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The DNA damage mechanism by fish oil peroxidation was investigated through the model system of
a DNA-mackerel lipid at 37°C.

Mackerel lipid peroxidation products induced a great DNA damage with the increment of its con-
centration, and such DNA damage in all systems examined occurred below 100 millieg:/kg in POV
(peroxide value). Singlet oxygen (0;) and superoxide anion(«0.~) greatly participated in the DNA
damage during peroxidation of mackerel lipid, while hydrogen peroxide(H:0:) and hydroxy! radical
(+OH) did little show the DNA damage. From the results of the addition of several active oxygen scav-
engers to the DNA-lipid systems, singlet oxygen and superoxide anion greatly affected to the increasa
of POV and to the DNA damage by mackerel lipid peroxidation, respectively. It indicates that there
was a close relationship between the effects of active oxygens in the mackerel lipid peroxidation and

its DNA damage mechanism.
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Scheme 1. Isolation of plasmid DNA from E.coli
Hb 101.
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.-Fig. 1. Agarose gel electrophoretic patterns of pBR

322 DNA incubated with mackerel lipid at
37°C. pBR 322 DNA was incubated with
each concentration of mackerel lipid at
37°C.
Ci, DNA only(600 ng, not incubated) ; Cq,
DNA only (600ug, incubated); 1, Ci+
lipid(225 wg); 2, Ci+lipid(450 ng); 3,Ci+
1ipid (675 ug).

Table 1. Influence of mackerel lipid on the
DNA damage during peroxidation

at 37°C (%)

Concentrations Incubation time, days
of

mackerel lipid 1 2 3 4
None 30.0 46.0 54.0 62.4
225 ng 32.4 49.7 61.9 70.5
450 ug 39.6 57.4 62.9 71.9
675 ng 48.9 68.2 70.8 79.4
900 ng 58.6 72.6 78.9 83.4

Forty microliters of reaction mixtures containing
DNA(600 #g) and each concentration of mackerel
lipid was incubated at 37°C, and then 10! of ali-
quot was analyzed for determining the degree of
DNA damage.
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Fig. 2. Changes in peroxide value(POV) on the
dose-response of mackerel lipid peroxidat-
ion at 37°C.
Two hundred microliters of each concen-
tration of mackerel lipid was incubated at
37°C, and then 50 u!/ of aliqout was used
for POV analyses. Twenty-one micrograms

(X-X), 42ug (O-O) or 63uz (@-@)

of mackerel lipid was maintained at 37°C.

- 215 —~



R2R - TRE - FHE - oWE - A8Y

9 4ol B% AR linoleic acid &) A ¢-(HF,
1987 2)8} whalrkA 2 QA e 2 POV 7} 100 millieg,
/ke& 9= ggpuk. :

BES A5l a5oll8KY Mitel €%t DNA #5
fEAE BERE SA24E oS 24 Jehte
b oleld A RiE(eF, 1987a)eA] Bz
linoleic acid Ak3}oll &%) DNA ALY 4 &
A& ¢ 4 d5lod ol nEARE 39 F
RFIIRE MRl A=) glv] WEe2 AL, =
g, EfEY DNABGHERL 25olfgEY POV 7L
100 milllieq. /kg & @ =) ¥-& Aol A 24 o]t
AL =2 ¥o} linoleic acid A13}e] A S0} wjatslx =
ERREE] 24 B4 Ho2 b,

EtE%TEo| DNA =R

debA, X HRAAE n5olxAe Al
A 445t EtmEREC] DNA HEEMd ul:
& z2kskr] $ste] gRAkERA] ol BHT(lane 1),
—HIFRFE HEMQ a-tocopherolst cysteine(lane 2,
3), superoxide anion }4§3#]al ascorbic acid(lane 4),
KB radical f5%E#Ql Tris 9} mannitol(lane 5,6) ¥
BAF T L AAA Q] catalase(lane 7) Eo] EHUBE
HEME 151723 DNA Y w1¢Ald Arbsta
74213 DNA BAHBEES 2489%d =z 23:
Fig. 3% 4 o} b

