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In this study, the effects of the marine toxin maitotoxin on cytosolic Ca 2+ levels and membrane potential in rat brain 
synaptosomes were evaluated. Maitotoxin (10 n g / m l )  caused a remarkable increase of intrasynaptosomal Ca 2+ levels 
monitored by the fluorescent probe fura-2. This increase was prevented by the removal of external Ca 2÷ ions. 
Tetrodotoxin, as well as the removal of extracelhilar Na + ions, failed to affect maitotoxin-induced increase of 
intrasynaptosomal Ca 2+ levels. Also the complete removal of all monovalent and divalent cations, except Ca 2+ ions, 
from the incubation medium (0.32 M sucrose substitution), was unable to prevent the effect of maitotoxin on 
intrasynaptosomal Ca z ÷ levels. Maitotoxin (0 .3-10 n g / m l ) ,  produced a dose-dependent depolarization of synaptosomai 
membranes, which required the presence of extracellular Ca z+ ions. The substitution of extracellular Na + with choline 
or the removal of all cations from the incubation medium and their replacement with an isotonic concentration of 
sucrose (0.32 M), did not prevent the depolarizing effect exerted by maitotoxin. Also under these two ionic conditions, 
the effect of maitotoxin on membrane potential was critically dependent on the presence of 1 mM extracellular Ca 2+. 
The depolarizing effect exerted by maitotoxin on synaptosomal membrane potential was also observed when extracellu- 
lar Ca z+ ions were substituted with an equimolar concentration of Ba z+ or Sr 2+ ions. In summary, these results appear 
to suggest that, in presence of 1 mM extracellular Ca 2 ÷ ions, maitotoxin depolarizes synaptosomal plasmamembrane by 
promoting the influx of extracellular Ca 2+ ions. This enhanced influx of Ca 2+ causes an increase of intrasynaptosomal 
Ca z+ levels. 

Introduction 

Toxins acting on lomc channels have been invaluable 
tools for the study of these membrane proteins [1,2] 

Maatotoxm (MTX) is one of the most potent manne  
toxin known extracted from the poisonous dinoflagel- 
late (Gambterdtscus  toxtcus  [3] Ttus toran has been 
reported to behave as a putaUve Ca 2 + channel activator 

Abbrewataons EDTA, ethylenedtammetetraaceUc acid, D'IT, DL-dl- 
thtothreltol, Hepes, 4-(2-hydroxyethyl)-l-plperazmeethanesulfomc 
acid, DMSO, dmaethyl sulfoxade, EGTA, ethylene glycol bls(/~- 
ammoethyl ether)-N,N,N',N'-tetraaceUc acid, blsoxonol, bls(1,3-dl- 
ethyltluobarblturate)tnmethme-oxonol 
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[4], due to xts ablhty to sumulate 45Ca2+  uptake and 
Ca2+-dependent neurotransn~tter release from PC12 
cells In addltxon, it has been shown that MTX sUmu- 
lates cardiac [5] and smooth muscle [6] contraction, 
hormonal  release from pl tmtary cells [7] and neuro- 
transmitter release from hypothalamlc dopamlnerglc 
neurons [8] and cultured neuronal cells [9], all these 
effects of MTX have been demonstrated to be depen- 
dent on the reflux of extracellular Ca 2÷ ions Therefore, 
the aam of ttus study was to lnvesUgate the ionic condi- 
tions required for the stlmulatxon of Ca 2+ influx ex- 
erted by MTX m p u n t e d  rat brain synaptosomes For 
tins purpose, cytosohc Ca 2+ levels were momtored by 
means of the fluorescent dye fura-2 [10] Furthermore, 
m order to relate the t ransmembrane Ca 2+ movements 
reduced by MTX with variations of synaptosomal mem- 
brane potenUal, the fluorescent membrane potential- 
sensit ive p r o b e  b l s (1 ,3 -d ie thy l th iobarb l tu ra te ) tn -  
metlune-oxonol (bisoxonol) was used [11,12] 
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Materials and Methods 

