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ABSTRACT

The alkylating compound N-(2-chloroethyl)-N-ethyl-2-bromoben-
zylamine hydrochloride (DSP4) injected to rodents blocks nor-
epinephrine (NE) uptake and reduces endogenous NE levels in
the central nervous system and in the periphery. To investigate
the processes leading to these alterations, rat cortical slices
were incubated in the presence of DSP4. Cortical NE was
depleted by 40% after incubation of slices in 1 0� M DSP4 for
60 mm and this was t�ocked by desipramine. The spontaneous
outflow of radioactivity from cortical slices labeled previously
with [3H]NE was enhanced markedly both during exposure to
DSP4 and during the subsequent washings, suggesting that NE
depletion could be due to this stimulation of NE release. The

radioactivity released by DSP4 was accounted for mainly by NE
and its deaminated metabolite 3,4-dihydroxyphenyiglycol. The
enhanced release, independent of external Ca�, apparently
originated from the vesicular pod as it was absent after reserpine
pretreatment. ACtivitieS of the enzymes related to NE synthesis
were not altered by DSP4 in vitro and only monoamine oxidase
activity was inhibfted at high concentrations. Thus, the dep�tion
of endogenous NE produced by DSP4 is probably due to a
persistent enhancement of its release from the vesicular pool.
Fixation of DSP4 to the NE transport system is necessary but
not sufficient to produce the acute NE depletion and the char-
acteristic long-term actions of the compound.

When injected to rodents, alkylating 2-chloroethylamines
such as DSP4 and xylamine, cause a long-lasting inhibition of
NE uptake and a parallel reduction of endogenous NE levels

both in the brain and the periphery (Ross et at., 1973; Ross,
1976; Kammerer et at., 1979; Jaim-Etcheverry and Zieher, 1980,

1983; Jonsson et aL, 1981). These actions are prevented by
pretreating the animals with specific blockers of the NE mem-
brane transport system. This indicates that DSP4 or its active
cyclized derivative must be fixed initially to the carrier respon-
sible for NE uptake into neurons (Ross, 1976; Zieher and Jaim-

Etcheverry, 1980) but, as is the case for xylamine (Fischer et
aL, 1983), DSP4 is then most probably transported intraneu-
ronally. In the brain, the long-lasting nature of the impairment
of NE levels and uptake and of the enzymes responsible for
NE synthesis as well as the characteristics of the structural

alterations determined by DSP4 when given to adult or devel-
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oping rodents suggest that the compound exerts a selective
neurotoxic action on NE neurons (Ross, 1976; Jonsson et at.,

1981).

Little is known about the events that lead to the permanent
changes described after the initial irreversible blockade of the
NE transport system by DSP4. In this study, the actions of
DSP4 on central NE neurons were investigated in an in vitro
system. Rat cortical slices were incubated in the presence of
DSP4 at concentrations which irreversibly inhibit NE uptake
and it was established that the compound depleted endogenous
NE stores. To explore some of the possible causes of this effect,
the actions of DSP4 on the release of exogenous [3H]NE as
well as on the activities of the enzymes related to its synthesin

and metabolism were studied.

Methods

Wistar rats of both sexes weighing 250 to 350 g were killed by
decapitation and the brain was quickly removed. Unless otherwise
stated, 2 mm thick slices were obtained from the cerebral cortex and

used for in vitro experiments.
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Endogenous NE levels in cortical slices. Slices of rat cerebral
cortex were preincubated in a metabolic shaker for 20 mm at 37’C in

