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The present study was investigated on the DNA damage by the peroxidation of polar and non-polar
lipid fractionated from mackerel lipid to elucidate the DNA damage mechanism by fish oil per-
oxidation.

The degree of DNA damage by polar lipid peroxidation became greater with the increase of its
concentration, and such DNA damage was induced below 100 millieq. /g in POV for 4 days incuba-
tion. Among the polar lipid peroxidation products, singlet oxygen (102) and superoxide anion (+0z7)
greatly affected to the DNA damage than hydrogen peroxide (H:0:) and hydroxyl radical (-OH).

Non-polar lipid peroxidation also induced the DNA damage with the increase of its concentration,
but such effect was lower than the case of total lipid and polar lipid. And, the effects of active oxy-
gens on the DNA damage by non-polar lipid peroxidation was the same as in the case of total and
polar lipid peroxidation.
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Table 1. Influence of polar lipid obtained
from mackerel lipid on the DNA

damage during peroxidation at
37°C
(%)
Concentrations Incubation time, days
0

polar lipid 1 2 3 4
None 30.0 46.0 54.0 62. 4
225 ng 46.5 54.8 61.7 68.4
450 ng 54.7 59.6 67.8 74.5
675 ng 58.7 69.4 79.9 81.5
900 ng 69.3 78.4 85.6 93.8

Forty microliters of reaction mixtures containing
DNA(600 #g) and each concentration of polar
lipid was incubated at 37°C, and then 10 u/ of
aliquot was analyzed for determining the degree
of DNA damage.
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Fig.1. Agarose gel electrophoretic patterns of pBR
322 DNA incubated with polar lipid ob-
tained from mackerel lipid at 37°C.
pBR 322 DNA was incubated with each
concentration of polar lipid at 37°C.

Ci, DNA only(600 #g, not incubated); Ca,
DNA only(600 #g, incubated); 1, Ci+ polar
lipid(225 rg); 2, Ci+polar lipid(675 ng).
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Table 2. Influence of non-polar lipid ob-

tained from mackerel lipid on the
DNA damage during peroxidation

at 37°C
(%)
Concenftratiorls Incubation time, days
o

non-polar lipid 1 2 3 4
None - 30.0 46.0 54.0 62.4
225 ng 36.2 48.4 59.8 70.0
450 ng 42.6 54.3 59.7 68.0
675 ng 53.7 60.8 72.5 76.4
900 rg 60.3 68.2 73.8 81.9

Experimental conditions are the same as in
Table 1.
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Fig.2. Changes in peroxide value (POV) on the
dose-response of polar lipid obtained from
mackerel lipid during peroxidation at 37°C.
Twenty-one micrograms( x-x), 42 #g (O~
O) or 631¢ (@-@) of polar lipid was
maintained at 37°C.
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Fig.3. Agarose gel electrophoretic patterns of
pBR 322 DNA incubated with polar lipids
obtained from mackerel lipid in the pre-
sence of the active oxygen scavengers at
37°C.
pBR 322 DNA® was incubated with polar
lipids and each concentration of the active
oxygen scavengers at 37°C for 1 day.

Ci, DNA only(600 rg); Cz, Ci+polar lipid
(225 1g); 1, C2+BHT(0.5mM); 2, Ci+a~
tocopherol(220 ng); 3, C.-+ascorbic acid
(1 mM);4, Co+ trisChydroxymethyl) amino-
methane (10m20); 5, Cz+ catalase(40 ug).
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Fig.4. Agarose gel electrophoretic patterns of
PBR 322 DNA incubated with polar lipid
obtained from mackerel lipid in the pre-
sence of the active oxygen scavengers at
37°C.
pBR 322 DNA was incubated with polar
lipid and each concentration of the active
oxygen scavengers at 37°C for 2 days.
Concentrations of lipid, DNA and the active
oxygen scavengers are the same as in Fig. 3.
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Fig.5. Changes in peroxide value(POV) of polar
lipid obtained from mackerel lipid in the
presence of the active oxygen scavengers
during peroxidation at 37°C.

Two hundred microliters of the reaction
mixture containing polar lipid(415xg) and
each concentration of active oxygen _sca-=
vengers at 37°C, and then 50u! of aliquot
was used for POV analysis.

