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Influence of Oxidized Lipids on the Living Body

II. The influence of methyl docosahexaenoic acid hydroperoxide
upon rat organolipids

Akira Ocawa*** gnd Hisanao IGARASHI**

Abstract

Hepatotoxicity caused by the long term ingestion of docosahexaenoic acid
hydroperoxide was investigated with rats. The methyl docosahexaenoate frac-
tion was prepared with squid oil. The fatty acids of this fraction comprised
Coa:s 82.89% and Cgo5 12.5%,. This fraction was autoxidized at 4°C as reported
previously. When peroxide value had attained 500~ 1000 meq/kg, the oxidation
was stopped, and the hydroperoxide fraction was prepared by the fractional
extraction with n-hexane from the oxidized methy! docosahexaenoste.

Adult male rats, Wistar strain, were divided into three groups: one (C
group) administered with purified soy bean oil, another (D group) with the
unoxidized methyl docosahexaenoate, and the remaining one (DH group) with
the methyl docosahexaenoate hydroperoxide, respectively for 13 weeks. Increase
of body weight in the DH group began to be lax after 3 weeks, and in the D
group after 5 weeks using C group as a control. In the experimental period, no
diarrhea and alopecia were recognized, however the hypertrophy of the liver and
kidney of rats were observed in the DH group.

TBA value of organolipids increased in the liver, spleen, stomach and
intestine of rats in the DH group.

The total lipid content of the liver decreased in the DH group, however
phospholipid was slightly higher than in the C group. The decrease of linoleic and
arachidonic acid was observed, and the increase of docosahexaenoic acid in the
phospholipids of the liver of the D and DH groups was also observed.

Total lipid, phospholipid, and cholesterol contents in the rat blood serum
were decreased, and the levels of the GOT and the GPT of the blood serum were
high in the D and DH groups.

In conclusion, the lipid synthesis of the liver was unfavorably influenced by
the long term ingestion of docosahexaenoic acid hydroperoxide.
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Caze ‘

Autoxidized at 4°C
(for 1~1.5 month)

Oxidized Ca2:6 ]

Dissolved in 10 vol. of
n-hexane and stored for
overnight at —15°C

sol. _nsol.
washed with
distd. water Polymer + ROOH
(3.6%)
Ca2:6+ Ca2:6 ROOH Water solude products
(86.7% ) (9.7%)

Cz2:6 : Methyl docosahexaenoate fraction
Cz2:6 ROOH : Methyl docosahexaenoate hydroperoxide fraction
Fig. 1. Preparation of docosahexaenoic acid hydroperoxide.
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Table 1. Properties of dietary oils.

Dietary oil (group) LV. | Ppov. TBA-V. nz0
Soy bean oil  (C) 131.9 0.0 0. 0002 1.4756
Cpa:e® (D) 360.8 0.0 0.0103 1.4954
Oxidized Cyy.q 347.6 626.9 0.2209 1.4964
C,g.s ROOH** (DH) 350.8 . 493.8 0.0818 1.4955
(meq/kg) (0.D.550/mg Ester)

* C,;6: Methyl docosahexaenoate fraction
** Cp.s ROOH: Methyl docosahexaenoate hydroperoxide fraction

Table 2. Fatty acid composition of dietary oils (weight 9%).

Cm:n* Soy bean oil | Cya6**
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161
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Note: HITACHI F6-D gas chromatograph; The same condition
with that described in Table 2 of the previous report!!

* m: Number of carbon atoms n: Number of double bonds
** Methyl docosahexaenoate fraction
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500~1000meq/kg DI TE{LZHILL, Fig. 1 07T HET Cors ROOH SHRK S 2 ML 72, ¥
Bx x5 vOiiR% Table 1, JENERR% Table 2 €T,
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Table 3. Composition of basal diet (weight 9%).

Casein (Vitamin free) 20 McCallum salt (No. 185) 3
Corn starch 70 Vitamin mix. *
Cellulose powder 2 0il 5

* The same vitamin mix. as in the first report?

Composition of administered oil (g)

Group Soy bean oil Cazie | Cus ROOH
c 0.70 — -
D 0.14 0.56 —

DH 0.14 — 0.56

Table 4. Analytical methods of chemical compositions and enzyme
activities of blood serum.

