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ABSTRACT : Pathophysiological elevation of intracellular calcium concentration ([Ca®*])} in the neuron has
been considered as an important responsible factor in the neuronal cell damages. However, the mecha-
nism of increase of [Ca®’}, and the relationship between [Ca®"]; level and cytotocixity have not been fully
demonstrated. In the present study, real-time alteration of [Ca’"], and cellular response (cell damages) in
the pheochromocytoma cells (PC12) stimulated by glutamate were investigated. Glutamate dose depen-
dently decreased cell viability determined propidium iodide fluorescence method and morphology change.
Conversely related with cell damages, glutamate dose dependently increased the level of {Ca®*}. To inves-
tigate the mechanism of glutamate-induced increase of [Ca®*], [ Ca’"], was first measured in the cells cul-
tured in calcium free media and in the presence of dantrolene, an inhibitor of calcium release from
ryanodine receptor located in endoplasmic reticulum (ER). Similar to the increase [Ca®*}, in the calcium-
containing media, glutamate dose dependently increased [Ca®’]; in the cells cultured in free calcium
media. However, pretreatment (2 hr) with 20~50 uM dantrolene substantial lowered glutamate-induced
increase of [Ca®'], suggesting that release of calcium from ER may be major sourse of increase of [ Ca**},in
PC12 cells. Dantrolene-induced inhibition of [Ca®'], resulted in recovery of cytotoxicity by glutamate. Rele-
vance of N-methyl-D-aspartate (NMDA) receptor, a type of glutamte receptor on glutamate-induced incease
of [Ca®*], [Ca**], was also determined in the cells pretreated (2 hr) with NMDA receptor antagonist MK-801.
Glutamate-induced increase of [Ca®’ ], was reduced by MK-801 dose dependently. Furthermore, glutamate-
induced cytotoxicity was also prevented by MK-801. These results demonstrate that glutamte increase
[Ca®"], dose dependently and thereby cause cytotoxicity. The increase of [Ca’’], may release from ER, espe-
cially through ryanodine receptor and/or through NMDA receptor. Alteration of calcium homeostasis
through disturbance of ER system andfor calcium influx through NMDA receptor could contribute
glutamate-induced cell damages.
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1. Materials and reagents

L-gutamate, digitonin, propidium iodide, dantrolene, “L
Z]3L MK-801-2 SigmaellA Fs}e] ARE3}Y. Fura-2
AMZ TEFLABS Al¥2 AM- 319t KRH buffercll =
NaCl(121 mM), KCI(4.7 mM), NaH,PO,(1.2 mM), MgSO,
(12mM), CaCLQ2.0mM), NaHCO,(5.0 mM), Glucose
(10 mM), BSA(0.2%)7} E£3}3h}. Calcium free buffer=
KRH bufferel} 4] CaCL5} A|&Jstx A 23}

2. Cell culture

PC12 M ZF¥ rat®] pheochromocytoma cell lines|A]
dacth. wiRjE Dolbecco’s modified Eagle’s medium
(DMEM)®l] 10% horse serum, 5% fetal bovine serum,
penicillin(100 units/ml), streptomycin(100 units/mlyS- 37}
g A& AM8lEE Celle 37°C, 5% CO, incubatorel] A
voFEIS L vl AFdol] A ZA s}

2. Intracellular Ca> measurement

PCI2 cell> fura-2 AME- dyeE o] &8l &35}
Fura-2 AMZ 5uM loading A|7]31 37°Col|A 3087F
incubation A|Z1t}. oluf, Wlo] Eo]7}A] Ql=F FuHol A
S 3Y2 B3] 2o}, =3, 242k inhibitor® fura-
2 AM Hg]Alel] Zre] YolFr). uljofo] b spindown
AlZ) ¥ buffer® washinggle}. o] A&el:= Delta Scan
System(Photon Technology International, Princeton, NIJ,
USAYE AM83l32m o] 7]7]% 340 nme} 380 nmellA]
ZA3ke] o] F value®] B]E, & Ratio = [F340/F380]=
APARES Yo}, o)d, 340 nmE fura-2 AMF} cal-
cium®| binding® 9] valueo]™ 380 nm fura-2 AM%E]
valueg “ehdch

