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The damage of plasmid DNA by lipid peroxidation and its inhibition were investigated through the
model system of DNA and linoleic acid at 37°C. The degree of DNA damage increased in proportion
to the increase of concentration and peroxidation of linoleic acid. DNA damage induced from linoleic
acid pcroxidation was greatly inhibited by the addition of active oxygen scavengers, especially, sin-
glet oxygen scavenger(a-tocopherol, cysteine) and superoxide anion scavenger(superoxide dismutase,
ascorbic acid) in reaction system. These active oxygens, such as superoxide anion and hydrogen
peroxide were rapidly generated in the early stage of peroxidation (POV below 100 meg/kg) and also
scavenged by the addition of superoxide dismutase and catalase, respectively. Hydroperoxide isolated
from autoxidised linoleic acid showed DNA damage. Hydroperoxide induced-DNA damage was not
inhibited by active oxygen scavengers. Lipid oxidation products, malonaldehyde and hexanal, also
influenced on the DNA damage. Accordingly, it is speculated that DNA damage by lipid oxidation
products is due to active oxygens such as singlet oxygen and superoxide anion formed in the early
stage of peroxidation, direct action of hydroperoxide and formation of Iow molecular carbonyl com-
pound-DNA complex.

Furthermore, DNA damage induced by lipid peroxidation was remarkably inhibited by the addition
of active oxygen scavengers and natural antioxidative fractions extracted from garlic and ginger.
These antioxidative fractions also suppressed the generation of active oxygens and linoleic acid oxi-
dation. It is assumed that the inhibition of DNA damage by garlic and ginger extracts is due to the
scavenging effect of active oxygens and the inhibition of hydroperoxide and oxidation products

formation.
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Fig.1. Agarose gel electrophoretic patterns of pBR
322 DNA incubated with linoleic acid at 37°C.
pBR 322 DNA was incubated with each
concentration of linoleic acid at 37°C.
Ci, DNA only(600xg, not incubated); C.,
DNA only(600xg, incubated): 1, C;+lino-
leic acid(2mM, LA); 2, Ci+LA(6mM); 3,
Ci+LAQOmM); 4, Ci+LA(12i2M).

mid DNA 7} =A] fifgsiglon] oo q AL li-
noleic acid & ¥x 7} &718 4% =34 Jelytsh &
FHE 1B ] 6mM 2] % (lane 2)¢] 4] Form | DNA
7} Form | DNA 2 o] g5 ¢l oo} 10mM 5% (lane 3)
¢l A& Form II DNA o] 4ol Fhel=jsdch. HEE3
H =) o] == linoleic acid & A 7}s}=] 2-& HEEFL(Ca)dl
A E DNA 7} o1& #ifly=le] Form § DNA s} ol
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I DNA 9] 4:f%e] si¢] DNA band 7} Form [ 2] 3
Bl = A3 Alzlkz] DNA &) #ifiso] linoleic acid & 7£
ETANA &% fEm=Es 25 & 9 v

Table 1. Dose-response of linoleic acid on

the DNA damage during peroxi-

dation at 37°C (%)
Concentrations Incubation time, days
of
linoleic acid 1 2 3 4
None 30.0 46.0 54.0 62.4
2mM 47.2 70.4 80.4 92.4
6mM 58.8 71.2 81.2 94.8
10mM 67.6 75.6 83.6 97.2
12mM 68.8 77.2 87.6 97.2

Forty microliters of reaction mixtures containing
DNA(600 1g) and each concentration of linoleic acid
was incubated at 37°C, and then 10l of aliquot
was analyzed for determining the degree of DNA
damage.
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Table 2. Changes in POV and conjugated diene bonds during peroxidation of linoleic acid

at 37°C
illi j i .D. at 233nm
Linoleic acid POV(millieq/kg) ) Conjugated diene bonds (O a )
concentrations 0 Idays 2days 3days 4days 1days 2days 3days 4 days
2 mM 10.8 12.5 21.5 28.6 32.5 0.16 0.29 0.46 0.45
6 mM 10.8 20.2 29.8 35.4 37.6 0.17 0.29 0.44 0.46
10 mM 10.8 36.8 40.3 68.5 71.5 0.23 0.42 0.55 0.65
12mM 10.8 48.3 68.2 70.2 95.4 0.41 0.64 0.89 1.04