Ttem | Methods
Total protein Refractometric analysis
Protein fraction Cellulose acetate electrophoresis
Total lipid De La Huerga’s turbidimetry
Phospholipids Ernster (Lipid-P x 25)
Total cholesterol Zak-Henly
Glutamic oxalacetic transaminase (GOT) Reitman-Frankel
Glutamic pyruvie transaminase (GPT) Reitman-Frankel
Alkaline phosphatase (AIP) Kind-King
Cholinesterase (ChE) Takahashi-Shibata

Cez:s ROOH# (DHEY) 7ILizsrt), CRUIRMATH (FHOD 5 %), DB Coue(4%) & KEM
(1%), DHE:Z Coe:s ROOH SHRX 4 (496) . KEH (1%) 2EH 1H, BV F%H0EORS
U, Z DO 1 8 & Fitic AL, BRERTH 13.3g Wiz 0.7¢ 2521,
DHFE% Table 3 iZ5RT, i, DL DH BHC I3 NERROKRE %21k d 5129, V) — ke
HB1A1EY HH 70 mg BEREINZBOMNKEMLHEEL 12, ¥, DHEOANA Fut—
FEVAPERERIRIB 1YY, EHEBREREELUTEY 7.6 mg KBEY T3,

RERROMIR:

ERWBROLIEE, Y VIERE, TBAM FBIRAERIIE 1B RRiCL TR 27, 28, FF
iz D\ Tid Zak-Henly thic kb &3 v 257 u—vE%, Kjedahl iz X b EEB-N2REL 7,

FFsREF X b :

FAERBRKTH v FE2x—F BB H T, DRERIlIC & b 8@ 247200 fuiE % 82 L, Table
4 IORTHRER, JEED ik h FRRRE T,

Sk

7 R Wijs &, @RI/ K - KB 6 DFEIR X 512,

® r

;4. 318
HREMEME Fig. 2 #R$ L5 DHRI SIBE XD, DEEL 5B L b C Rzl TRl &
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Fig. 2. Growth curve of rats.
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Fig. 3. TBA value of the rat organs (0.D. s/mg tissue).

Serum
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Table 5. Contents of total lipid and phospholipid in the rat organs.

Organ weight Total lipid Phospholipid
Gro
P (g) (mg/g) (mg/g)
c 9.1+0.7 51.2+7.7 30,227
Liver. D 9.6+£0.3 | 48.6+5.0 39,02, 6
DH 11.1%0.7 44,.3+4.6 32.3+2.1
¢ 2.0%0.1 43.2%6.5 25.3-:2.6
Kidney D 2.140.1 48.7+3.5 30,017
DH 2.240.2 50.61.7 . 29,917
¢ 0.6:£0.1 29.8+17.5 " 16.53.7
Spleen D 0.6+0.1 33.313.6 1M1+
: DH 0.6:£0.1 30.8+3.0 18.6+3.3
c 1.6+0.2 38.945.7 1..0+1.4
Stomach D 1.5+0.1 38.2:8.6 10.9+1.5
DH 1.6£0.2 43,5100 12.0+1.5
¢ 6.70.6 70.8+18.9 15.3+3.8
Intestine D 6.7+0.6 69.9:£10.8 16.1%1.3
DH 1.0£0.5 58,3+13.7 15.4+3.2
o] 2.8+0.3 26.0+4.8 12.0+1.3
Testes D 2.840.2 30.3%2.5 12.0+1.0
DH 2.7£0.2 7. 7+4.3 11.0+1.0
C 1.7£0.1 81.814.8 49.349.0
Brain D 1.6+£0.1 86.0-:8.4 37.7+3.5
DH 1.5£0.1 15.3+7.2 38.6+4.1

Mean value£SD
Note: C group consists of six heads, D and DH groups does of seven

REPFR:

FATRBRKTHR, 7 bt x—F B0, DEEH X Y RMEI LI, BT 5 LF8L
ZOERLTE L, Bic b FRBROENMSED shiz, FOMAIR 3 HEERIED shd, FOREH
K % Sudan Black Yefaic & b GEMSERIEL 18 C A BRI &AL TR 54, ~<w b Y-z F
v RATHHROTERZBEL LVHBICH T O EIRD SN 12,