Four hundred and {ifteen microliters of polar
lipid only (x-x), 0.5mM BHT (O-0O),
220 pg a-tocopherol (B-@®), 1mail ascorbic
acid (A-A), 1mM tris Chydroxymethyl)
aminomethane (A-A) or 40 xg catalase (]
~[1) was maintained at 37°C.
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Table 3. Changes in fatty acid composition
of mackerel lipid during peroxida-
tion at 37°C

(%)

Total

Polar Non-polar

Fatty acids
0day 4days Oday 4days Oday

Ciaso 3.47 1.90 4.0¢ 9.22 0.3
Cisio 0.4¢ 0.31 0.35 0.63 0.77
Cisio 34.51 46.11 39.87 30.85 35.50
Cie:s 3.18 3.04 4.01 3.79 2.5
Cirzo 0.49 0.43 0.52 0.41 1.2
Cisio 6.42 6.73 11.53 13.38  8.96
Cis:1 27.20 21.69 17.22 18.47 17.91
Cis:2 151 1.13 116 1.74 1.80
Caoio 0.45 0.23 0.60 0.61 0.62
) 3.19 2.64 2.23 2.16 3.64
Caoza 0.53 0.46 1.00 217 2.16
Caois 719 5.91 7.10 842 7.88
Canio 1133 9.3¢ 10.32 11.94 16.69
Monoene 30.47 24.73 21.23 22.26 20.43
Polyene 20.56 16.84 10.58 24.27 28.53
Saturated 45.78 55.79 56.96 51.31 47.40

Cis:3 and Cag:1 are not calculated in subtotal per-
centage.
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Fig.6. Agarose gel electrophoretic patterns of
pBR 322 DNA incubated with non-polar
lipid obtained from mackerel lipid at 37°C.
pBR 322 DNA was incubated with each
concentration of non-polar lipid at 37°C.
C;, DNA only(600 »g, not incubated); Co,
DNA only(600 ng, incubated); 1, Ci+
non-polar 1ipid(225ug); 2, C:+non-polar
lipid(675 ng)-
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Fig.9. Agarose gel electrophoretic patterns of
pBR 322 DNA incubated with non-polar
lipid obtained from mackerel lipid in the
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Fig.7. Changes in peroxide value(POV) on the presence of the active oxyg caveng

dose-response of non-polar lipid obtained at 370,0' L.

from mackerel lipid at 37°C. ‘Expe'nmental conditions are the same as
Forty microliters of each concentration of in Fig.8.

non-polar lipid was incubated at 37°C, and

then 10ul of aliquot was used for POV 80

analysis. X
Twenty-one micrograms( X-x), 42ug(O- 60 /

Q) or 63 ug(@-@) of non-polar lipid was X

maintained at 37°C.
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Changes in peroxide value(POV) during
the peroxidation of non-polar lipid ob-
tained from mackerel lipid at 37°C.

Two hundred microliters of reaction mix-
tures containing non-polar lipid(415 rg)
and each concentration of the active oxy-

Fig.10.

Fig.8. Agarose gel electrophoretic patterns of pBR

322 DNA incubated with mnon-polar lipid
obtained from mackerel lipid in the pre-
sence of the active oxygen scavengers at
37°C.

pBR 322 DNA was incubated with non-
polar lipid and each concentration of the
active oxygen scavengers at 37°C for 1
day.

Concentrations of DNA, non-polar lipid and
the active oxygen scavengers are the same
as in Fig. 3.
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gen scavengers was incubated at 37°C,
and then 50 & of reaction mixture was
used for POV analysis.

Four hundred and fifteen micrograms lipid
only(x ~-x), 0.5mM BHT(O-O), 220 g
a-tocopherol (@-@), 1mM ascorbic acid
(A-A), 10mM  Tris*(&a-4) or 100 kg
catalase([J-[]) was incubated at 37°C.
*Tris means tris(hydroxymethyl) amino-
methane.



EPIE - HIER - &K - S8 - R

mEEpER 32 Aoz Jelgd. =, ElBRE
HEHE 715 KERZT POV 71 40 millieq. /kg &
3] grol FERMEIRE Y M LT MIRR I
BHEEE =A #7s EEBENIEY Rt
ol % FasAl dehdeh aEv &fimow 7E
MR R Bk by} DNA BEMAIREY &R
7b HEER] QA8 ekol EMEEEEES] o998 Bt
&S DNA 85 g KESE A= 92
AL ¢ F 9.

