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Effects of Reactive Oxygen Metabolite on the Calcium Transport of
Cardiac Mitochondria

Myung-Suk Kim, M.D., Yun-Song Lee, M.D. and Seok-Chan Hong, M.D.
Depariment of Pharmacology, College of Medicine, Seoul National University, Seoul, Korea

Background : Intracellular calcium overload is a common final feature of the ischemic-reper-
fused heart and mediates the genesis of irreversible cell damage. Reactive oxygen metabolites
have been known to play an important role as toxic mediators in myocardial injuries resulting
from ischemia and reperfusion. In order to investigate the mechanism of intracellular calcium
accumulation in the ischemic-reperfused myocardium, the present study observed the possible
contribution of the reactive oxygen metabolite to the calcium transport of cardiac mitochondria.

Methods . Mitochondria were isolated from rabbit hearts. The effects of a reactive oxygen
metabolite, HyO> on calcium uptake and release, redox states of endogenous pyridine nucleotides
and glutathiones of mitochondria respiring with succinate were observed. Calcium uptake and
release were monitored by dual-wavelength spectrophotometer using a calcium indicator, arse-
nazo III. Contents and redox states of pyridine nucleotides and glutathiones were measured
by enzymatic methods using spectrofluorometer and HPLC.

Results : Hydrogen peroxide(10—500uM) promoted calcium release dose-dependently from
Ca" *-preloaded mitochondria, but did not affect the mitochondrial calcium uptake. The H;O5-
induced calcium release was accompanied by simultaneous oxidation of the pyridine nucleotides
and decrease in the content of the reduced form of glutathione(GSH). When mitochondria
were treated with BCNU(N,N-bis(2-chloroethyl)-N-nitrosourea) to inhibit glutathione reductase
and so as to reduce the GSH content, there were no increase in calcium release from the
mitochondria. These results may indicate that H,O; increases the permeability of cardiac mito-
chondrial membrane to calcium in association with the changes in redox state of endogenous
pyridine nucleotides, but not with that of glutathiones.

Conclusion - Tt is suggested that the reactive oxygen metabolites induce the release of calcium
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from mitochondria by altering the redox state of pyridine nucleotides, and it may partly be

involved in the elevation of cytosolic calcium concentration in the ischemic-reperfused myocar-

dial cells.

KEY WORDS : Calcium transport * Cardiac mitochondria * H;O».
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AEY ZEsEe AXEYS 53 Axdy %
€9 °]F# sarcoplasmic reticulum, P]EF =g o}
T AXW 7IFES Zeeutd 3td zdErt
ATHE] ¢ sarcoplasmic reiculume FZH &
ME] B8] O X7} JHoE HL vy
nEZ=gole AR g2 E 9o 35% F
AN g FH3) Y87 gEo oA
A7 A B olver XU Zse A %
ZHAVTFENE FRLT JEE T A2 ARHT
At HAZAE vEZ=old] TEEet T8 L
HIE 429 & —ol¢d BAd= ZES A
28 § JS AxE =Ae B3ht g4ty
Astd F FH A Hall A9 AR ASAEN
AEFEs £ FE3Y 53] ¥y #
#5527t ZA F7reke 83 dhdMe nEE
sgjole] Zgewtel 2% onE Zeg?. b
EZcgot Wghg 8 ZFutd oA F59
frele E70e) SHHQA 7™ st dojdt
F, Aeld deeA nEZ=goty g e
o1 X] o]& A o] 3L ruthenium redd] W78+ Ca**-
uniport® F3te HH o2 Uojuti, fr2lE Na'-
Ca'* IE vid] EE Na'-v|E3 7]AEd
o)5te] Yol

a2y HA Ao rlEEE ol TdEd
gF 53] FE] 7| Sl B8t ol H = P &3 WA
UA &k F e AR nES=oldA 3
o3 e LA ZEHEE 027
A8z g EFE0] ol ZEFIUE
Z27%c} =, 2FE 7)Y, Palmitoyl CoAY,
SH7] ¥H3-E A8 oxalacetate”), tbutyl hydropero-
xide??, adriamycin'® o] Z4E vel FFHAR
HEZ=golol A Na*-H &R ZAFReE &
3y, ole wEZ=eor B, ©HY ¥ F
et 3 9] Fotel kst dof drin Fi.

