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Cortical synaptosomcs wcrc prepared from prcgnant dams (GD-17) and rat fetuscs (ED-17). Ioadcd with ['_H]5-HT and mat,

assayed to evaluate rclcasc mediated by cocaine (COC), fcnfluraminc (FEN) and 3,4-mclhylcncdioxymcthamphctaminc (MDMA). [12]_
COC and FEN elicited a high-affinity (10 -'_ M) release response in fetal tissue which was not apparcnt in thc dam. /.ti.

MDMA-induccd rclcasc was similar in magnitude in both tissue types. Consequently, the rclcasc of 5-HT from devclopin for

ncurons may bconc mcchanism by which COC and FEN clicil their tcratogcnetic effects in utcro, for

Key words: Synaptosomc: Inhibition: Cocaine; Fcnfiuraminc: 3,4-Methylencdioxymcthamphctaminc; Transporter glas_
a Ti
latio
Lab{

In utero exposure to several psychoactive drugs of lar 5-HT has the capability to autoregulatc the growth latio
abuse are known to produce transient neurobehavioral of fetal 5-HT neurons in culture [20]. All three cam- was
and neurochemical alterations in the progeny of treated pounds share the potential to increase the extraneu- Rest
laboratory animals [17]. Previous work in our labora- tonal 5-HT concentration, which could then facilitat_ four

tory. has shown that gestational exposure (GD 13- the aforementioned inhibition of cortical fiber out- Start

parturition) to COC and FEN inhibits cortical sero- growth and maturation. In this study, we examined the usin,
tonin (5-HT) fiber outgrowth measured during the relative potencies of COC, FEN and MDMA to pro- trol t
early postnatal period (PND 1-7) in rats [1,2]. mote the release of[3H]5-HT from loaded fetal (ED-17) K_

Cocaine, fenfluramine and the substituted am- synaptosomes and to compare these results to those and

phetamine 3,4-methylenedioxymethamphetamine obtained in maternal tissue (GD-17). These observa- ning
(MDMA) have been shown to both inhibit the reup- tions may then help to elucidate the mechanism by fount
take of and/or promote the release of 5-HT, DA and which these drugs mediate their effects in utero. Ca2._

NE (in vitro) from a variety of neuronal preparations Pregnant Sprague-Dawley rats (GD-17) were placec EGT
[4,6]. Other neurochemical effects include stimulation under deep anesthesia and the fetuses were removed synal:
of tyrosine hydroxylase activity, inhibition of trypto- by cesarian section. Crown-rump lengths (CRL's) were versu
phan uptake and reduction of serotonin synthesis recorded for all fetuses to insure accuracy of gesta- in fe
[13,16,17]. However, these effects have never been tional age. Fetuses measured between 16-17 mm meas
clearly demonstrated in fetal rats making it difficult to (average 16.6 mm; n = 12) according to the methods of Cc
determine how these drugs may be damaging to the Lauder and Bloom [11]. The brains of the mother and caine
developingbrain, all litter mates were rapidly removed and the cerebral loade

Serotonin acts as a potent teratogen/embryotoxin cortex was carefully prepared following removal of the Curre
during development due to 5-HT's influence on uter- cerebellum. Cortices were weighed and placed in ice-

secon

ine/umbilical blood flow [9]. Furthermore, extracellu- cold (4°C) 0.32 M sucrose at 10 × volume/wet weight. (GD-

Samples were homogenized using a Cole Palmer glass/ signif_
teflon homogenizer and centrifuged for 10 mtn at 1700 (23.1_'

* Correspondingauthor, g in a Sorvall centrifuge. The supernatant tS1) was dose-t
Fax: (1)(212)995-4175. decanted and centrifuged at 12,500 g for 10 mtn The
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ENTAL resultant pellet, representing the crude synaptosomal cocaine
I preparation, was resuspended in 10×v/w Krebs-
CH Ringers buffer (KR) containing (mM) NaCl 145, KCI