W3S AR DR : ‘

J5% TBA ffii Fig. 3 RT X5, & B, B, /e b DHESIO 2 BT R THEKRL
Tad, DELEF, B, BT CRICHEL TOPEWERRL, Kie M, /N hORBBIT -~
TEWELZEL 2, ,

LR EIC OV T AT DH BRCBH ~FTiRBY, B, FTiremOBE@msss 6bhiz,

) U IEKIRE T D, DH WEEd C BHC B L ToPEML T 31301, FELSERALNLP o
7z, Table 5 REBMWBOER, £BER: YV BEER2TT.

BRBORRMER Fig.4) OO TRHLILELS, I B BTHIZ V254 ROBIVBAHS
Nz, Y UBREATIED 2 0 EERSED Shith o1,

Fofav 25 u—vEid, DHEHE C, D M~ CHEMOEMBA b, FOBEDR-NE
12 C, D, DH B A EIERBD o -1208, VU ER/SIEEOW, B X0 VIEE/EBH-N
DOtz D, DH#THEKL Tz, , :

— 196 —



A BTR: BIUERO&E~ORE 1T

(%)
Liver 30
L 20
- 10
L 20
110
Spleen
Stomach
- 30
- 20°
- 10
Intestine 40
30
- 20
10
W
Testes
B8
Brain
_— ‘
CEHC TG FS CL
CE; Cholesterol ester CL; Cardiolipin group
HC; Hydrocarbon PE; Phosphatidy! ethanolamine group
TG; Triglyceride PC; Phosphatidyl choline V///DH group

FS; Free cholesterol SPH; Sphingomyelin
Fig. 4. Lipid composition of the rat organs (weight %).
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Table 6. The influence of Cay:e and Cyy. ROOH on the rat liver.

Group | Control () | Cu (D) |Cune ROOH (DH)
Initial body weight (g) 172+11 171+13 172+11
Finaly body weight (g) 316+20 28T+7 25415
Liver weight (g) 9.1+0.7 9.6+0.3 11.1+0.7
LW/FBW* (%) 2.90+0, 37 3.360. 14 4.3840.27
Protein-N (mg/g) 37.7+2.1 39.0%1.0 37.942.7
Total lipid (mg/g) 51.2+7.7 48.6£5.0 44.3+4.6
Phospholipid (mg/g) 30.2+2.7 32.0+2.6 32.8+2.1
Total cholesterol (mg/g) 4.6+0.7 4.6+0.6 4.8+0.5
PL/TL (ratio) 0.60 0.66 0.73
PL/Pro.-N (ratio) 0.80 0.82 0.87

Table 6 CFOLEEE,

Mean value+SD

Y URER, £aviFu—ig,

Y CIER/2RE DK,

* LW: Liver weight, FBW: Final body weight

BXUY

JBER/EB-N ol %xr7,

FEBEOFHIEE, Y K DISHERMR % Table 7 45 X 7 Table 8 iT577, FHAREX S Tit
D,.DH#EOH, & B B M Sy / 2 BOBI¥AONTI, 73X FCBIRRCELD
BTho1, D.DHHTRBALFEHEE T »12, 212, BUAORET DHERALV 4 VB
DOEMHBH SNl FAYAFYx o BRIPEIRER S TIRIFLS ORI A EFEL B 512,