agy ol v|EZ =g o} ete] T34 Fh
g e FHEFIY A 7He BIoe
H7bA] dol Qlont obF P E3) waA YA &t
2 AFAESE YA pyridine nucleotide
E9 A3 —-3d FHrt vIEE= ol ZEute
ZA3e 71A3 o] &g FR3e ¢

& AFAEHDL glutathione?] A3} — A€
¥Eo] nEZ=Zor WY RFRAEE 2E3e
8% 48L& & Aolzgtx FA3}1 QU

YA BFEFAN e HIE4 o
3 & AAFEFNA FTFHLE Hole HE
Z2182Q 2749 e A& HEo] A
T ZEFE7F AR Frhste Rolghsio, 4
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old 2 37t AxS HA271% 9 At 435 M|
Aste o2 Mol AAF AT deye
H 79 A1 A AL 2 A2E4Y oste Ao
MEW ZEZAH @] JE Aoz AZEY
19, 22y ol d ABAFHUZY AZY TEEE
F7F 71-d] B3t ol A= HFEX gt

A Y ¢ AUF ASHTAME HEE=
glote] &4 £ F713t) Henrys' 2 7HEAS
nEZ=gote] ZAFEEErt HEYINA 3.7y
F718 3, dEE AAFAAE 128]2 ¢S
Z718t 3 e, Ferraris V2 8FH A2 1|
EZxzgol @3 (15 nmole/mg prot.) °] 605
38 Al 22 nmole/mg prot. 2.2 F7}3F3 608
3 ATFANE 40 nmole/mg prot &2 T&
Z713HE BREYY B Pengs V% A A2
n|EZ = glole] 24 (10~ 14 nmole/mg prot.)©] 30
HEF A #FAIYE 161 nmole/mg prot. o2
dA3s Frtgcn Bausidoh. oled ¥ A
457 AS vEZ=goldA e AU AFFE
Z7}e 4433 214k3} (oxidative-phosphorylation) &
AAFOZN ATP S HAAF ¥ olzt W
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A2 ABFAAE FAUAHESQ] ¥4
A2t ZHE (superoxide anion, O, * 5 hydrogen
peroxide, HyO, 3 hydroxyl radical, OH - ) 2] A4 o]
Z7k3t0), ol ATAXo) A3y £42 obrIA
713 oyt A7s otstE ZY3ted JT
AL FrP02). whg A AAUALEL o &5
2 5E g4 71dd 9o AA4HY 53] |
EZcgote AEY 717F ¥4 AAUALE S
Mg 288 232 Pojo nEF=gole 4
SHEANA FriR7 P e VIFEAN ZA
ez vEE=glo} 3FA] ARFHE A9
o 5% W7t Atigitize] Jej2 AVt Y,
Wgte] HAHGAZF NADH-CoQ$}t CoQ-cytoch-
rome b @AV FEYFLE G Yo,
ol g WA itawiriZe] A8 AYAE v
EZzgoldAitdes P -ARF BT AHth
—dAaATE A4S EZ=gololA Zrtdns
M. gAY ZHAMEENE A ALUAE =
€ ol 59 A3 E AT s &l tigav]
AT 71doz a4 g HlaLA 9] oj7tR] gk}
WolAAZE WY o2 EA%. 283 W)
AE 7Fed 34 glutathione peroxidase/reduc-
taseZl = 93 glutathione(GSH) 183 pyridine
nucleotideq] NAD(P)H9] Atsle} dA3te] H,y0,,
EE §713353E(ROOD) S AASE 71H2
2R BN A E 2% H,0, B 7IE
FAestEe e AHHA FE53 FLg
Yetfz ZAMZES Y &doz RE B
Y,