Forty microliters of each”concentration of linoleic acid was incubated at 37°C, and then 10u! of
aliquot was used for the analysis of POV and conjugated diene bonds.
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<= a-tocopherol(Sigma chem. Co.)9} cysteine(Ha-
yashi Co.), superoxide anion {E5ML=  superoxide
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Fig.2. Hydrolysis of deoxyribonucleic acid (DNA)
by deoxyribonuclease [ (DNase [) during
linoleic acid peroxidation at 37°C.
Forty microliters of reaction mixtures
containing DNA (80xg), DNase [ (5ug)
and each concentration of linoleic acid was
incubated at 37°C, and then 10u! of aliquot
was used for DNA hydrolysis.
Two millimoles(O—0), 6mM(@—@), 10
mM(A—A) or 12mM (A—A) of linoleic
acid was incubated with DNA and DNase [,
and control solution of DNA and DNase |
(x — x) was maintained at 37°C.

chem Co.), z®¥lm AKE radical JEME Tris(Si-
gma chem Co.)¢} mannitol(Hayashi Co.) $& {#
s

Fig.32 KE SEAY #FRAd HEEC)AA:
Form] DNA7} Form] DNA 2 3543 #B{s4]
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< BT KERAA® DNA Y fEge] aA Ml
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Fig.3. Agarose gel electrophoretic patterns of pBR

322 DNA incubated with linoleic acid in the
presence of the active oxygen scavengers at
37°C.
pBR 322 DNA was incubated with linoleic
acid and each concentration of the active
oxygen scavenger at 37°C for 3 days.
Ci, DNA only(600xg); Cz, Ci+linoleic acid
(6mM); 1, C.+BHT(0.5mM); 2, Co+a-
tocopherol(220 ng); 3, Ca+cysteine(10mM)
; 4, Ca+ascorbic acid(1mM); 5, Ca+su-
peroxide dismutase(1rg); 6, Ca+tris (hydro
xymethyl)aminomethane (10mM); 7. Ca+
mannitol(10mM); 8, C:+ catalase(40ug).

(lane 2) 5} SOD(lane 5)% #RN¥ KEEFR A Form
1 DNA 7 4933 zp&=e] DNA Hififo] =l #H
H9la, KRR radical ¥ BER{EAFEHEEH= DNA
GGl 29 =2 gt

Table 3 - FEHRBHEER FET A

linoleic

Table 3.
peroxidation at 37°C

acid 8] BRLES T HRAY, 2o = linol-
eic acid nke] HHE] ¥ sto] FEEREBERS Hm
o gste] BERALMS £l 2A HHHAe 2
fio] 4 % a-tocopherol, BHT @ SOD 7} #iER{take]
HojlA i 4R POV HEES % 50%4]
alstgd el =&, LT diene &) &S Hwd #H
B AX 2 @M} a-tocopherol, BHT @ SOD £
Zmel dsld MAsEE AdE Jebigd e St
diene 8] ZsH4E 8L POV o] 27 0] HhEA —BHd
dgra POV & Afol wisted & KERM BRIE
o] Ry oohx FHstA ggkrt.
2) Linoleic adid g{tshe| EUERRE| £

Table 4% linoleic aeid & B{biERdl A &= &
TEMERERE R superoxide anion(+0:7)¢] &psl o
o] A3k SOD ¢ XS W HERIF. £RW
© % linoleic acid ¥ ¥x71 F71384F superoxide
anion & &Rl kbl 12mM & 35 i 1H
= REEEQ 0.375 o] 2t ksl Lk FEekAl 3
4slgon 10mM S5 ME BRLIH D& 1 &%
ol FAsA Frlele] HE4AAE 0.35% ek
welth. =3k, 2,6,10,12mM = =A% linoleic acid
Lol SOD 1ugd BAAIY I EsRY.0 2 superoxide
anion -&- FE 54, superoxide aniono] SOD &
Atz A FEERAded 2mMyEd A, K
184 BEgfEsr 0.045%, SOD fEHMmMEES  0.375 o
ulste] 88% ME=HUS.

s, WEREAEMED:)Y £He Wawd Hfhs
Table 5 &} Z+e}.