%, Table 3& wEol JHEMM =2 B
IRBSRRAE RS #{LE ebd AW, EEREY A
< ReERRTe) JREERERY] oM FrafiRLE o
289 o 54% & AAsg e 2 F oleic acid 7}
27.29%, docosahexaenoic acid 7} 11.33% 2 R
BEER S < 70%E AX st =T polyene B
28 REBY 20.56%% Az MR 45
78%% AR R 4HAY A B
55.79% 2 F7Vstg oy polyene B2 16.84% =,
monoene F2-& 24.73% 2 ZrA3P ] o] = MMM
BY BR Q3 BEFRMBERY SE= fafu
FRpiERE Y] fHEe 2 S8l oz A=
o, 3, JEEEEIRES 7 % palmitic acid 7t 288
9 39.87%F A R BHe ARS vEhidd
a1 oleic acid, docosahexaenoic acid 7} 27+ 17.22%
o} 10.32% 2 kMRS 27.29% 9} 11.33%¢] ¥ 3}
o 2 Gl ¥ & ¢ 4 sl =3t polyene
B EYERREC ¥std o1 & Btk 4
o BRESRRAAS] Bibdl AAE Bk =E T
T o gl YRR FEEkIRE Y w2
BUsEE AL ¢ 7 Q0

Bk e REMAK =& DNABMGERET H
A3 R EHIREY Bba 2% DNA #EHffe] 3k
B AS$¥o wla2A =g er ERBRE
HEHS] DNA FEHIEH e HR{beko) BHEIREA
Arch SEElIEEAD A o1 R Tl Jebude.
7 FE A= linoleic acid ¢] # (& %, 1987 a)
v #EBE(E 5, 1987)8] A9 whAAA R
4H %<} POV 7} 100 millieq. /kg & Q¥ =] k& 4n]
o] 4] DNA {8f50] #fT= ot FRFBIEBA R
7S RpEs BEREY Bt SEEMEBEIC
w2 Al o ytet

#alie] RRMbel 913 DNA AGEBEEE sl

7 dgtom mEoldA Hld BEL %A &
% 9 JeEEREE S8lstd ol% A7t plasmid
DNA &} 37°Ceil A KHEAIZ194 ol & FREY Bt
of &g DNABE{FHE 1% agarose gel WHAIKES
4+ Bold @EEsg e o BREE sodskd ohest
e}

B ES DNA o REAZ 72 S e 7H3 428
Fxd A= DNABEEH =4 et KIE 18
#lo] Form I DNA 7} 93] ¥Jgi=le] FormI
FormIl DNA 24] = 4o}, wWHIRES Bt 9
sl 2 557t Fo4Ee wel POV Y] F7}s) w2
o] FolF o} KpE 4HE < POV 7} 100 millieq. /g
LTl 4] DNA R dolvte 28 & 5 09
a, g3, BHIEEY B{kd 9% DNA /e
g EUREEY dFddAde gREY A"
—HIEBE (102)9} superoxide anion (-0,7)¢] <} &k
o] b o= KB radical(-OH)3} i@ {bkE(Hz
O2) 257 FH 93-S el A gt g
HIREY ASAAE BERES oM 2 Fx6
wtz} DNA #H#880] Ao BHBES BEE
HlEte] 2 BESL d4 doiAE AT ¢ F Y
w, o]4te] DNA HGIEA A FEHEBREEY 93
ol ShAM = RS A3 A%E Vehygeh

X N

Folch, J., I. Ascoli, M. Lees, J.A. Meath and F.
N. Lebaron. 1951.
extracts from brain tissue. J. Biol. Chem.
191, 833—841.

LB T FHE SR R 1087, HRER
{b&pimel DNA BEEM. 1. SUERES
b DNA HEMEHE. #AE 2003),
213—218.

SER-LDE S5k SR - Fh 4585, 1987a.  Lin-
oleic acid f{koll |3 DNAE#HEEMH. IJ=
AENeE A TE.

&HH LD FHE AT A BB, 1987, Lin-
oleic acid BR{LAERKH S DNA HBE/E Rl 9ol
Ao EEREES 4¥. @54 F5 s34
LT

AHBIE. 1985 BREMDLIVE A, BRIBEY
LR (PILx, BEFHE, BIRHBR.
262—264. BEgMNFE £ #—. B

Preparation of lipid

— 306 —



AR ed RS DNA S5EA

Nakayama, T., M. Kodama and C. Nagata. 1984.
Free radical , formation in DNA by lipid
peroxidation. Agric. Biol. Chem. 48(2), 571
—572.

Reiss, U., A.L. Tappel and K.S. Chio. 1972.
DNA-malonaldehyde reaction: Formation of

fluorescent products. Biochem. Biophys. Res.

Commun. 48, 921—296.

Reiss, U, and A.L. Tappel. 1973. Fluoruscent
product formation and changes in structure
of DNA reacted with peroxidizing arachidonic
acid. Lipids 8(4), 199—202.

Rouser, G., J. Oberin and D. Heller. 1967. The
separation of phosphatidyl ethanolamine and
phosphatidyl serine by column chromato-
graphy. J. Am. Oil Chemist. Soc. 38, 14—17.

- 307 —