1.86, CaCI 2 1.2, MgSO 4 1.2, Hepes 25, KH2PO 4 1.2, '_
glucose 11.1 and pargyline 0.1, a monoamine oxidase

inhibitor (pH 7.4). The Ca2+ dependency of drug- °° 100
mediated release was assessed in a buffer where Ca 2+

was replaced with 1.5 mM ethyleneglycoltetraacetate

al (EGTA).
Synaptosomes were loaded by incubation for t5 mtn

at 37°C with [3HI5-HT (50 nM; 28.2 Ct/mmpi) New
England Nuclear, Boston. MA. Uptake was terminated, a: 80l
by centrifugation for 5 mtn at 2400 g, resuspension of )
_he pellet in KR and recentrifugation for 5 mtn at 2400 a_
:. The final pellet was resuspended in 10 x vol./wet -_

wt. of buffer. Experimental plates (Nunc, Denmark)

were filled with or without 20 p.l of releasing drugs o 60 *
(KCI, (+)-MDMA-HCI and Cocaine-HCl (NIDA; _ (

Washington, DC), fenfluramine (Sigma: St. Louis, MO), _' 0 [ ' ' ' _ _ , _
followed by 40 /ti of loaded synaptosomes (approx. rn -9 -8 -7 -6 -5 -4 -3
45.0/.tg protein/fetal condition and 160.0/zg protein/

IT and maternal condition; as tested by the Lowry method log [cocaine] M
DMA). _12l) and enough KR to bring thc final volume to 200 Fig. I. Thc ctf¢ct of cocaine (concentrations indicated) on the
: dam. _[. Plates were incubated at 37°C for 20 mtn to allow release of {_llI5-IIT (50 nM) from loaded fetal (ED-t7) (open

Hoping for thc full releasing effect. Plates were placed on ice circles) and maternal (GD-I7) (closed circles) synaptosomes.Each
data point ix the average ±SD of four determinations performed

for I mtn to halt release and were harvested onto ,,,er three experiments (fl = 3) of xynaptosomal [3H]5-HT retention

glass-fiber filter paper with normal KR (oH 7.4) using :ts a percentage of control (560.0:t:23.3 cpm/well for fetal synapto-
a Titertek cell harvester. Filters were placed in scintil- sprees and 26343.3+ 150.1cpm/well for maternal synaptosomes).
lation vials along with 3 mi of Liquiscint (National All SD'x were less than 8.(1('/,- of the calculated mean for all data

Laboratories) and counted in a Beckman liquid scintil- pomls. Sit,dent's t-test showed: "P < 0.05 and ** P < 0.01.
,mwth lation counter (efficiency 411%) for I mtn CPM data

corn- vas converted to synaptosomal ['_H]5-HT retention.

aneu- _,csults are expressed its % control of the average of lease). Although CPC produces release at relativelyilitate
four determinations performed ovcr three experiments. Iow concentrations in fetal tissue, CPC releases a

r' out- Statistical significance was determined on the raw data _reater amount of the available ['_H]5-HT pool in ma-:dthe
using the two-tailed Student's t-test respective to con- ternal tissue (40.0% vs .... 4 c) (Fig. 1).

)pro- trol conditions. Fenfiuramine. Fetal (ED-17) synaptosomes: FEND-17)
KCI. In both tissue types. KCI produced a significant also produced a biphasic release of [3H]5-HT fromthose

and dose-dependent release of loaded [_ HI5-HT begin- loaded synaptosomes. Significant release ( P < 0.05) was
,erva- ning at l0 mM. K--stimulated ['_H]5-HT release was first observed at 10-'_ M (42.8% of total release) and a.m by

mhd to be dependent on the presence of extracellular second response beginning at 10-_' M FEN (26.8% of
Ca-' _. !n Ca' _-free buffer (CaCI, replaced by 15 mM total release) which then remained concentration-de-,laced
EGTA), 20 mM KCI produced a small decrease in pendent through 10-3 M (100% of total release). Ma-aoved
synaptosomal ['_H]5-HT retention in fetal tissue (94.6% ternal (GD-17) synaptosomes: FEN induced a dose-de-were
versus 74.5% in normal buffer). KCl-mediated release pendent release of [3H]5-HT from synaptosomes over

gesta- in fetal tissue did not differ significantly from that the range of concentrations from 10-7 M (11.6% ofmm
measured in maternal tissue (data not shown), total release) through 10-3 M (100% of total release).)ds of

