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Abstract. The effect of lead on the release of [14C]GABA,
[3H]dopamine and [14C]histidine (as a precursor of histamine) was
studied in synaptosomes obtained from chronically lead-treated rats
and in synaptosomes with in vitro lead added. In vivo treatment of rats
with lead acetate results in a decrease in the
K*-depolarization-dependent release of GABA and dopamine and
histidine. Lead given in vitro itself (independently of depolarizing
condition) stimulated the release of previously accumulated
neurotransmitters in synaptosomes (GABA and dopamine). This effect
depends on lead acetate concentration. On the other hand lead, in
different concentrations, did not cause changes in the histidine release.
The results show that lead can attack the synaptic neurotransmission in
two ways: by depressing the Ca-KCl-evoked release of GABA,
dopamine and histidine and by a selective stimulation of a spontaneous
release (independent of depolarization conditions) of GABA and
dopamine but not histidine.
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INTRODUCTION

Lead ions are known to be toxic to the nervous
system of man and animal (Davis et al. 1993).
Both acute and chronic exposures to lead result in
behavioral and neurological symptoms: vertigo
and headache, insommia, restlessness and irrita-
bility and major manifestations such as convul-
sions and coma. Lead can induce encephalopathy
with accompanying cerebral edema and haemor-
rhages. At the peripheral level, lead poisoning
givesrise to a neuromuscular syndrome known as
lead palsy, which includes muscle weakness, easy
fatigability and eventually paralysis (Silbergeld
1974). In lead neurotoxicology an important
issue relates to how lead interferes with chemical
neurotransmission. It was reported that lead in-
terfered with neuromuscular (Kalton and Yaari
1982) and neuromuscular and neuronal trans-
mission (Silbergeld and Goldberg 1975, Silbergeld
1977) and induced changes in dopaminergic sen-
sitivity (Cory-Slechta et al. 1993). The effect of
lead on the release mechanism of neurotransmit-
ters was investigated on brain homogenates by
Bondy et al. (1979).

It was postulated that Pb>*/Ca®" interactions
might play an important role in the toxicity of lead
in a neurotransmission process (Silbergeld 1977,
Kalton and Yaari 1982, Simons 1993). Our inves-
tigations suggest the existence of several mechan-
isms of lead toxicity (especially for uptake process),
related to the individual neurotransmitters which are
not necessarilly connected with Pb2*/Ca?* interaction
(Jabtoriska and Rafatowska 1993a, Jabloriska et al.
1994).

In this study we examined and compared the ef-
fects of lead acetate on KC1 dependent and sponta-
neous releases of GABA, dopamine and histidine
(as precursor of histamine) from rat-brain synapto-
somes.

Preliminary results concerning this problem
were presented in abstract form (Jabloriska and
Rafatowska 1993b).

EXPERIMENTAL PROCEDURE

Animal material

The study was performed on synaptosome frac-
tions obtained from male Wistar rats (approx. 300
g weight).

In experiments in vivo lead acetate in 100 mg/1
concentration was given to 3-week-old rats in
drinking water for 3 months. Control rats received
drinking water without Pb2* added. The model of
acute intoxication was used only to check the Pb>* level
in the blood. In this model 15 mg Pb(CH3COO)2/kg
b.w. was injected intraperitoneally for 7 days into
rats weighing approx. 200 g. In experiments in
vitro, lead (as lead acetate) was added to the incu-
bating medium containing isolated synaptosomes. In
experiments in vivo we used 63 Pb-intoxicated rats and
the same number of control rats.

In the investigation in vitro 36 rats were used to
obtain synaptosomes for experiments with lead and
the same number for control. Each synaptosomal
preparation was obtained from 4 rats. Numbers of
experiments are marked under the tables and in the
legend of the figure.

Preparation of rat brain synaptosomes

Synaptosomes were isolated from the forebrain
of rats using a discontinuous Ficoll gradient as de-
scribed by Booth and Clark (1978). As demon-
strated earlier the synaptosomes had a high purity
and exhibited a well maintained energy metabolism
(Rafatowska et al. 1980, Deutsch et al. 1981).