Synaptosomal preparatton 
Synaptosomal fractions from brmns of adult (150- 

200 g body wt ) male Wlstar rats were prepared accord- 
ing to the procedure of Dunkley et al [13], using a 
dascontmuous Percoll gradaent 

Briefly, rats were killed by decapatatmn and the 
brams removed and kept on ace The cerebellum and the 
bralnstem were discarded Whole brains were homoge- 
razed using a Teflon-glass homogenizer an 9 ml /g  Ussue 
of cold sucrose medmm, whose composition was (in 
mM) 320 sucrose, 1 EDTA, 0 25 DTT, adjusted to pH 
7 4 w~th 1 M NaOH The homogenate was centrifuged 
for 10 nun at 1000×g  at 4°C The supernatant (S~) 
was dduted to 14 ml /g  of starting ussue with sucrose 
medmm, and 2 ml of $1 were layered on the top of a 
tube contmmng four different Percoll concentrations 
(from the bottom (m v/v) 23%, 15%, 10% and 3% 
Percoll-sucrose medm), prepared using a penstalttc 
pump m order to acineve flat lnterfacaes among the 
solutmns at different Percoll concentratmns The grada- 
ents were then placed in a Sorvall RCSB superspeed 
centrifuge and spun at 4°C  for 5 nun at 32000 × g in a 
SS-34 rotor After centnfugatmn, the fractaon at the 
interface between the 23% and 15% Percoll layers (frac- 
tmn 4, as descrxbed by Dunkley et al [13]) winch is 
highly ennched m viable synaptosomes [14] and winch 
was examined m the present study by electron mi- 
croscopy, was removed and dduted 5-Umes m a solution 
contatmng (m mM) 125 NaC1, 2 5 KC1, 1 2 KH2PO 4, 
1 2 MgSO 4, 5 NaHCO 3, 25 Hepes, 6 glucose (pH 7 4) 
Diluted synaptosomes were centrifuged two tames at 
15000×g  for 15 nun at 4°C, m order to remove 
Percoll The final pellet was resuspended an a medaum 
contatmng (in mM) 145 NaC1, 5 KC1, 1 2 MgC12, 10 
glucose, 10 Hepes (pH 74) (standard Ca2+-free 
medmm), at a protean concentratmn of 3-10 mg of 
synaptosomal proteins per ml, and ammedmtely used for 
the following expenmental procedures 

Determmatton of mtrasynaptosomal Ca 2 + levels 
Resuspended synaptosomes (3 mg protem/ml) were 

eqmhbrated for 10 rmn at 37 ° C m a Ca 2 +-free medmm 
After tins period, 0 5% of bovane serum albuman (BSA) 
was added to the synaptosomes, to provide a carner 
funcuon winch axds loading [15] 5 nun after the ad- 
dmon of BSA, synaptosomes were exposed to 5/~M of 
the fluorescent Ca 2+ indicator fura-2 acetoxymethyl 
ester [10] 30 rmn after dye loadang, synaptosomes were 
dduted 10-fold and spun at 11 000 × g for 10 nun, to 
remove the extracellular dye The synaptosomal pellet 
was resuspended at a protean concentraUon of 6 mg/ml 
m a Ca2+-free medmm and kept on ice Before each 
expenment, 100/xl of fura-2 loaded synaptosomes were 
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centnfuged (9500 × g for 3 man), and the resulting 
pellet was resuspended m 2 ml of Ca 2 +-free medium at 
37 °C and added to a thermostated quartz cuvette m a 
Perktn-Elmer LS-S spectrofluorlmeter eqmpped w~th a 
magneuc numsurrer Fluorescence mtensaty of fura-2- 
loaded synaptosomes was recorded at an excltatmn and 
enussmn wavelength of 340 and 490 nm, respecUvely 
Cahbratlon of the fluorescent sagnal was performed 
according to the method of Grynklewacz et al [10], by 
means of the following calibration equatmn for a dye 
using lntens~ty values at one wavelength 

f F -  Fm~n \ 
tCa2+ J = r ) 

where K d = 225 nM, Fr~. Is the fluorescence of fura-2 
after the synaptosomal lysls m presence of 2 mM exter- 
nal EGTA, and Fm~ x is the fluorescence of fura-2 after 
ats complete saturatmn with Ca 2+ (addxtlon of 5 mM 
Ca 2+) (see also the legend for Fig 1) 

