Neuroscience Letters, 134 (1991) 37-40 37
@© 1991 Elsevier Scientific Publishers Ireland Ltd. All rights reserved 0304-3940/91/$ 03.50

NSL 08264

Changes in striatal somatostatin receptors in pups after cocaine
administration to pregnant and nursing dams
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Primiparous female Wistar rals were injected subcutaneously with single daily doses of 40 mg of cocaine hydrochloride/kg from day 7 to 19 of
gestation, from day 7 of gestation to day 15 postpartum or from parturation to day IS postpartum. At birth, some of the offspring were fostered
to control mothers to limit the effect of cocaine to the prenatal period and some were left with their mothers with the aim of studying prenatal
plus postnatal exposure to cocaine. Prenatal andjor postnatal cocaine exposure did not affect the content of somatostatin (SS)-like immunoreactivity
(SLI) in the striatum of the offspring as compared with the control groups on day 15 in all experimental groups. Prenatal and prenatal-plus-postnatal
exposure to cocaine increased the total number of binding sites for 'I-Tyr"'-8S in the rat striatum at 15 days of age. Prenatal exposure to cocaine
also decreased the apparent affinity of the receptors. Postnatal exposure to cocaine alone had no such post-treatment effect on 12]-Tyr'!-88 binding.

These results suggest that the development of 88 receptors in the rat striatum can be altered by prenatal exposure to cocaine.

o

A number of animal studics have described the effects
of prenatal cocaine exposure on abnormalities in the mo-
tor control of the offspring [3, 25]. This effect of cocaine
is thought to be mediated by the dopaminergic system
[1]. However, motor control does not depend exclusively
on the dopaminergic system, since other neurotransmit-
ters such as somatostatin (SS) [18] and TRH [30] also
influence motor control. In addition, if we accept that
cocaine is an indirect dopaminergic agonist which blocks
dopamine reuptake in the adult [10] and neonatal brain
[11] and that dopamine plays a role in the regulation of
somatostatinergic system [l, 22, 27], it is possible that
cocaine, by affecting the dopaminergic system, might be
able to influence the development of somatostatinergic
neurons or receptors in the inmature brain. As an initial
approach to examining this possibility, we studied the ef-
fects of chronic prenatal and/or postnatal cocaine expo-
sure on S8 binding to dissociated cells from the striatum,
a nucleus involved primarily in the control of movement
[13], in developing 15-day-old offspring. This study also
includes the determination of somatostatin-like immu-
noreactivity (SLI) content in this brain area.
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Synthetic Tyr!'-SS and SS-14 were purchased from
Universal Biologicals Ltd. (Cambridge, U.K.), cocaine
hydrochloride was from Alcaliber S.A. (Madrid, Spain).
The origin of the other chemicals was as in ref. 14. Syn-
thetic Tyr!!-SS was radioiodinated at a specific radioac-
tivity of about 400 Ci/g.

Cocaine is known to cross the placenta rapidly and
also passes from the mother’s blood into breast milk
[29]. Therefore, for prenatal and/or postnatal drug appli-
cation, primiparous female Wistar rats (230-250 g) were
injected subcutaneously with single daily doses of 40 mg
of cocaine hydrochloride/kg from day 7 to 19 of ges-
tation, from day 7 of gestation to day 15 or from parturi-
tion to day 15 postpartum [5). At birth, some offspring
were fostered to control mothers to limit the effect of co-
caine to the prenatal period and some were left with their
mothers with the aim of studying prenatal plus postnatal
exposure to cocaine. Since females are more sensitive to
cocaine than males [6], the present study was limited to
females. The female offspring of the treated and control
rats were sacrificed by decapitation at 15 days of age,
their brains were removed at 4°C, and the striatum dis-
sected according to Glowinski and Iversen [7]. The stria-
tum was excised [rom 14 rat pups and pooled in 7 groups
of 2 rats prior to mincing.

SS was extracted from the striatum following the
method of Patel and Reichlin [12]. SLI content was



measured by a modified specific radioimmunoassay
method [12], with a sensitivity limit of 10 pg/ml. Protein
concentration was estimated by the method of Lowry et
al. [9] using bovine serum albumin (BSA) as a standard.
Separation of bound and free hormone was accom-
plished by addition of 1 ml dextran-coated charcoal
(dextran 0.2% w/v; charcoal 2% w/v). The dilution curve
of the brain area studied was parallel to the standard
curve. The intra- and inter-assay variation coefficients
were 6.2% and 8.9%, respectively.