5 ml of Krebs’ solution (composition millimolar KC1, 4.7; NaC1, 118;
CaCI2, 2.6; MgCl2, 1.2; NaH2PO4, 1; NaHCO3, 25; glucose, 11.1; EDTA,
0.004; and ascorbic acid, 0.11; gassed with 95% 02 and 5% C02, final
pH 7.4). The tissue was then transferred for 60 mm to 5 ml of medium
containing i0� M DSP4. Before use the drug was dissolved in Krebs’
buffer and incubated for 15 mm at 37’C to produce its cyclization (Ross
et aL, 1973; Zieher and Jaim-Etcheverry, 1980). Slices also were incu-
bated in the presence of DM1 (10� to iO� M) or incubated in DM1
plus DSP4 (i0� M). In the latter group, preincubation of the slices
was carried out in the presence of the corresponding concentration of
DM1. In all cases, slices were washed after incubation for 30 mm with
drug-free Krebs’ solution. The slices were weighed and homogenized in
3 ml of 0.4 N perchioric acid containing 0.125% Na�SO3 and 0.1%
EDTA. NE content was determined in the supernatant remaining after

centrifugation of the homogenate by a fluorometric method (Laverty
and Taylor, 1968) whereas protein was assayed in the sediment (Lowry
et aL,_1951).

In vitro release of NE from cortical slices. Release of NE from
slices of rat cerebral cortex was studied as described by Adler-Gra-
schinsky et aL (1972). Briefly, tissue slices were preincubated in a

metabolic shaker for 15 mm at 37’C in 5 ml of Krebs’ solution as
already described. For labeling NE stores, the slices were transferred
to 5 ml of Krebs’ solution containing 4 X i0� M DL-[3HJNE (specific
activity, 13.4 Ci/mmol) for 30 mm. After washing in fresh medium (8
x 1 mm), the tissue was transferred to fresh Krebs’ solution that was

changed every 5 mm. After 60 mm (12 changes), the release of radio-
activity reached a plateau. This was considered to represent the basal
conditions for the labeled tissue that was then exposed for 30 mm (6 x
5 mm) to iO� M DSP4. At the end of the incubation, the slices were
washed for 30 mm (6 x 5 mm) with drug-free Krebs’ solution. An
aliquot (0.5 ml) of media collected during the washings after labeling,
during incubation with DSP4 and during the washings that followed
exposure to the drug was used to determine the outflow of total
radioactivity from the tissue. For this, the aliquot was placed in a liquid
scintillator for aqueous samples (1,4-bis[2-4-methyl-5-phenyloxazolylj

benzene, 100 g 2,5-diphenyloxazole, 5 g ethanol, 100 ml; 1 N HC1, 20
ml; triton 300 ml; and toluene 600 ml) and the radioactivity was

determined by liquid scintillation spectrometry. From the remaining
4.5 ml of medium ofeach sample, NE and its metabolites were isolated
by column chromatography using alumina and Dowex resin as de-
scribed by Graefe et aL (1973). After the last wash, the slices were
homogenized in perchloric acid as already described. The homogenates
were centrifuged at 3000 rpm X 20 mm and radioactivity was deter-
mined in the supernatant. The radioactivity in this supernatant was

considered as the radioactivity remaining in the tissue after incubation.
The radioactivity present in the medium corresponding to each

incubation period was expressed as percentage of fraCtional release per

100 mg of tissue per 5 mm. This corresponds to the percentage of 3H

released from the total amount of radioactivity present in the tissue at
the time of collecting the efflux. The latter was calculated by adding

the radioactivity lost during the successive washes to that present in
the tissue at the end ofthe experiment (Adler-Graschinsky and Carrara,

1982).
NE release in Ca�-free medium. To establish the Ca� depen-

dence of NE release in some experiments, Ca� was omitted from the
medium used after labeling the slices with [3H]NE, i.e., washings after
labeling, exposure to DSP4 and subsequent washings were carried out
in Ca�-free medium. The rest ofthe procedure was as described above.