Ty v ¥hA AU RS $AgE sk
ZEH L7 BAAE 57 =2 BE BY
ZAAEE A5t &4& FE Aol o] AAE
T3 glutathione ¥ pyridine nucleotideE 9]
A3t —-8d e =3 dstE Aot ojd #
Aol A B u Hy0, B 716} ¥k e
o] F7HE B ol il 43} v e
Aets e AP -ABF ASHE vEZ=E o}
A& glutathione ¥ pyridine nucleotideE2] 443}

-89 A7 gdHos ZAAe 2 WwEsd

Ho|t}2830) o= pyridine nucleotide EE gluta-
thione®] 23— Fej7} v|EZ=2jo} Yiuto
R4S -3 B & Zojge Med
FHES AU W HAIE-ABF AS AR
AA mEZ=Eole] Tt ¥ AEY Zg
e SV O 2AVIAY dREAHE BAY
7VedE WA  goh 2d7E o3 &y
Btol] A AAAE Y] 3l Hy0.7F AW
EZEgoty ZgEte niXe 9, 53 7
23 713AS HEFeEN SHE-ARF 429
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1. f9N=

Protease(Nagarse enzyme), rotenone, arsenazo III,
ruthenium red, catalase, thiobarbituric acid, NADH,
NADPH, 4H3}¥ glutathione(GSSG), 89 ¥ gluta-
thione(GSH), orthophthalaldehyde 52 Sigma Che-
mical Co.(St. Louis, MO, USA) A && AME-3 1L
2 ol9] Al%fke Merck AlEL AME3HTH

2. o7

1) OIEEE2|0te] F&

A F 1~1.5kg®] 773 New Zealand WhiteH)
7t E o4 7Eglol 4¥5ER AME3 T He-
parin(1000 TU)& A FJ3}1 sodium pentobar-
bital 30mg/kg FYFALZ vl F FA] FRE
st 43¢ H2&3dch. 10mM EGTA7} ¥
e W sucrose-Tris &E-2 % (mM ; sucrose 250,
Tris 5, EGTA 10, pH 7.2)elA A 2 A9z
Ao A & AAS F AdI9Hs EE3idd
£e 4AAH4FoZHE alkaline bacterial protease
(Nagarse enzyme) & AH8-3 differential centrifuga-
tion WO U]EZEeolE 2&a gt %8
©, nagarse enzyme 1mg/ml, 10mM EGTA”} 3¢
Y sucrose-Tris &9-& A A wet g2 nagarse enz-
yme©| imgo] A 7}8te] 1583 ool ZAl
&gkl 0.5% bovine serum albumino] ¥3d
sucrose-Tris 458 HE H713E glass-teflon ho-
mogenizers AHE3S 10% (wiv) TEAE THE
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o} FHAE 0T, 1000xgol A 1087 L4 E 23y
g, 8, 23 HE5 & AANA

4% 9-& nylon meshZ &3 F 0C, 12,000
xgoll Al YA E 3l ] EE X g0} pelletS ATt
1 pelletdl] EGTAE ™ sucrose-Tris 4584 (mM
-sucrose 250, Tris 5, 0.5% BSA, pH 7.2)& 7}3}4
A BEHA1ZD F 12,0000 4] FAEE 3 M FH
SAth AHe 33 wHEslo dolgle EGTAE
AAAE wbA%G AHF 2~3mi9] sucrose-Tris
#Z LA 7tEtd HE INEFETE 10~15mg/
mli7} H 525 25390, @ F T E bovine serum
dbumin® EEO2dld QYT TE ZZL

4Tl A AAE A

2) Dlsaczlole Y&84 ¥ B2l

MEZEeole) 2EEF D fee BEd A
Al arsenazo IIIE AA|o 2 A28l dual-
wavelength spectrophotometer2 ZA 3G th Suc
rose-KCl-Tris €38 9% (mM ; sucrose 250, KCl 75,
Tris 5, pH 7.2)°] viEE=glo} £ 8 0.5mg/ml, KH
»PO4 1.7mM, arsenazo III 50uM, rotenone 10uM-=
7181 3& 722 E succinate 5mMS ¥ o in-
cubation 3}%th

