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ABSTRACT: To investigate a short term screening method
for carcinogenic quinone compounds, 8-hydroxydeoxygua-
nosine (8-OHdG), an oxidative DNA damage, was detefmi-
ned in the kidney and liver DNA isolated from Sprague-Daw-
ley rats after ip. injection of 7 mg/kg adriamycin (AM), 7
mg/kg tetrahydropyranyladriamycin (THP), and 10 mg/kg
daunomycin (DM) by HPLC-electrochemical detector system.
8-OHdAG was also determined from rat hepatocytes and calf
thymus DNA exposed to AM, DM and THP. When rats were
treated with DM and THP, 8-OHdG was significantly increa-
sed in the kidney compared to control group, and remained
at high level (7.9~9.0, 8-OHdG/dG X 10%) at the end of ex-
periments (48 hr after treatment). 8-OHdG level in cultured
hepatocyte exposed to AM, DM and THP was 1.5~2 fold
higher than control at all time points. (1,2,3,4 hr after treat-
ment). From calf thymus DNA exposed to AM, DM and THP,
8-OHdG was 2.5 fold higher than of control. These results
suggest that quantitation of 8-OHdG may provide a useful
marker for identifying target organ in oxidative chemical car-
cinogenesis and for short term screening of free radical gene-
rating carcinogens.
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oJorE woF AEHIME, FAAE, FHALGEZ, WA, A A T B wrleEFo
s 27] wek AAHE oS oYdte S E 9 2FsEE HA ~a8YE
A ZUglol A s ) BEEde] ek o RE Hrhehr) it dEEES
0] 2-3F B 7]7ke] A A H(in vivo)o| v]= FDA, dEF A, #3 EEC, OECD S|4 71 =23
ol of3) s AL glit. T1e{i, o] Al ES FEH OJ‘%!, 7du] & AJgto] ®ol A HE

o] vhgo] o] FEMASFE HAS S Ky 22 ARE Gt Yo 48 & e F

[e)

ol ¢ =
o 2 in vive TEAZS] AAIF whEe] Titre] A4S gwlo] gk
oLzl o glehyt 2 A9 A8 1123t polycyclic aromatic hydrocarbon (PAH), alkyla-
ting agents heterocyclic amine, quinoline, chlorinated hydrocarbon, Z18] 11 quinone | & < &
3tER Ve 4 vt o] $ Adriamycin 28 A2 quinoned 3EZ 1L LA o]
ARbA Q) werE A I €Y free radicalS F4A1A DNAd &4E& 7HATh Fok A< free
radicalol] #3F A7F ¢F Evtoiel, =31 @ 7|E A=A F A ZmoA o] Foix|1L
RO} o= P& Hete] 7]oddty oju g )Mo R ¥E Aoy AE FHE A7t
275 43 olth Quinoned| 31322 DNAC] 4kstd &448 doZ 7HsAdol 3lo] DNAY
oxidative damage ¥ Ef<l 8-hydroxydeoxyguanosine (8-OHAG)S X E & 3te] o] & &3E S0l
2] gt 8- OHdG.J A3 s AMBLIL in vitro N ES T AF e S TR $eho]
hepatocyte ¥ enzyme fractiong ©|-§, Adriamycin (Schwartz, 1975), Daunomycin (Sternberg,
Philips ef al, 1972) % Tetrahydropyranyl adriamycin (THP) (Tone, Kurebe et al, 1987)l
o3 8-OHdGo| BAARE At in vitro AU 7 R in vivo NP T4l
dAlsted HWBLAL quinone Al SHEE-Y 27PEEAY e BVIANER Y TS FaLstaat
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HEES
AN FEL AF 180~220 go] SPF(specific pathogen free) Sprague-Dawley#] &4 ratE
Z¢ ofin) ~r—§]—/\]7 5 A3 552 Ao AL2slrl Polycarbonate cageol 3wpz]#

1+

fgelil n¥AbE (AUEEE, A2AE) 2 FEES AGEA AFES AT F2AS
Z:Z_—: L5 23+ 2T, AtiEE 551 5%, 713814 15/hr, Hotwn) 12417 (29 7:00~19:
2 sl

ka2 x2| W DNA £

1) In vive A8

Adriamycin hydrochloride (Sigma, U.S.A.), Daunomycin hydrochloride (Sigma, US.A)),
Tetrahydropyranyl adriamycin (=4, Japan)< 2+Z} 7 mg/kg, 10 mg/kg 2 7 mg/kg® salmeoﬂ
o] B3R sl 22 saline¥hE oF 24 g FUSH 2.5 mikgy B35 sh3ich
WZEZT FEANE BF 20 suld 2 s

