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The activity of the Na*-Ca”* cxchanger, which reguiates the entry and the ¢xtrusion of Ca®* jons from nerve endings was
investigated in Percoll-purificd cercbrocortical synaptosomes of aged rats. “*Ca?* uptake in a Na*-free medium and $°Ca?*
cfflux in a 145 mM Na* mediurn were significantly reduced in cercbrocortical synaptosomes from aged rats (24 months) as
compared to those occurring in young (4 months) and malure (14 months) jats, **Ca®* influx induced by 55 mM K*, a

concentration of K*

ions which sclectively promotes Ca®* cntry through voltage-seasitive Ca®* channels (VSCC), was
significantly reduced ir mature and aged rats as compared to that occurring in young rats. The i i

t of these

in aged rats is not by any of fura-2
Introduction
Voltag sitive  calci H Is (VSCC), the

bldlrecuondl Na*-Ca®* exchanger and the Ca®'-
Mg?*-ATPase are the mnain plasma membrane mecha-
nisms responsible for both sudden intraceliular Ca?*
clevation and subsequent return to resting Ca?* con-
centrations [1].

It has been recently suggested that the impairment
of Ca®* homeostasis in neuronal cells may be the
trigeering event which leads to the development of
brain aging [2,3]. Although a large number of studies
have been performed in order to demonstrate an im-
pairment of the plasma membranc mechanisms in-
volved in the mantainance of Ca®* levels hoth in
resting or in stimulated conditions [3-6), the relative
role played by the Na*-Ca?* exchanger and VSCC in
the alteration of Ca?* regulation during brain aging is
not clearly established [5,6].
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d Ca** levels under resting and depolarizing conditions.

The aim of the present study was to evaluate the
possible impairment of Ca?* ion eniry and extrusion in
cerebrocortical nerve endings of aged rats.

For this purpose appropriate extracellular ionic con-
ditions and time intervals, which sclectively activate
VSCC or the Na*-Ca?* exchanger when this an-
tiporter operates as a Ca?* influx or efflux pathway,
were chosen [7.81,

The results of the present study showed that in

orticzi nerve gs of aged ravw, there is a
marked reduction of the activity nf the Na*-Ca**
exchanger in the forward and reverse mode of action.
In addition the of C2?* jons th li VSCC is
also reduccd in mature and aged rats.

Methods

Svnaptosomal preparation

Synaptosomal fractions from the brain of male
Sprague Dawley rats of cdifferent age (4, 14 and 24
months) were obiaincd according to the procedure of
Dunk’ey et al. [9] using a discontinucus Percoll gradi-
ent.

Briefly, rats were killed and orains removed and
kept on ice. The cortex was dissected and homogenized
in 10 vol of ice-cold sucrose medium, whose composi-
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tion was (in mM): 320 sucrose, 1 EDTA, 0.25 DTT,
adjusted io pH 74.

SCa** influx determinations

Resuspended synaptosomes were incubated in 145
mM Na* for 30 min at 37°C 1o allow the Na* accumu-
lation into the nerve terminals. After this period, Ca**
uptake was initiated by injecting 0.225 mil of different
solutions (55 mM K* or 145 mM choline) containing
49 uM ¥Ca’* into a 25 ul synaptosome suspension
(200 ug of proteins) and terminated at different times
(1, 3, 30 s) by injecting 0.450 ml of 20 mM EGTA
ice-cold quench solution. After three rinscs, cach with
2.5 ml of 1 mM EGTA wash solution, synaptosomes
were immediately filtered through Whatman fiber glass
GFC fifters. Fiiters were then placed into scintiflation
vials with § ml of scintillation cocktail (Dynagel, Baker)
and the trapped radioaciivity was determined by liguid
scintillation counting.

HCa’* efflux studies

After a 60 min preincubation period in a 145 mM
Na*-containing solution, synaptosomes were loaded for
15 s with 10 M **Ca”* in presence of 75 mM K* ina
medium containing {(mM): 75 NaCl, 75 KCl, 1.2 MgCl,,
10 Hepes and 10 glucose (pH 7.4 at 37°C) in a final
incubation volume of 200 ul. **Ca* uptake was termi-
nated and **Ca®* efflux was initiated simultancously
by the addition to the tubes of 4.5 ml of a *¥'Ca®* free
prewarmed (37°C) medium containing either 145 mM
cholinc or 145 mM NaCl. At 60 s, synaptosomes were
filtcred and filters were washed and counted as previ-
ously described. **Ca** efflux was calculated as the
difference  between **Ca®’  content  retained . in
synaptosomes {time 0) and that after 60 s efflux time,