Cocaine. Fetal (ED-17) synaptosomes: in vitro co- FEN also has the capability of releasing a greaterr and
'ebral caine produced a biphasic release of [3H]5-HT from amount of the available [3H]5-HT from maternal ver-

loaded synaptosomes. The first release response pc- sus fetal synaptosomes (91.2% vs. 39.9%) (Fig. 2).
)f the ;: curred at 10-" M (41.8% of total release) and the 3.4-Methylenedioxyrnethamphetamine. Fetal (ED-17)

ice- second at 10 -4 M (,70% of total release). Maternal synaptosomes: exposure to MDMA, in vitro, produced
sight' (GD-17) synaptosomes: in vitro treatment produced a concentration-dependent release of [3H]5-HT begin-
lass/ significant release of [3H]5-HT beginning at .10-6 M ning at 10-7 M (16.8% of total release). Maternal
1700 (23.1% of total release) and this response remained (GD-17) synaptosomes: as with fetal tissue, exposure to

) was

The dose-dependent through i0 -3 M (100% of total re- MDMA induced a dose-dependent effiux of loaded
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[3H]5-HT at concentrations of 10-7 M (9.9% of total MDYA t
response)through10-3M.Interestingly,MDMAshows r
a potent inhibitionof [3H]5-HTreleaseat 10.9 M ** t

(P < 0.01), which was not apparent in fetal tissue. In _ ____ _ ii

contrast with the other two drugs, in vitro exposure to _ 100
MDMAinducesa similarreleaseprofilein both fetal g il

and maternaltissue,appearseffectiveover the same _ v

rangeof concentrationsin both tissue typesand re- o_ * t
leases comparable amounts of serotonin at its highest _ g0 c
dose(Fig.3). · S,io

All threecompoundsare knownto inducethe re- _ o
illease of 3H-5-HT from loaded adult synaptosomes via

an interaction with the 5-HT plasma-membrane trans- /_ 60 · u

porter [6,14]. Our results indicate that at ED-17 the :_ u

machineryis presentforboth the uptakeof, as wellas ._ c(
the release of [3H]5-HT. These results compare favor- it st

o 40 · *** itably with earlier studies showing that the enzymes that ,_
control monoamine synthesis, degradation, uptake and o ( v;

K--induced. Ca:--dependent release arc availablebx. _.. 0 [ , , , : : . , , , st
ED-18 [7,8,19]. This indicates that the young neurons _o -9 -6 -7 -6 -5 -4 -3 al
have matured to a point wherc they can begin to sock pi
out their targets. We have previously described that log [MDMA] Y ut

gestational COC and FEN exposure (GD 13-parturi- Fig. 3. The effect of MDMA (concentrations indicated) on the CC
relcasc of [3H]5-HT (51) nM) from loaded fetal (ED-17) (open to

triangles) and maternal (GD-17) (closed triangles) synaptosomc_ bi
Each data point is the average+SD of four determinations per-

formed over three experiments _n = 3) of synaptosoma[ [3}tl5-HT

fenflurarnine retention as a percentage of control (552.7:t: 8.1 cpm/well for fetal ge
synaptosomes and 23,675±325.6 cpm/well for maternal synapto- E>

somes). All SD's were less than 8.(Ic_ of the calculated mcan for all ta]
o data points. Student's t-test showed: * P < 0.05, ** P < 0.01 and Dh

lOOI ,(_ P < (}.()01

I

let
o

K th_
"' 80 er_

_o tion) delays the maturation of the serotonergic innerv_- es_

·o _ , %_ tion of the cortex and hippocampus [1,2]. It is feasible in
· 60 that chemical agents may have a greater impact on trc