Adrlamycm Daunomycin, Tetrahydropyranyl adriamycin & saline o & z}z} 24, 30,
36, 48 A|7F 3 X3} o livere} kidneyE £2]3F 3 liquid nitrogen® & 3355238 5 deep
freezerol A B istgel 7+ 9 AlAo 2 HE]9] DNAFELS Marmur's method S 3 shod
AAEFH cHMarmur, 1961). £ 23+ Z -2 digestion buffer (proteinase K E 3|4 homoge-
nizedlt & 50C o] & 1547} shaking3}hH incubationdt$th. o] homogenated] phenol-chloro-
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form-isoamylalohol (25 : 24 : 1) gt & F33 31 g 10,000 rpmo] A 1027F 941 &2
S, 7 Al 1/2 239 7.5 M sodium acetate®} 29) 8] 100% ethanol& %
walo] Aol AEAS ATh o] 2 3,000 rpmoll A 1081 A Feldte] FEAE Wl
o wal A AZS 1 mie) TE buffer &0l 0], ribonucleased #efsted RNAE | A%
% t}A] phenol-chloroform- isoamylalcohol & extractiongt ¥ ethanol precipitationd}iZ, T
TE bufferel] =] o] 2 100 4 & 33 nuclease P1 X alkaline phosphatase & DNAE sl
& HPLC-ECD systemoll &3+ 8-OHdG<] #*1A]52 AHE-3t3Ath

2) In vitro A8

(1) Hepatocyte®] ¥2] 2 wj%F

Hepatocyted] ¥-2]+= Dickens®} Peterson®] two step perfusion® -2 ©]-83l ¥t} RatE ure-
thane (1 g/kg, ip) o & vlHsIgon 2Ho 92 A3l 7.5% iodine tincture® 2|3t
5 mE A8]e aseptic technique® & Faatgch B5-9 TS wat AZA27A B
1 okZ=S zha)h 7S =% A7 A 18 gauge catheter 2 cannulationdt1! 15~20 m//min2)
202 in situ perfusione AFEAT olwf FHAY Pho] to2RE {FEHA 317
9Jste] bR -S Akt oF 100 m/ ¢ perfusion buffer (Calcium, Magnesium free HBSS
buffer)= 7+ E3) perfusiond}il §7Hthoracic cavity) & di S 16 gauge cathe-
ter2 cannulationd}il Sl H S FoiFo] 7 AF o) (g 3t A flaskz ¥Eo}
S5 E £33l Yut o] 2A2 37C & §213k1L 95% 0,/CO.E A% FY 34t} Perfusion buf-
fero] MBS viz & perfusion buffero] 0.05~0.06% F%< 045 ym membrane filter=
o} #}8t collagenaseE perfusion buffer7} & bottleol| %718kl 15~2087t perfusionsts] li-
verd 7% 279l collagens A A3+l Collagenasex &7} Bk &, 7+-& collagenase 7}
2857 9 perfusion buffer (60 mi)7} £ beaker®2 %71 & " ¥ /M2 capsules It
5t +e 7 Al EEo] F20] hepatocytesE A A TE Cell suspension 250 pym nylon
mesh® %3 & oS Pid 50 m/ YA E 2 tubeZ £ 7)1 500 goll A 453 A4l H-2f st
hepatocyte S H A A} Zth. o] H A E-S perfusion buffer® T A2 3}a1 v}t J4-& culture
medium®) resuspension3}G T B2 & cell suspension?] viability = suspension 100 @ 2} 0.4%
(W/V) trypan Blue (in 0.9% NaCl) 900 @2} mixtureS 5%%F ¥x]$t & hemocytometer=
&7 F A AE F2 AEE dAsAT