Superoxide anion 2] 7 $¢ wlAlr}A] 2 linoleic
acid?] Fx7t F71gkel vt WERILAES 4R
b et fFry e R RFEAEA FA s 44 s

Antioxidative activity of active oxygen scavengers during linoleic acid

Active oxygen POV (millieq/kg)

Conjugated diene bonds(0.D. at 233nm)

scavengers 0 i1days 2days 3days 4days 1days 2 days 3 days 4 days
Linoleic acid only 10.8 20.2 29.8 35.4 37.6 0.17 0.29 0.44 0.46
BHT 10.8 13.5 17.3 20.5 19.8 0.12 0.17 0.23 0.33
a~Tocopherol 10.8 11.2 13.3 18.9 17.6 0.13 0.19 0.26 0.28
SOD 10.8 12.5 19.4 20.2 25.4 0.12 0.13 0.18 0.27
Tris* 10.8 18.6 22.4 32.0 36.2 0.13 0.22 0.31 0.35
Catalase 10. 8 18.7 23.5 30.8 34.6 0.18 0.24 0.32 0.44

*Tris means trisChydroxymethyl) aminomethane. The concentrations of each active oxygen scavengers
Two hundred microliters of reaction mixture containing linoleic acid(6
mM) and each concentration of active oxygen scavengers incubated at 37°C, and then 50 microliters

are the same as in Fig. 3.

of aliquot was used for the analysis of POV and conjugated diene bonds.
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Table 4. The formation of superoxide anion during peroxidation of linoleic acid with
and without superoxide dismutase(SOD) at 37°C (0.D. at 560nm)

Linoleic acid Not added SOD Added SOD
concentration 2hr 1 day 2 days 3 days 2 hr 1day 2 days 3 days
2mM 0.035 0.042 0.052 0. 047 0.015 0.020 0.022 " 0.010
6 mM 0.049 0.062 0.071 0.052 0.020 0.025 0.025 0.030
10 mM 0.075 0.082 0.024 0.350 0.025 0.032 0.028 0.025
12 mM 0. 060 0.375 0. 265 0.165 0.035 0.045 0.085 0.080

Forty microliters of each concentration of linoleic acid was incubated with or without SOD(1lng) at
37°C and then 10 microliters of aliquot was used for superoxide anion analysis.

Table 5. The formation of hydrogen peroxide during peroxidation of linoleic acid with

and without catalase at 37°C

(0.D. at 410nm)

Linoleic acid

Not added catalase

*Added catalase

concentration 2hr lday 2days 3days 4days 2hr 1 day 2 days 3 days
2mM 0.071  0.105 0.120 0.060 0.050 0.024 0.020 0.013 0.002

6 mM 0.075 0.120 0.130 0.060 0.055 0.024 0.039 0.036 0.020

10 mM 0.075  0.120 0.140 0.050 0.050 0.018 0.019 0.020 0.019
12mM 0.080 0.235 0.125 0.062 0.045 0.018 0.027 0.037 0.025

The amount of catalase added was 40 micrograms in reaction systems.

the same as in Table 4.
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Fig.4. Agarose gel electrophoretlc patterns of pBR
322 DNA incubated with linoleic acid hy-
droperoxide at 37°C.
pBR 322 DNA was icnubated with each
concentration of linoleic acid hydroperoxide
(LEPO) at 37°C.

C;, DNA only(600%g, not incubated); C,

DNA only(600xg, incubated); 1, Ci+LHPO
(211eg); 2, Cy+LHPO(4220g); 3, Ci+
LHPO(6331g); 4, Ci1+LHPO(844ng).

Z, KRE1A= DNA k8] HEE(C)e A= Form
I DNA 7L A= &4 5k vlste] 21lug o] @R
o REEAZ A -%(lane 1)¢] Form I DNA 7} 9+A
3] AtelA 3 Form [T DNA 7} #gksle] Form | DNA
o EHPF T HEEE s ¢ g lon] 422
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Fig.5. Agarose gel electrophorctic patterns of pBR
322 DNA incubated with lincleic acid hy-
droperoxide in the presence of active oxygen
scavengers at 37°C.
pBR 322 DNA was incubated with linoleic
hydroperoxide (422ug, LHPO) and each
concentration of the active oxygen scaven-
gers at 37°C for 6hrs,

Ci, DNA only(600xg, not incubated); C,
DNA only(600ng, incubated); Cs, Ci+
LHPO(4221g); 1, C3+BHT(0.5mM); 2, Cs
+ a-tocopherol (2201g); 3, Cs+ superoxide
dismutase(1xg);4, Cs+trisChydroxymethyl)
aminomethane(10mM); 5, C;--catalase (40
wg).

