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Correlation between Protein Methylation and Hepatotoxicity
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Abstract—The methylation response as well as the level of methyl donor substance, S-adenosyl-L-methionine
(SAM) has been suggested to be related to hepatotoxicity including hepatocarcinogenesis. But direct correlation
between protein methylation and hepatotoxicity has not been established to the present. To observe relationship
between protein methylation and short-term hepatotoxicity induced by chemical substances, the activities of
protein methylase T and II (PM I, PM II) were examined in cytosolic fraction of SD rat treated orally with
acetaminophen(AA), a-naphtyl-isothiocyanate (ANIT) and tetracycline (TC) that was known to produce necrosis,
cholestasis and steatosis respectively. To evaluate the degree of hepatotoxicity induced by each chemicals,
we 'observed the serum levels of indicative parameters and histopathological alteration. In AA treated group,
the activities of PM I were increased at 6, 12 hours after administration, prior to the appearance of the
hepatotoxicity by clinical parameters. It was suggested that the levels of PM I were related with the initial
stage of hepatotoxic mechanism induced by AA. In ANIT treated group, though most of clinical parameters
were significantly increased at 24, 48 hours after administration, the activity of PM I was not changed, indica-
ting that ANIT induced hepatotoxicity was not coupled to protein methylation.

Keywords [] hepatotoxicity, protein methylases, acetaminophen, ¢-naphtylisothiocyanate, tetracycline, nitric

oxide synthase.

e e @l polypeptide chain®] A+
oz Heje] FTAATA HIFL o, ol Id
W] EFol= methylation, acetylation, hydroxyla-
tion, phosphorylation, carboxylation ¥ glycosylation
Sol ¢ivt, 25 AW AF-E2 Amblers} Rees
(1959)7} Salmonella typhimuriume] Xkl Aol A
methyllysine& 2733 o), #aste} FH a4 F
2 e ovld gt B A7) A= gich

el Ao WA 7S Ao|A|7|= i F, protein meth-
ylase I (S-adenosyl-L-methionine: protein arginine N-
methyltransferase: EC 2.1.1.23; PM I)-2- shl =] 9] argi-
nine #7)9] guanidino”]e] HAZ|E He|A|7lE HA
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o]w, protein methylase Il (S-adenosyl-L-methionine:
protein carboxyl-O-methyltransferase: EC 2.1.1.24; PM
= dicarboxylic o}w):Ate) carboxyl7]ol] =& &
Ao A|7lE Haelch

ol ExT WU oz} delsb WMARe it
W FodA gl S-adenosylmethioninee}els A A EAL
ARg-ste] whelA 2l oz}l DNA, RNA, polysaccha-
ride, lipid 5 ZEA3TE WA7E AeJA ok 2
dlel] SAM=2 polyamine A5H4d(Tabor®}t Tabor, 1976),
methionine®]} cystein®} 7+-& sulfur’} 7% olv)x
Are] Atz A Mudde} Levy, 1983)o% Foldich

A BAPYAL oln|xAl F4o WA FH oA A
A9l WYL wrlAde) Tz WEE doA T
WA A F kel AKinducer) & A)FE 7FeAo] 9l
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amplication®l] £]3} Fokg ¥ T LS 1
todchDuerre % 1991).

w3 Paik 5(1975)¢ AAE%7F obE o2 hepa-
tomaell Al PM I8 A =E &%X3 A7} hepatomad]
A&z ol vl sle] A EY) F713RE B asigl o,
Shinkai 5(1989)2 wl&7]|& AHeo|A|7]& #HES Ad
Bl 5 -methylthioadenosine(MTA), 2'-deoxyadenosine
2 ginefungine] T E7F7rerA Eo] thEk invasiond
in vitrool| A A& FAsG o oyt HAle
B, Aup g oslabe] szt s 2hgof) 23 Zlolalar
Btk A7) Aedt o d oAst 9k 9l
2719 AEN FFelt dA] FHE FEATe H
#) 7 A} B (methyl-deficient diet)E <l =4 =
Hh7ka) etabAl o) 221 ake] FAE G o) AE
SAM<e] a7k= Qg wj A st AR FAE A=
Z023% AgE 8= gene(C-myc, C-fos, Ha-ras)E2]
WEAdE R 71" o FA435e] DNA =13