Rats were killed by decapitation and the fore-
brain of the animal was rapidly removed. The fore-
brains were dropped into ice-cold isolation medium
(0.32 M sucrose, 1 mM potassium EDTA, 10 mM
Tris-HCI, pH 7.4) and chopped into small pieces.
All the procedure was performed at 0°-4°C. The
blood was washed out by adding more isolation me-
dium and decanting the supernatant from the top of
the minced tissue. The chopped tissue was then ho-
mogenized in a Dounce-type glass homogenizer by
7 up-and-down strokes with a glass pestle (total



clearance 0.1 mm). This homogenate was cen-
trifuged at 1,300 g for 3 min. The supernatant from
this spin was centrifuged at 17,000 g for 10 min and
obtained pellet was resuspended in 5 ml of isolation
medium, diluted with 12% Ficoll/sucrose medium.
The suspension was introduced into a centrifuge
tube and above this 5 ml of 7% Ficoll/sucrose me-
dium was carefully layered. Finally, on top of this
5 ml of isolation medium was layered. The tubes
were centrifuged at 99,000 for 30 min in a swing out
rotor. The free mitochondria and myelin layer was
removed. The synaptosomes were gently sucked off
from the interphase, diluted to 60 ml and homo-
genized as above in a Potter homogenizer and spun
at 5,500 g for 10 min.

The synaptosomal pellet was washed once in
Krebs-Ringer buffer (140 mM NaCl; 5 mM KCI;
10mM Tris-HCl; 1.3mMMgSO4 and 1 mM Na2HPOg4,
pH 7.4) and the final synaptosomal pellet from rats
was taken up in Krebs-Ringer buffer in a protein
concentration of approx. 5 mg/ml.

Measurement of Pb2+ concentrations

The contents of Pb>" in synaptosomes from con-
trol and lead-poisoned rats were measured using the
X-ray fluorescence with an energy dispersion
method. This very sensitive method is applied in
biochemical investigations with the same good re-
sults as the better known atomic absorption spectro-
photometer method (Beitz 1975, Kaufman et al.
1976, Pawlowski et al. 1992).

Additionally the contents of Pb%*
ples were recorded.

in blood sam-

Measurement of GABA, dopamine and
histidine release

The measurement of release was preceded by an
uptake procedure. Synaptosomes from control or
Pb-poisoned rats (final concentration about 5 mg
protein/ml) were suspended in the Krebs-Ringer
medium containing 10 mM glucose, 2.5 mM CaCly,
2 mM aminooxyacetic acid or 0.1 mM pargyline
and preincubated 5 min at 30°C.
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The uptake of GABA, dopamine and histidine
was measured by the method of Troeger et al.
(1984). The measurements started with the addition of
radloactlve reagents obtained from Amersham:
[ C]GABA (2uM; 22.6 mC1/mm01) [ H]dopamme
(0.4 uM; 675 mCi/mmol) and [U-'4Clhistidine (1 uM;
24.0 mCi/mmol) in the incubation medium.

In the eighth minute of the uptake (time of opti-
mal neurotransmitters uptake to the synaptosomes)
(Troeger et al. 1984, and unpublished data from our
laboratory) an aliquot of synaptosomal suspension
was withdrawn and diluted 10-fold with the same
medium or with the same medium enriched with
KCl or Pb(CH3COQ)2. This procedure prevented
interference of reuptake. The ionic strength was re-
tained by an equivalent reduction of NaCl concen-
tration. Samples of the suspension (200 pl) were
taken out at 7 min after KCI or lead addition and
rapidly centrifuged for 1 min through the layer of
silicone oil (specific gravity 1.03) on Beckman
microfuge. Pellets were solubilized with NCS tissue
solubilizer and the radioactivity was determined
with a Beckman LS 9000 scintillation counter using
Bray scintillation fluid.

Protein assay

Protein concentrations were measured by the
method of Lowry et al. (1951).

RESULTS

The Pb>* levels in the blood of control and
chronically poisoned rats were practically equal;
the slight differences observed were statistically in-
significant. On the contrary, acute intoxication (in-
traperitoneal injection of Pb(CH3COO)2 15 mg/kg
b.w. of rat) increased Pb~* level in blood signifi-
cantly (Table I).