=7

, BT DHEODOFHY CDEIY VL2 12,
g! ﬁ’ =8 /J‘%Kﬁ%ilﬁbﬂfid’),

N, ¥ DHESDBIOVE MY CATHIODBEINT,
Y —VE, T I & FUBROEBNIFD Y v HEEK SRl

i3, MESNEE OIENERIARL Tid,

Y UJRER ATt Table 7 RR$TL910Y 2 —ABERIRD I ORILLL, LA, B
ECAM, TIXFCBOBLH D, DHEOR,
KFa9AFY = BORD 22, B RTHENNA S

Table 7. Fatty acid composition of neutral

Liver Kidney Spleen
Cn:m C D DH C D DH ¢ D DH C
12:0 tr. — 0.1 tr. 0.1 0.1 tr. 0.1 0.1 0.1
14:0 1.0 0.8 0.9 1.9 2.8 2.5 1.9 L5 2.7 19
15:0 0.2 0.2 0.1 0.1 - - - tr. 0.4 0.2
16:0 | 29.4 | 30.3 | 32.4 | 315 | 357 | 32.6 | 28.8 | 3.5 | 25.7 | 26.3
16°1 6.0 7.1 7.9 7.4 8.1 7.9 8.2 9.4 | 10.5 9.1
16:2 tr. — tr. tr. tr. tr. — tr. tr. tr.
17:0 0.3 0.1 0.7 0.2 0.4 0.4 0.1 0.3 0.2 0.2
18:0 4.4 5.4 6.0 7.9 8.4 9.3 6.0 6.0 5.8 4.7
18:1 | 32.2 | 34.9 | 37.1 | 87.5 | 37.2 | 87.5 | 36.2.| 42.1 | 43.7 | 36.5
18:2 19.3 12.8 12.1 12.8 7.0 8.8 18.2 8.7 9.9 | 19.2
18:3 1.9 tr. tr. tr. — — 0.3 0.3 - 0.7
20:1 L6 0.1 0.2 tr. 0.3 0.9 0.1 0.1 1.0 0.2
20:4 3.7 0.5 0.1 0.7 — tr. 0.2 - - 0.9
20:5 - 3.8 1.2 - - tr. — — -— -
22:1 - - - - - - - - - -
22:6 - 4.0 1.2 - - — — — - -
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LTW0aH, FagA3d=CBERRPIL, FIOOEAOF a ¥y~ 42 BOBTRPIN
Lor@Bbhiz,

EEIZ < bS50 4 —RIVFABMUNEFI 227 »Fo0x2/—A7 32 (LT PE), 74X
ZryFonalr (LT PC) ORI DNTREILIZE 25, Table 9 wR7T L5z D,DH
BeHEid s DHBOFSY PE, PC 4R FIVAFYZUBOWRD C A8 KTHbH, PE,PC
DOWEFE T2 D, DH#E S 12 PE OFHEH CHBBKTHD o717

FFi&fE> 2 1

3BDF 9 PILFRDOWTITE > 12558 % Table 10 it7T, MEEHE, A/GH (TArT i/
rurlYyr) tFRERS NIV, 2FER, VURERE €2V XFu—1Eid D, DHET
LB OEABA 6N, IABERTIR GOT(F V2 IVBREI SV oIV X7 8 5—%),
GPT (Y4 IvBELVEUBES U AT § F—¥) OEED LAVED SRl

ERSIURR

1) ARMECI->THEONIINAA Rt~ 25 4 FEGRME Conie LERLERYE L TizEE
UT Cea:eROOH MBEFINTVELEALNS, Tbh, HEBLHI ) EEHIE n- ~F9 >
REOAMINTERY, BER2KEEORRAERY b KRB Lo TRAFREIhTVI DL
HREINS, Th#l, CONAFR—FFY 4 FEERDOBRC X > THEDIZIERIZ Cozs &
C22::ROOH i BHT A DEEA OGNS,

2) H1MT B TidER, POV # 500meq/kg O (EHEREICL T 1 H 1LY h 4 12. 7mg)
D17 AR TCREEEMCH T HBBL SV ERRELIY, KERTIIRER, POV Y
340meq/kg Dl (FEHEEERR, 1 H 1LY H# 7.6 mg) D 34 BEHEE < DHEIIR 2 ¥ ALtk
"B LBED 6N tz,

UL, HEEIEIN/SWD Cone 2WEULI DED 17 AUR CEICHERL THEEMINIEEIC
so12. (Fig. 2 BIR)

3) ARBRICBNTHE LAY [k, MATHMG, SHEbTH BEOIS53ERIRA AL

Uipid of the rat organs (weight 9%).