7t

ki o g JE oX dlo

ge} ZbEA7re] PRAAE AAFekg H(Wainfana} Poi-
rier, 1992). 53} diethylnitrosamine .2 -f-2tA]Z] 7kt
e (resistant hepatocyte model)e|4] GGT positive
focis A= A Fol SAMS ¥=, SAM/SAH
(S-adenosyl-L-homocystein)e] ®]& 2 DNA o2 35}9
Aart BEAFHSCE =g o Follx] Fojglk SAMe) 93
A E o] SAM9] F=¢} DNA = R#e] H¥o] gk
AEder [FFoIH SAMO  tEAF I
DNA #3437} A8 Bt ch(Pascale 5, 1991;
Pascale 5, 1991).

AgFE Zdo]4 anaphtylisothiocyanate(ANIT)2}
Lo SAEA g8 frese gEsd dae v

N

A7) dolA] wAFdA 2 AlE-EE SAMY Sz I
Ao #AFGT) o) 25A FUEAd o oy
e AR wdse) 24E B2 kA Eat
fr547 Na”, K*-ATPase &4 =2 HFAH ez ql=
Bt olug} trans-sulphuration 72 EZE Z2A)7.0 24
7te] s E2-8-5 741 5 ok ¥aEted vk (Padova

=, 1985; Shinkai %, 1989; Cacciatore =, 1989). =gt
Cabrero 5(1988)2 SAMEA A 42 FAH 57 w5
Akl A A3 7Z4axL Basig ot SAMEY AEY
TET AddS A FAE JEpde Bashgch
o] 7HHFo A v A3 qk-5-A] SAM2] o] 4-§ A3}
#edAde] g AoR FA 3] SAME 7HAF A 54
29 A 45A-L Alaletelch w3 galactosamine(St-
ramentinoli &, 1978) o]v} ethanol(Pascale 5, 1984)¢]
ofsf WSt AgAA 7haksl Y] Aol A= ZHAEW
SAMS] Fx7t ¥43] 4aXE Husted ofzrix] &

23 FHE 23 35X AFZEAS FA g4k
5 435 233 F 37) 154 AER 34vMeA
F& el Baz sioh
gt nitric oxide(NO)+= free radical7%2E ztE F
JA2 AANA AL cytotoxic 2§, WA LA
Folehzt g ol AAMDEAI AL g Tof| Feft
Nitric oxide synthase(NOS)e] 2s] AA= NO=
Za)8ta 9)= Kupffer cellol|4] cytotoxicE 7}
2HEA e BEAe] AlabEal itk 53] NO=
A A z= YN A L-arginine2 ZHE citrulline-&
ke A FAEeY oEsiE gl tiat
4FE-¢l NC-monomethyl-L-arginine 5 #l&23lE arg-
ninee] NOS9) |42 g8 2(Olken -5, 1991)°l| ==}
A o8 FEEE 2H5AAT o A A sakg )
g™ NOSe g4z Wl thgh A% #-43k2}
gt

o,
]

N L A O A A
ol 2 2 7 N

Alg HHH

=)

F3 o] Az}Abe 7} k& 3F SDA A AE(250
+20 g2 Agd] Ao FE HAS T3]
P AAA7)5L B2 AHEA A A
2 2x 23+ 17T, AEFE 55+ 5%,
o] 12A1ZHE"A1ZF 06 : 00~18 : 00)S -F=] 3}
HHM X Alef
ZFEAE H2A717] $s] AF8E acetaminophen
(AA), tetracycline(TC), a-naphtylisothiocyanate(ANIT)
= 2% Sigma Co.ol| A ) slel.e, S-adenosyl-L-[me-
thyl-**CJmethionine(specific activity; 56 mCi/
mmole)2 Amershameof| 4], protein assay kit+ Bio-
Rad#}el) 4] -74)8}e] protein methylases &A% 23}
A Aefol| Zhzk ARt
w3 daAzlela 2 Hel ALT, AST, ALP, GGT, to-
tal bilirubin % cholesterol &# A]2F-2- TechniconA}el) A
FUsSEE. J1e Aoke 25 SHCRIE AHESHG
k=9 MxE2l Fof
Acetaminophen& 1% CMC&<o #Hstsle] 2400
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mg/kg, tetracycline-2 3000 mg/kg, ANIT= 200 mg/kg<]
49-33“’& &5 Fob HAA7] SDA HEe] AT-FAE