The content of lead in the synaptosomes fraction
obtained from the lead-treated rats was more than
two times higher than in synaptosomes from the
control rats (Table I).

The depolarization of control synaptosomes by
75 mM KCl caused a drastic release of [ C]GABA
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TABLEI

Lead level in blood and synaptosomes obtained from control and lead-treated rats in vivo

Blood Synaptosomes
Control Chronically Acute Pb-treated Control Chronically
Pb-treated rats rats Pb-treated rats
Lead level 11.0£0.2 11.410.3 12.54+0.2" 1.6£0.2 3.540.2"
ug/g d.w.

Values are means from 3 different experiments measured in triplicate (£SD), *P<0.05, *P<0.01. Student’s ¢ test.

leading to a decrease of [14C]GABA content in sy-
naptosomes from 510 to 50 pmoles/mg prot. This
release was decreased in the case of synaptosomes
obtained from the Pb-treated rats, as corresponding
values for the anaptosomal content were 400 and
110 pmoles of [3 4C]GABA per mg prot. Similarly,
KCl released ["H]dopamine from the control sy-
naptosomes (from 47 to 25 pmoles) and only (from
55 to 47 pmoles) from the Pb-intoxicated nerve en-
dings. Conversely, in the case of [14H]histidine,
which was released by KCl from the control synap-
tosomal fraction (from 65 to 45 pmoles) and prac-
tically not released from the Pb intoxicated in vivo
synaptosomes (Fig. 1). These results obtained in the
presence of 75 mM KCl correspond to values ob-
tained in the presence of veratridine as the depolar-
ization agent (unpublished data).
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The addition of lead acetate to the synaptosomal
fraction (independently from depolarizing condi-
tions in the absence of high concentration of KCI)
stimulated the release of previously accumulated
radioactive neurotransmitters. This effect depended
on the concentration of lead acetate. Already 10 uM
concentration, which is close to in vivo Pb“" intox-
ication conditions, significantly increased GABA
and dopamine release, but did not change the his-
tidine release. The lack of this effect was inde-
pendent of Pb2* concentration (Table II).

DISCUSSION

The aim of this work was to assess the sensitivity of
brain synapses to lead toxicity, especially its influence
on the release of neurotransmitters or their precursors.

C

Fig. 1. Release of [(*C]GABA (A),
[*H]dopamine (B) and ['*C] his-
tidine (C) by 75 mM KClI from sy-
naptosomes of control and lead
poisoned rats. Black bars, radioac-
tivity in pellet (KCl no added);
hatched bars, radioactivity remain-
ing in pellet after depolarization by
KCI; open bars, radioactivity re-
leased from pellet after depolariza-
tion by KCI. Values are means (SD)
from 4 different experiments. Re-
lease of GABA, dopamine and his-
tidine in control and lead poisoned
— synaptosomes differs, significantly
P<0.05 (Student’s ¢ test).

Pb-
poisoned

control




TABLEII

Stimulation of the release of previously accumulated
[ C]GABA [3H]dopam1ne and[ C]hlstldme from synapto-
somes by lead acetate

Concentration % Release
of lead acetate
GABA Dopamine  Histidine
1 uM 2241 16£0.5 0
10 uM 3142 201+2.0 0
100 uM 35+1 25+1.0 0
1 mM 6015 50+3.1 0
2.5 mM 79+4 6416.2 0

100% = the amount of neurotransmitter accumulated by
synaptosomal preparation. Values are mean from 3 different
experiments (£SD).

Nerve endings were isolated as a synaptosomal
fraction. This synaptosomal fraction was metabo-
lically intact and could be considered as a good,
simple nerve-ending model (Rafalowska et al.
1980, Deutsch et al. 1981). These synaptosomes
had the ability to accumulate lead. The Pb 2 level
in the synaptosomal fraction obtained from the Pb-
treated rats was more than two times higher than in
the control fraction.

Pb* level in the blood from the control rats
was a little higher than the results obtained in
other countries. This effect can be connected with
a greater contamination of the environment in
Poland The lack of significant differences between
Pb>* level in blood of control and poisoned adult (4
months old) rats could be caused by the quick pene-
tration of lead from blood to body in the chronic toxic
model. Our results confirm the data of Nakagawa et
al. (1980), who have shown that after administra-
tion of lead torats, its level was elevated significant-
ly only in prenatal animals, while in the same
conditions, Pb2+ level in blood of adult rats was un-
changed.