‘srel Az Form [ 9] gl 2 Az Azl
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ng Ll 19
2 DNA £i{lsfigel =
£ 422pg LI LS KER A
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{b4p=} DNA - Kﬁiﬁ*] %}RﬁLa(Cz)QP ol 54 KIE
Foll IEHRRMER S Ay pBERane, 1,2,3,
4 91 5)00 4] #xHi=] DNA band 7} A #]<=3 ¥
BE Fta gl WRLAS) DNA A E 75
VAR vt AY fls Aoz vebyte.

4) Malonaldehyde®} hexanale] DNA EEER

FEIRR(te] R IREA el 1]k DNA Hififr/8
£ F7rsty] $18bd 1,1, 3, 3-tetraethoxyprapane 2.
2 e %A 3 malonaldehyde ¢} ifilXx hexanal -&-
£4 0.08, 0.16, 0.24, 0.32, 0.40 2 0.48Mi =
A sto] 600ge] DNA ¢} 37°Cel A KHEA|7| 2H%
qk¢] DNA HI(fEJHS F#sd A& Fig.63 2ot

£448 9 o JA 7T

123456

C C2 123 L 56 Ci Ca

Malonaldehyde

Fig.6. Agarose gel electrophoretic patterns of pBR
322 DNA incubated with malonaldehyde
(MA) or hexanal(HA) at 37°C for 2 days.
Ci, DNA only(600xg, not incubated); Ca,
DNA only(600rg, incubated); 1, Ci. +0.08
M of MA or HA; 2, Ci+0.160 of MA or
HA; 3, Ci1+0.24M of MA or HA; 4, Ci+
0.3M of MA or HA; 5, Ci1+0.40M of MA
or HA; 6, C1+0.48M of MA or HA.

Hexanal

CiCa12345 C212345

—TFornm IT

—Forn I

Malonaldehyde Hexanatl

Fig.7.7 AgaroseTgel electrophoretic patterns of pBR

322 DNA incubated with malonaldchyde or
hexanal in the presence of the active oxy-
gen scavengers at 37°C for 1 days.
pBR 322 DNA was incubated with malon-
aldehyde(MA), hexanal(HA) and each con-
centration of the active oxygen scavengers
at 37°C.
Ci, DNA only(6001g); Cz Ci1+0.16M of
MA or HA; 1, C2+0.5mM of BHT; 2, Cz
+220ng of oa-tocopherol; 3, Ca+1pg of
superoxide dismutase; 4, C.+ 10mM of tris
(hydroxymethyl) aminomethane! 5, Cz+40
wg of catalase.

£iy0. 2 malonaldehyde T DNA o] KAz o
24 %% ethidium bromide 9F2] 4ol 9
& DNA &f Bfho] 1ot® Fys1x wgked DNA
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malonaldehyde & %7} Frlg w2l AZ.
Hexanal ¢] 4 9% malonaldehyde ¢} 54§ 732
el gl el DNA HEEES glo] hexanal & JE
of w2 ERE BHRKE LA ZobE + gl

15, malonaldehyde ¢} hexanal ¢] DNA {B#&/EA
o o3 EREBREEY 3¢S WET HRE Fig.7
o] Vel gled Fig.69] #R rlakst=] = DNAY
Bao]l gslgl o) efhoz HEEY EHBRR
HEEmEmES DNAFLREES 2R A4 d+e
Aoz eht o] E kAol 2%t DNA #HEHER
o = IERERREREC] A9 AdslH S A& & &
Rt

4. R#AHBEx sl DNA BEIH R
1) 4% 4 obsHhili#ol DNA BREGHHIER

Fig.8& 47}3 mhsfiify o] SR EE~} 185, 370,
550 % 740uge] = =3 DNA 9} linoleic acid 8]
RER BFAA 37°Cel A KfEAl71 DNA B8
EZ HES HReldh. AdHMEY A% FE 24
) HEE(C)N A= Fom [ DNA 7} 543 £4bs
o] Form [, Form JI DNA 2 ¢l 2 BiFHg o
AR E BN KERA A= DNAF A4 #
#e = 22 Adz Jelder 1 BEY S5t
o) =z} DNA BEHWEHIRE] 5% AR =t=4 4
o] A= DNA {B&#HIgEe] & Aoz Jelton
A7 A el vl A wol X A
2 ok £ 9. &, 370ug HTAAE WEES »
4% BEE DNA7L BEI=Igl o= 555ug LIRS &
o Aluk FormI DNA 7} who] #iEr=glch.