Effect of reserpine pretreatment on NE release. Experiments
were done using slices from the cerebral cortex of rats treated with

reserpine (3 mg/kg i.p., 48 and 24 hr before killing). Levels of endoge-
nous NE in the cortex were determined with the fluorometric method
of Laverty and Taylor (1968). Nialamide (10� M) was present during
the preincubation of the slices for 30 mm. This was done to inhibit
MAO aCtivity so as to label the cytoplasmic compartment of NE
terminals when the slices were subsequently incubated with [3HJNE

for 30 mm as describedabove. Nialamide was not present in the medium

when the slices were exposed to [3HJNE. Because the radioactivity

remaining in the slices in these conditions was substantially lower than

in nonreserpinized rats, only four changes of 5-mm duration were

required to attain basal conditions. The rest ofthe experiment, i.e., 30-
rain exposure to i05 M DSP4 and the 30 mis wash, was carried out as
described above.

Determination ofenzyme activities. The in vitro effects of DSP4
(10� to io-� M) on the activities ofTH, MAO and COMT were studied

in water homogenates of whole rat brain (1:10 w/v). TH activity was

determined as described by Waymire et aL (1971) in the presence of
subsaturating concentrations of the substrate and the cofactor iO� M

L-[’4C)tyrosine and 0.1 mM 2-amino-4-hydroxy-6,7-dimethyl-5,6,7,8-

tetrahydropterine, respectively. MAO activity was measured according

to McCaman et aL (1965) in the presence of a subsaturating concentra-
tion of [3Hjtyramine (0.1 mM). COMT activity was determined with
the procedure of Axelrod and Tomchick (1958) using a solution con-
taming 1 mM 3,4-dihydroxybenzoic acid as a substrate (saturating

concentration) and 100 �zM S-adenosylmethionine-methyl-’4C as cofac-

tor.
For the analysis ofthe effects of DSP4 on the activity of L-aromatic-

amino acid DC, the enzyme was purified from pig kidney according to
Waymire et aL (1971) and its activity was assayed in the presence of
2.5 mM L-[’4CIDopa as described by Lloyd and Hornykiewicz (1972).

In all cases, the homogenates were incubated in the presence of the

different concentrations of DSP4 for 15 min before adding the radio-

active substrate or cofactor, the drug was present throughout the
incubation period.

Significance of differences between control and experimental values

were determined with Student’s t test.

Drugs used. DL-[3H]NE hydrochloride (specific activity, 13.4 Ci/

mmol); L-[1.”C]tyrosine (58.1 mCi/mmol); [3H)tyramine hydrochlo-

ride (10.78 Ci/mmol); S-adenosyl-L-methionine-methyl-’4C (56.7 mCi/

mmol) and DL-[14Cj-3,4-dihydroxyphenylalarnne [51.4 mCi/mmol)
were obtained from New England Nuclear (Boston, MA). DSP4 was
kindly provided by Dr. R. Dahibom and collaborators (Uppsala, Swe-

tlesmpthvliminraniinp wars supplied by Ciba-den) and reserpine and �

Geigy (Buenos Aires, Argentina).

Results

Endogenous NE in cortical slices after exposure to

DSP4. After incubation of cortical slices in Krebs’ solution at
37#{176}Cfor 110 mm, NE levels were unchanged with respect to

those present immediately after decapitation (nanograms of
NE per milligram of protein: 1.56 ± 014 vs. 1.67 ± 0.05,

respectively).

The incubation of cortical slices in the presence of 10� M
DSP4 for 60 mm reduced endogenous NE by 40%. To determine

if this effect was due to the inhibition of the uptake of NE
produced by DSP4, slices were incubated in the presence of
DM1 that also blocks this process. DM1 per se did not modify

endogenous NE levels neither at 1O� nor at 10� M (fig. 1).
When the slices were preincubated for 20 mm in the presence

of DM1 and then for 60 mm with both DM1 and 10� M DSP4,
the depletion of NE produced by DSP4 alone was completely

blocked by 1O� and i0� M DM1 whereas 10� M DM1 had no

effect(fig. 1).
Release of [3H]NE from cortical slices by DSP4 in

vitro. DSP4 added to the medium containing cortical slices

labeled previously in vitro with [3H]NE increased markedly the
efflux of 3H (fig. 2). Preliminary experiments showed that this

effect was already evident when iO� M DSP4 was present in
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TABLE 1