F 3217E, 6217F 12213F, 24417F 9 484)7F Fell dlethyl
Ethel‘i npFEle] FAsc) Fo] F 4847k o
71742 AABE FEIA ggkew, B2 AfEe "327‘4
a7 shedch
dEEC] ¥ HYMEEEE HAL

FHA AR EA $A HUZ AP F WEAAA
i) ddg AR F AP Y Aol o
1217k ®FA] & 4000 rpmel| 4] 10387} d4lEe]ste] &
e Aotk FAAstetd Arbe AFHY AsE £
A 7)(RA-XT; Technicon)Z o]&3%}e] ALT, AST, ALP,
GGT, total bilirubin 2 cholesterol®] okg &3}t
ZX|H2|shE ZAL

7}7(1— RJE _...);] zz]u:];qf._-]-zl 7&;\]_ gﬂ oéz% B _r] =2
2} 10% formalin £ LAA)7| L WA= E49
FHEE A7) Hef dAAL FAs ] HAsIR
o} 745t 7kg-2 embedding, Y& AX EFol==
Aztate] delA slelA AW A PALE AAIE
o,
MxEE 22 Fe

dA i FAG g2 AMHEA] 0C oA B 1g&
gk & 0.25M sucroseE 9 mi(9 volumn, w/v) 7}5}]
teflon glass homogenizerZ FAZ st} FAHE
double layered cheese cloth® §3+]7] th& 105,000
Xg2 1217} AR £ AHsdS Fokod Alxd 28
(cytosolic fraction)2 o] -4FM I, PM II 2 NOS)<
FA=E FAsh=d ARt
T Mk

& A=ke Bio-Rad EF-49 7 whal Aupaekg
AH4-8te] Bredford W2 ZA3gct #x TFEL
a8 AskA) ek microassay EEH N 25 ug ¢35}
TEE S Y8 25 ug/ml, 125 ug/mi, 6.25 ug/ml,
3.125 pyg/ml HAE FAsta, AR veR 4R
*l]i’%-v—-ﬂ 800 ol 200 2] reagenty 2] HFHA|Z]

% 595 nmoll A spectrophotometer(GILFORDAHE =3
‘3]-‘3:] g o] kg ZA3|uch
Protein Methylase 12| #Ar =X

AZA 33L 54908 3o Kime ¥HHKim#
Paik, 1980)o w2} t}-&a} 7o) AA|stedch. Eppendorf
tubeell 0.5 M sodium phosphate buffer(pH 7.2) 20 <
7}sta; 7]2E histone type I1-As(30 mg/mil), &A%
2 AzAEE 20 & 718 F 37C oA 5%7} preincu-
bationgt % S-adenosyl-L-[ methyl-*C]methionine(spe-
cific activity: 56 mCi/m mole) 20 @& 7}at ©}-& 37C
o 4 1087t incubationslgde}d. 100 2] 30% TCA £
ofl g hsled wb-&-& A A7) 3 90T 2 1687} 7125}
crude enzymewjol] &3 A4t AR A& AAT F
15% TCA=R 23] A& sle] F=pe] wjukg vhald 4L

Mzle) AT 49

A 78t} 0.5 M sodium phosphate =<4 (pH 8.0) 0.2
miS 93 587 60C A incubationA]F|i 15%
TCAR A A3ste] PM II¢] <218 methylester com-
poundE- A 3}e] ethanol® A& 37F I Folgls w9
A& Bray's solution®% 5mlo] A=A histonee]
A=A v A 79 valA 59 A4S scintillation coun-
terf(PACKARDADE &350 o] dHZE o83l 1
mg2] Algsidlof] o]s)e] 1H FqF 7]& <l histone type
[I-AsZ AHo|xH wWlAlE942 FA]|E methyl7]£]
& SAM2] pmoleTE vepfgich
Protein Methylase 112 gAMT =X

Eppendorf tubeel citrate-phosphate 224 (pH 6.0)
40 w, 20 (2] histone #=-<d(histone type II-As), 30 1l 2}
AEAEHL e % 37C o] 4 5271 preincubationgh
% 10 (2] [methyl-“C]SAM-S 7}gt oh2 37C oA 10
7t incubationslgith 100 9] 15% TCAE 7}3}<]
Whe-g A A A7) AL ethanold} 15% TCA=Z 23 AH3gk
& chloroform : ether : ethanol &%re8(1:2:2, v/v)%
ethanol® A &3F & WAL TV ALTFES SAYPoEH
o] A48 FAHEE A4lstodr].
NOSe| #dr =3