· , subsequentdevelopmentduring this time of 'neural me
I %** *** organization'than by alteringneurogenesisdirectly, recIt)
I 40 Ik,,__ It appears that both COC and FEN activate a high

a: _, affinityrelease responsein the fetal brain whichis the

absent from the maternal brain. This effect may be tan

20 ** due, in part, to the physicalimmaturityof the func Ou
tional 5-HT transporter and over time, this release fro

mechanismappearsto be lostor masked[15].Differ- me.
_' 0 , , , , A , , ,. de,_tn ences between the 5-HT transporter proteins (in fetal

-o -6 -7 -6 -5 -4 -3 and maternal tissue) may also explain why COC and

log [fenfluramine] Y FEN released a greater percentage of the available ,qck
[3H]5-HT from maternal synaptosomes. Jam

Fig. 2. The effect of fenfluramine (concentrations indicated) on the
MDMA had a similar release profile in both tissue This

release of [3H]5-HT (50 nM) from loaded fetal (ED-l?) (open

squares) and maternal (GD-17) (closed squares) synaptosomes. Each types compared to the differences observed with COG cont

data point is the average _+SD of four determinations performed and FEN. Prenatal MDMA exposure was found t_,

over three experiments (n = 3) of synaptosomal [3H]5-HT retention produce only minor behavioral alterations in develop-

as a percentage of control (485.3_+ 1.53 cpm/well for fetal synapto- lng rats, but left the density of 5-HT uptake sites, 5-HT [il
somes and 21.315.3+988.1 cpm/well for maternal synaptosomes), and 5-hydroxyindolaceticacid (5-HIAA) levels un-All SD's were less than 8.0% of the calculated mean for all data

points. Student's t-test showed: * P <0.05, **P <0.01 and *** P changed compared to untreated controls [15]. Con-
<o.0m. versely, gestational MDMA caused significant de-/ [2]

I
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creases in 5-HT and 5-HIAA levels throughout the L.P. and Azmitia, E.C., Prenatal cocaine exposure disrupts the

maternal brain [15]. These findings are in contrast to development of the serotonergic system, BrainRes.,572 (19921
the anatomical and biochemical deficits reported after 57-63.

[31 Azmitia, E,C., Dolan, K. and Whitaker-Azmitia, P.M., S-100b

in utero COG and FEN exposure in newborn rats. but not NGF, EGF, insulin or calmodulin is a CNS serotonergic
The ultimate action of all the substances tested is to growth factor, Brain Res., 516 (19901 354-356.

increase the extraneuronal concentration of 5-HT [4] Bagchi, S.P. and Reilly, M.A., lntraneuronal dopaminergic ac-

within the fetal environment. The source of this excess (ion of cocaine and some of its metabolites and analogs, Neu-

transmitter can either be from the mother or as indi- ropharmacology,22 (198,311289-1295.
[5] Balkovetz, D.F., Tiruppathi, C,, Leibach, FH,, Mahesh, V.B.

cated within this report, from fetal neurons directly, and Ganapathy, V., Evidencefor an imipramine-sensitivesero-
Studies performed by Woods et al. [23], reported that tonin transporter in human placental brush-boarder mere-
cocaine (2.0 mg/kg i.v.) administered to pregnant ewes branes, J. Biol. Chem., 264 (19891 2195-2198.

increased maternal blood pressure by 50%, increased [61 Berger, U.V., Gu, X.F. and Azmitia, E.C., The substituted

· uterine vascular resistance by 168% and decreased amphetamines 3,4-methylenedioxymethamphetamine, metham-phctamine, p-chloroamphetamine and fenfiuramine induce 5-

uterine blood flow by 50%. These effects are due to hydroxytryptamJnc re,ease via a common mechanism blocked by
,:onstriction of the uteroplacentaI vasculature and re- fluexetine and cocaine, Eur. J. Pharmacol., 215 (19921 153-1611.

suits in diminished O, delivery to the fetus. The uter- [71 Coyle, J.T. and Axclrod, J., Tyrosine hydroxylase in rat brain:~

· ** ine ateries have been found to be highly sensitive to developmental characteristics, J. Neurochem..19 (197211117-
1123.

vasoactivc amines like norepinepherinc (NE) and pre- [8] Coyle, J.T. and Ilenry, D., Catecholamines in fetal and newborn
sumably, 5-HT [10]. Evidence has been presented for rat brain, J. Neurochem., 21 (19731 61-67.!