J 

Determmatton of  synaptosomal membrane potenttal varta- 
ttons 

The hpophyhc amon blsoxonol, winch has been used 
to momtor membrane potentml changes m several cell 
types [11,12] was added, m a concentratmn of 300 nM 
from a stock solutaon of 150 #M an DMSO, to the 
quartz cuvette of the spectrofluorlmeter conta~mng 2 ml 
of prewarmed medaum, whose mmc composmon was 
vaned according to the experimental protocol Fluores- 
cence antenslty of the dye was recorded at an exc~tatmn 
and ermssaon wavelengths of 540 and 580 nm, respec- 
twely (5 nm shts for both excatatlon and emasslon 
wavelengths) After 1 nun from the addatlon of bas- 
oxonol, 40-50 /~g of synaptosomal proteins were 
papetted into the cuvette Subsequent addmons of MTX 
were made from a concentrated stock solutmn of 10/~g 
of toxan/ml m 100% methanol Basoxonol fluorescence 
mtensaty varlatmns were not converted into absolute 
membrane potentml values, sance the vahnomycm null- 
point method [12] could not be apphed, due to the 
format×on of complexes between the hpophyhc amon 
btsoxonol and the posmvely charged molecule of 
vahnomycm 

Protein determmatton 
Synaptosomal proteins 

method of Bradford [16] 
were determined by the 

Matertals 
MTX and blsoxonol were kmdly prowded by Prof 

T Yasumoto (Sendat, Japan) and Prof T Pozzan 
(Padova, Italy), respectively 
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Results 

Effect of M T X  on mtrasynaptosomal Ca 2+ levels m 
presence or m absence of extracellular C a  2 + Ions 

Under basal condiuons and m presence of 1 mM 
extracellular Ca 2+, mtrasynaptosomal Ca 2+ concentra- 
tton was 271 + 31 nM (mean 5: S E ,  12 deternunatlons) 
Tlus value is m close agreement with prewously pub- 
hshed results obtained in brain synaptosomes [17,18] 

Subsequent addmon of MTX (10ng/ml)  caused a 
progressive rise of cytosohc Ca 2+ levels Tills increase 
reached values close to the saturation capacRy of the 
fluorescent dye (Fxg 1A) and was completely abohshed 
tf extracellular Ca 2÷ runs were removed from the 
medmm and the Ca2+-chelator EGTA was added (Fig 
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Fig 1 Extracellular Ca2+-dependence of MTX-sumula ted  mcrease of 
mtrasynaptosomal  Ca 2+ levels (A) Fura-2-1oaded synaptosomes (600 
pg  of proteins) were resuspended m 2 ml of the s tandard Ca2+-free 
medium containing 145 m M  Na  + m the spectrofluonmeter cuvette 
After 2 nun,  1 m M  Ca 2+ was added to the synaptosomes After  a 
penod  of eqmhbrauon  with Ca 2+ wluch lasted at least 5 ram, 10 
n g / m l  of MTX, from a concentrated stock (10/~g/ml)  were added to 
the synaptosomes, and fluorescence of the dye was recorded as 
described m Materials and Methods The nght  part  of  the trace shows 
the cahbra tmn of the fluorescence signal, which was aclueved by 
subsequent ad&uon  of EGTA (2 raM, arrow 1), "Ins (20 m M  arrow 
2), Triton X-100 (0 1%, arrow 3) and Ca 2+ (5 raM, arrow 4) (B) after 
resuspenston of synaptosomes m 2 ml of the s tandard Ca2+-free 
medium containing 145 m M  Na +, 1 m M  E GT A was added to the 
cuvette After about 2 m m  from the ad&tton of EGTA, 10 n g / m l  of 
MTX was added to the synaptosome~, as lnchcated by the arrow Two 
nun  later, Ca 2 + ions (2 raM), a concentrataon saturating extracellular 
EGTA, were ptpetted into the cuvette Cahbrauon  of fura-2 fluores- 
cence signal was performed as m Fig 1A The experiments shown m 
thts and in the following figures have been performed at least three 