3eF #E S H7HE o 685/675nme] FHgel
A} dual-wavelength spectrophotometer(Hitachi, Mo-
del 557)& Atgdte] 3 I E FHIIELREA
Ze F59 FEE S8 82 30THA
AlPEtg o HEF cuvetel] ¥H-E A O] AHARE
< BA37] 93 100% 0,5 cuvette 2 E-0]
Ho] FUh Hy0,9 FE& #AFS HAYPoAe
Zra J7HF(15~28) F57F @43 dojd e
10~500uM H,0,% #7789t}

3) o|EE=e|ot HWE

gz glo} BA-E spectrophotometerg AM§
dte] BASIAT 4719 AP EAF arsenazo IS
H7belA g & e ZEETr 2 FEE R
% g4 540nmolA dual-beam spectrophotomer
(Hitachi, Model 557)& AH&3td FR= WstE
71538ttt

4) Pyridine nucleotide2| M3|—&t2l 3 szt
o]

Pyridine nucleotide®] 43}~ &Y A= spectro-

photometer'd 0.2 FA 3¢t} vjEE=glo} Y3
< BEY AYAMS 2ol aresenazo ME H7}
84 & 22X Zw ¥ € KIS F3n
340/370nmol| A} dual-wavelength spectrophotometer
2 F3x ¥3E 4% 7SS £3 nEE
=glole] WA NADHS NADPH ¥ &4
48§ o] 8% spectrofluorometerd 2.2 =38}
D, ZEFF 2 FPZ2 AN YFAZE incuba-
don¥ MEZ=glo} ¥gg IN alcoholic-KOH
§d9o2 231 F43 A F ABE AHE
3tk AR 0.2mlE E %3 50mM phosphate buf-
fer(pH 7.5) 2mlo] 0.6mM pyruvate, 0.4U/ml
LDHE H7IE & Aex=355nm, Agg,=460nmol] A
spectrofluorometer(Kontron, SFM 25)& A}8-3}o
HPx WHilE 245224 NADH 558 =
843, o]0l FY cuvetteo] ImM oxidized gluta-
thione(GSSG), 0.4U/ml glutathione reductase® 3
71ete] oAl Y HFA FFx HIE T E
3224 NADPH % & At

5) X|Znitst

nEZ=gole] sty &4ARY sz A
#4+8} AHEQl malondialdehyde(MDA) & 233}
@tk 150mM KCl~5mM Tris &3 (pH 7.2)9)
Img/ml ] EZ=gjo} 9 oA} 22 Fx 9 P
rotenone, succinate, &4 13 Hy,0,& H7}3H
e 2 g 2H2Z 1527 incubation 3}
Ak A G v A 5] TBA 84(0.375%
thiobarbituric acid, 15% trichloroacetic acid in 0.25
N HCD-& 419] 100C @& ollA 2085 < wH&A1
F AN EA S FH9 n-butanolE FE3k 532nm
(Ts3.=1.52X105M/cm) | A FFEE S}

6) Malate dehydrogenase EMT

nEZ=gol ekl EAAEE matrix
malate dehydrogenase®] ¥H-gHo 2o {&
Zstgich doMet 2 ZE F5 2 &
A 1583 AR | EE =gl gy
AR F 2 4Z RN A4S FH3IATH

0.1M phosphate buffer, pH 7.4, 0.25mM NADH,
0.2mM oxaloacetate®l] oA FAE sl AL
AENE Yo F 925C, 340nmolA 3% A
3lZ spectrophotometer(Hewlett-Packard, 8452A) 2
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239 AAg/mine R 33U F¥T ¥
3171 4 A F-9E A o™ 25T, pH 7.490 4]
lumole®] NADH(Z340=6.817 X 103/M/cm) & 139}
AN I E BHEE 1 unit2 ALEIG T