AAddew AEAEE 50 g} 50 mM Tris 45
(0.1mM EDTA, 0.1 mM EGTA, 0.1% 2-mercaptoethanol,
1 mM PMSF, 2 M leupeptin, 1 M pepstatin A %% pH
74) 50 W= A7}sta 2 mM CaCl, 1 mM NADPH, 1 ug
calmodulin, 33 pM[2.34.5.—3H]-arginine& ~}sl 37
T o4 10E7} incubation®t 3 Dowex suspension II
(Dowex-50W, Na*™ form, 200~400 mesh: 20 mM so-
dium acetate buffer, pH5.5, 1mM citrullin, 2mM
EDTA, 02 mM EGTA Z£§=2: 1) 1 mlE 718 ule-g
2427t} 11,000 X goll A 58-7F 48] F 1 AHE
400 WE # 3 scintillation vialsl 93 Bray's solution
10 ml-& 718k % liquid scintillation counter® H}ARA]
E9 4=k 2A%}¢dc}. Blank: incubation &3HE
A Aad WA 50mM Tris $-5<(pH 74)2 Ap#-3s}
g3t} NO syntase @ specific activity= 1 mg proteinel] 4|
18 YA EE citrulline?] pmole® vielyglth

Acetaminophen(AA)RY ZIEMA| CHEEMNIE SRS
Rk

ke Fabe dorlEe Ao 293 AAE 2400 mg
kg9 ¥EZ AR TTAY @ 3, 6 4 R 484]
Zhol A gel g shata] A}, 2w st zw ! protein

methylase I 119 #A4=E5 A3 éﬂr R RENE
AF F Ak EAEZE o] &=E ALT, ASTY
7L -roq F 2447 A H e FAE Bl F 484
ol e A7) sk AL %ZJEWE}(FIg 1a, b).
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Fig. 1. Change of Clinical Parameters after Hepatotoxic Substances Treatment. Each value represents the meant standard
deviation of result with eight animals (@: Control, ¥: Acetaminophen, [I: a-naphtylisothiocyanate, v: Tetracycline).

,(C) . )
Fig. 2. Histopathological Alteration after Hepatotoxic Substances Treatment. H & E stain. X100 ((a: Control, b: Acetaminophen,
¢: g-naphtylisothiocyanate d: Tetracycline).

{d)




Control
Tetracycline

Acetaminophen
ANIT

Oo«4<9o

pmoles of AdoMet/min/mg

o
w

T

/<

/

i
osT—H

pmoles of AdoMet/min/mg

1.2 |- LTt

0.3 1~

0.0 L ] L I |

TIME(hrs)

Fig. 3. Change of Protein Methylase I Activity after Hepato-
toxic Substances Treatment. Each value represents the
mean +standard deviation of result with eight animals. Sig-
nificantly different from the control: * p<0.05, *** p<0.001
(®: Control, ¥: Acetaminophen, O0: a-naphtylisothiocyanate,
V: Tetracycline). ’

ZAW R FAT DA AAe] &% ZFHAE &
A& 4= 9ddekFig. 2b). ol=dt zkz) ApAbel o) 4] protein
methylases®] AT E ZA3 A3 PM [ EA=s
AAF] % 3, 6, 12hrofl A FrAdsle S7PF #2H
gem PM I8 R4EE ¥ fe4slE s 22
=7 %3kek(Fig. 3, 4).
a-naphtylisothiocyanate(ANIT) 2t ZHEAA] CHEED|
Fshso| Hal

@25 A (cholestasis)Z de 7= EAR 43HA Q=
ANITE 200 mg/kge] B =2 @dA3TF3 F AA¢}
F9% A2 delgsiatd Ax), 2P 2
PM I, [12] XS 933 A=), ddQsisby YAk
EE gy Ajzke] AAYTE TFEAe] FUhE
Fol F 48Xz ZHEAe] HUYE FrMES wAE
goviFig. 1) 2A9W=gd AAlMd= 7k A} F
do2 H5AE B39 5 Yk Fig 20). =5 PM I,
¢ FAH=E SAT A5} A AZFH A 25 94
e #HEHvl FAHR Fshch(Fig. 3, 4).
Tetracycline(TC)2t ZFE-MA| CHYAIHE SIS S| H 3}