an imipraminc-sensitive 5-HT transporter in human [t_] Essman. W.B. and Cooper, B.E., Serotonin and early develop-

placental brush-boarder membranes [5]. Placental 5-HT men(. In W.B. Essman (Ed.), Serotonin m Iteahh and Disease,

uptake proteins inhibited by CdC, FEN and MDMA [_1. 2. Spectrum, New York, 1978, pp. 69-152.

the ,2t)uld allow excess 5-HT (and/or thc test compounds) {1(11Greiss. J.R., FC :md Van Wilkes, D,, Effects of sympath-
()mimetic drugs and ,mgiotensin on lhe uterine vascular bed,

_)pen :t) pass through the placenta and into thc embryonic Obstet. Gynecol., 23 (19641925-930.

mos. brain via thc underdeveloped blood-brain barrier. [11] Lauder, J.M. and Bloom, F.E., Ontogeny of mom)amine neu-

per- Such a mechanism could explain the potent terato- rones in the locus cocruleus, raphe nuclei and substantia nigra
g-HT

fetal genetic effects t)f 5-HT on fetal brain development. (,f thc rat. 1. Cell differentia(kin. J. Comp. Neurol., 155 (19741
469 -482.

_pto- Excess systemic 5-HT causes constriction of the placen- [12] Lowry, O.II.. Roscbrough, N,J.. Farr, A.L and Randall. R.J.,

_r all tal vasculature and thc restriction of fetal/maternal Protcin measurement with thc folin phenol reagent, J. Biol.
and blood flow, which can induce acute hypoxia within thc ('hem., 1113(It)511 2,55-275.

fetal environment [9,23]. Furthermore, 5-HT itself has [_31 Ross. S.B. and Rcnyi, A.L., Ir_hibition of thc uptake of tritiated

'he ability to autoregulate the growth of fetal scroton- 5-hydroxytryptamine in brain tissue, Ettr. J. Phamna('o[., 7 (19691

:rgic neuritcs in culture [20}. This latter effect is inter- 27(I-277.[14] Rudnick, G. and Wall, S.C., The molecular mechanism of 'ecs-

tva- esting because it may occur in response to a disruption tasy' [3.4-methylenedioxymethamphctaminc (MDMA)]: sero-

ible in thc synthesis, storage and release of the serotonergic lenin transporters arc targets for MDMA-induced serotonin

on trophic factor S-100B: whose activity ix believed to be release. Proc. Natl. ,qc'_td. Sci, /0%4. St/(1(1(_21 18t7-1821.
,tral mediated through interactions with thc glial-5-HT_, x [151 St. ()mcr, V.E.V. Ali, S.F,, 11olson, R.R.. Duhart. ll.M.. Scalzo.

_ F.M. :md Slikker. J.W.. Behavioral and neurochemical effects tit'receptor duriw, development [_l,__].-- prenatal methvtenedioxvmethamphetamme (MDMA) exposure

ligh Our results arc consistent with thc theoD' that both ,n rats.._t,urotoxtccq. £eratol., 13 Ilt_t}l) 13-20.

1 is the uptake and release of neurotransmitters arc impor- {l(,l Schubert. J.. Fyro, B.. Nyback, 11.and Sedvail.G., Effects of
be tnt during normal fetal neuronal development [3]. cocaine and amphetamine on the metabolismof tryptophan and

mc- ')ur observations indicate that the release of 5-HT 5-hydroxytryptamine in mouse brain irt('it'd.J. Pharm.Pharma-col., 22 (19701860-862.
,ase from growing serotonergic fibers may be one putative [17] Spear, L.P., Kirstein, C.L. and Frambes, N.A., Cocaine effects

fer- mechanism by which drugs of abuse modulate the on the developing central nervous system: behavioral, psy-

etal development of the 5-HT innervation of the brain, chopharmacological and neurochemicalstudies. In D.E. Hutch-
and ings (Ed.), Prenatal Abuse of Licit and llicit Drugs, Vol. 562, New

York Academy of Sciences, New York, 1989, pp. 290-307.
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