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Tonomycin #FM¥M [PH] GABA BHICH T3 —BER{LER
DEENE =

JEf% B

Ca?* ionophore T % ionomycin #¥ Ca® KM EAREENERHEEFZRTHL, &
LUNOEREZIRTAHE, SHICNO FHECENEHHEREZ LI DD,
jonomycin FRMMFTEDEHEN NODERENT L TITOhSFESPEZI ST S,
% 2 CARER Tld ionomycin FHM [P H] GABA HHIZH 5 NO O#EEN®REI%Z, %)
i~y Ak EREMaE B0 TEE L . Tonomycin (3, HFHESSO [PH]
GABA jiHH % AREKTFHICHINE ¥/, O jonomycin &M [*H] GABA K3, NO
scavenger T & % hemoglobin £ £ U NO A BFAE R T & % N¢ -methyl-L-arginine &
& UF N nitro-L-arginine {Z & V) 2K (CIH] & h /. Na* &7 GABA BfFExMHE
=T # B nipecotic acid 35 LU NO-711 (3 AEKFMIC ionomycin FHM [H] GABA
W EHS0%MEIL 7=, £/, Th¥h LIS LV P/QE voltage-dependent Ca’chan-
nel (VDCC) PAZEZET 4 5 nifedipine 35 & U w -agatoxin VIA OFEFTF TIE ionomycin &
Zxtk [PH] GABA W IE#950% &4 L, & 5122 @ %M TIC nipecotic acid % % L3 NO
711 ERISRICEMT 5 &2 & U ionomycin FHM [PH] GABA HHIIEL2ITHEL
7-. lonomycin FHfE [ H] GABA J§{H{(3 hydroxyl radical scavenger T& % dimethylt-
hiourea [Z & V) HEB&EM(CHML . LEDOEREEH S, ionomycin FFEM [FH)
GABA J§ (1 ionomyein (2 & BHIBERAD Ca®* FAICS]EH L NOSEMIEE ChiCH
> NODERENLTHERENDIEEZASNS. (PH124E 3 A 110 28

Significance of Nitric Oxide in Ionomycin-evoked [*H] GABA Release
from Mouse Cerebral Cortical Neurons

Atsuko HIGO

Functional significance of nitric oxide (NO) in ionomycin-evoked [*H] y -aminobutyric
acid (GABA) release was investigated using primary culture of mouse cerebral cortical neurons.
Ionomycin increased [ H] GABA release in a dose-dependent manner. This stimulatory action
of ionomycin on [*H] GABA release was dose-dependently inhibited by hemoglobin, a NO
scavenger, and a NO synthase inhibitor, N® —-methyl-L-arginine, suggesting that the ionomycin-
evoked [* H] GABA release from the neurons is mediated by NO production. Inhibitors for Na® -
dependent carrier-mediated GABA transport, nipecotic acid and 1-(2-(((diphenylmethylene)
amino) oxy) ethyl) -1, 2, 5, 6-tetrahydro-3-pyridine-carboxylic acid {NO-711} , reduced the
ionomycin-evoked [>H] GABA release by about 50% . Similarly, the release was also reduced
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by about 50% in the concomitant presence of « -agatoxin VIA, an inhibitor specific for P/Q type

voltage~dependent Ca®* channel

(VDCC) , and nifedipine, an inhibitor for L-type VDCC. Either

nipecotic acid or NO-711 completely abolished the ionomycin-evoked [*H] GABA release in

the presence of these two inhibitors for VDCC.

In addition, a hydroxyl radical scavenger,

dimethylthiourea, dose-dependently facilitated the ionomycin-evoked [*H] GABA release.