s, 474 2 sHehipe RGOS HEER
AL Table 63} Z-2d] FMHHE HERL) Fd
1} KRE 4H %ot 20milleq/kg BIT ] POV & viehd

Table 6.
peroxidation at 37°C

— Form II
—- Form IIY

— Form I

Garlic

Ginger

Fig.8. Agarose gel electrophoretic patterns of
plasmid pBR 322 DNA incubated with lino-
leic acid in the presence of ginger and
garlic extracts at 37°C.
pBR 322 DNA was incubated with linoleic
acid and each concentration of ginger or
garlic extract at 37°C for 2 days.

Ci, DNA only(600#g); Cz, Ci+linoleic acid
(6mM); 1, C.+185ug of ginger or garlic
extract; 2, C.+370ug of ginger or garlic

extract; 3, C,+555ug of ginger or garlic
extract; 4, C:+740pg of ginger or garlic
extract.

Aor kg r BREH ste] 2~3f%F LT
%g POV & veb gl et

2) 4z 9 niswilimel FERFEEER

BlEst Ze] ol ¥ Hiffifpel DNA HEIHIHIEEC]
linoleic acid & RIEWHAE & A2 Ho} KE
wige] FA8 el EEBREEY MEg=E
o s B,

welA], o & fliifyE lincleic acid &} JE&4]¥]
. superoxide anion 3} WER{LAES £ Hes)t

Antioxidative activity of ginger and garlic extracts during linoleic acid

(POV, millieq/kg)

Incubation Linoleic Ginger extracts (pg) Garlic extracts (ug)

time acid only 185 370 555 740 185 370 555 740
1 days 22.3 10. 4 6.8 6.4 10.1 9.8 7.8 12.0 8.5
2 days 34.5 15.4 9.6 10.2 10.0 13.2 10.2 11.2 8.6
3days 38.9 20.8 12.2 11.8 9.8 22.4 18.6 15.4 11.4
4 days 67.2 23.4 16.8 15.0 11.5 31.0 22.1 19.8 14.5

Two hundred microliters of reaction mixture containing linoleic acid(2.8 mM) and each concentration

of extract
Before incubation, POV of linoleic acid was 6.5.

was incubated at 37°C, and then 50 microliters of aliquot

was used for- POV analysis.

— 426 —



AAA3444 24 DNA £474 8 2

a2 gAAF

Table 7. Scavenging effect of superoxide anion by the addition of ginger and

garlic extracts during linoleic acid peroxidation at 37°C

(0.D. at 560mm)

Incubation  Linoleic Ginger extracts (pg) Garlic extracts (ug)

time acid, only 185 370 555 740 185 370 555 740
2 hrs 0.049 0.025 0.023 0.025 0.023 0.036 0.003 0.031 0.031
1day 0.026 0.031 0.029 0.028 0.026 0.034 0.036 0.029 0.029
2 days 0.071 0,029 0.027 0.035 0.032 0.035 0.039 0.035 0.028
3days 0.052 0.041 0.038 0.036 0.035 0.042 00. 40 0.039 0.037

Forty microliters of reaction mixture containing linoleic acid(6 M) and each concentiation of extract
was incubated at 37°C, and then 10 microliters of aliquot was used for superoxide anion analysis.

Table 8. Scavenging effect of hydrogen peroxide by the addition of ginger and

garlic extracts during linoleic acid peroxidation at 87°C

(0.D. at 410nm)

Incubation  Linoleic Ginger extracts (ug) Garlic extracts (zg)

time acid, only 185 370 555 740 185 370 555 740
2 hrs 0.075 0.023 0.019‘ 0.022 0.018 0.039 0.033 0.029 0.028
1 days 0.120 0.035 0.028 0.025 0.021 0.042 0.037 0.042 0.033
2 days 0.130 0.037 0.035 0.032 0.030 0.044 0.051 0.045 0.040
3days 0.060 0.039 0.037 0.034 0.033 0.043 0.046 0.043 0.042

Forty microliters of reaction mixture containing linoleic acid(6#M) and each concentration of extract
was incubated at 37°C, and then 10 microliters of aliquot was used for hodrogen peroxide analysis.