The mechanisms through which inorganic lead
affects behaviour and neurochemistry are un-
known. It has been hypothesized that Pb“" and Ca**
may competitively interact at the sites involved in
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the release of neurotransmitters, resulting in the in-
hibition of Ca-dependent stimulus-coupled release.
Some evidence for this hypothesis has been found
in studies on lead on cholinergic and dopaminergic
neurotransmission (Silbergeld 1977).

Our investigation on synaptosomal fractions ob-
tained from chronic Pb-treatment rats confirm this
hypothesis. Chronic treatment of rats with lead ace-
tate was associated with the inhibition of KCI de-
pendent release of GABA, dopamine and histidine
(as precursor histamine). Histamine could not be
used, because this neurotransmitter does not pene-
trate through the membrane into synaptosomes
(Rafatowska et al. 1987).

The inhibition of KCl dependent release by lead
acetate was different, related to the individual neu-
rotransmitters. Less effect of Pb>" on KCI depolar-
ization dependent release was found in the case of
GABA. Higher inhibition was observed in the case
of dopamine release and practically 100% inhibi-
tion was found in the case of histidine. Our results
are in agreement with Kalton and Yaari (1982),
Silbergeld et al. (1974), Manalis and Cooper (1973)
data concerning the release of acetylocholine from
nerve-muscle preparations.

We have shown that lead blocks synaptosomal
transmission by depressing the neurally evoked re-
lease of GABA, dopamine and histidine. These re-
sults presumably are the consequence of blocking
the influx of calcium ions into the presynaptic ter-
minals during their depolarization by the nerve ac-
tion potential. It has been proposed that ionic
calcium and lead interact in a competitive manner
at the synapse (Silbergeld 1977, Silbergeld 1978).
Probably, the effect of Pb>* on Ca®* influx at the
different endings is selective, so we have observed
different effects of lead acetate on GABA, do-
pamine and histidine.

In the non-depolarized synaptosomes incubated
in the absence of high concentration of KCI, or in
the case of electrically- induced depolarization, the
presence of lead acetate activated GABA and do-
pamine but not histidine release. The lead-induced
increase in a spontaneous release may be caused by in-
hibition of mitochondrial calcium uptake (Silbergeld
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et al. 1977c). Lead ions may also produce an in-
crease in spontaneous release more indirectly by in-
hibition the Na*-K*-ATPase from the presynaptic
axolemma. Incubating effect of PbonNa*-K*-ATPase
was found in the erythrocyte membrane (Selhi and
White 1975), brain homogenates (Nechay and
Saunders 1978) and in synaptosomes (Jabtoriska
and Rafatowska 1993b).

Elevation of intracellular sodium has been
shown to augment spontaneous neurotransmitter
release (Baker and Crawford 1976). Organometal-
lic compounds like tributyl lead acetate or lead te-
traethyl are more active than lead acetate (used in
our experiments) in the disturbances of neurotrans-
mitters translocation. This may be partially due to
the fact that lead in organometallic compounds is
able to dissolve and diffuse through lipid-rich mem-
branes easier (Wood et al. 1978). We used lead ace-
tate but organometallic compounds have been
studied as well as ionic salts since they can be found
in plenty in the environment. Such chemicals may
be man-made (lead tetraethyl) or can be converted
from inorganic industrial waste by bacteria com-
monly found in lake and river sediments (Jensen
and Jernelov 1969).

Used in our experiments, the small concentra-
tions of lead acetate (1-10 uM) that we found could
change neurotransmitter release are comparable
with the level of lead (ranges from 0.3 to 1.0 x 106 M)
found in brains of people livi%g in North America
(ranges from 0.3 to 1.0 x 10~ M (Schroeder and
Tipton 1968, Massaro et al. 1974).

So, this report indicates that lead acetate at such
-oncentrations can modify the translocation of neu-
rotransmitters to a considerable extent, and this may
account in part for the neurotoxicity of lead.
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