  Scatchard analysis  were  used  to 
measure  the Bma x and K~, and Nor thern  blot 
analysis was used to measure the changes in 
mRNA levels in the D A D  2 receptor. 

Materials and Methods 

Animal Treatment 

Twenty-f ive  female  Sprague -Dawley  rats 
(supplied by the animal house of the Medical 
Faculty, The Chinese University of Hong Kong) 
were  used in this experiment.  Animals were 
housed  in stainless-steel cages on a 12-h l ight/  
dark cycle with free access to food and water. 
The animals  were  ma ted  wi th  males of the 
same strain, and the morning  when  a sperm 
plug was  found was  des ignated  gestat ional  
day (GD) 1. The pregnant  dams were randomly 
ass igned  to two t r ea tmen t  groups:  cocaine- 
exposed  and control  rats. On GD 7-21, the 
pregnant  rats were  dosed orally at 9:00-9:30 AM 
each day with  60 m g / k g / d  cocaine hydrochlo- 
ride (Sigma Chemical Co., St. Louis, MO) for 
the cocaine-exposed group,  and the control 

an imals  rece ived  an equ iva l en t  v o l u m e  of 
water; 60 m g / k g / d  of cocaine was chosen for 
this experiment because results from previous 
studies using cocaine doses ranging from 40- 
90 m g / k g / d  s h o w e d  an inc rease  in fetal  
anomalies if the prenatal dose was greater than 
this (Gingras et al., 1992). 

The day of delivery is designated PN d / w k  0. 
The dams were weighed  before delivery, and 
the meal maternal  weight  gain was  measured  
as the difference in weight  at GD 7 and before 
delivery. Fol lowing delivery, the pups  were  
we ighed  and  each litter was cul led to 8-10 
pups, keeping to a sex ratio as equal as pos- 
sible. Pups from the cocaine group were  not 
fostered to non t rea ted  dams;  their  mothers  
did not receive any fur ther  cocaine t rea tment  
after the day of delivery. Crossfostering was  
not used in order  to approximate the h u m a n  
condit ion.  Fur thermore ,  the p lasma half-life 
of cocaine in the rat and h u m a n  is in the range 
of 40-80 min  (Wiggins, 1992), wh ich  w o u l d  
p roduce  min ima l  res idua l  effects and  thus  
would  be expected to be rapidly cleared from 
the mother ' s  body. Pups that were  used for 
b ind ing  assay s tud ies  b e y o n d  28 d of age 
were  weaned  at PND28 and housed in sepa- 
rate cages until the time period required for the 
binding assay studies. 

Binding Activity 
of the Dopamine D 2 Receptor 

On PN0, 1, 2, 3, 4, 12, and 32 wk, for each 
treatment group, 2-17 animals were  selected at 
r a n d o m  and sacrificed by decapi tat ion.  The 
number  of animals sacrificed depended  on the 
quantity of tissue needed for the b inding assays. 
The b inding  assay for each t ime-course and 
each t r ea tment  was  done  in t r ipl icate.  The 
binding assays were  repeated three times, the 
offspring of each repeated assay were  from dif- 
ferent p regnan t  dams.  The total n u m b e r  of 
brains used for b inding assays at PN0, 1, 2, 3, 4, 
12 and  32 w k  for each  of the  con t ro l  and  
cocaine-treated groups were  52, 28, 20, 18, 16, 
10, and 6, respectively. A total of 300 pups  for 
the two t reatment  groups were  used for the 
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binding studies. The str iatum from each ani- 
mal were  s tudied for each time-course. 