7) Glutathione &3

834 glutathione(reduced, GSH)-orthophtha-
ldehyde(OPA) E3H8 22 HPLCE £33t fluo-
romeuydhe WHo 2 vlEE=2lo}l9] glutathione
dFS SHIAPY. 2HESF 2 FAxPY 1
EZ=gol(Img/ml) ¥-&A(2ml)ol| 0.9uM perch-
loric acid(200p) & 715t e A7t Ao
Al& 100ul9] 25mM dithiothreitol(DTT) 100y, 0.1
uM Tris(pH 8.5) 50uE 7}8te] 2k8}4 glutathione
(GSSG)E A% &Y Al ¥ FF] OPAGA(s
mg/ml)-$ 7}ate] ¥ F-& YER £ glutathione-OPA
E¢ES et 2 535S HPLCR ®E3tn
PFEE A3l F glutathione(GSSX) YL =
gkt

T3 AEH AFE(850u) ] 2mM n-ethyl malei-
mide(NEM) 50y, 0.1uM Tris(pH 8.5) 508 7}
& GSHE @A AAE F thAl 50mM DTT 50
uE 713te] disulfides $YA7]13 OPA BFAE
HEoZA A8 E glutathione(GSSG) ¥E &3
Atk #98 glutathione(GSH) & % glutathione
dlA GSSGUS wiFrmaE A ALl HPLCE
Gilson Model 303 pump, RP 18 guard column(Wa-
ters), 15cm Nova-pack(Particle size 3 44, Waters) 2}
fluorometer(Gilson, Model 121)E A}839 L,
Aex=340nm, Ag,=430~460nmolx VAL =
89 t}h. Mobile phase= 0.15uM sodium acetate
(pH 7.0) 96% $} methanol 4% °] 3 flow rate:
1.5ml/mino] 3 T},

E ot

1. Z&&FT ¥ 7o) tfst H0,2 HE

Ratenone® & NADH-## & F(step )& I A3}
I succinate® 7]ER ALES VIE A2 nEECS
glotol A g 2 FelE FIAT. HUe
Z+4 (100 nmole/mg prot.) & A1&3l3 A A
FrEdey, Zgol 38 vEE=gole Al

Succinate  H,0.
| |

Ca**

NS 500 uM H:0;

+ catalase

control

TT———10 uM H-0-

A=001

50 uM H:0-

Fig. 1. Effect of hydrogen peroxide on calcium retention
in isolated rabbit heart mitochondria. Mitochon-
dria(0.5mg/mi) were incubated aerobically in
the medium containing 250mM sucrose, 75mM
KCl, 5mM Tris(pH 7.2), 1.7mM KH,PO4, 10uM
rotenone and 50uM arsenazo Il at 30T. At
the indicated times, succinate(5mM), CaCl,
(100 nmole/mg prot.), H0, and catalase(1
uM) were added. Absorbance change was re-
corded with a dual-wavelength spectrophoto-
meter at the wavelength-pair of 685—675nm.

Succinate:

l
I Caz+ 20
HYO,
/ \11
TZ: &/Cemm]
\

_ 500 uM H.0;
& Catalase
5 uM H:0, //d.\_,/ =

50 uM H:0»

500 uM H;O,

5 min

Fig. 2. Effect of hydrogen peroxide on mitochondrial
swelling. Experimental conditions were as same
as in Fig. 1 except for the absence of arsenazo
I Mitochondrial swelling was observed spect-
rophotometrically at 540nm.

kol Aol wel oAl AL $2E Ry
ZHEFFE H0,00 93] 982 w2 @ston}
F2lE H0,(10~500M) 0l 9 3te] 27 gion
H7HE HyOp %o] BE4E 55 &2 U S
F7het . HyOp0l 4@ 24723 3 27]0
me T2 Jojuba At o) et feLEst
AQEE oldd ¥eE BYon, H0, E3lE

He Jp B
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<Succinate  H;O0»/Ruthenium red

0.0

+ +
T Ca’*
¥
Control
o HZOZ
il
<
Ruthenium
red
Ruthenium
- red + H>O;

Fig. 3. Effect of hydrogen peroxide on calcium retention
in isolated rabbit heart mitochondria treated with
ruthenium red. Experimental conditions were as
same as in Fig. 1. Ruthenium red(2 nmole/mg
prot.) was simultaneously added with the appli-
cation of HyO2(50uM) just after completion of
calcium uptake.