tnues, always giving comparable results 

1B) Interestingly, under the latter experimental conch- 
tton, when Ca 2+ was reintroduced m the incubation 
medtum, after 2 nun from the addmon of MTX, a rapid 
increase of cytosohc Ca 2+ levels occurred 
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Ftg 2 MTX-mduced  elevaUon of mtrasynaptosomal  Ca 2+ levels is 
unaffected by TTX, by the subst l tuuon of extracellular Na  + ions with 
¢hohne and  by m c u b a u o n  of synaptosomes m an Na  +-, K +- and 
Mg2+-free mechum (sucrose subsUtuUon) (A) After the eqmhbrauon  
period m presence of 1 m M  extracellular Ca 2+, synaptosomes were 
exposed to T r x  (10 pM),  2 ram before the addmon  of MTX to the 
cuvette Cahbrauon  of fura-2 fluorescence signal was performed as 
described m Fig 1A (B) Fura-2-1oadod synaptosomes were resus- 
pended, just  prior to use, m a s tandard medium m wbach Na  + runs 
were subsUtuted voth an  eqmmolar  concentrauon of chohne (145 
raM) All the subsequent  experimental steps were performed as re&- 
cared m the figure Cahbrauon  of fura-2 fluorescence signal was 
performed as described m Fig 1A (C) Fura-2-1oaded synaptosomes 
were resuspended, jus t  prior to use, m a medium m wbach Na  +, K + 
and Mg 2+ ions which were present m the normal  buffer, were 
substatuted with an xsoosmouc concentratmn of sucrose (0 32 M) All 
the subsequent  experimental  steps were performed as mdmated m the 
figure Cahbrauon  of fura-2 fluorescence signal was performed as 

descnbed m Fig 1A 



Effect of MTX on mtrasynaptosomal Ca :+ levels m 
presence of the Na + channel blocker tetrodotoxm or of a 
Na +-free chohne-substttuted medmm or of an wn-free 
sucrose-substttuted medmm 

When the Na + channel blocker tetrodotoxan (TTX, 
10 #M) was added to the standard Ca2+-contaamng 
medmm, no modlficatmn of e]ther basal or MTX (10 
ng/ml)-mduced increase of cytosohc Ca 2+ levels oc- 
cuffed (Fig 2A) Furthermore, since it has been pro- 
posed that the stunulatmn of Ca 2+ entrance exerted by 
MTX ~s dependent on the actwatmn of TTX-msensmve 
Na + channels [19], the effect of MTX (10n g /ml )  were 
studied m a medmm m wluch extracellular Na + runs 
were removed and subsUtuted w~th an lSOOSmOlaC con- 
centratmn (145 mM) of choline Tills mmc substltulaon 
failed to prevent MTX-lnduced increase of m- 
trasynaptosomal Ca 2+ levels (Fig 2B), suggesting that 
Na + entrance through TTX-msensltive Na + channels is 
not a prereqmslte for MTX-lnduced sttmulatmn of Ca 2 + 
entrance in brain synaptosomes 

In addmon, MTX was still able to cause an increase 
of mtrasynaptosomal Ca 2+ levels when all the extracel- 
lular monovalent and dxvalent caUons (except Ca 2+ 
tons) were substituted w~th 0 32 M sucrose, m order to 
keep constant the me&urn osmolanty (Fig 2C) 

Effect of MTX on btsoxonol-momtored synaptosomal 
membrane potenttal 

When synaptosomes, incubated m a 1 mM Ca2+-con - 
taming standard medmm, were exposed to increasing 
doses (0 1-10 ng /ml)  of MTX, a dose-dependent de- 
polanzatmn, momtored by the increase of blsoxonol 
fluorescence eaussmn, was observed (Fig. 3) 