Cells from the striatum of 15-day-old offspring were
prepared as described by Roeder et al. [20], Cell protein
was estimated by the method of Lowry et al. [9] using
BSA as a standard. Experimental conditions for SS
binding were essentially as previously described [4].
Briefly, dissociated cells from rat striatum (1 mg protein/
ml) were incubated in 0,5 ml of 50 mM Tris-HCI buffer
(pH 7.5) containing 5 mM MgCl,, 30 mM CaCl,, 1%
BSA, 0.1% bacitracin and 10 pM ('®I-Tyr!'!-SS) in the
absence or presence of 0.01-10 nM unlabelled SS. After
60 min incubation at 25%, cell-bound peptide was iso-
lated by centrifugation at 13,000 ¢ for 1.5 min, and
radioactivity determined in a kontron gamma counter.
Non-specific binding was obtained from the amount of
radioactivity bound in the presence of 10-6 M SS and
represented about 20% of the binding observéd in the ab-
sence of unlabelled peptide. This non-specific compo-
nent was subtracted from the total bound radioactivity
in order to obtain the corresponding specific binding. To
determine the extent of tracer degradation during incu-
bation, we measured the ability of preincubated peptide
to bind to fresh cells as previously described [24]. Results
were given in all cases as the mean + S.E.M. The Stu-
dent’s r-test for unpaired variables was employed to as-
sess differences between control and experimental
groups, as indicated in the text and figures. The number
of receptors and affinity constants in Scatchard plots [23]
were calculated by linear regression analysis.

Cocaine administration to pregnant and/or nursing
rats produced no changes in SLI content in the striatum
of the offspring as compared with the control groups on
day 15 (Table I). Since cocaine is a dopaminergic agonist
[10] the present results are in apparent conflict with other
findings that suggest an influence of dopamine on stria-
tal SS function [1, 22, 27). This conflict is probably due
to the measurement of peptide levels being a rather in-
sensitive index of release. However, Salin et al. [21] have
recently demonstrated that lesions in nigrostriatal dopa-
minergic neurons, which markedly reduce striatal dopa-
mine content, do not affect the number of neurons
expressing SLI in the striatum ipsilateral to the lesion. In
addition, the hypothesis of Salin et al. [22] that dopa-
mine exerts opposite effects on the content of preproSS

messenger RNA encoding S8 in the rat striatum through
an action on Dy and D, receptors is compatible with our
observation that cocaine, which is a dopaminergic ago-
nist [10], does not affect the content of SLI in this brain
ared.

Dissociated striatal cells from both control and co-
caine-exposed 15-day-old rats bound '"*I-Tyr!'-SS in a
time-dependent process; an apparent equilibrium was
observed between 50 and 120 min at 25% (data not
shown). All subsequent binding experiments were there-
fore conducted at 25°C for 60 min. The degradation of
tracer by dissociated cells was similar (10%) in all the
experimental groups. Fig. 1 shows the competitive effect
of unlabelled SS upon the specific binding of '*5[-Tyr!!-
SS to dissociated striatal cells in the preparations from
the offspring of both control and cocaine-exposed rats.
These data, analyzed by the Scatchard method [23].
revealed that prenatal and prenatal-plus postnatal expo-
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Fig. 1. Competitive inhibition of specific '*I-Tyr'!-somatostatin ("*1-
Tyr"-88, 100 pM) binding by unlabelled somatostatin to dissociated
cells of the striatum of | 5-day-old offspring of control (@), rats treated
with cocaine during pregnancy and sacrificed at 15 days of age (O) or
during 15 days postpartum () or during pregnancy plus 15 first days
postpartum (A). Dissociated cells (1 mg protein/ml) were incubated
for 60 min at 25°C in the presence of 100 pM '*1-Tyr!'-SS and increas-
ing concentrations of native peptide. Each point represents the mean
obtained from 7 experiments in which duplicate determinations were
made. For the sake of clarity, standard error is not represented but it
was always below 10% of the mean values.