220 catalaseo] &3t} FE|FHHo] A
A g Ah(Fig. 1). HyO,00 42‘{1 A

)
laseol] «1?5}0-1 9121151211:} 6131 I | XY
Zx2ote] Ca**-unipont® F3 FFE A
ruthenium red(2 nmole/mg prot) & *2j3t A
AN HyOp0 &3 AHfe XL 22 3Pr g
dojutth(Fig. 3). ol Hy0.7F AR AH o g2 fad
D59 AFTE BAREEA b §27 27
He AMY Bole Aol ofvn ¥xel J|HE
E3lo S8 &2FsE AYS JeElE Adeg
AR},

2. H,0,0i &ist

A

o)

e tm

gawel 2T 7™

1) O|EE=2|0f 2o A5ty &t

Hy0o& BHT2E AZA4ES F418 tuzA
sESE ol W), ot 28hy &4 obrlshn
R4S F7HE 7 A7 gEed 2 s e
dxHoz HESHUY. Fig 4oAs} Zo] Tg
Frelzdo A A AR F3E AHE 9] 8}l malondia-
ldehyde(MDA) A& oiZToIA  1.5710.12
nmoles/mg prot.©] 129, H,0, H7F(50uM) ol 2]
g FelER 2PNA = 1.68%0.11 nmoles/mg

28~

2+
=
£ I - ==
w 15| = =
£
:
z it
a
=
05+
0 -
Control Ca?t Ca?*
only + H)O,

Fig. 4. Lipid peroxidation in Ca**-preloaded mitochon-
dria incubated with Hp0,. Mitochondria(1mg/
ml) were incubated for 15 min with the addition
of H,0,(50pM) as same as in Fig. 1. After incu-
bation, malondialdehyde(MDA) was measured
by thiobarbituric acid as described in the Me-

thods.

25~
.
e
[=9 21
§ - L
E 15+
: 1
QL
g 1t
=
Pl
E=]
L
Q
o 05}
=
£}
=

[¢1™
Control Ca?t Ca?™
only + HyO»

Fig. 5. Release of malate dehydrogenase from Ca*+*-
preloaded mitochondria incubated with H0a.
Conditions of mitochondrial incubation were as
same as in Fig. 4. Activity of malate dehydroge-
nase released into the reaction medium was
measured by enzymatic method as described
in the Method.

prot 22 {2 2ol & HolA| ¥t} EF 22
Z79) A matrix 49 2 vEF=glo} ¥ A
42l malate dehydrogenase?] f2]% thZF oA
1.45% 0.67U/mg prot, H,0, A7}l X 1721 0.
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Succinate
C

8
= Control
il
< JZ(X) uM H-0-
4+ Catalase
10 uM
Hx0;,
50 uM H.O»
200 uM H:0»

5 min

Fig. 6. Effect of hydrogen peroxide on the redox state
of mitochondrial pyridine nucleotides. Experime-
nts were done as in Fig. 1 except for the abse-
nce of arsenazo Ill. Redox states of pyridine nuc-
leotides were monitored spectrophotometrically
by using a dual-wavelength spectrophotometer
at the wavelength-pair of 340—370nm.

76U/mg prot. 2 SAG A2 E {3 F7HE
ol FAth(Fig. 5). olelg A=z £ o
Tl A A FES HyOe WEZE=Z ot
Ashg &doll e A STt &l 2 RelE
3k AL ofdAL R ARHUG.

o

2) Pyridine nucleotide®| Atsl—2tal 9 &

B3t

W14 pyridine nudeotide®] 4tsh— 39l el
Zefre] 20 Ao g JPEon o

E Hy0, 7ol 93t g =AY o] g
pyridine nucleotide®] 43} Z# 8 oA 9}
Zol Hy0,9 Fxo o&Foz ¢ F7F HA
o0 catalased| 93ted A UK (Fig. 6). A
Ze ¥ 2 78 2PN BED AN F
v EZc=g]ole] WA NADH ¥ NADPH #&&
Eayyos xd Z334h Fig 7949 2o
Hy0.5 #H7181A %¥& 2T olA NADH &
6.91+0.69 nmole/mg prot.21¢] B3t H,y0,(50
M) 7R e R E FIA TodAME 524
0.71 nmole/mg prot 2 {3 ZAE HYrh
a2y} NADPH %2 NADHY of 1/5 =R
TR % Aolg HolA gkttt

Reduced Pyridine Nucleotides (nmol/mg prot.)