These effects observed in the presence of Na*-dependent carrier-mediated GABA transport

inhibitors, inhibitors for VDCC, and dimethylthiourea were similar to NO-induced effects

previously reported. These results lead to the conclusion that the ionomycin-evoked [ H] GABA

release is mediated via the formation of NQ. (Accepted on March 11, 2000) Kawasaki [gakkaishi 26( 1)

S13-23, 2000

(3) GABA release

EEWEBHREEREA T2 L 2mTh

Key Words (1) Ionomycin  (2) Nitric oxide
(@ Cerebral cortical neurons
& =

Ionomycin (& Ca® ionophore @ 1 2 T&h 1,
MM B B Ca® /HY A% 4L 72
faN~D Ca* HAZFRSELEMELHLT
BV CoffEIGHLTRER S b EmEy
IIAFFEIZ BT Ca? AR D MR {3 4 B i
MEFHEILLFRELTCFHSATER F
72, AT OHFZEIZ L U, ionomycin ASMHIE Az E
WMEB X TME NS EIZRAAET 5 Ca
A —BILEFE (NO) G (NOS) @
WML % % L, cyclic GMP A4 7% & o> 4 B
MEROELE L LT I eAHMEIATY
A~

—77, NO IZHEEHIIE I B v T oM
EMEoOmNERETHETFO 1oL LTHEA
LTwaIED, $LOMEIZL HVHLH,IE
NTwab, T4bE, NO generator THhb so-
dium nitroprusside (SNP) #%° S-nitroso-N-acetyl-
penicillamine (SNAP) 7z & o G55 o I HLRRAT &)
NOEEWREHICEY, BEERPSD dopa-
mine fiz 10, K B 2 B A AR A A B @ ace-
tylcholine (ACh) 3 X TF y -aminobutyric acid

(GABA) DI ~1s, F =@ H{UH 25
I+ ACh %5 X UF norepinephrine @ H 1945, 2h
FNRNT L LAHEENTEY, ThbHo
FERR AR SR U 225 R i > NO A5l

DTHHEEZOLNL, ZAIZZ, N-methyl
-D-aspartate (NMDA) Z X HV #HIK T 5D
norepinephrine M L HYY, #i4efk7 & ® dopam-
ine JAC YT K T R LMD R M B B X OF
MMM 2 5 @ ACh B L U° GABA
mmla).m.is).zo) 75;" p)fn {) iﬁk——g“ Z) =
EHHLPICENRT WA, SO NMDA B
WO & B MR R EY B o R ik, NMDA
25 NMDA SHEMKZFHEL S, MIRAICE
TNOABEZREZIZELZ LR, NEMIC
R INAENOIZLNFERINLEELZLNRT
Wb,

B L7 &9, AREMEICERS v NO 2
M REWHOBMEFETLH 2 L, iR
[ZIRTET A NOS A1 Ca® KfFMTH B =
# & OF ionomycin 25HIRBIN~D Ca* i A % &
#L, NOAEgzefEsEd2 L, RERZHR
34 &, ionomycin (2 & 0 FETE S D AT
o OMBEREWE B, NO %4 Lo
HifLteRE sl ThH AWML SBWwEEZ 5

Tk, £ TABRETIE, IR~ Y A
B B B AR R % B vy, ionomycin (2 K ) 3
Fxhad PH] GABAWtH#HEL, Zokk
H ERER L D HIB T 5 NO FHRIEmRe s
WEBIH OB L A B T2 &
[ & B, ilonomycin 7 S MEAN RS & W BUR AT
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NOEFK & LTiTbhTna I EFH6HIC
TLHZ L@ Al

KR F B LURBRTE

1) KR AR o B B & O R
~ 7 A KM B E AR O B B & O U

#ix, BHICEL T2, T4abh, IGE
I5HE®dY v ARRBL DR EZHH
L, BilE#% R L7, Ca® -free Puck’s fLHR
T ] % AW THY L, 0.1% trypsin (2 X 1) 37
T, 5HMOREEMZ, DVWT/HAY—VE
~oy MCE DR LSRR R L
7z, 13 Bl R LR R AE (900 g,
4T, 247 EMzLEEHE. BoniikE
Z15% ¥R M, 10 mM N-tris (hydroxy-
methyl) methyl-2-aminoethanesulfonic acid (TE
S), B & UF10 mM N-2-hydroxyethylpiperazine-
N’-2 ethanesulfonic acid (HEPES) # &/ ¥ 54
Dulbecco’s modified Eagle’s medium (DMEM) (2
£ O MBEAY 3 x 100/ml & 75 X5 IZHREL
TR SE, ZOMBREEBRO 1ml 8
241 [ F & poly-L-lysine ‘T L 3 L 72 Falcon