TABLE ]

EFFECT OF PRENATAL AND/OR POSTNATAL COCAINE
EXPOSURE ON THE SOMATOSTATIN-LIKE IMMUNOREAC-
TIVITY (SLI} IN STRIATUM OF THE OFFSPRING ON DAY 15

For details of treatment see text, Determinations were made in dupli-
cate for each experiment. The striatum was excised from 10 rat pups
and pooled in 5 groups of 2 rats prior to mincing. The results are
expressed as ng somatostatin/mg protein and as the means + S.E.M.
No statistically significant differences were obtained when compared
with the control animals.

Groups Striatum

Saline (controls) 5.83 4+ 0.48
Cocaine-treated during pregnancy  4.98 4+ 0.33
Cocaine-treated during 15 first days

postpartum 5.09 + 0.30
Cocaine-treated during pregnancy
plus 15 first days postpartum 5.08 4+ 0.43
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Fig. 2. Scatchard plots of specific "1-Tyr!!-somatostatin ("*I-Tyr!i-

SS) binding to dissociated cells (1 mg protein/ml) of the striatum 15-

day-old offspring of controls (@), rats treated with cocaine during

pregnancy and sacrificed at 15 days of age (O) or during 15 first days

postpartum (1) or during pregnancy plus 15 first days postpartum

(4 ). The corresponding equilibrium-binding parameters are included
in Table I1.
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sure to cocaine increased the total number of receptors
for "I-Tyr''-SS in the rat striatum at 15 days of age.
Prenatal exposure to cocaine also decreased the apparent
afinity of the receptors. Postnatal exposure to cocaine
alone had no such posttreatment effects of 125 Tyrll.8§
binding (Fig. 2 and Table IT). Scatchard analysis demon-
strated the existencence of only one type of SS receptor.
This feature agrees with some studies [26] but difTers
from others [17]. It is conceivable that use of small SS
analogs [17] could explain the differences.

The mechanism responsible for the change in SS bind-
ing to its own receptors observed in the present study is -
unknown. Several studies have shown anatomical and
functional interconnections between dopaminergic and
somatostatinergic systems [2, 27). We have recently
reported that haloperidol, a dopamine receptor blocker,
gave rise Lo a decrease in the number of SS receptors in
the rat brain [14]. After haloperidol is withdrawn, the
number of dopamine receptors rises and the number of
SS receptors returns to control values, although the
actual number of SS receptors remains slightly higher
[15]. These previous findings together with the present
results may suggest that the effects of prenatal and/or
postnatal cocaine exposure on SS receptors may be
mediated in part through the effects of the drug on dopa-
minergic receptors, although they do not preclude the
possibility that other factors may be involved as well.

Previous studies from this laboratory have indicated

TABLE II

EFFECT OF PRENATAL AND/OR POSTNATAL COCAINE
EXPOSURE IN THE RAT ON EQUILIBRIUM PARAMETERS
OF SOMATOSTATIN (58) BINDING TO DISSOCIATED CELLS
FROM STRIATUM OF THE OFFSPRING ON DAY 15

The striatum was excised from 14 rat pups and pooled in seven groups
of two rats prior to mincing. Binding parameters were obtained by
Scatchard [23] analysis of data from Fig. 2. K, dissociation constant;
B binding capacity. Results are expressed as means + S E.M.

Striatum

Groups

B?:I:I'K Kd
(fmol/mg protein) (nM)

0.60 + 0.10

139 + 27

Saline (controls)
Cocaine-treated during
pregnancy
Cocaine-treated during
15 first days postpar-
tum 177 4+ 20
Cocaine-treated during
pregnancy plus 15 first
days postpartum

217 + 15* 0.99 + 0.14*

.84 + 0.25

281 £ 41** 0.76 + 0.15

*P<0.05, **P<(.02, statistically significant compared with control.



that acute cocaine administration to mature rats de-
creased SS binding in rat brain [19]. This apparent dis-
crepancy with the results obtained in the present paper
may be explained in that in the acute study the rats were
sacrificed 15-20 min after cocaine administration, when
cocaine would be present and synaptic concentrations of
dopamine would be maximal and all decreases dopamine
receptor number [8]. Prenatal exposure to cocaine not
only leads to an increase in the number of SS receptors
in the rat striatum at 15 days of age, but also to a conco-
mitant rise in the number of dopamine receptors in the
striatum [28].

These results suggest that the development of SS
receptors in the rat striatum can be altered by prenatal
exposure to cocaine.
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