Determinction of intras) ! Ca’* levels
Resuspended synaptosomes (3 mg protein /ml) were
equilibrated for 10 min at 37°C in a Ca**-frec medium,
After this period, synaptosomes were exposcd to 5 wM
fura-2/AM for 30 min in presence of 0.5% bovine
serum albumin. After the loading, synaptosomes were
diluted 10-fold and spun at 11000 X ¢ for 10 min to
remove the extracellular dye. The synaptosomal pellet
Wil T ! of 6 mg/ i

D 1 at a protein conce
in a Ca**-frcc medium and kept on ice. Before each
experiment, 100 ul of loaded s
trifuged (Y500 x g for 3 min) and the resulting pelict
was mesusoended in 2 mi of Ca™ free medium at 37°C
and added to a thermostated cuveite in a Perkin-Elmer
LS-S spectrofluorimetsr equipped with a magnetic stir-
rer. 1 mM Ca** was added to synaptosomes 30 s after
the beginning of the cxperiment. Fluorescence inten-
sity of fura-2 was recorded at an cxcitation and cmis-
sion wavelength of 340 and 490 nm, respectively,

libration of the fluorescent signal was performed
according to the method of Grynkiewicz et al. [10].

Protein determination
Synaptosomal protein concentration was determined
by the mcthod described by Bradtord {113

Statistics

All experiments were done at least three times.
Results were expressed as means + S.E. Statisticai
analysis of the data was performed by means of analy-
sis of variance, followed by Neuman-Keul's test.

Results

55 mM K *-induced **Ca”* influx in cerebrocortical
synaptosomes of young. mature and aged rats

In order to evaluate **Ca®* entrarce through VSCC,
cercbrocortical synaptosomes werc expused to 55 mM
extracceliular K* jons, a concentration which selectively
promotes Ca®* entrance through VSCC without the
activation of the Na*-Ca** exchanger when this an-
tiporter operates as a Ca?* influx pathway [7]. *°Ca®*
influx was evaluated at very short time intervals (1 and
3 s), which are more closely refated to the activaticn-
inactivetion kinetics of VSCC [12].

‘The results showed that 55 mM K *-induced **Ca®*
influx was significantly reduced in synaptosomes from
maturce (14 months) and aged (24 months) animals as
comparcd to young (4 months) rats. This reduction in
14- and 24-month-old rats was observed at all the
considered time intervals (1, 3 and 30 s) (Fig. 1A). On
the other hand. **Ca®* uptake which cceurs during a
30-s interval also depends on the activation of VSCC,
= the jonic concentration of K* ions chosen in
these experiments (35 mM K *) does not promote Ca®*
cntrance through the Na*-~Ca* exchanger [7].

BCa influx and efftux through the Na*=Ca** ex-
chenger in cerebrocortical synapiosomes

In order o study the activity of the Na*-Ca**
antiporier when this exchange system operates as a
Ca®* influx pathway, cerebrocortical synaptosomes

TABLE |

) [ Ca®* levels in ical from
-y 14- and 24-month-old rats

The data are the moan 1 S.E. of at Teast seven experiments,

Age [Ca** ], (aM):

fonic conditions

SmMK* ISmMK*
4 months 3+ 678+ 58
14 months 33317 830+ 58
24 months 6421 734109




s .r¢ incubated in a Na*-free medium (containing 145
mM choline), an ionic condition in which **Ca®* entry
depends only on the activity of the Na*~Ca®* an-
tiporter [7]. In this ionic condition **Ca* uptake was
significantly lower in aged animals than that observed
in young and mature rats (Fig. 1B).

When cerebrocortical synaptosomes. loaded with
4Ca®* in presence of depolarizing cuncemrdnom of
K* ions, are incubated in an extracellul
containing 145 mM Na* ions for 60 s, an inwardly
directed Na* gradient is generated which favours the
operation of the Na*-Ca®* antiporter as a Ca’* efflux
pathway. Data showed that in cerebrocortical synapto-
somes from aged rats **Ca** cfflux was significantly
reduced as compared te that occurring in synapto-
somes from young and mature rats (Fig. 1C).
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Intracvtosolic Ca** levels in resting and after 35 mM
K “-induced depolarization in cercbrocortical synapte-
somes from young, mature and aged rats

Cytosolic Ca2* levels in Percoll-purified cerebrocor-
tical synaptosomes in aged (24 months) rats were not
different from those monitored in young (4 months)
and mature (14 months) rats either in resting or in
depolarizing (35 mM K *) conditions (Table 1),

Discussion

The results of the present study showed that in the
nerve endings of cerebrocortical neurons, 2 reduction
of the activity of the bidirectional Na*-Ca* cx-
changer occurs in 24-month-old rats, whereas a de-
crease of **Ca?* uptake through VSCC was found in
mature and old rats. The impairment of these macha-
nisms, which play a relevant role in the enirance and
exirusion of Ca** ions (1,13}, is nov accompanied in
nierve endings of aged rats by any variation of fura-2
monitored [Ca®“]; levels in rcsting and depolarizing
conditions.