Effects of extracellular Ca� on �H release by DSP4 from cortical
slices labeled In vitro with (�H]NE

Cortical slices were incubated with I�H]NE in Ca4�-contsining medium as described
under �Methods. Subseqently, the tissue was exposed to rne�um with or without
Ca� that was Collected twice at 5-mm intervals during the last 10 mm of washing
before exposure to DSP4 (basal), between 10 and 15 mm (15 mm) and 20-25 mm
(25 mm) during exposure to the drug or the postexposure washings. Each value is
the mean of three to four experiments ± S.E.
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after washing.
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Fig. 1. Endogenous NE levels in cortical tissue incubated for 60 mm in
the presence of DSP4, DM1 or DM1 plus DSP4. When tissue was
incubated with DM1 and DSP4, the former also was present during the
20-mm preincubation. NE concentration was determined after washing
for 30 mm. Each value is the mean of three to four determinations ±

SE. and is expressed as percentage of the control value obtained in
slices incubated in drug-free Krebs’ solution for 1 10 mm. Absolute control
value was 1 .67 ± 0.05 ng of NE per mg of protein. � p < .001.

6

4
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Fig. 2. Effect of DSP4 in vitro on 3Hefflux from rat cortical slices labeled
with [3HJNE. Results are expressed as percentage of fractional release
(FR) per 100 mg of tissue per 5 mm. Open bars, spontaneous outflow;
shaded bars, release above spontaneous outflow during exposure to
1 0-� M DSP4 and during subsequent washin9s. Each value is the mean
offour to five experiments ± SE. � p < .05; P < .01 ; P < .001.

the incubation medium and this was the concentration selected
for subsequent studies. Spontaneous outflow of 3H was en-
hanced by iO� M DSP4 as early as 10 mm of incubation. The
increased release reached a maximum of 70 to 90% above
spontaneous outflow at 15 mm and was maintained during the
30 mm of exposure to DSP4.

Even when the slices incubated with DSP4 were washed
every 5 mm for 30 mm, the outflow of 3H persisted, being
enhanced by 90 to 118% above controls. Variations between
values obtained in different experiments were more marked

during these washings than during exposure to the drug.
To clarify the possible mechanism by which DSP4 releases

[3H]NE, Ca� was omitted from the incubation medium after

labeling slices with [3H]NE. As shown in table 1, in Ca�-free
medium the relative increase in the radioactivity released by
iO-� M DSP4 with respect to spontaneous outflow in drug-free

medium was approximately similar to , that observed in the

presence of Ca�, both during exposure to the compound and

% Fractions Adease
3H/100 mg Tsstaf5 iT

W,thCa�� Without Ca#{247}�

No drug DSP4 �, DSP4
(1O�M) �1o (1O�M) �#{176}

Basal 3.17 ± 0.30
3.07 ± 0.20

2.95 ± 0.26 -7 3.44 ± 0.43 +8
2.78 ± 0.08 -9 3.42 ± 0.27 +11

Drug
15 mm 2.68 ± 0.36 4.61 ± 0.19 +72** 5.10 ± 0.36 +90k
25 mm 2.51 ± 0.34 4.91 ± 0.15 �95*** 5.66 ± 0.43 +125*5*

Wash
15 mm 2.54 ± 0.34 5.54 ± 0.47 +1185* 6.16 ± 0.63 +142k
25 mm 2.45 ± 0.30 4.80 ± 0.36 �95** 6.11 ± 0.93 +149k

5* p< .01 ; ‘� P< .001 when comparedwith controlvalues. Differences between
values of slices incubated with 10� M DSP4 either with or without Ca� were not
signifIcant.