[3H]sulpiride (65.2 Ci /mmol ;  Dupont -New 
England  Nuclear,  Boston, MA) was used to 
de termine  D 2 receptor binding. The striatum 
s tudied  were  removed  and dissected on ice. 
Brain samples from each region were weighed,  
pooled,  and homogenized  with 40 vol of ice- 
cold 50 m M  Tris-HC1 buffer with 120 mM NaC1 
and  5 m M  KC1 (pH 7.4) in a glass-Teflon T M  

homogen ize r .  The h o m o g e n a t e  was  centri-  
fuged at 50,000g for 10 min, and the resulting 
pellets washed  twice. The final pellets were  
rapidly  frozen on dry  ice and stored at -70~ 
until  assayed,  usual ly  wi thin  2 wk  of initial 
homogenizat ion.  On the day of binding assay, 
samples were  thawed at 4~ and resuspended 
in 10 vol of 50 m M  Tris-HC1 buffer (as above) 
for 30 min;  50-~L al iquots  of t issue sample  
(protein concent ra t ion  of 1.0 m g / m L )  were  
incubated in triplicate in a total volume of 500 
~tL. After 30 min  of incubat ion  at 4~ wi th  
[3H]su lp i r ide  (0.156-20 nM for Sca tchard  
analysis, 10 nM for single point  assays), the 
samples were  filtered rapidly through What- 
man GF/B filters with a Brandel Cell Harvester 
followed by washing  of the filters (3 x 5 mL 
Tris-HC1 buffer  at 4~ 10 ~tM of su lp i r ide  
(Research Biochemicals Incorporated,  Natick, 
MA) were  used to define specific binding for 
D 2 receptors. The filters were  immersed into 3 
mL of scintillant and extracted overnight; the 
radioact ivi ty  was  quant i ta ted in a Beckman 
LS1801 liquid scintillation counter at 48% effi- 
ciency. Al iquots  of m e m b r a n e  prepara t ions  
were  used for the determination of protein con- 
tent by the method of Lowry et al. (1951) with 
bovine serum albumin as the standard. 

Est imates  of the equi l ib r ium dissociat ion 
constant (Ke) and the number  of b inding sites 
(Bma x) were  de te rmined  using the nonl inear  
c o m p u t e r  cu rve  f i t t ing p r o g r a m  LIGAND 
(Munson and Rodbard, 1980). Statistical differ- 
ences were  tested at each specific age between 
the control and cocaine-exposed groups using 
an unpai red  Student 's t-test. Significance was 
assumed at the level of p < 0.05. Results are 
expressed as mean  + SEM. 

Northern Blot Analysis of D 2 Receptor 

Poly (A)+ RNA was purified from rat stria- 
tum at each age group studied (PN0, 1, 2, 3, 4, 
12, and 32 wk) using Fast Track m R N A  purifi- 
cation columns (Invitrogen, San Diego, CA); 3 ~tg 
poly (A)+ RNA/ l ane  were  electrophoresed in 
a 1% formaldehyde-agarose  gel according to 
Sambrook et al. (1989) and blotted onto a BA-S 
n i t r o c e l l u l o s e  m e m b r a n e  (Sch le i che r  a n d  
Schuell). Prehybridizat ion was done for 4 h at 
42~ in a buffer containing 50% formamide,  5X 
SSC (0.15M NaC1, 0.015M sodium citrate, pH 
7.2), 5X Denhardt 's  reagent,  0.5% SDS, and 0.1 
m g / m L  salmon sperm DNA. The hybridiza-  
tion buffer consisted of prehybridizat ion buffer 
wi th  10% dextran sulfate and 5 x 1 0  6 c p m / m L  
of 32p-labeled DNA probe. The rat cDNA probe 
(approx 2.9 kb) that was the coding region of 
D 2 receptor f ragment  (Bunzow et al., 1988) was 
isolated by PCR, and  the w h o l e - l e n g t h  rat  
cDNA probe  of the ~-actin (approx 2.5 kb), 
which had an SA of 1 0  9 cpm/~tg of DNA, was  
used. After overnight  hybr idizat ion at 42~ 
the blot  was  w a s h e d  twice  in 1X SSC and  
0.1% SDS for 30 min at room temperature.  The 
final two washes were  30 min in 1X SSC and 
0.1% SDS at 65~ A RNA ladder  (BRL) was  
u s e d  to s t a n d a r d i z e  the  R N A  sizes .  The  
bands  were  quant i ta ted  us ing a dens i tomete r  
(Molecular Dynamics) ,  and the pe rcen tage  of 
change  be tween  the control and the cocaine- 
exposed group was  m e a s u r e d  as the ratio of 
D 2 receptor/~-act in labeled. Str iatum from a 
total 288 animals  at all age g roups  s tud ied  
were  r emoved  for the N o r t h e r n  blot  analysis.  
The N o r t h e r n  b lo t  ana lys i s  w a s  r e p e a t e d  
three times. 