(2) M= 2 DNA ¥

Cell suspension$ culture medium (Waymouth's MB medium) 2 2 1.0 X 10° cell/m/7} =] #|
3] 41 5bed 60X 15 mm plastic petri dishesol] 3 mi4 cell suspension< ¥-F3tH ). 2} dishE-&
collagen© 2 1]2] coatingdted AHR-319th. HepatocytesE collagen-precoated culture disholl
inoculationdt & 37T, 5% C0,/95% O, air incubatorol A vl &}l c}t. Medium-& *|-& plating
4A17t & changedtg om, 7t okE-o 2A17F & &g slar 1, 2, 3 @ 447 ol b2z DNAE
By)sk7] 93] digestiondlgd ch Digestion o] &2 WL in vivos}t TIsHA 3=t

(3) Enzyme fraction ¥2] % &g

Rat® 7AFE3 3 B39 Z44E we} dFdA27A st 45¢ de A s
=2 A]#H A 18 gauge catheter 2 cannulationd}il 15~20 ml/min®] §%2 2 salines perfu-
siondtn, st AWM S Zetro] A AAAZ & 1S J&etHct 422 1 g9 3 mie] 0.25
M sucroseE % 1L 4T ol A homogenize A1Z] Thg- 9000 X goll 4 202 7 4422l 3taL 2 super-
natantE 3 enzyme fraction® 2 3}$t}. Enzyme fraction 200 4/ & 93} Calf thymus DNA
100 ¢ (0.4 mg/m)sk TE buffer 190 4E 7V8t ¥ 7} F2S 10 We Qo) FE 5 20 uMo]
5 A3+ 3 37C shaking water bathol] 4 incubationd}${t}. 241 7F 3 proteinase K 10 g & 4 o]
50T o| A] 3417t incubationdt ¥ DNA £2] 2 13} phenol-chloroform extractiong 8§ 513 2.9,

Ol _{q

Ho
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o1F AL in vivo A HAT FAA AP

HPLC-ECD systemof| 2|%t 8-OHdG &4

g okl o) sl o 2 &4 DNAYE Q) 8-OHAGS 7 4)3}17] 98t HPLC-ECD
system (LKB, Sweden)& A}8-3l ) Electrochemical detector$t UV detectorE& %A 92
o] AFR-3E 2.1, columne- ODS-120T (LKB) 4.6 X250 mm columm-& AHE3}th. Mobile
phase+ 0.012 M citric acid, 0.025 M sodium acetate, 30 mM sodium hydroxide, 10 mM acetic
acidE ¥ 338l= 15% methanol 2 pHE 5.1 2 W30} degassingd}e] A}-8-310 0.1, flow ratet
0.3 ml//min® 2 8lgth UV detectors 254 nmol| A FF =& Z243tgen, ECD detectors]
oxidation potential volt= 045 VZ 3} A3t} DNAY 8-OHAGS A #e standard&
A3t HEgdg A3 & 1 Yol we) dG F9) 8-OHAGS] ¥& A3t

2

Adriamycin (7 mg/kg), Daunomycin (10 mg/kg), 2 Tetrahydropyranyl adriamycin (7
mg/kg)Z Sprague-Dawley ratsol] 7353l & A% 2 7130 A DNAE F&3)9] oxidative
DNA adduct9] 3h4<9] 8-hydroxydeoxyguanosine (8-OHdG)E HPLC-ECD system 2.8 £4]
3t in vivooll A o] °FZol 23 8-OHAGY HA AL E 2R3ty ). Adriamycin (7 mg/
kg)S F43% groupel| 4 9] 8-OHAG A& kidneyoll A Hi 10°dG base= 12.8 adduct”}
A E o, Fof 30Xt A 7H Bol A" & M3 Zhshke 4ee JeERIY, ki
vero| A= 29l 2ol 7} It =3 kidneyoll A livero| A B ok 8~108) 2} =& B4 &S
UeRY $1tHTable 1, 2). Daunomycin (10 mg/kg)oll €13t 8-OHAG AFA-&< liver ¥ kidney
Bl fo] Al SR e o] F daste A YeRAA Kidneyol| A 2] A4 & o)
livero| 4] o} EAAIZMNE R 30 A= Edch

&F#, Tetrahydropyranyl adriamycin (7 mg/kg)ol) 213 YA L liverol A 3017t 0]3.9)
94 de A& 718 YR, kidneyoll A diz2atof )] 2~3n) Fx =) 3,
liverofl A1) 8-OHdG2] 473 &©] kidneyRt} 3~41] 7} ] Zo| WA EUrKTable 1, 2).