3. Cytotoxic assay

Cell viability®= Niemienol] 2J3] 39}¥ Pl(propidium
iodide) fluorescenceZ ©]&3sl] ZAslodr}. Algubye
2, culture medias WX A2 vjR] 1 miE Y92
o, PIE- 30uMe] FHA A} 37°CollM 3087
incubation¥ol| 7z} well®] initial 7} &A%}, o] A¥
o] AH8-8F 7]7]= FLUO Star(BMG Lab Technologies,
Durham, NC, USA)°l® o) 7]7)¢]l 560 nm excitations?
645 nm emission filterS- AR&3}e] 24319}, Glutamate
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4. Morphology observation
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Fig. 1. Changes in {Ca®™]; with glutamate in KRH buffer. Cells were
incubated with 5uM fora-2 AM for 30 min. After washing, flo-
urescence was measured at the ratio between an excitation wavelength
of 340nm and 380 nm. The response represents concentration-
dependence of glutamate. Similar change of [Ca”*]; was seen in three
experiments.
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Fig. 2. Changes in [Ca™];, with glutamate in Ca® free buffer. Cells
were incubated with 5 pM fura-2 AM for 30 min. After washing,
flourescence was measured at the ratio between an excitation
wavelength of 340 nm and 380 nm. The response to 30 mM represents
the same with Fig. 1, but any other responses were decreased. Similar
change of [Ca®]; was seen in three experiments.

slo]l Zhgo] & A3} KRH buffers AH8-sle] As}g)]
o} o]d] glutamate®] ¥ =¥ S mMFE] 30 mM7HA] ¥z}
£ F31eH [Ca”]= glutamate®] ol )& Aoz F
7¥8tdet(Fig. 1).

2) Ca® free buffer®] ULOIM glutamate?} [Ca™101 O]
X= H&

[Ca™), 37} AEEe] Ca™e] #3doll 93 ZAIxE
ol 7] 9)3}ed Ca®™ free buffers AH2-3}¢Iv}. glutamate
o] =L #9 A vRPRAR 5 mMAPE 30 mM7t
2] sl em] ARAT} calcium E3 wiA| oA} mkzkr}R]
Z. glutamatedl] 2J3+ M EW calcium SV}l HohE z}o]
£ Hol|A ¢ Art(Fig. 2).

3) GlutamateOfl 2|5t [Ca™]; 7101 2UAOIM Dantrolene
o AN 1t

Aol AHAANZHE] ME ] L 5= FIPF in-
tracellularcll M 2= AYE Felslg o 2 559 F
717k ER®] Ca” storedl|H 2= 7AQA| & #Fls)r] A3
ER Calcium release antagoinst?] dantroleneE *=]3}91
t}. o] A&eM glutamate?] FEX 30 mME AHE319]L
= o] wi3le] dantrolene®] = 10 uMF-E] 100 uM
72 M3E F90nt. o] W [Ca™] glutamate T X2
AlHet A3 Hojxe B 4= 9]9l.2w dantrolene 100
UM A A= 50 pM Blas] Z xjo] & HolA] ¢igke
] dantrolene°] [Ca™]2] $7}5 ¢H43] blocking 3HA]&=
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Fig. 3. Changes of glutamate-induced increase of {Ca*]; by ER Ca**
release inhibitor in Ca® free buffer. Cells were incubated with 5 uM
fura-2 AM for 30 min with addition of dantrolene (10~100 pM). After
washing, flourescence was measured at the ratio between an excitation
wavelength of 340nm and 380 nm. The response represents
concentration-dependence of dantrolene (10~100 uM). Similar change
of [Ca™]; was seen in three experiments.

F3AH(Fig. 3).
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Fig. 4. Changes of glutamate-induced increase of [Ca®]; with NMDA
receptor antagonist in KRH buffer. Cells were incubated with 5 uM
fura-2 AM for 30 min with addition of MK-801 (20~100 uM). After
washing, flourescence was measured at the ratio between an excitation
wavelength of 340 nm and 380 nm. All concentration of MK-801 was
decreased [Ca®]; to be clear. Similar change of [Ca™"]; was seen in three
experiments.