Fig. 3% RiE2d= ¢ AL el A v lino-
leic acid &) A$(& 5, 1987 b)s} npalsl=] = B
Bl ¥]3te] DNA fiffo] FEHBEMIMES 1T
Al A 2A dA=gh &, %25 DNA & 9
SA17 HRBE(C)N A= Form [ DNA 7 <kslA
A& K, EHRENENE /18 KERAAE
Form ] DNA (covalently closed circular DNA) 7} =
o] EAstE A& ¢+ er aFAAE —EHR
EEEMA a-tocopherol 3} cysteine &) DNA B4
fllgee] 713k 21 = BHT 2} ascorbic acid & & o &
vebs e

s, 3 A9 REENAE #MAE(C)9 DNA band
£ oA 4RI ERBREEENES BME A%
o] = Form [ DNA ~} 3halsl R-& BHT (lane 1),
cysteine(lane 3), ascorbic acid(lane 4) 59 HRMME
o} §i v}(Fig. 4).

o]RoR Mol umFofEES] DNABEHEMHAT
linoleic acid & AL (&%, 1987a)9) vl lxl = —
HHEBFE S superoxide anion o] FFFF = A 3ol
AL & F et ol9o] ERMEAKS} AR radical

2 3 4 5 6 7

Ch C, 1

Fig. 3. Agarose gel electrophoretic patterns of pBR

322 DNA incubated with mackerel lipid in
the presence of the active oxygen scaven-
gers at 37°C. pBR 322 DNA was incubated
with each concentration of the active
oxygen scavenger and mackerel lipid at
37°C for 2 days.
Ci1, DNA only(600 xg) ; Co, Ci+ mackerel
lipid (225 ug) 1, Ci+BHT(0.5 mM); 2,
Ci1+ a-tocopherol (220zg) ; 3. Ci+ cysteine
(10mM) ; 4, Ci+ascorbic acid(1 mM) ; 5,
C1 + tris(hydroxymethyl)aminomethane (10

mM) ; 6, Ci+mannitol (10mM) ;7, Ci+
catalase(40 ug).
G, Cp 1
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Fig. 4. Agarose gel electrophoretic patterns of pBR
322 DNA incubated with mackerel lipid in
the presence of the active oxygen scavengers
at 37°C. pBR 322 DNA was incubated with
each concentration of the active oxygen
scavenger and mackerel lipid at 37°C for
3 days.

Concentrations of DNA, lipid and the ac-
tive oxygen scavengers are the same as in
Fig.3.
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Table 2. Influences of the active oxygen scav-
engers on the DNA damage during
mackerel lipid peroxidation at 37°C(%)

Incubation time, days

1 2 3 4
DNA only 30.0 46.0 54.0 62.4
DNA + linoleate 56.3 79.5 86.4 94.0
BHT 23.2 30.1 32.3 45.0
a~Tocopherol 18.1 20.5 24.8 28.5
Cysteine 23.0 31.7 24.2 48.2
Ascorbic acid 20.5 23.8 27.5 33.8
Tris* 31.0 41.2 28.9 58.4
Mannitol 32.5 40.8 51.7 61.3
Catalase 28.4 35.5 53.7 59.4

Concentrations of the active oxygen scavengers are
the same as in Fig.4. Forty microliters of reac-
tion mixture containing DNA(600 ng), linoleic
acid(6 mM) and each concentration of the active
oxygen scavenger was incubated at 37°C, and then
10w/ of aliquot was analyzed for determining the
degree of DNA damage.

*Tris means tris(hydroxymethyl) aminomethane.
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Fig. 5. Changes in peroxide value (POV) of mack-

erel lipid in the presence of the active
oxygen scavengers during peroxidation at
37°C.
Two hundred microliters of reaction mix-
ture containing mackerel lipid(415 ng) and
each concentration of the active oxygen
scavenger at 37°C, and then 50 x! of ali-
quot was used for POV analyses.

Four hundred and fifteen microliters mack-
erel lipid only(x-x), 0.5mM BHT,
220 ug a—tocopherol(@-&), 1mM as-
corbic acid(A-A), 10mM tris Chydroxy-
methyl) aminomethane (A-A) or 40ug
catalase ((J-[1) was maintained at 37°C.
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