In vitro 2Z¥Hol 21k 8-OHAG W P&S HEIY] ASHA in vivooll A AAIZE k2
i3t hepatocyte culture ¥WH O 2 livero] i3t o] 2F&9] DNA damage 3= & 2A3
A7 hepatocyteo] A4 ©)5 FEL 10 M FEZ =& F 8-0HAGY A4S FE 3|
1,2, 3 473 3 B3 A, izl H]Ete] BE FoTolA 24 & @ol AU
olE A& ATto]l BHg we) 7h4shes HES AX) sttt (Table 3).

Table 1. Quantity of 8-OHdG in the liver DNA after i.p. administration of AM, DM and THP in

rats.

Group 24 30 36 48(hr)
AM(7 mg/kg) 21+18 25+29 11+07 09+1.3
DM(10 mg/kg) 13.3£ 7.9** 98+ 6.7* 6.9+ 34* 7.0+ 49*
THP(7 mg/kg) 51+31 55+ 3.3** 62+26 89t 64
Control(saline) 0.6+05 05+04 08+06 08+05

AM: adriamycin, DM: daunomycin, THP: tetrahydropyranyl adriamycin.
Significantly different from control group, the values are mean+ S.D. from 5 animals (*: p<0.05,
*k,
1 p<0.01).
Unit; (8-OHdG/dG)x107*,
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%, enzyme fractiong o] &3t o5 FE o] thapr|Hol 4838k enzyme systemo] &
A8 7HE-H calf thymus DNAY] o] & k28 & X811, 2% & 2A]7F Z-off 8-OHAGS] A
A&E HAM3 A3 controlol] M) 2] 7tk Folgh el YAES UERRAT (Table
4).

U

A4 e oste] AW F27159 JHE 712 DNAE 2] Fe)e) damaged Wett
(Werns and Lucchesi, 1990; Mario, 1989; Yoshimura et al, 1991). ©] &A% DNAE =3}
kel fglo] =ar glok &4 kAo o3k DNAS] &4 e 3 gnanosine 7| ] C-8 9] 2]l
hydroxylation® #ej<! 8-hydroxydeoxyguanosine (8-OHdG):= DNA adduct® 9] 3 7}x|=
transcription FAA] misreadingS QT G717HA oA WolE Yo HoE UTA
21 tHKushino, 1987). 34, anthracycline 7l ¢ anticancer agent 2 ©]-8 ¥+ Adriamycin (AM) 3}
I %4 ¢kl Daunomycin (DM) 2 Tetrahydropyranyl adriamycin (THP)E-2 metabolic
reduction . & mutagenic active oxygen< AAldt= Zo 2 4l & 9 tHGoodman and Hochs-

Table 2. Quantity of 8-OHdG in the kidney DNA after i.p. administration of AM, DM and THP
in rats.

Group 24 30 36 48(hr)
AM(7 mg/kg) 8.8+ 7.9* 128+ 99* 11.0+0.7 9.2+ 8.0**
DM(10 mg/kg) 11.7+£4.1%* 65+25 32+22* 22+1.1*
THP(7 mg/kg) 20+19 1.8+20 19+ 3.0 21+25
Control(saline) 06+05 06x05 08+0.7 07+06

AM: adriamycin, DM: daunomycin, THP: tetrahydropyranyl adriamycin.

Significantly different from control group, the values are mean+ SD. from 5 animals (*: p<0.05,
**: p<0.01, ***: p<0.005).

Unit; (8-OHdG/dG) X 1074,

Table 3. Quantity of 8-OHdG in the hepatocyte DNA after in vitro treatment of AM, DM and THP.

Group 24 30 36 48(hr)
AM(10 um) 10.0+44 96+72 88+ 1.6* 86+45
DM(10 wm) 84+47 83x23 83+38 79+34
THP(10 um) 89143 89+7.0 81+49 75+ 20
Control 6.0+ 35 58+3.2 47+23 46+ 33

AM: adriamycin, DM: daunomycin, THP: tetrahydropyranyl adriamycin.

Significantly different from control group, the values are meant S.D. from 5 assays *: p<0.05.
Unit; (8-OHdG/dG)X 104,

Table 4. Quantity of 8-OHAG in the thymus DNA after in vitro treatment of AM, DM and THP

Control AM(20 pM) DM(20 uM) THP(20 uM)
1.2+ 086 32+1.1* 30+1.0* 31+1.1*

AM: adriamycin, DM: daunomycin, THP: tetrahydropyranyl adriamycin.
Significantly different from control group, the values are meant S.D. from 5 assays *: p<0.05.