Results 

Table 1 shows that there was  no significant 
difference be tween  the control  and cocaine- 
exposed group in mean  litter size, the mean  
maternal  weight  gain dur ing GD 7-21 (before 
term), and the mean  birth we igh t  of the off- 
spring.  There was  also no difference in the 
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Table 1 
Effects of Cocaine Exposure on Litter Size, Mean Birth 
Weight, and Maternal Weight Gain During GD 7-21 

(Before Term) ~ 

Control Cocaine-exposed 

Litter size 12.0 + 2.4 13.0 + 1.4 
Mean maternal weight 149.7 + 7.0 146.3 + 5.2 

gain before term (g) 
Meanbir th  weight (g) 6.8 + 0.7 7.0 + 0.5 

aVatue + SEM. 

Table 2 
[3H]Sulpiride Binding (Bma X and Kd) to Striatal Membrane 

in Control and Cocaine-Exposed Rat Offspring ~ 

Bmax, f m o l / m g  p r o t e i n  Kd, nM 
Wk Control Cocaine-exposed Control Cocaine-exposed 

0 44.00 + 2.12 29.55 + 2.05 .~ 15.23 + 1.84 9.97 + 1.53 
1 35.70 + 5.09 34.03 + 0.81 6.29 + 0.28 5.82 + 0.61 
2 56.43 + 1.63 72.33 + 8.88 3.52 + 0.32 3.68 + 0.11 
3 98.00 + 22.63 105.50 + 19.09 3.77 + 0.70 3.36 + 0.08 
4 133.90 + 39.11 130.03 + 21.49 3.53 + 0.93 2.93 + 0.38 

12 144.13 _+ 42.20 124.78 _- 10.53 4.24 + 1.07 4.49 + 1.51 
32 178.00 • 45.10 159.00 _- 28.80 2.77 + 1.01 2.93 + 0.72 

'~A significant decrease in B .... was found in cocaine-treated offspring at PN0 wk. Membranes  
were incubated with [3Hlsulpiride (1.56-20 nM) with or wi thout  10 ~M of sulpir ide.  N = 9 at each 
t ime-point .  Measurement  was in triplicate with each exper iment  repeated three t imes independ-  
ently. "p < 0.001 significant difference from the water  control. 

n u m b e r  of sti l lbirths and  deformi t ies  obse rved  
b e t w e e n  the  t w o  g r o u p s  ( o b s e r v a t i o n  n o t  
shown) .  The specific b ind ing  of  [3H]sulpi r ide  
in the con t ro l  g r o u p  at PN0  w k  is on ly  58%. 
There  is an  a g e - d e p e n d e n t  increase  to 86% b y  
PN4 wk.  