=] superoxide anion & PEE:AE
Table 73} 7Fc},
el A2 gho] BEUE A= BELM]  wh2A
EREA kot 2] RRRafEe) 2t N, Hih
s 7MY [UERAN A BEC FAAglel 1 &K
ol aA A=t zeiv, o TEHEREN

- vER #5Re

Hfg-e Auailiige] =Hemitiprd 24 =A v
s
=G, WRIEARS MEES W@ R Table

83} zb-2u] Table 73} wlalztA & Wxﬁtﬂ%% FE
o A ol MBRILAKME o= PAmmlty
9] jsfge] vhrmifipas 2 Ao vyt

% ¥4
—#o s iR BRbetke] oksted &R
I Brad 0 JEE Al QA @Ribslel  Hok - B8
9o Son AR WHETE % radical ¥
BwRts o & EEEADE £806te Aoz
orgdx] olch (KM, 1979). z¥i:, jHiEY EBMb=
ERE e FEELEA ) A2 BAK, Bt R B
B Eh WA AV e Aoz #EdT da
(£, 1985), 1o ¢k KHEL 2 DNA o B
o 48 mHe) g Ao @Hhda gl (B,

1985 ; &M, 1985) skAle] A% sla g+t

ol =13t FRE{RRMbe] 1%k DNA HIUE A E o
3] 7] 98} linoleic acid &} plasmid DNA &} [i%g
FRE Esbe] P MR, linoleic acid o @be]
Sstel DNA 7 59 Aol we) 3o} linoleic
acid &) Eh{he] £]%F DNA ¢ #fFiE = linoleic acid
o] BAEEES linoleic acid 9 Ffekeel] wlel st &
7Fst g BH(Fig. 1). =3}, linoleic acid®] EL#IHE
(POV 100 millieq/kg DI TF)ol = DNA 9] #Hififo] #1F
Ho] BRALH AR FEERERES skdrt A
A ek oA, £ IGERAHENE RER
7bshe] DNA U] o3t WMERAEY 4 &
BET HRFE.3) —HRANEAMA
erol 7} superoxide anion {i§%7fql supcroxide dis-
mutase (SOD)2] H7F7-ol 4 DNA 2] #ififo] =4
sl 2o 3ol REMIEEIES DNA HEHEN
o= —51}1@3‘29} superoxide anion &] Iz} &
Aoz W gk &, WBAEARENEP catalase
4 737}01] °]ske] DNA Hig/#pslage] A9 gl A
2 2 ufe] 2ol(Fig.3) MBM{LAKL DNA Hifid
et RERH stV = Figre] A4 A4
&= ¢t JL¥Esti= superoxide anion 3}9 FHA
L2 A= —EEBE) R4Y Aoz #Ew ’—‘4

“J- =g, R 1Tl A BRETR b el DNA Bk
Aol TEVERAT ] =2A] dedshe ARy A

oa-tocoph-
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linoleic acid~DNA KFERe} glo] A jEH@EREY 7
A1l RS JES #55, linoleic acid o] EL
el superoxide anion 3} BER/EAE T TEHER
ol 4=l dAAZ o|FRE FaAHE A
o] uls{Zlv}(Table 4 & Table 5). o]l o] linoleic
acid o] B{Lanifiel = BER{LHY £R % B 2
Al ke 59 free radical ¥} FEM:
BeEMEel A AT Aoz Y2,

FRELS] Bt h o5 Ef7=ld @bl &R 2
S Aot M MbApipE ApEiA "
53, wEfe o Hir Bt Jebd B of
el £ E Aol & T Aoz AT Q)
L o 2 (Yamaguchi ¢} Yamashita, 1979 ; 1980), DNA
BEET =8 BEsld 299 7 #5, linoleic
acid & BRRALHS 1 BET =& A Sel= DNA
HAFEAS debdlglon o] 7 fE AL linoleic acid
2 EES Bfbel A% AR o =24 vehde
(Fig.4). =3, @ikt DNA HEEHd = &k
BEES] d3Fe A ¢ol(Fig.5), FEHBERY T}
BEplbe £k 3= 5= peroxy radical, alkoxy
radical §-¢] free radical o] ¥ & 3d& A A
22 473,