Unit; (8-OHdG/dG)Xx 10,
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tein, 1977). Quinone F XA ¢l o] & k&€ cytochrome Py reductase 2] one-electron redu-
ctionol] 9]} free radical A4 37+4Q) semiquinoneo] =™, o] &7+ t}A] redox-cycleE
712 quinone®. 2 HEo} 2= FHAHAM reducing molecular oxygen?! superoxide radical
anion (0; - )2 AAI3tH O, - = tHA] hydroxy free radical(OH-)E A 43 3lcH(Hanta and Sato,
1975; Chesis et al, 1984; Lin ef al, 1982).

2 A)¢ 25} AMe] kidneyoll A 8-OHAG 9] Aol 2o v3) fo sl F718 RAE
+= AMo9] renal tumorZE A3} Jang 59 B9} AHAA & wf 8-OHAGS] A7} tumor
AT BAZE A5-S 2u)star vk =8 DMol 23k kidney ! liverol| 4] 8-OHAG 9] A 43 o]
=7 JEb=d] Schwarze} Sternberg 5-& DM Folof] 23 A3FE A9 tumorAyol
8-OHdG2] Aol 23] o5 tumore] AA 71538 AAs 1 k. THPFAo 23t 8-
OHdG<e] A& kidneyollA] AM & quinoneA ¢F=-o) H)3] &4 #HA+=d, o] THP7}
AMET} 84 o A=A Jehdohs B 31(Unezawa, 1979; Tsuruo ef al, 1982; Sridhar
et al, 1987)9} THP7} AMBETH 3o A xF o 79 o]go] thz A o]Folzl A} (Tsuruo
et al, 1979)2}31 Atg ) A EE 0] 83 in vitro AP N M= AM, DM % THP o Fof A
8-OHdG AAo] tlzwrt} 2~3ul Z718kdth. 18, control groupoll A A A3&-©] in vive
B} F3d) sorgded 1 olfol tiEiMe dhoer dvt B 88 ALs U hepatoc-
yte S )83t in vitro AP 213 8-OHdG AAH=S FHol dfsh ddvts B4 A
HE F83] /sl ok ddso] ¥ B £4 59 vheA 7ol g4

wdk A7) wioky o2 8-OHAG Aol shAof o3 ¥ 447] 2 wiehAd HAe]
model system 70 7FsAdo] S 9nFt}. Enzyme fractions ©]§g 7 i
none A 3}3HE-E2] 8-OHAG A4 7] A o] one-electreon reduction®l] ¢} B3 % free
93ltdH olE enzyme systemo] £2)8}= liver enzyme fraction?hE o]-8-3}e] wekAdo] ¢l
HE o]E quinoneZ 3] 93 8-OHIGY AAHS #H3led &) Hdays hussia
11 7RsAS Y Al A A8 2 A3 one-electron reductionol] #ed 3= NADPH cytoch-
rome Pus reductase”} € A)(Stidhar ef al, 1987)3}t1l respiratory chain®] F8 enzyme&©]
Z)3}= enzyme fractiono] 2%+ 8-OHAG A A& FEWwZF 2A)7Hfo] o) Z 4ol H]3l 247 9]
fols S7HE YEi

o]’dell Al quinoneA 3}3HE9] LA DA R 3 E APz WA L] AHE &
okl AA, in vivo A1 F A 8-OHAG AL 21804 AM 2 DM Fo o] thzao H]3|
F94 e ALY F7HE JEl 1P A= DM# THP Fo7o)| A dhzatol] B3]
T4 Ade 57+ Jehlidth &4, hepatocyteo] AM, DM % THPE =A%l d3+= o)
Z7o) H]E) 2~38) 9] 8-OHdG A& F715 YeR I Al7ke] Aol whe} 7Hashe HE¢S
e RItE A A, microsonal enzyme fractiono] AM, DM 2 THPE =217 Z3= o279
H &l SFEA] x| o] 281 9] 204 e F7HE UEMNQIAL 1eF 24]3) o] Fof] 7H4 B8 8-OHdG
XS Rl o]Ate] AntollA] 8-OHAGY A A4 wataAe] 74 2 wkeby
HAd 23 A2 S8 4 og]e} AL8 S in vitro A1 @HEl 23 8-OHdGY] A4
AL FA 79 FAa wetrtgdol o o] &€ 4 lod} | He)

f
R
z

o%

#32

Chesis, P.C,, Levin, D.E., Smith, M T,, Ernster, L. and Ames, BN. (1984): Mutagenicity

of quinones; pathways of metabolic activation and detoxification. Proc. Natl. Acad.
Sci. 81, 1696-1700.