Stomach Intestine Testes Brain

D | pH!| ¢ D | pH | C 1 D | DH | ¢ | D ’ DH
01| 01| o1 | 01| o1 | tr 0.1 | 01| tr tr. -
19| 22| 20/ 23| 18| 16| 25| 17| 26| 23| 13
03 | 03| 04| 02 04| 04| 03| 04| 07| 04| o4

27.8 | 27.7 | 30.0 | 4.1 | 33.4 | 27.9 | 30.8 | 31.9 | 4.7 | 35.4 | 39.0
9.9 | 90| 71| 105 | 11.5 | 1.6 | 12.1 | 142 | 159 | 115 | 12.7
— tr. — - — — - - — - —
0.4 tr. 0.3 0.2 0.5 0.5 0.2 0.5 0.7 tr. 0.4
6.3 | 63| 59 | 63| 53| 18| 27| 35 70| 77| 1.4

42.3 | 41.3 | 34.4 | 39.5 | 36.9 | 30,0 | 36.5 | 344 | 185 | 28.8 | 26.7

0.8 | 1.2 | 183 | 65 | 9.0 | 2.0 | 13.4 | 13.0 | 93 | 6.2 | 51
- — 1.2 | — — L2 | 08| — tr tr. —
02 | 20| 01 03| 12| — 0.2 | 03| — - -
— — 0.2 | — — 13 ] 02 | tr 2.6 | — -~
- — — tr. — — 0.3 | tr. 10| 77| s.0
— - — — — 2.7 | — - - - —
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Table 8. Fatty acid composition of
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Table 9. Fatty acid composition of phosphatidyl ethanolamine and phosphatidyl

choline of the rat liver (weight 96).

H i O e BB D= O -
Al ssg=s deed | | Sds-d
[ ™ -t —
..... i e S

& [ cogre %760 o=
Sl SdSsS | BLgSB el

o 22 [ ] [\ ]
ja=} .340313261_ _m2725
a HOMIOOM.DA.O S S g
......... B ool
Y Q t0n04100%750 192m
NN DO DHINODAIIORA M NN
............ e e e e s

(=1 < SO O =Or

V| eogasSLo o ]
N T P DS S th
AELEEEEEEEEEEEEE R

o &H 56 IEERETIEERERCHOBERIC & ) TRAZE T MEL TV 50, FERT

BEO LS ERBAGNTVZED S, THERNA R =23 A RFRIZ$DTIRIZL, =K

Mol

12

BEEW, 5 IMERSAKBEOBRIESRIICE > TR bDTHE I EALLNS,

218 AREERT L, BORERSED 6N, FFRBEETH -

-

BICAERR LT

H®AT

-

4) B 5 ER{EHOERIZ, Co2:'ROOH 2/NE» SRR I N, RRCERD A bt

— 200 —



A - wiE: BlusBEostk~opEg 1T

phospholipid of the rat organs (weight 9%).

Intestine Testes Brain Serum-TL
c D | pH | C | D |DH C| D|DH C|D |DH
0.1 0.1 0.4 0.7 0.7 0.9 [ 07| 0.8| 0.8] — | — —
0.4 0.9 0.7 1.3 0.7 1.1 | 05| 06| 0.8 1.7 0.5| 0.7
0.6 1.0 0.6 0.9 0.9 0.9 | 17| 2.7{ 2.9| 05| 0.2| 0.2
17.9 | 23.6 | 23.9 | 38.8 | 34.9 | 37.8 |922.6|17.4|17.5(33.4|28.6 | 33.4
3.5 5.5 2.1 tr. 3.6 3.4 | tr. 3.5| 6.4] 81| 8.4
1.1 1.2 0.8 0.8 0.5 0.5 | tr. | 0.9 0.4 1.2 14| 17
0.4 0.5 0.6 0.3 0.1 0.2 | 0.5] 1.4 0.8 0.2 0.3| 0.5
21.9 | 17.9 | 31.7 | 11.6 | 10.0 8.8 [23.1124.2(92.9(16.112.4| 11.1
6.4 | 22.8 | 19.5 | 13.0 | 17.0 | 13.3 |924.9|30.2|27.5|15.9|25.2 | 22.8
4.5 | 12.2 | 15.5 4.9 4.9 47 | 04| 2.0 1.9]12.8|13.8| 15.1
1.5 0.8 0.5 0.2 tr. tr. | 0.2] 0.4] 01| — | — —
0.8 1.3 0.8 — tr. - 2.5 23] 2.1| tr. | 0.3| 0.5
— — tr. — — — 0.6| 0.7{ — - - -
0.4 0.1 0.2 tr. 0.2 0.2 | — | — | .| — | — —
17.9 7.5 | 100 | 148 | 149 | 14.1 | 72| 6.1{ 7.2|1L.8]| 53| 3.9
0.9 3.4 2.7 | {1 | }0.5 0.4 | 0.8 — | tr. | — | 3.5 0.8
1.6 — — 1.4 | 111 | 18.8 | 9.4| 22| 21| — | — —
— 1.2 tr. — — 0.4 | 5.0] 81| 9.5/ — | 0.5] 0.9