“Primaria” RT $5 2 M ((E4£ : 35 mm) (&M
L7z, CofluzE37C, WEL00%, ar 95%/
CO;, 5%D&HTTIHREERELL. 20T
10 4 M cytosine arabinoside 33 X TF10% 7 < IfiLi&
%5 AH T % DMEM H T TR T 5 2 &
&, MRl oMEOCIE t T £
D%, 10% 7 < ML & F DMEM HTHE 3 %
e L7z, KW 4 DEICER10% 7 < i
&4 DMEM (22c# L, ¥##%140 H O
Moz BRI R L, B, SIEEmk s
o &b, AWFEICH VMR D 95% L L h
PRI TH A LHHASNTHEY,

2) MREMERZZ» 5@ [PH] GABA MM ORIE

ML R A KRB EAEEMED» 50

[P HIGABA I oMl Z i § TIZH|E ST
DHBECHRL T -72W, $hbh, MMk
& Pk L7220 mM Hepes % & 4T % Krebs-
Ringer bicarbonate Buffer (KRB-Hepes : pH7.4,

137 mM NaCl, 4.8 mM KCl, 1.2 mM KH?PO?!,
2.7 mM CaCl*> , 1.2 mM MgSO* - 6H*O, 25
mM NaHCO® , 10 mM glucose) T 3 |nlfEiiE,
2nM [PH] GABA ML, 37T T60%-M®
incubation % T - 72. F 0%, HUKE L
KRB-Hepes C 3 |l #E# L, DWW TI7TTIZRIR
L 7- KRB-Hepes # E53EMLICIRM L, & 51237
T T104* [ @ incubation % 17 5 7z, f#EHM a4
5@ [PH] GABA O il 325j1d, KRB-Hepes
% 5 4B\ # % 7 KRB-Hepes (22 H LD,
&5125% B @ incubation 24772, %8, #1
Al H % 5 4@ incubation % # 1 interval, 2 [
Ho#h+ &2 interval ¥ L, S RBOENE
# 5 interval & L 7>. Tonomycin @ AL 5 4
[ H ¢> incubation B #ATE A 1247 - 72, NOS i
# T H A NO -methyl-L-arginine (M-Arg) B &
{F N®-nitro-L-arginine (N-Arg) (IR ERZ
79 B D105 18 @ incubation # & UFH 2 ERIZ
4 5§ T @ KRB-Hepes HIZiR M L 72,
Hemoglobin, GABATE L ) A A E X TH
% nipecotic acid, 1-(2-(((diphenylmethylene)
amino) oxy) ethyl) -1, 2, 5, 6-tetrahydro-3-
pyridine-carboxylic acid (NO-711), £ # E4L P
/QBEBLULE B ARE EC™ Fral
(VDCC)FH & # T & % w-agatoxinVIA ( w-
ATX) B L U nifedipine, B & 7F hydroxyl
radical scavenger T # 5 dimethylthiourea |Z x5
1L 3 ionomycin {5 J B {7 {Z incubation buffer AT
L7, BB EERICBWT, & interval T
B 5N’ KRB-Hepes D—#fix Iy v F L —¥ 3
YISA T L, KRB-Hepes HFiZfitH & h
s R A v LY a v v i —
THIE L. &3 interval TR S - PH]
GABA B # L itHm & L, %5 4 interval THY
Hans PH] GABAEZRIBMBEL L,
BB E S~ THRERINE O T 3 THER
L7z,

%3, HHZEERIZIE, KRB-Hepes 112 U
&N 5 [PH] GABA b X UHl#EMINLIZHLD 3A
F iz [PH] GABA oLl Rz A% T %
7=%.2, 100 M aminooxyacetic acid % &4 L
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7= KRB -Hepes # B 7z,

BOBFEERIAE A L 22 #h i e 120.5 M NaCl
CEDERLT, RMiRcEEIhAIERY
BoWEizgt L.