Dickins, M. and Peterson, REE. (1980): Effects of a hormone supplemented medium



177

on cytochrome P-450 content and monooxygenase activities of rat hepatocytes
in primary culture. Biochem. Phamacol. 29, 1231-1238.

Goodman, J. and Hochstein, P. (1977): Generation of free radicals and lipid peroxida-
tion by redox cycling of adriamycin and daunomycin. Biochem. Biophy. Research
Comm., 77, 797-803.

Handa, K. and Sato, S. (1975): Generation of free radicals of quinone containing
anticancer chemicals in NADPH-microsome system as evidenced by initiation of
sulfite oxidation. Gann, 66, 43-47.

Jang, J.J., Takahash, M., Hasegawa, R., Furukawa, F., Toyoda, K., Jato, H., Miyagawa,
Y. and Hayashi, Y. (1987): Mammary and renal tumor induction by low doses
of adriamycin in Sprague-Dawley rats. Carcinogenesis, 8, 1149-1153.

Kuchino, Y., Mori, F., Kasai, H., Inlue, H,, Iwai, S., Miura, K., Ohtsuka, E. and Nishlmura,
S. (1987): DNA templates containing 8-hydroxy-deoxyguanine are misread both
at the modified base and at adjacent residues. Nature, 327, 77-79.

Lind, C., Hochstein, P. and Ernster, L. (1982): DT-diaphorase as a quinone reductase:
A cellular control device against semiquinone and superoxide radical formation.
Arch. Biochem. Biophy. 216, 178-185.

Mario, Comport. (1989): Three Models of Free Radical-induced cell injury. Chem.
Biol. Interactions, 72, 1-58.

Marmur, J. (1961): A procedure for isolation of deoxyribonucleic acid from microor-
ganism. J. Mol. Biol, 3, 208-218.

Schwartz, H.S. (1976): Alkali-labile regions and strand breaks in DNA from cells trea-
ted with Daunomycin. J. Med. 7, 33-46.

Schwartz, H.S. (1975): DNA breaks in P-288 tumor mice after treatment with Dauno-
mycin and Adriamycin. Res. Commun. Chem. Path. Pharm., 10, 51-64.

Sridhar, K.S., Samy, T.S,, Koch, G., Agarwal, P, Duncan, R.C., Ganz, W., Benedetto,
P., Feun, L., Savaraj, N., Gross, dJ., Krishan, A. and Zubgrod, G. (1987): Phase |
study of 4’-O-Tetrahydropyranyladriamycin. Adv. Ext. Clin. Chemo., 22, 121-26.

Sternberg, S.S,, Philips, F.S. and Cronin, AP. (1972): Renal tumors and other lesions
in rats following a single intravenous injection of Daunomycin. Cancer Res., 32,
1029-1036.

Tone, H.,, Kurebe, M., Takeuchi, T. and Umezawa, H. (1987): Experimental studies
on (2"R)-4'-O-Tetrahydropyranyladriamycin(THP). Adv. Exp. Clin. Chemo., 22, 1-
9.

Tsuruo, T, lida, H., Tsukagoshi, S. and Sakurai, Y. (1982): 4'-O-Tetrahydro pyranyl-
adriamycin as a potential new antitumor agent. Cancer Res. 42, 1462-1467.
Unezawa, H., Takahashi, Y., Kinoshita, M., Naganawa, H., Masuda, T., Tatsuta, K. and
Takeuchi, T. (1979): Tetrahydripyranyl derivatives of daunomycin and adriamycin.

J. Antibiot., 32, 1082-1084.

Werns, SW. and Lucchesi, B.R. (1990): Free radicals and ichemic tissue injury. TIPS,
11, 161-166.

Yoshimura, Y., Uchiyama, K., Ohsawa, K, Imaeda, K., Ohtani, Y. and Tamura, K.
(1991): Oxygen dependence of lipid peroxidation in mice. J. Toxicol. Sci., 16,

1-9.