9] 5 30 mM=S AH8-319127 KRH bufferg A} 43}
At olol] Hisled MK-8012] =& 20 uMHF-E] 100 uM
7Hx W3S F9om MK-8012 EE FXo|A gluta-
mate®] 28-& <PH3] blocking 3h= ALZE Ehgrl
(Fig. 4).
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Fig. 5. A) Effect of glutamate on viability of PC 12 cells. PC 12 cells
were incubated with glutamate (5~30 mM) 24, 48 and 72 hr. Viability
was determined by PI assay as described in material and methods.
Values are from three experiments with deplicates of each expriment.
B) Morphological observation after glutamate treatment. Cells were
incubated with glutamate (5~30 mM) 48 hr. (a), control; (b), S mM;
(c), 15 mM; (d), 30 mM.
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Fig. 6. A) Effect of ER Ca”™ release inhibitor on viability of PC 12
cells. PC 12 cells were incubated with glutamate (30 mM) and
dantrolene (10~100 uM) for 24, 48 and 72 hr. Viability was determined
by PI assay as described in material and methods. Values are from
three experiments with deplicates of each expriment. B) Mor-
phological observation after treatment of ER Ca™ release inhibitor.
Cells were incubated with glutamate (30 mM) and dantrolene
(10~100 uM) for 48 hr. (a), glutamate 30 mM only; (b), glutamate
30 mM plus dantrolene 10 uM; (c), glutamate 30 mM plus dantrolene
50 uM; (d), glutamate 30 mM plus dantrolene 100 uM.
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Fig. 7. A) Effect of NMDA receptor antagonist on viability of PC 12
cells. PC 12 cells were incubated with glutamte (30 mM) and MK-801
(20~100 uM) for 24, 48 and 72 hr. Viability was determined by PI
assay as described in material and methods. Values are from three
experiments with deplicates of each expriment. B) Morphological
observation after treatment of NMDA receptor antagonist. Cells were
incubated with glutamate (30 mM) and MK-801 (20~100 uM) for
48 hr. (a), glutamate 30 mM only; (b), glutamate 30 mM plus MK-801
20 uM; (c), glutamate 30 mM plus MK-801 50 uM; (d), glutamate
30 mM plus MK-801 100 uM.
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E9ic}. Dantrolene 100 pM-& 7. £33} ZHasls= Aoz
et} o] dantrolene A7} 5 o)A] toxicdt &
Az 283 7 ZoFig. 6).

3) MK-8010| cell viability®l] OJX|= 235k

Agupd2 $19 Ade SUs slgles NMDA
antagonistS X 2&F 224 cell viabilityo]] ou]sl o33k
H|X=A] delR aixl it SAITE, MK-8012 cell
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73 MEe] 4o [Ca*e] F71ell osiA dolndtle A
< AAFAL ek webd] E Aol XE PC 12 cellE AF
B3] Z-FA AAALEAQY glutamate?} exitotoxicity
£ L A7le 71Ae] [CaMS] Folel ofgt AdAe
glutamateel] 213t Zs=0] WA 9 dasx W3}
9} cytotoxicity®}e] HHAYS HAslaLA} 3

A WA A& A= glutamte?} intracellular®] calcium
FEE ZVRIIERE dolEgttt A A glutamate:=
[Ca™1Y) FET S3)EH o2 Z7MI19 cell viability
o] ztae}l AE 48 FHRIAY. ol 9 d74T
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al., 1997; Mackrill et al., 1997; MaGinnis et al., 1999).

Glutamateol] 2J8F ME Zgg=e] F7Hdde] 79
QA71E dotir] Hsle] 94 Ca™ free buffercllA gluta-
mate A F AIZ ZF IHE AT 29 [CaMY
W37} KRH Ca™ E3hlR|e] 73-9-92} frAlshA B aghs
H2slR =9 o] glutamates]] 2)3F M 2 H3l=
extracellular Z=5¢] 5] €]t 3] R+ intracelluar
AAFAZRE fElE el vl B5S A intra-
celluar8elel] &3l dojul= ZAYE & 5 slsleh &
glutamateel] 2}3t 2] Z71= A E%} calcium channel

2] AAHAal openhi= Ao g & = U d14)
o}, 3} glutamateZ7} NMDA receptorel] 2H-83R=3]2 &
QI35 glutamate™ NMDA <832} non-NMDA
BAoll BF AL SHA oAk o]F3l gluta-
mate®] 218-2 NMDA receptor antagonisty] MK-801¢]]
2& AAldea YA 9ot weiA 2 A3l 2
FEF wiRoA NMDA T84 23 2lsle] 24
o] AlEy W3ls B A3 MK-801-2 glutamateel] 23
Fr=EE [Ca™12] F71E 3] Aele]en glutamate
ol 23k cell viability?] A% HA|E}HEH o] gluta-
mate®] ZH4-7]%e] NMDA receptor® Ed}od o] Fo]2&
Aoz Fedidar s

MEJ Ca™ AASZHE intracellular Ca®®] Z7}
94¢)& FZ mitochondria?} ER®] Ca®-ATPasecl] 2|3t
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(Berridge, 1993). wje}A], £ A7<lA&= glutamateol] 23}
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