¥zt AT 454 g)E TC-S 3000 mg/kge)
FeE gdRodgl ¥ 3 6, 12, 24 9 4847 eA ¥
o yssta ZA), 22 eEE 74 2 PM L 119 &
Aeg 243 dx, gq45sty gajels Fo F 3,
6217kl ALT7} eFzd Z=71A3ke] AL & &
FEo e Eo2 W3yt AR wgken(Fig 1) =
el 27 94 gohe Wsbt 2RsA ok
(Fig. 2d). =3 PM 19 A= &AHZAx TC Fo F

12, 24217k A 2ol W8 A FaAds #

A7ho| AR 51
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Fig. 4. Change of Protein Methylase Il Activity after Hepa-
totoxic Substances Treatment. Each value represents the
mean-+standard deviation of result with eight animals (@:
Control, ¥: Acetaminophen, O: a-naphtylisothiocyanate, v:
Tetracycline).

14

12 |-

pmole of Arg/min/mg

CON6hr AA6hr  CON24hr AA24hr
Groups

Fig. 5. Change of Nitric Oxide Synthase Activity after Hepa-
totoxic Substances Treatment. Each value represents the
mean+ standard deviation of result with three animals.

Astgl o HFig. 3), PM 19 4 =eMe fodsls
HEt A FsiekFig 4).
Acetaminophent ZHEAA| nitric oxide FAFAO

C@EE HE

AA %o = PM 1 84 %9] Z7}|, & 29| arginine
Z47)9] methyl Holeke] F7l7 7H5Ae 27|<A
BA FHo) BAHA FHa=E 9o, nitric oxide(NO)<J
cytotoxic #H-8-3} 2% nitric oxide synthase] A
E7} o] B9 4% Asfzhd-& Zt9]= methylated
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arginine®e] FHAL BaAsle] B Ay AA To] &
20412 % PM 19 $4% 2 Ayssts A5} 3
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Acetaminophen(AA)-S- de] YA 0 2 AF8-%] 31 % =
HAANFTA N FHeEE-4A] Al AFPEEAA 03
o] wkA &b (Black, 1984), 2 £437131-2 AAZ} Zhell A
cytochrome P-4500¢) 2]s] tjal=]e] #HaxistAde] gl
E49l N-acetyl-P-benzo quinoneimineg A4sled A)
E IFAEA g FAE do|E Ao
2 48% 9itiDahlin 5, 1984). 221} glutathionine
(GSH)o] 33 A+ glutathlomne Z3H 5 Al
TE5S 5ol AR AV EANR-S A AA-cysteinylg-
lycine, AA-cysteine 2 AA-mercapturate7]— Heol L2
g ez 53 grbw odeix glcHGregus 5,
1988). =3 AAS] =}=kFoi = A1F} centrizonal 2+ ALE
d o 7w (Proudfoote} Weight, 1970), o] #$¢] 3)ih=

E A=A} E A o] ole EA 2 AFA)F)E mixed fun-
ction oxidaseMFQ)7} o] F-$d ] 3}7] wfelal=
X771 9JoHSchiff$} Schiff, 1982).

Ponsoda 5(1991)-2 AFghe] 7HA|EE o] 431 A3 ol A
HZHE *AF SAMo] cystathionine HE2E 73
GSH9 A F M 558 £714]A acetaminophen, opiates
2 ethanolel] 2]8F GSH Z7+& FEAZec2n EAF
7“°ﬂ 27t S EA ] Poiste, el Yol A2

AM-E AWM A4 He SAME] dl4}5 2} F
?5}7] @ $ol transmethylation, trans-sulphuration %
decarboxylationd)] T E B 73led AAc) 9 =A)d)

47‘4 o|ge] f#rlsdE AlASI

2 H¥AA AAd 9F f=d FEHE Hrlsts
Hg dAAFSAHRAEE By ALT, ASTZF Fol 3 24
A zke)| ]2} AR FIFEgl o) 484)7 e kA A
S Falstslck =3 2Ag A Pl 9 A bl
ZAE Fdd 4 glgdch