Saturatmn of the fluorescent signal was observed, at 
the concentratmn of 10 ng/ml ,  wlthtn 1 mm, and, wxth 
a toxan concentrataon of 3 ng/ml ,  within 2 ram. Lower 
concentratmns of MTX (1 and 0 3 ng/ml) ,  although 
sail able to promote a depolanzatmn of the synapto- 
somal membrane, chd not reach saturabdlty of the fluo- 
rescent signal w~thm the time-course followed m the 
present experiments Ttus was also demonstrated by the 
abthty of a subsequent addltaon of 50 mM extracellular 
K + ions to further enhance the fluorescence intensity of 
b~soxonol 

Extracellular Ca2+-dependence of MTX-mduced syn- 
aptosomal membrane depolartzatwn 

MTX (10 ng/ml)-mduced synaptosomal depolariza- 
tion was prevented when Ca 2+ runs were onutted from 
the external medmm, m presence of 1 mM EGTA (Fig. 
4A). Furthermore, the remtroductlon of an excess of 
Ca 2+ ions (5 raM) m the mexhum, reversed the effect of 
the Ca2+-chelator and ehoted a faster response as com- 
pared to that exerted by the toxin m a Ca 2 +-containing 
medmm (Fig 4B) 
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Fig 3 Dose-effect re]aUonslup o f  M ' IX -mduced  synaptosom~l mem- 
brane depolanzatmn After lsolatton, synaptosomes were resuspended 
m a standard Ca2+-fre¢ rnethum and subjected to a 30 nun meubaUon 
at 37 °C After tins period, they were pelletted, resuspended m the 
same buffer and kept on lee, unttl thetr experunental use Just pnor to 
use, 4-5 pl of synaptosomal resuspensmn (40-50 pg of synaptosomal 
protem) was p~petted m the speetrofluonmeter euvette containing 2 
ml of a prewarmed 1 mM Ca2+-contammg methum plus 300 nM 
blsoxonol Fluorescence ermssmn of the dye was recorded for at least 
3 nun and, m the absence of any other expmmental mampulauon, tt 
remained stable for the whole duratton of the recording. After 3 nun, 
as mthcated by the arrow, MTX (0 1-10 ng/ml) was added to the 
synaptosomes After a further period of 3 nun, synaptosomes were 
exposed to 50 mM extraeellular K + ~ons, as mchcated by the second 
arrow The results ate expressed as arbitrary umts of b~soxonol 
fluorescence mtonslty, due to the absence of a reproduethle eahbra- 
tton procedure for tlus fluorescent dye, as described m Materials and 

Methods 

Effect of M T X  on synaptosomal membrane potenual m 
presence of the Na + channel blocker tetrodotoxm, of a 
Na +-free chohne-substttuted medmm or of an wn-free 
sucrose-substttuted medtum 

TI 'X (10 #M) was unable to prevent the MTX (10 
ng/ml)-mduced depolarization of the synaptosomal 
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Ftg 4 Effect of the removal of extraeellular C a  2+ t o n s  plus EGTA 
on MTX-mduced depolanzauon of the synaptosomal membrane The 
experiment was performed as described m the legend for Ftg 3 In 
Fig 4A, synaptosomes were added m the spectrofluonmeter cuvette 
containing 2 ml of a prewarmed standard medtum m presence of 
etther 1 mM Ca 2+ tons (Ftg 4A, trace A) or 1 mM of the Ca2+-chela - 
tot EGTA (Ftg 4A, trace B) After 3 nun, as m&cated by the arrow, 
MTX (10 ng/ml) was added to the synaptosomes After a further 
period of 3 nun, synaptosomes were exposed to 50 mM extracellular 
K ÷ tons, as mdacated by the second arrow In Ftg 4B, synaptosomes, 
after resuspenmon m a Ca2+-free and EGTA-free medmm, were first 
exposed to EGTA (2 raM) After 2 nun, MTX (10 ng/ml) was added 
to the synaptosomes and, after a further period of 2 nun, and Ca 2÷ 
tons (5 raM) were reintroduced into the mMtum 3 rmnutes later, 
synaptosomes were exposed to 50 mM KCI The results are expressed 
as arbttrary umts of blSOXonol fluorescence mtenmty, as prevaously 