TABLE 2
EffeCts of DSP4 on the outflow of �H from cortical slices of
reserpinized animals labeled In vitro with [�H]NE

Cortical slices from rats treated with reserpine (2 x 3 mg/kg i.p. 24 and 48 hr
before kilIing)were incubated as described under �Methods. Medium was collected
twice at 5.min mtervals dunng the last 10 mui or washkg before exposure to DSP4
(bassO, between 10 to 15 mm (15 mEn) and 20 to 25 mm (25 miii) during exposure
to the drug or the postexposure washings. Each value is the mean of three to four
experiments ± SE. Differences between values were not signifIcant.

% Fracton� Release�H/1OO mg Tssue/5 iT

NO&W DSP4(10’M)

Basal 15.59 ± 0.80 15.10 ± 0.60
13.95 ± 0.70 13.90 ± 0.40

Drug
1 5 mm 1 1 .31 ± 0.20 10.90 ± 0.90

25mm 10.54±0.20 11.50±0.80
Wash

15mm 10.38±0.90 12.22±1.03
25mm 10.85±0.80 11.93± 0.30

Release of [3H]NE by DSP4 also was studied in cortical slices
obtained from rats treated with a dose of reserpine (2 x 3 mgI
kg i.p., 24 and 48 hr before sacrifice) that reduced endogenous
NE levels by more than 95%. Preincubation of the slices was
carried out in the presence of 10� M nialamide for 30 mm to
inhibit MAO activity before labeling the tissue with [3HJNE to
load cytoplasmic stores. As shown in table 2, in these conditions
io-5 M DSP4 did not increase the amount of 3H released with
respect to corresponding controls.

Metabolism of [3HJNE released by DSP4. The proper-
tion of total 3H released corresponding to NE and its metabo-

lites was determined at different stages of the experiment. As

shown in figure 3, NE and DOPEG were the principal fractions
that increased above basal values significantly when the tissue
was exposed to 1O� M DSP4. After washing, the release of NE
decreased whereas DOPEG remained elevated. Neither the
release of 3,4-dihydroxymandelic acid nor that of normeta-
nephrine was affected by incubation with DSP4 and the frac-
tion of 0-methylated and deaminated metabolites was only
slightly reduced during exposure to the drug and after washing
the slices.
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DOMA in a dose-dependent manner because at 10� M it was reduced

by 50% and at iO� M it was reduced by 87%.
NE DOPEG

TI �
10 � T IT 2NMN

! �T

�‘5 WI: WW#{176}�

�mu �ii
BASAL IS 25 15’ 2S� BASAL 15 25 15 25 BASAL 15 25 15 25

DSP4 Wash DSP4 Wash DSP4 Wash

Fig. 3. Radioactive NE and metabolites released by 10� M DSP4 from
cortical slices labeled with rH]NE. Results are expressed as nanocuries
of each metabolite released by 100 mg of tissue to 5 ml of medium
during 5 mm. Medium was COlleCted at 5-mm intervals twice during the
last 10 mm of washing before exposure to I 0� M DSP4(basal), between
10 to 1 5 mm (1 5 mm) and 20 to 25 mm (25 mm) during exposure to drug
or the postexposure washings. Open bars, spontaneous outflow; shaded
bars, release above spontaneous outflow during exposure to 10� M
DSP4 and during subsequent washings. Abbreviations: 3,4-dihydroxy-

mandelic add (DOMA); normetanephnne (NMN) and 0-methylated and
deaminated metabolites (OMDA). Each value is the mean of three to four

experiments ± S.E.�::�]11]�
.1: CONTR� 1O�’ 1O�’ lO�’ #{149}e�DSP 4 (MIC

�100#{224}l� �

� � S �COMT

:LLii�
CONTl�1 1O�’ 1O�’ 1t�’ 8�’ DSP �. (M)

Fig. 4. Effects of DSP4 on the activities of 1) TH and aromatlc-L-amino
add DC and 2) MAO and COMT, assayed as described under �Methods.�
Each value is the mean of three to four determinations ± S.E. and is
expressed as percentage of corresponding controls. Absolute control
values were (product formed per gram of weight per hour) TH, 0.4 ±

0.03 nmol; MAO, 4.14 ± 0.3 �mol; and COMT, 0.501 ± 0.02 �mol.
Control value for DC, 0.17 ± 0.01 ��mol product formed per mg of proten
per hr. �P< .01; P< .001.