2.2j1} protein methylase I(PM 1)¢] &A% &3] 73},
HAAY3 AR ol 2fgt FHEA] TE o] &)= A,
Fod £ 6, 12417H4E] PM 18] 84 5E bz b))
freldole 7t debdon] Fo F 48474 9]

a7 eke gty ZAAAENe) fAERE o7
F PM 12 S % wsle AA—‘,E*‘ﬂ"ﬂ 23t 7kFAe 7]
¢ 3 PM 19 #4= wH3lelx], 32 PM 19 gAm
astel] 71918 7b5A 9] HE A= &7 4 giglen],
o Al Bl ogt 7HEAA] il o Fke B3
PM Ie] Z}=54le] Zo7|dtAle] #3=Es S -‘-%‘”]%L
7 Uk AlFEel HHAARE AAd o3t A3E
A7 pEe Bkl el s Ze] wizhzs)

B‘I

2

-

7] - 255 - 24E - 0|8

o} ALEEH, o]F 4 FHEE AU e e
FEAA A WEsl 33E PM 1€ Ee] AA| 3
ofw g st A 2 o A3 2fEe A5 FAst,

o A 35 t}-ﬂﬂl]_‘} A== .-“‘_LZ']%PO 24 bzl a
shub-g ol AbgbgtAlol] dj&l AEks] Fulsl 7o) HS
Aolgtn ALEHC.

k9, ©rE-2-A(cholestasis)y biliary treed) =AWz}
FA g4 & v Aste 24 gltol g-naphtyliso-
thiocyanate(ANIT)®] L Folo) &) w5, JHAE
of AN Z o] At 2 g A-S o] o 7] (Plass}
Priestry, 1977).

Hirata S(1980)2 ANITi}- 7o %*é%’%ﬂ] &8 #
E=EE #Hashy 7kagks SAMe] FelR sAAAS
glom, o]z Axzate] °]ZV1°1] gt A EAde] &
AL AeR Bystgct dustd F8 Axe TR
= x| & 4] phosphatidylcholine] ¥4I phospholipid
methyltransferaseﬂ] o5 Zvj= phosphatidylethanola-
mine$] A oA sl HAFAAZH SAME o)L
817] wioltl.

A7) W43 7re] ANIT Fofd] 23k 7HE
QAW Astet #A 7} JAE P sl €
Foll A childe] 2o} ANITH] 8 fr=de 95%
AL FeArE A% dyes bl Flde] &
A=A wskch &, daygskd 2 3% F3) ANITY)
gt FEAL 2Aste] B Ad) A BT g A

Fol 48/‘1& | AHgtpE Fol A stita ZLJP Hef 2
AL FAsgd et PM I o PM 18] 4= =
A7} a@)&}ﬂ- BE AzbRd A fA40e Zel7t 2
A eksghek

wpzba] ANITe] o3 f=de 2FFEdds AAd
A3 rEA T dhE gy "ﬂ%‘lﬁrﬂ #Ele] e
Ao AE=Ech

3 gAPAE A2 tetracycline(TC)}-E& EAF )
microvesicular ele] A¥kzb-g APAdste kel FHapk
GEEA ] Z4e] A #FFHA etk xE TCY)
e FEme Auklel A dagEshd R xee] P
< bilirubin, GOT, ALP¢] 453} & Acholesterol -3
Azt o HrlEoAH, SR )AL gl A gA]
o] A& 23l lipoprotein(VLDL) o 2 x|u}p4ate) 7}s]
el ek Al FE= o)A gleiSchiffe} Schiff,
1982). ¥ A"l TCE #F AFFoste PM 19
%AE]E.Q 5-_713-] 75,1,]_ 1;].]512-_:'7-0" 1;1] ] (=] o]/ﬂ 9\1_“:. ;3-5:7]_
Fod F 124703 24417kl A FEF gl e EAA 5
A A 2 22 wejetd AA BRoA 2EEAlE o)

AlFv gukgt 2158 94 Babed s «As
2o} FAE FHsA stedle MBS TSR R
o1t Ade) 3_:,L5;cr], 2ukzt WEe 8x3)7] 93k
HHE-Fo] Alg Fo] BFAQ ALER AlmgEch

Nitric oxide(NO)+= hepatic kupffer cell SollA% A
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A== (Billiar &, 1989) o]#]g A xet F2AH NO9 cy-
totoxic A ¥ 2= mitochondrial 2] <A, aconitase™
Axe] Asl 2 DNAgA A7 R glck(Hibbs 5,
1988). o]2]gk NO9) cytotoxic &2} F&E=le] 2]+
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