descnbed 

membrane  (F~g 5A) Fur thermore ,  also when external  
N a  + ions  were r emoved  a n d  subs t i tu t ed  wi th  
eqtuosmolar  concentra t ions  of chohne,  the depolar izing 

effect exerted by  M T X  (10 n g / m l )  was unaffected (Fig 
5B, trace A), whereas, also m the chol ine-conta in ing  

medmm,  the absence of Ca 2 ÷ ions and  the addi t ion  of 1 
m M  of the Ca2+-chelator E G T A  prevented M T X - m -  

duced depolanzataon (Fig 5B, trace B) Interest ingly,  
the removal of all extracellular catxons except Ca 2 + ions 

and  their subst t tu t lon wath an lsoosmouc concent ra t ion  
of sucrose (0 32 M), dad not  modify  M T X - m d u c e d  
synaptosomal  m e m b r a n e  depolar izat ion (Fig 5C, trace 
A), by  contrast ,  the removal  of Ca 2÷ ions and  the 
addatlon of 1 m M  EGTA,  completely blocked tins effect 
(Fig 5C, trace B) 

Effect o f  M T X  on synaptosomai membrane potentml m 
presence o f  1 m M B a  2+ or Sr 2+ tons substttutmg ex- 
tracellular Ca 2 + tons 

The subst l tuUon of extracellular Ca 2+ ions with an  
eqmvalent  concen t ra tmn  (1 mM)  of Ba 2÷ or of Sr 2÷ 
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Fig 5 MTX-mduced depolanzauon of the synaptosomal membrane 
is unaffected by TTX, by the substitution of extracellular Na + tons 
with choline and by mcubaUon of synaptosomes m an Na +-, K +- and 
Mg2+-free medium (sucrose subsUtutlon) The expenment was per- 
formed as descnbed m the legend for Ftg 3 The compomuon of the 
extracellular medta of three thfferent expenments (A, B and C) was 
the following (A) standard Ca2+-contaunng medtum, (B) a standard 
medtum m winch 145 mM Na + was substttuted with 145 mM choline 
and m presence or m absence of Ca 2+ tons, (C) all the tons were 
subsUtuted w~th 0 32 M sucrose, m presence or m absence of Ca 2+ 
tons Results are expressed as arbttrary umts of btsoxonol fluores- 
cence intensity, due to the absence of a reproductble cahbralaon 
procedure for tbas fluorescent dye, as described m Matenals and 

Methods 

runs dad not  modi fy  the depolarizing effect exerted by 
M T X  (10 n g / m l )  on  synaptosomal  m e m b r a n e  potent ia l  
(Fig 6) 