The reduced activity of VSCC in aged rats, observed
in the present study during the fast phase, confirms the
observation of Leslic et al. [14), who found that the
decline of Ca®* cntrance can be more appropiiai
detecled at very short time intewvals (1-3 s) ‘which are
wmore closely related to the half-life of opening and

m I ¥Ca?* influx cvoked by 55 mM K* (A), Na*-dependent
irflux (BY and **Ca®* cffiux (C) in cerebracortizal synapto-
somes from young, matare and aged rats. (A) Cerebrocortical
synaptosomes from young (4 months), mature ¢*4 month) and aged
(24 months) rats, preincubated in a 145 mM Na* medivm for 3¢
rain, were then expesed o a depolarizing stit s {35 mii K* ) vor
various time intervals (1. 3 and 30 s) in presence of 4.9 gM “Ca?’,
Eacl basal *3Ca?* uptake value obtained in 145 mM Na' has been
subtracted from the respective 55 mM K *-elicited Ca®* uptake
value, {B) Cerebrocortical synaptosomes from young (4 months),
mature (14 months) and aged (24 months) rats, preincubated for 30
min in 145 mM Na* containing medium, were exposed to a Na *free
mcdium (145 mb choline) in presence of 49 uM Cu?*, ¥Ca?*
taken up in normal solution (145 mM Na*) has been subtracted
from the values shown. (C) Synaptosomes preincubated for 60 min in
4 145 mM Na* solution, were loaded for 15 s with 10 ;:.M $Cat* in
a 75 mM K* containing medium, *5Ca* efflux was initiated (time
0) by dilution of the loading medium with 4.5 ml of *Ca®*-free
mediur: containing either 145 mM choline or 145 mM Na*. '"Ca:‘
efflux topped after 60 s with wash and gquench solutions, ™
efflux values wer obtained from the difference between “Ca'

conient retained in synaptosomes zfter efffux time (60 s) and that a1
time 9. Bach basal *°Ca®" efflux value obtained in 145 mM choline
was subtracted from the respective 145 mM Nu*-elicited Ca®* efflux
value. Data are the mean+S.E. of at least three separate expusis
ments in which at least three rats at each age were usad. In each
experiment at least four separate determinations were carried out.
(A} * P <005 vs, young and aged rats, ** P <005 vs. young and
mature rat:. {B) * P < 005 vs, young and mature rats, (C) * P <008

V5. young and mature rats,
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subsequent inactivation of Ca?* chaanels [12]. A re-
duction of **Ca®* influx through VSCC has also been
reported when radiotracer ion fluxes were measured at
time intervals longer than 2 s [4,5]. In addition, the
reduced activity of VSCC observed in the present study
and in the mentioned reports does not seem to be due
to changes in membrane potential [4). Furthermore,
the results of the present work showed a reduced
capacity of the Na*-Ca®* exchanger when it acts in
the physiological direction to extrude Ca®* ions from
cerebrocortical nerve endings of aged rats. Since this
exchange syste.n can also operate in the opposite way
[13), allowing Ca®* ions to enter into the neurons, the
antiporter activity was investigated by evaluating **Ca**
influx in a non depolarizing medium (Na*-free). As
expected, a decrease of **Ca®* uptake was observed.
In accordance with this finding, Martinez et al. [4]
found that when the Na*—Ca®* exchanger is activated
by i of br. ial higher than —20
mV, $Ca’* uptake is also reduced in synaptesomes
from aged rats. Since in the present study the reduc-
tion of Na*-dependent **Ca®* uptake was detected in
slightly hyperpolarized nerve endings [15], it can be
concluded that the Na*-Ca?* exchanger displays a
reduced activity during aging regardless of the state of
the membrane potential. This reduction secems to be
the consequence of a reduced affinity of the antiporter
for Ca®* ions when it operates as a Ca®* influx path-
‘way [16]. During the aging proccss the Na*-Ca®*
exchanger is not the only membrane extrusion system
that is impaired, in fact the ¥, for Ca®* activation of
the Ca®*-activated Mg**-dependent pump is also rc-
duced [16). Finally, the evaluation of intr

Ca®* leveis performed in the vresent study and other
invcs!igalions [17,18] failed to show any significant vari-
ation in the cation concentratior: both in resting condi-
tions and after depolarization. The possible difference
between the data obtained in **Ca* uptake and fura-
2-monitored Ca2* fevels in cortical synaptosomes from
mature and aged rats after K*-induced depolarization
can be explained by the different methodological pro-
cedures. In fact, studies performed with the radiotracer
allow to detect only cation entering through VSCC
during fast phase (1 s), whereas during fluorimetyic
experiments, fura-2 monitored intrasynaptosomal Ca®*

levels represent the balance between the activity cf
intracellular Ca®* bufferiug systems and Ca?* influx
and efflux mechanisms.
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