Effect of DSP4 in vitro on the activity of enzymes
related to NE metabolism. Figure 4 shows that in the range
of concentrations of DSP4 used for incubation of tissues (10�
to iO-� M) the compound did not alter the activity of TH in

brain homogenates or of DC purified from pig kidney. COMT
activity in brain homogenates was slightly but nonsignificantly
reduced by 1O� M DSP4.

MAO activity of brain homogenates was inhibited by DSP4

134 Landaetal. Vol.231

Discussion

The injection of DSP4 produces a marked depletion of en-
dogenous NE both in the brain and in peripheral organs of
rodents (Ross, 1976; Jaim-Etcheverry and Zieher, 1980, 1983;

Jonsson et aL, 1981). The experiments reported show that NE

also was depleted in vitro by 40% in slices of rat cerebral cortex
incubated in 1O� M DSP4 for 60 mm. Another 2-chioroethy-
lamine, xylamine, also depletes NE from rabbit aortic rings
(Dudley et aL, 1980). Interaction of DSP4 with the NE trans-
port system is a prerequisite for NE depletion because this was

prevented by preincubation of the slices with DM1, a potent
NE uptake blocker that also was present during incubation
with DSP4. The concentration of DM1 required to prevent the
NE depletion caused by DSP4 was relatively high (10� M) in

relation to the K1 of the drug for inhibition of NE uptake. This
is in accordance with the finding that the prevention of the
actions of xylamine requires “appropriate concentrations” of

reversible inhibitors of the NE transport system (10� M am-
phetamine; iO� M cocaine) (Cho et aL, 1980). The fact that
the effects of these compounds are reversible whereas those of
2-chloroethylamines are not might explain the need to use

relative high concentrations of reversible and competitive up-
take blockers to prevent the actions of the latter. In any case,
these experiments demonstrate that NE depletion does not
result exclusively from the blockade of NE uptake caused by
DSP4 because, under similar conditions, DM1 that also blocks
this uptake does not reduce endogenous NE levels in cortical

slices.
The depletion of endogenous NE caused by DSP4 in cortical

slices could be due to an alteration of the synthesis or metab-
olism of NE or to a stimulation of its release. To investigate
the latter possibility, cortical slices labeled in vitro with [3H]
NE were incubated in the presence of i0� M DSP4. It was
found that the spontaneous outflow of radioactivity was en-
hanced markedly during the period of exposure to the drug and
during the subsequent washings, indicating the persistence of
its effect. In cultures of superior cervical ganglia, xylamine also
releases NE particularly during the washings performed after

exposure to the drug (Fischer and Cho, 1981). Such a persistent
action also has been described for another alkylating agent,
phenoxybenzamine (Adler-Graschinsky et aL, 1972).

The enhanced outflow of NE from cortical slices induced by

DSP4 was not influenced by the concentration of Ca� present
in the incubation medium. The radioactivity most probably
comes from the vesicular pool because DSP4 did not augment
the spontaneous outflow from slices of reserpinized animals in
conditions under which the exogenous amine was accumulated

in the extravesicular compartment. In this experimental situ-

ation, when a functional granular compartment is eliminated,

indirectly acting sympathomimetic amines can deplete the NE
accumulated extra-vesicularly as has been demonstrated re-

peatedly (Hamberger, 1967; Takimoto et aL, 1981).
The analysis of the composition of the radioactivity appear-

ing in the medium during incubation with compounds acting
on NE neurons contributes to the identification of the nature
of the changes that they produce. For example, phenoxyben-
zamine, an alkylating compound that irreversibly blocks NE
uptake with a pattern similar to that of DSP4, enhances the
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release of NE and of DOPEG (Adler-Graschinsky et aL, 1972).