Table  2 s h o w s  the  S c a t c h a r d  a n a l y s i s  of  
[3Hlsulp i r ide- labeled  D 2 receptor.  There is an 
a g e - d e p e n d e n t  increase  in the n u m b e r  of D 2 
recep to r  sites (Bma x) f rom PN0-32  w k  (44.00 + 
2.12-178.00 + 45.10 f m o l / m g  pro te in)  in the 
control  g roup .  The increase in Bma x w a s  rap id  
d u r i n g  the first 4 w k  of d e v e l o p m e n t ,  hav ing  a 
th reefo ld  increase at PN4  w k  w h e n  c o m p a r e d  
to PN0  wk.  This is f o l l owed  b y  a slight increase 
unti l  PN32 wk.  In the  coca ine -exposed  group ,  
there  is a s ignif icant  decrease  (p < 0.001) in the 
n u m b e r  of  receptor  sites at PN0  wk.  H o w e v e r ,  

there is no  s ignif icant  d i f ference  in the  n u m b e r  
of D 2 receptor  sites f rom P N 1 2 - 3 2  w k  b e t w e e n  
the con t ro l  a n d  the  c o c a i n e - e x p o s e d  g r o u p ,  
a l t h o u g h  there  is a t r e n d  of  i nc rease  in the  
number  of receptor sites at PN2 w k  in the cocaine- 
e x p o s e d  group.  At  PN12 and  32 wk ,  there  is a 
slight t rend of  decrease  in the  n u m b e r  of recep-  
tor sites in the coca ine -exposed  group .  

The dissocia t ion cons tan t  (K e) at P N 0  is 15.23 
+ 1.84 nM. This is three  t imes  h ighe r  t han  that  
of P N 2 - 3 2  wk.  H o w e v e r ,  there  is no  signifi-  
cant  d i f fe rence  in K d v a l u e s  b e t w e e n  the  con-  
trol and  c o c a i n e - e x p o s e d  g r o u p  f rom P N 0 - 3 2  
w k  (Table 2). 

The con t ro l  g r o u p  s h o w e d  an a g e - d e p e n -  
den t  increase in the levels  of D 2 m R N A  label- 
ing wi th  a 1.8-fold increase  in dens i t y  levels  at 
PN32 w k  w h e n  c o m p a r e d  to PN0  w k  (Fig. 1). 
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D 2 receptor 

[3-actin 

Fig. 1. A representative autoradiograph from Northern blots of the D 2 receptor cDNA probes following 
hybridization with mRNA from isolated striatal tissue. (-) represents blots from the control group and (+) 
represents blots from the cocaine-exposed group. D 2 receptor cDNA probe is -2.9 kb and ~-actin cDNA probe is 
-2.5 kb. There is an age-dependent increase in the levels of D 2 receptor mRNA labeling in both groups. 

The cocaine-exposed g roup  showed  an approx 
10% increase in de ns i t y  levels at PN3, 4, and  
12 w k  w h e n  c o m p a r e d  to that  of the control 
g roup  (Fig. 2). 

Discussion 

Both Scatchard analysis and  Nor the rn  blot 
analysis on  the D 2 DA receptor  showed  an age- 
d e p e n d e n t  increase in D 2 receptor  n u m b e r  and 
m R N A  synthesis  dur ing  PN0-32 w k  with the 
mos t  rapid  increase occurr ing dur ing  the first 
4 w k  of deve lopment .  This t rend in the devel- 
o p m e n t  of the D 2 receptor  was similar to that 
o b s e r v e d  by N o m u r a  et  al. (1982) u s i n g  
[3H]spiperone b inding,  where  a rapid  increase 
in D 2 receptor  sites, t r ip l ing and reaching a 
peak  by PN4 wk,  was also observed.  

In  th is  s tudy ,  the  e x p o s u r e  of m a t e r n a l  
cocaine at 60 m g / k g / d  d id  not  seem to affect 
the  l i t ter  size,  o f f s p r i n g  b i r th  we i gh t ,  and  
materna l  we igh t  gain dur ing  GD 7-21. There- 
fore,  any  c h a n g e s  r e p o r t e d  m a y  no t  be the  
resul t  of nutr i t ional  factors. 