g, #ERR{bHre]l FstA == £8 st=rdqb
Aol £l BERAEES A KL
B Frlerd{tames 482 9= malonaldehyde
9} hexanal & A}-8-5he] DNA BEEH 455 45
£ R, °l = {t&Mel 45t DNA 7} #E=gct
(Fig.6). ol & {t&He A8 FERAA 2w
o 2 DNA «] Ffo] ¢FstAl veEbt malonaldehyde,
hexanal 5} DNA Atole] HHERHES) #Este A&
Hokste]l =, olu’t BaMifre] §{ks+ DNA &
ethidium bromide £}-2] intercalation KfEe] ]85l
dl 4 BEsIE RA(KH, 1985 ; Reiss 5 1972)0. =%
A Z+s] & o malonaldehyde ¢} hexanal ¢ DNA #§
@#efol DNA 9 7=kl 9aes] we} DNA
e HAEERA 9% Ao HEsct

B Bl 419} o) FREER{LAERM] ©13 DNA
BEHS BERMLOH £R"e —HEBE 2
superoxide anion 59} FAMBRES ¥ Fstd MMHE
BB A4 2 HEAvbz2dsl DNA ¢}
o HAEER S dstd BRIz 42430

peroxy radical

aebA RERILERS o3 DNA #Bf1E #HE
o= Miflsty] At RS BRAEE $Asd

RN, BRY % SREEERY 59 £5%
< A Ee ERE ol ' KELARYE HRHoR

B = Aol BEsirlx shch. A4
TRELS] BALBHIEE 918t wo] #EAISlT )%= BHA,
BHT 54 SBR#fRHE = HEt BHeE 71Xz
7 ool (AARZEE S, 1980) HiEel A % Aste
vhedt A7S sl DNA BEsslees #HEst
At 2 $EE, A7E e el DNA #if
mMilggel St Ao W (Fig. 8). o) &
B4 POV 8] F71% o2 (Table 6)33} o}-&8) 7&
VERENEREE & o= wsZv}(Table 7,8).

TEYEmR R FREE] glol A= A7zHahlitpe] ety
2 oS S5 Aoz Jelysh wdebd, 4% 2
THEMH-E REY BEE Wistd Bbdpime
ERE el =3, &R Ha’ﬁﬁﬂ‘«l £ free
radical -& W] 2% EHBIEEY ke ] EBHE3
o] DNA HEEHHEE Zeda "374’3‘4 53, &
PERRETH> JRE(S EBBfbel a4 #nt °M 2 BH
9 o BEEY R 5 o Y Bl
A% &= s @ o) (Morita %, 1980 a, b ; Wat-
anabe 5, 1986 ; Bucala 5 1984 ; Morita -5 1932 ;

Ueda G-, 1981 ; 1982 ; Hashimoto %, 1985 ; Lloyd
5, 1978) o] & KAARKY At &R RaMR
= EE DNA Ao o8 &1k, AR 59 #H

= A% EERREA mAsEEE s

= #

A AL B Y A Bel] 5 DNA £442-8 2 o ofx)
715 s 7] ¢ste] linoleic acid & plasmid DNA
o E9AE B AmstgE o, 2 AAE &
kel Tt 2o

1. Linoleic acid &] Al3}e) «]s}cﬁ DNA 7} &4}
9o, 2 X linoleic acid 8] oko] g 42
27 vergeh.

2. Linoleic acid ¢
POV 100 meq/kg ] 319l A3 Z7] A%
Fsgeh. A3tz 8] DNA £428al= TAALL
Zo st A Ve, 7 TdAx U3}
A4 ¢} superoxide anion 2] oddFe] & Aoz JE}
v},

3. =& 2xpub-$-4J A B¢ malonaldehyde 2} hex-
anal &] DNA £41%}-2 2 linoleic acid 7 -9 9} 2]
$HALFHE TSR e DNA ko) HA 94

o Slshsiv.

4.7 Linoleic acid "hydroperoxide ] DNA £
-©- linoleic acid ] % 7]A13}e] 2]8F DNA £4} L—g—

i

IS

Abshe] o3 DNA £42h82
w2 A] 2]

1./
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A A4 A A5 DNA 4319 2 1 o7 7]

2rh zA vElgs, 244459 9T

5. AAArsg 4Bl 2lgk DNA 4482 ii°fl
FASRA L B 47EFEE) § S44AL4EAA
(a-tocopherol Bl superoxide dismutase)2] & 7}e} 2
st =7 A=A G, vk U 4R2EEe
BAANLTY AL ¥ Eshe] TR diene 8 POV
& 7k =3 2 gAsgH
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