EERIZHE A L 7> ionomycin {3 T dimethyl
sulfoxide (DMSO) (ZiFM L7z b @ % Hl v,
KRB-Hepes |ZiRINT % % & 1214, KRB-Hepes
D990 ml {210 mlFM§ A L HIZ L7z F
HEBIZBWT, ZOREIZETSDMSO Z
lactic dehydrogenase (LDH) O#ifgst~®DigH,
5 & U trypan blue B REFEMABR OB S,
BEARICEEL SR WS L R RERRL 7.

3) Lactic dehydrogenase (LDH) i&¥o#lE

Tonomycin IR B i X A MM HFME DA HEIZDO W
C, LDH O #ifast 4 & ORBFIZOWTLT
DML DI EIT o7, TabDH, KRB-
HEPES Ht{Z ionomycin % £ #L 2 1 # i BE A%
0.1BXT3mM L4 s L5 zEmL, 37C, 5
43 [ @ incubation % 4T - 72D %, ionomycin &
£ buffer Z#W5|frZE L, ##f % KRB-HREPES
HTHREMEL 2 511237C, 1HMO®
incubation % 7 - 7z. Mg/ B L I EW
@ LDH {&#: % LDH Cytotoxicity Detection kit %
HwTilllE L, MilashiE+ LDH &1 % Mt
Wi HF LDH i % 35 & OVl B N LDH & 7% o #&
FMTHRLT, £0HFELKD, LDH itk
ek L

1) EHEOER

MMl EA ShaEA R, Mk E
0.5 M NaOH {Z#f# L7-388 2 v, 7 il
albumin % FE#eME & LT, Lowry & 05 k2
X illE LA

5) MATFBYIRNT

Bonlz0o7F—4Fid 7-C mean = S.EM.
TR L7z, MEMWA B2 DM 1E one-way
ANOVA O, Fh-EhORFHHFIZEE
LAMEHEIZ L W LETB Z EIZ X DT o/,

6)

[*H] GABA (2,819 GBg/mmol) & New
England Nuclear {Boston, US.A) X U M A L
7z. lonomycin, nifedipine 3 X 7F hemoglobin

(#263% W15 2000)

Z Sigma Chemicals (St. Louis, US.A.) D&,
EEELE. T, o-ATXEARTF FHZE
B (KBE) & B AF L 7. LDH Cytotoxicity
Detection kit (X # 7 7 (FE) L DAL
ZOMOERIMET L7 B IR o b idE
iz,

X B K R

1) lonomycin %M [P H] GABA iz BT

% NO D5

Tonomycin (X #I4CHE 2~ v A K Hh 7 B oloe Al
Kb @ [PH] GABA Bl % H 2K FEMI2H
a7 (Fig. 1). T4+ %5, ionomycin i3 1
uM ETOBEHMIZE VT BERERC
[P HIGABA M2 s 47> (Fig. 1). —7,
A B2 7 AR R 0 58 K LA D, L Ao
KO KEHFRET 530 mMKCLIiIZ Lo T
F#% PH] GABA otiismy4EL, o
B O FRE20.1~0.3 u M @ ionomycin {2 X §
FFR SN PH] GABA Ui o B & 1213[H
BETH -7 (Fig 1).

0.1 4 M ionomycin ®F7E T Tid LDH @iz
SRR IERE & I L TR LR bt b

800,
—
2 & 600
§3
¥
g
33
<@
O
T O
E.e 2001
0
0 0.1 0.3 1 3 30 mM
KCI

lonomycin (uM)
Fig. 1. Effects of ionomycin and 30 mM KCI en [*H]

GABA release from mouse cerebral cortical neurons,
Each value was obtained from four separate experi-
ments. p <0.05, “p <0.01, compared with the value
determined in the absence of ionomycin and KCI
(Dunnett’s test). *p <0.01, compared with he value
determined in the absence of ionomycin and KCI
(Bonferroni’s test) .



ME# 4% <4 ¥ sl GABA it & — M hE# 17

N
o

*%

-
o

LDH Leakage
(% of Total LDH Activity)
>

o

s

lonomycin (uM)
Fig. 2. Effect of ionomycin on leakage of lactic dehydrogenase
(LDH)from mouse cerebral cortical neurons. Each
value was obtained from four separate experiments. ~p
<0.05, compared with the value determined in the
absence of ionomycin.