Table 10. Chemical compositions and enzyme activities of blood serum.

Item Control (C) Cyp:6 (D) C;,:6 ROOH (DH)
Total protein (g/dl) 6.7+0.3 6.31+0.2 6.3+0.3
Albumin/Globulin 1.20+0.15 1.21+0.13 1.2140.09
(ratio)
Total lipid (mg/ml) 3.83+1.68 3.56+1.58 3.06-0. 85
Phospholipid (mg/ml) 1.2240, 68 0.62+0.22 0. 740,14
Total cholesterol (mg/ml) 0.98+0.43 0.82:+0.15 0.7140.12
GOT (Karmen) 86.3+18.4 226. 0-:10. 0 275.0+39.9
GPT (Karmen) 21.3+7.9 29.8+9.5 32.7+8.4
AlP (King-Armstrong) 21.4+3.9 18.64:3.2 18.3+6.6
ChE (4 pH) 0, 050, 01 0, 02::0, 01 0. 0440, 02

Mean value+SD

DOEFINIZI DB ITNEIDD, ¥I3PEDINTTH S, Ceme SEH DHEORFIZHHIRE
REHT 1.2%, YU IRBERST 11.8% L £ 05, MOV IEET 4.3%, BOY VIBET 9.5% ©
FEUREDONIOAT, & B, NEOFHRBECRBALEINT, VU BEARSTLE 0.8%,
B 1.5%, NBREWFRETH 2 L5, TBAMOBALE Fav~A23 o BEE L OBiciaEE:
BHBLEEAT, ZORDEEREDO TBA fOBAM R L — MZ Co2dROOH 2EHL 12720
THBLTHLLRBIETELY, ZNhT, FUAORBTROELUAZKSZER, 122 2N 4K
RR—F XYL L DOTRESRBIC L2, DAY EENBRZTECEIRE-T TBA
fEHERT 2L bHEING, TabL, BR{IHOERICII Y4t VEBRZL, BEEED
BRABRBESES L ITYD LT INTVB L LB 56 LDACDNT b BRMNT 2 LEHS 3,
5) AEBROER, NAFot—F 294 FOBRIR & - TBIIFORERFEENSE->TWV 3 &
HRING, T2bb, HOEKZEET 2 tFFREHMINTH3EEE, BESEMNLTHE L

— 201 —



d K K E & #® 23 4). 1973

iz h, Fh S OEEB~ORBRROERC L TEL XL TH3DTIREV»ENSIEY, ©n
HERAOES), KERDECIERE 2EDYEALL LHMTE 3,

Kic, FFORRRAMRE, BIMEROEEIIFORERBCREZ AL THELE 25 05bR 5,
NARBR—F Y4 FRER L ZFOIEEROTEICEL Tid, KED¥I 9 Mgy / — N
AFRN—FF YA FRBETICLXIONIZ YV 254 FBEHTE & 2|ELTLEY, &
EBRTIIZD LI uERIRBLIN LD 512, —J5, Kawashima®i3 V) / ~ 8N4 Fot—X 594
FD2Y BEORSIK LD 5y MFOLERERBA T2, VU BRBERD T HBHLLENIE S
BHTEL, FERTHONIBRLLETH S,

6) D-DHEDH, & BEEOYVUVEEAXMCT S 3 FVBOBY, FavAxy oo Rns
Aoz, COBEAMBHFD PE,PCiIRIZ-> 2 bBEDNTNE L LD S FAFAZH U BORD C
HOBEMILIh, BELHLIZY / —VEP LT 52 FUBADESROMEIBE->T VA & 5 i
h3, _