Blockade of the NE transport system by cocaine, increases

predominantly the efflux of NE and compounds such as Ro 4-
1284 that release NE from the vesicular pool, result in the
appearance of a great proportion of DOPEG in the efflux
(Adler-Graschinsky et at., 1972). Both NE and DOPEG were

the major components of the radioactivity released by DSP4
from cortical slices in these experiments. However, a greater
proportion of DOPEG should be expected in the efflux because
DSP4 blocks reuptake and enhances release of NE presumably
from the vesicular pool.

The analysis of the time course of appearance of the radio-
active metabolites after DSP4 provides interesting information.
Immediately after exposure to the compound, NE accounted
for most of the radioactivity in the outflow but this proportion
decreased with time, particularly during the washings when the
drug was omitted. DOPEG efflux, on the other hand, was

elevated to the same extent throughout the experiment. These
changes, that are comparable to those produced by other alkyl-
ating compounds such as phenoxybenzamine (Adler-Grasehin-
sky et at., 1972), could be explained in several ways. Previous
evidence indicates that the outflow of NE from NE nerves is a

cocaine-sensitive carrier-mediated process (Paton, 1973)
whereas DOPEG leaves the terminal by passive diffusion
(Trendelenburg et aL, 1979). Because the irreversible blockade
of NE transport by xylamine requires 10 to 15 mm to develop
(Cho et aL, 1980), the impairment of this mechanism, also
related to NE outflow, could explain the time-dependent re-
duction in the amount of NE present in the medium. Once the
carrier is inactivated, most probably also from the intraneu-
ronal side (Fischer et at., 1983), NE would accumulate in the
neuron and be metabolized by MAO, thus explaining the en-
hanced DOPEG outflow by passive diffusion. Although DO-
PEG efflux should increase with time, its constancy could be

due to an early inhibition of MAO activity. DSP4 is a compet-
itive inhibitor of both forms of MAO in rat liver homogenates
(Lyles and Callingham, 1981), an effect that was confirmed in
the present study in brain homogenates. Although this inhibi-
tion in vitro is apparent at higher concentrations than the one

used for the release experiments, the drug could achieve these
levels when it is accumulated in the nerves as suggested by
recent results obtained with xylamine (Fischer et aL, 1983).

After washing, enzymatic activity partially returned to control
values and a summation of these complex effects could explain

the constancy of DOPEG levels accompanying the reduction in
NE outflow.

The depletion of endogenous NE produced by DSP4 also
could be explained by the inhibition of the activities of the
enzymes involved in NE synthesis and/or enhancement of
those responsible for its metabolism. Under the conditions of
these experiments, however, the activities of the synthesizing
enzymes, TH and dopa-DC, were unaffected by 1O� to 10� M
DSP4. MAO activity was in fact inhibited by DSP4 at high
concentrations as described previously. This was to be expected

due to the structural similarity of DSP4 to bretylium that also
inhibits MAO activity (Furchgott and Sanchez-Garcia, 1966).

The evidence presented indicates that the depletion of NE
from cortical slices in vitro caused by DSP4 is related to a
persistent enhancement of NE release, most probably from its
vesicular stores and independent from external Ca� concen-

tration. As is also suggested by previous studies, fixation of

DSP4 to the NE transport system is necessary for the depletion

ofendogenous NE that most probably results from its enhanced
release. Impairment of this transport system, however, is not

sufficient for the release process to take place as shown by the
lack of release after DM1. Thus, an initial interaction of DSP4

with the NE transport system is required to trigger some as yet
unknown mechanism that results in a persistent enhancement
of its release, leading to the depletion of the endogenous stores.
The relation of the acute effects of DSP4 to the other long-
lasting biochemical and structural changes that it causes and

that point to a neurotoxic action of the compound in vivo
remains to be clarified.
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