Discussion 

The results of the present  s tudy suggest that M T X  is 
able to cause a remarkable  increase of mtrasynapto-  
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F~g 6 The depolanzang effect of MTX is unaffected by the substitu- 
tion of extracellular Ca 2+ ~ons w~th an eqmmolar  concentratton of 
Ba 2+ or of Sr 2÷ tons Synaptosomes were added m the spectrofluon- 
meter cuvette cont~umng 2 ml of a prewarmed m e d m m  contalmng 
either 1 m M  Ca 2+ xons (Ftg 6A), or 1 m M  Ba 2+ ions (Fig 6B) or 1 
m M  Sr 2+ ions (Fig 6C) After 3 nun,  as indicated by the arrows, 
MTX (10 n g / m l )  was plpetted into the cuvette After a further period 
of 3 nun, synaptosomes were exposed to 50 m M  extracellular K + 
ions, as mdtcated by the second arrow The results are expressed as 
arbitrary umts  of btsoxonol fluorescence intensity, as prewously de- 
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somal Ca 2+ levels and to depolarize synaptosomal 
membrane when added m a standard medium contain- 
mg Ca 2÷ ions Both these effects of MTX were pre- 
vented by the removal of extracellular Ca 2+ ions, sug- 
gesting that the reflux of the bivalent canon into the 
synaptosomes is the event responsible either for the 
elevation of mtrasynaptosomal  Ca 2 + levels and for the 
depolarizing effect of the toxin Furthermore, the block- 
ade of the MTX-mduced depolanzanon and of the 
toxan-ehcited enhancement of mtrasynaptosomal  Ca 2+ 
levels observed m a Ca2+-free and EGTA-conta lmng 
medium were both reversed by an excess of extracellular 
Ca 2+ ions. Interestmgly, the remtroductlon of Ca 2+ 
ions after the exposure to MTX in a Ca2+-free mechum 
ehcited a faster synaptosomal depolarization and m- 
crease m mtrasynaptosomal  Ca 2+ levels as compared to 
those occurring when the toxin was added m a medium 
winch already contained Ca 2+ ions Tins suggests that 
toxan bmdmg is the rate-hnutmg step of both  phenom- 
ena On the other hand, Na  ÷ ion entrance does not 
appear  to be unphcated in the effects of MTX on 
synaptosomal Ca 2+ levels and membrane potential, 
since both the blockade of TTX-senslnve voltage-oper- 
ated Na  + channels and the removal of Na  + ions, m 
presence of 1 mM extracellular Ca 2+, failed to affect 
MTX-ehclted increase of cytosohc Ca 2÷ levels and 
MTX-mduced depolartzatlon of the synaptosomal 
membrane These results are m hne with those obtained 
by other authors [4,5], who showed that 45Ca2+ influx 
ehclted by MTX is unaffected by TTX and that MTX is 
still effective m evoking neurotranslmtter release f rom 
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N G  108-15 cells under condmons of external Na  + 
subsUtutlon with chohne [9] Furthermore, the fact that 
MTX depolarizes the synaptosomal p lasmamembrane 
also in the absence of extracellular N a  + ions is m 
contrast with the hypothesis of Pm et al [19], who 
suggested that the depolarizing effects of MTX are 
dependent on the activation of TTX-msensmve Na  + 
channels and that MTX-mduced  Ca 2+ entrance m cul- 
tured strlatal neurons is consequent to the depolanzang 
effect due to the activation of these Na  + channels 

The prevalent role played by Ca 2+ entrance in the 
depolanzatmg effect exerted by MTX, emerged from 
the experiments in which the complete removal of exter- 
nal cations, including Ca 2+, and their substitution with 
0 32 M sucrose completely blocked MTX-mduced de- 
polanzat ton Under  both the mentioned experimental 
conditions, the remtroducnon of only Ca 2 ÷ ions in the 
extracellular medium restored the depolarizing effect of 
MTX These results strongly supported the idea that 
MTX caused an increase of mtrasynaptosomal  Ca 2+ 
levels through an enhancement of extracellular Ca 2+ 
influx, and that tilts reflux induces membrane depolan- 
zatlon 

This view seems to be supported by the patch-clamp 
experiments recently performed by Kobayaslu et al [20] 
in gmnea-plg cardiac cells showing that MTX activates 
a sustained Inward current, with Ca 2+ being the donu- 
nant  charge carrier of flus current It should be under- 
lined that, also m neuroblastoma cells [21], using a 
conventional mtracellular recording technique, it has 
been demonstrated that MTX produced a depolanza- 
non of the membrane  wluch was prevented by the 
removal of Ca 2 ÷ ions from the external medium 

Furthermore, the posslbthty that the synaptosomal 
depolarization induced by MTX may derive from a 
nonspeclfic membrane  damage subsequent to the 
activation of Ca2+-dependent hpases or proteases seems 
unlikely, since the substitution of Ca 2+ ions with other 
btvalent canons hke Ba 2+ or Sr 2+ Ions did not modify 
the depo la rmng effect exerted by MTX on synapto- 
somal membrane  potential 

In conclusion, the results of the present study 
strenghtens the view that MTX is able to increase 
cytosohc Ca 2+ levels m brain synaptosomes through an 
activation of a Ca 2+ conductance at the synaptosomal 
membrane  level wluch is independent on the presence 
of N a  + Ions m the extracellular medium Tlus massive 
entrance of Ca 2+ tons into the synaptosomes causes a 
depolanzatton of the synaptosomal membrane 
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