F rom the present  results,  the control group 
showed  a single b ind ing  site for [3H]sulpiride 
wi th  a Bma x ranging  from 44-178 f m o l / m g  pro- 
tein and a K~ ranging  from 15.23-2.77 nM from 
PN0-32 wk. The Bma x and  K a (with the excep- 
tion of PN0 wk) values  repor ted  in this s tudy  

are in agreement  wi th  prev ious  pub l i shed  data 
on adul t  rat s t r ia tum Bma • values  of 240 f m o l /  
m g  prote in  (Freedman et al., 1981) and  K a val- 
ues of 3.2 nM (Jastrow et al., 1984), respectively. 
Of all the age g roups  s tudied ,  only  animals  at 
PN0 wk  showed  a significant difference in Bma x 
value.  The va lue  for the specific b i n d i n g  of 
[3H]sulpir ide at PN0 is on ly  58%. Therefore ,  
the  Bma • and  K~ values may  not  be entirely reli- 
able. Another  factor for this difference be tween  
the control  and  cocaine-exposed g roup  could  
be the  res idua l  effects of m a t e r n a l  cocaine ,  
since the p u p s  were not  fostered to un t rea ted  
d a m s .  N o r t h e r n  b l o t  a n a l y s i s ,  h o w e v e r ,  
r evea led  no  d i f ference  in the  m R N A  levels  
be tween  the two g roups  at PN0, fur ther  sug- 
gest ing that the difference observed  m a y  be the 
result  of these a b o v e m e n t i o n e d  factors. 

Scatchard analysis  revea led  no  s ignif icant  
changes in the Bma x and  K a of the D 2 receptor,  
a l though a t rend in the increase in Brnax a t  PN2 
w k  was  observed.  This is par t ia l ly  in agree- 
men t  wi th  that observed by Scalzo et al. (1990), 
where  an approx 17% increase in receptor  bind-  
ing was observed in the cocaine-exposed g roup  
when  measured at PN3 wk. At PN12 and 32 wk, 
there seemed to be a reversal  of t rend where  an  
approx 10-13% decrease in Bma x was o b s e r v e d .  
This  r eve r sa l  of t r e n d  w a s  also r epo r t ed  by 
H e n d e r s o n  et al. (1991), s h o w i n g  a 23% 
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Fig. 2. Relative levels of D2/]3-actin mRNA were compared between the control and cocaine-exposed groups. 
There is an age-dependent increase in the density levels in both groups with the cocaine-exposed group showing 
a 10% decrease in density levels at PN3, 4, and 12 wk. Values are means of density ratio levels from three 
Northern blot analyses. 

decrease in Bma x by PN25-26 w k  after an initial 
sl ight increase (not significant) at PN4 w k  in 
the cocaine-exposed group.  

N o r t h e r n  b l o t  a n a l y s i s  s h o w e d  a 10% 
increase in m R N A  levels at PN3, 4, and  12 wk. 
This co r re sponded  to the same per iod  where  a 
10% decrease in D 1 receptor binding was observed 
in the  coca ine -exposed  g r o u p  (unpub l i shed  
data). However ,  this d id  no t  have  the same 
m a g n i t u d e  of change as observed  in the previ- 
ous study, where  a 39 and 21% decrease in DA 
uptake  sites at PN3 and  4 wk,  respectively, was 
repor ted  (Stadlin et al., 1994). This sugges ted  
that  despi te  the changes  in the DA uptake  sites, 
the re  w e r e  m i n i m a l  c h a n g e s  in the  DA D 2 
receptor sensitivity in the striatum. This response 
of D 2 receptor  is different  to that  r epor t ed  in 
nigrostriatal denervat ion studies, where  a 40% 
(Graham et al., 1990) and 100% (Joyce et al., 1986) 
increase in D 2 receptors were observed accompa- 
nying a loss of over 90%Of DA uptake sites. 

In conclusion,  the results f rom the present  
s t u d y  seem to sugges t  that  p rena ta l  cocaine 
exposure,  resul t ing in the presynapt ic  changes 
of neuro t ransmi t t e r  reuptake,  the ma in  site of 

action of cocaine, is not  reflected by concomi-  
tant changes  in receptor  sensitivity. 
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