Control

7. —H, 3 uM B @ ionomycin (I #F B %
[* HIGABA Offifast~ih##5E L, Lad
LDH Offifa st th A ML 2 &5

(Fig. 2), Z @R Tl e i o 4 %53
4, [PH] GABA Hifast~ii3 5 &2
bhi:. ftoT, 30 mM KCliZ &% [PH]
GABA it ! & & ionomycin % 4% & [ H]
GABA Ji il i & o [Le, 3 & UF LDH {& ol
fat~ofmzEL 2 s, DTOERIZBTIE
0.1 M @ ionomycin % Jv 7z,

Tonomyein 2L~ Ca®* Hii A% 4 L T
NOS itk % Jufe S &, NO Ao itk E Zhiz
f£9 [PH] GABA B % 7 S & AW HREMEIC
DWT, T NOSHEETHL M-Arg BL T
N-Arg & il\v», NO A RO HEIZ L BE{LIZ2
WTHET L7z, £OfH, Figure 3 (2R X
912, M-Arg i3 B ARAE 12 ionomaycin 7 7§
% [PH] GABA Bt A #IHI L, 100 M O
T ionomycin @ [ H] GABA J A2 HEVEH]
BRAERHETLOPRES R BRI,
100 4 M @ N-Arg % 5242 | ionomaycein &% 38
[* HIGABA M i 2l L 7= (Fig. 3).

F /=, AR AL AR L NO scavenger T & 5
hemoglobin S fEfE§ 4 S Flo B wT b,
ionomycin #FJEE [P H] GABA BB I EARLE
PP & A, 40 g M @ hemoglobin @ A4£ (2

225
200
& I
“8
8 @17s]
0
g
< B 150
<@ i
8. 125} ]
=6
£2 il
100} 1
75
- 1 10 100 100 (uM)
M-Arg N-Arg

Fig. 3. Effects of N-methyl-L-arginine (M-Arg) and
N - nitro- L - arginine (N=-Arg) on ionomycin (0.1
#M) -evoked [*H] GABA release from mouse
cerebral cortical neurons. Each value was obtained from
four separate experiments. "“p < 0.01, compared with the
value determined in the presence of iocnomycin alone
(Dunnett’s test). ®p <0.01, compared with he value
determined in the presence of ionomycin alone
(Bonferroni's test) .

200
—
_ *
g§175-
< 150 -
E2s *ek
=& _ 77
/
0 0.4 a a0

Hemaoglobin (pM)

Fig. 4. Effect of hemoglobin on ionomycin (0.1 uM) -
evoked [*H] GABA release from mouse cerebral
cortical neurons. Each value was obtained from four
separate experiments, 'p <0.05, ™p <0.01, compared
with the value determined in the presence of ionomycin
alone (Dunnett’s test) .

L, FolthizgeiciE s h: (Fig 4),
B IZEBRN A 5, ionomycin @ [} H]
GABA it HIRAEVER 1, NO AR % 4 L Cif%

SNHEEZEZLND.
2) lonomycin #7581 [P H] GABA JitH oo 38
R
lonomycin #5470 [ H] GABA JHIA¥NO &
WENLZELTHEZE, BIUNOIZLY
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225

g
_|

2
o

(% of Basal Release)
g

[*H]GABA Release

B

100
0 0.01 0.1 1

Nipecotic Acid (pM)

Fig. 5. Effect of nipecotic acid on ionomycin (0.1 xM) -
evoked [*H] GABA release from mouse cerebral cort-
ical neurons. Each value was obtained from four separate
experiments. ‘p <0.05, "'p <0.01, compared with the
value determined in the presence of ionomycin alone
(Dunnett’s test) .

225
= 200f _——
88 *
32
® @475}
o E *% *k
< @
m® *%k
< 5 150 1
O.
T O
£
£ 425}
100
0 0001 001 0.1 0.3
NO-711 (UM)

Fig. 6. Effect of NO-711 on ionomycin (0.1uM) -
evoked [*H] GABA release from mouse cerebral cort-
ical neurons. Each value was obtained from four separate
experiments. 'p <0.05, "'p <0.01, compared with the
value determined in the presence of ionomycin alone
(Dunnett’s test) .