L OREDO—Dic LAMRIHBORZN DI b s, —RICLEARIBRZAETS » F2FEE T3 &,
FFY v RERMCZ A3y MY 2V BOELVCHEIIPRED b3 CEPBREINTV MY, FER
TREOISBHEAMIZH I OALNZN L LLRIRHBORZI X B EIREBIET 3 C Li3EL
[P

—7, Century 5P 29 7 U BRFIOREHER ESMEBRTOLARIBREBX»bDoTY 7 —u
B 67 5F FUBADOEREMHT 2L 2RELTEY, ZOHAFIyAFH 0B FRFO
FEREMEHRTH 2 L 505, FROUBIERZ2L >TW3 0L Ebhs, LML DEELD
LDHEER COBEMMBTETH 2 EVHKREPHIZ, N4 Kus—F 39 4 FHORSIHEIT S
DO TENAT S L EBHERINS,

7) RO E Ol BMEVEEE2RI TV EDOHLENSLETHSH, PEOL I bav
Y TEOEFBEELFETS ) VBRI FAYAE2 Y 2 BOERPEL N EWD C L, FOMRE
R TBA fio#gk, MiE GOT -GPT OFEMED LR L EHLRTEAZ L, FavAZxHYUE, Fa
IANFHZUBENAL Fu—F 3 4 PUERBCERL, BEOBE L BB Y EERZTUTV3 L
S bR 3B, .

- 8) BEERLEZ 50 Cone 2 REL I D BT b TBA ML, B, BT CRLL

BIRU TS, Thid Cone OREBERMPERNTOIRKEOBRIBERCEBL L IIZL TS
LEEFBLTWE DEEDNDE, &AL RBLINTOEERETISITEIIEME % b 12200k
B|EL T30, FEROFERD 51 Conie D & 5 SIFICHED RAFURNER 2 BHIR, XBCER
FTAHCERERMCTIRIFILIZVLDEMEL I (Fig. 2 3H),

ARBIT LD Coo:e ROOH O 13 AR (EAM+TROFTRBREME) OB5ickh, 5 FOIFE
ZiRUDEUTEHBRBORRAHEE 2R T EPAL,ILZ 512, #HBOREASRED <
%~ (Fig. 3, Table 5,7,8 BR) &, N4 Fut—F %44 FOEZOREII I TR, =K
BIZERR2 b TRLU T2 L #EINS,

FHRCHL TREE 3N, DA EHE 25 A o h AR E—RERMs¥de, TE,
BWRIMEBIFICEH T 3 L3, 1A E=2 702 RE 3N AR CEMANEHTE, BNATHER

franroamie kk, mEREC T S0 HIEERD T R R AR ORGSR EEr £ L 3
To

X 3

) AR - B+EA¥ (1972). ISEBLERWOERCE LZTHE I rav~x9 2 v BRED®
— 202 —



2)
3)
4)

5)
6)

7)

AN - BB BILIRED £~ OpE 11

{07 v VESBICE L2 THE  JtiokiEgR 23, 159-169.

WEBRB (1971) > 7 X H s o HEmE VL. Lipostichaerin  » HHSMEHKRE 7 » ic B}
ZEEOLE, JrkkERR 21, 331-335.

SHEME - B - BHEZE (1954). BERMETBROREM: AUEEOARE, RELAR 7,
188-197.

Kawashima 8. (1970). The possible role of lipoperoxide in aging. Nagoya J. Med. Sci.
32, 303-326.

K& g (1970). EHBARILHOEN L vy 2 v EDfER, BAKEER3E 36, 854-850.
Blank M.L. and Privett 0.S. (1963). Studies on the metabolism of cis, trans isomers of
methyl linoleate and linolenate. J. Lipid Res. 4, 470-476.

Century B. and Horwitt M.L. (1964). Role of arachidonic and in nutritional ence-
phalomalacia; Interrelation of essential and nonessential polyunsaturated fatty acids.
Arch. Biochem. Biophys. 104, 416-422.

— 203 —



	0191.tif
	0192.tif
	0193.tif
	0194.tif
	0195.tif
	0196.tif
	0197.tif
	0198.tif
	0199.tif
	0200.tif
	0201.tif
	0202.tif
	0203.tif