IR

H:0:(—-)  H0x(+)
BCNU(-)

H:O:( -) HzOz( +)
BCNU(+)

Fig. 7. Effects of hydrogen peroxide on NAD(P)H con-
tents of mitochondria. Control and BCNU-treated
(100 nmole/mg prot.) mitochondria were incu-
bated with H;02(50uM). Determinations of
NAD(P)H were done enzymatically as descri-
bed in the Method. * : P<<0.05 by Student t-
test.

3) Glutathione2| Ats}—-&t2 9 EHgk pis}

AelMet e g F+ 2 FARUAA 15
B2 ubgA7l v E=gole] #9F glutathione
(GSH) &8 thzo] A 3.74% 0.76 nmole/mg prot.
ol o, Hy0,(50uM)ell 98t ZFHelrt &
g 3ol A= 2,60+ 034 nmole/mg prot & &
FrolstAl iAok 9 A5 g Sd43 e F
glutathione®ll i3t GSHE] H](GSSX/GSH) € H,0,
A7t 270 A 3 F7t & Bolut T Aol
Fog 2ol HolAE Fkrh(Fig 8).

4) H0,-&%! Zawelo] it BCNUS| Z&

BCNU(N,N-bis(2-chloroethyl)-N—nitrosurea)*E
glutathione reductase® YA 3t GHEZ glutathione
peroxidase/reductase 343} ol A Al ol X1 NAD(P)
H Arstel A2 € GSSGoll A GSHE Q] #d& o
Ak B AFAME H000 93 HEZE
olo] AHFRFEEZo] oA pyridine nucleotide}
glutathione®] BHAY-E H3td HES7] sty
BCNU®| 9% #Fstid
BCNU A2l "E Z=go}9 NAD(P)HYE ¥
3} gleol(Fig. 7) GSHE #4381 GSSX/GSHH| =
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Fig. 8. Effects of hydrogen peroxide on GSH contents
and GSSX/GSH ratio of mitochondria. Control
and BCNU-treated(100 nmole/mg prot.) mito-
chondria were incubated with Hy02(50uM).
Determinations of GSH and GSSX were done
by HPLC method as described in the Method.
*: P<0.05 by Student t-test.

Z7FNZ H(Fig. 8). Fig. 99149+ Zo] BCNU(100
M) E 30 - AA2F F Tg F+ 2 FEE
TR Frole AE ol AL ALHY
Zafel € Hy001 9% frel= S718kA gkt

i

2

B2 FF Hdd 2 948 EFE ME
Zzlot Wgte] Zgol e FAYE F7HAR

LA Yo+ 1 71 He) BalelE o] Brh.
BTN W VAUAES Sl HOE
2#¢ vY AN AR A2 vjEE Lol A
Na“H 924 BHfelE FAsAT H0.E
Ag vlEEcolldE EFAYANN YU
HY-AVRAZ vES=eolol e T 4Ao]
4% Z7tee slERsole 484 £42 7t
5 Atk H000 9] g 4 Qe FES

Succinate H,O,

} 1]
Ca?*
_ 1
/‘1 BCNU
BCNU +
50 uM HO,
Control
=
T
<
50 uM
H,0,
A1 S min
}

Fig. 9. Effect of hydrogen peroxide on calcium retention
in BCNU-treated mitochondria. Mitochondria(1
mg/ml) were pretreated with BCNU(100
nmole/mg prot.) for 30 min just before the ex-
periment. Calcium uptake and release was mea-
sured as same as in Fig. 1.
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