G5 S 5 fREmZE W B U E Ca> KL &
Na* K7rik GABA A X R oMo 2 2
OHHBEIZ L D IThRTWB I 225, #ihs
NTWw5HY, lonomycin FFeE [P H] GABA Jit
WOz > WTHRE 2L 7.

lonomycin ZFE % [P H] GABA Frifix, Ca*
FFET 2B\ T Na' KA1 GABA 6 K dia% %
@) FH 3 T 3 A nipecotic acid 3 & OF NO-71112
XD BIRERAMRICHR 2 (Fig. 5,
6), TNENIBIP01y MOBEIZBEY
T AKOHBIEHZR LA Zhd Nat &

((E26% %15 2000)

225

[3H]JGABA Release
(% of Basal Release)
L]

(=]

100}

75
NA =
NO-711 - - + - -
w-ATX + Nif — — - + +

Fig. 7. Effects of nipecotic acid (NA) , NO-711, w-
agatoxin VIA (w-ATX) , and nifedipine (Nif) on
ionomycin (0.1 u M) -evoked [*H] GABA release
from mouse cerebral cortical neurons. Each value was
obtained from four separate experiments. “p <0.01,
compared with the value determined in the presence of
ionomycin alone (Bonferroni’s test) . *¥p < 0.05, com-
pared with the values determined in the presence of
ionomycin + Na or ionomycin + NO-711 (Bonferro-
ni’s test) .

+ +

A7 GABA 8 { il 24 B 55 o8 o 5 AT P ) %
AT IR EEIZ BT B ionomycin 7 56 [P H]
GABA JitHi NO Jifil i3 v h  #50% TH -
7= (Fig. 5, 6).

NO A3 F A7 5 VDCCizat L,
L &% XU P/Q B VDCC %#{FH L & €5 —7,
NE VDCC # il 45 & L s s hTw
LZEhG, TNhENROEMETH S nifedip-
ine B & U w-ATX % [A] BRF 12 HCH S BGR (a3
{24 9, Figure 7 |Z7/R9 X 9 {2 ionomycin #3&
PE[*H] GABA HtHI IZ#50% K TF L, &5
nipecotic acid 72 > L 13 NO-711% BUG 5% (2 dDI
L 72841212, ionomycin % [ H] GABA
BH o & L7z (Fig. 7).

Hydroxyl radical scavenger {Z X ¥ hydroxyl
radical & WINEBRR» SBEETH I EIZLD,
NO @SV B At s h b 2 &
AT TICRE SN TV AT, 22 TERMETII,
ionomycin #E%61% [F H] GABA Ji i A% hydroxyl
radical scavenger @ 1 > T & % dimethylthiourea
TN ESRIRNT 5 LI Y ET 21T
7=, DO #5 R, dimethylthiourea |3 FH & 17 1%
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250

*%
*
oD oot
W B
b
2
< T 200
8 [
25
::-F__,g s}
150
0 1 10 100
DMTU (uM)

Fig. 8. Effect of dimethylthiourea (DMTU) on ionomycin
(0.1 4 M) -evoked [ H] GABA release from mouse
cerebral cortical neurons. Each value was obtained from
four separate experiments. 'p < 0.05, "p <0.01, com-
pared with the value determined in the presence of
ionomycin alone (Dunnett's test) .

|Z ionomycin 55 [P H] GABA Bl % #i54
L7 (Fig. 8).

% =

Ca** jonophore @ 1 2 T & 5 ionomycin | #
DR~ Ca 3 AR EFER 2 &, ik b
FHEB L HEEAENIE SR BT,
Ca (R MR EMER N 2 2 HE S £
HFEO 1L LTALIASNTE . 86
(2, #L4E ionomycin A% NO A REREIER 2 47
BIENFBELEMIENTETENYY, —J,
NO 282 B 12 38 v THRE (2 1y i A A
TEHZHTAZEPHLNTETVAE. Thb
DA %Y 5 &, ionomycin I MEMREE
EWE B IER % NO @ AR % A L7zl e AT
Ezobh, R TIRIOEZHL2IITSH
(ONGETR o (0 A

Tonomycin iZZARMFE TR L7z & 912, #40E;
B~ AR R E iR A 5 H RIS
BoEWERM2FRT5, LALLAS, K
MR CH WA MM LTid, 3 uM X
DEVRE TIZ LDH R I EAFEW I AT S
DA 5, ionomycin (2 X B e E A M R A
EHFRELTVEILEHALRLEEZLONS. H

£, fitdk LY EikE T3 ionomycin A5 HLFEME
ERTIENHMENTWEE® F i K
FECHA L -S4, lonomycin FEAL
MM B W TERS 57z LDH (&1 oMkt
~ORUBZIEHEOZNIIZT B L T,
fiE> T, AMFFETIE [FH] GABA Jitii O e
{2130.1 4 M ionomycin % i L 7=,

lonomycin 25 5% [P H] GABA HrHiiZ NOS
S Tdr b M-Arg 35 X U N-Arg D 3EFE 12
B THEILHAR ERLTwEZ 2L, 20
ionomycin @ il # {2 3% By H AR G 1F T
ionomycin {2 & ) {EHBEAICBWTER S
ZAEBENOIZL D AELTWAZ LB 6RE
%z b A, [ AT, N-methyl-D-aspartate
(NMDA) Z BB #c kA s s ENE
NOIZX - THMREEEWERBFRIND
EFREIN TV AREIE K52 NO
scavenger T & % hemoglobin Ml H AL~
FINIC £ Y ionomycin M [PH] GABA Ji}
HAERIZHH SN TS, KIFRTHW
hemoglobin @ 43 & A3460 kDa TH 5 = & 9
b, ZOX)BRGSFVIBHERICETL 57
) D L B T P TR~ D oA & L % VT RE
HIEBROTHEWEEZLOND Z LD S,
ionomycin {2 & D MEMBANIZBVWTER S
7o NO (ZMfgE =@l Lo b, AlaEA L
DVER L THRREDMERHZHFRL TS
DEEZHNAHYR 5T, jonomycin (2 X
% [PH] GABA Jiz 4 B i orhiE M e P i
BOWTERINANOZALTITbhEZ LI
METHDEEZLNA.

NO 2 & DEEZ S h 5 i SERE R
W o DEMENRESRED NG, £2T,
A 92 T it ionomycin FF 3 [P H] GABA i
HWATNO 2 LTCWE I ERMBETLADIC,
IhoDERLEFEERE L. BE0S
OWFFE A & MESH LA S O R EW H i X
Ca™ ARAFPE I A B & OF Na* [RTEEaiE
fEH AR LR OMAREZ AL TITbR 2
CEPHLMIERTEDY, NO B /7 Ca>
UL RO B & O Naw AKFE1E GABA Hifk
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WS ZOMMEPED 2 DO RA 5 GABA Hrils
HIZ L D GABA ORI 2R ST 22 & T
EhTwa®, ZhoDBEhd, TTHRHE
‘T {3 ionomycin 3385 ME [PH] GABA Jt A’ =
ho2omR %5 GABA JRIERIZ L b fTh
NTWBPEIIDWTHRE L7, RIfzics
W Ca® fEA{E F T 1 Na* 4 7F 1k GABA 48 &
% A BH 2 % T & & nipecotic acid 33 £ F NO
-711Ev R b T2 FME L ionomycin F3EME
CHIGABA i 2|5 2 0Ah %267, 20
AMBIERBERFIIB VT, #H50%0 HE
ah, ZOIZEhs, ZORESAIESE,
Na* Kk GABAH B R R TH S Z LA
Lk o e. 5, NO generator | L 1) 3%
Ehb [PH] GABAKH I Ca* DRIEHD
B d B i3 Na® IKFF M GABA H Kk i 2% 5% Bl
ERIZL D FNENH0%OWHAA LN, B
B KIS 6 o Ca®* gt & Nat K TEH:
GABA AW AR HEEDIFME FRIZIT -
A, FORBIZEAICHEELTWAD,
o T, RFIETAH SN Nat (KM GABA
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