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Influence of Oxidized Lipids on the Living Body

I. The influence of the autoxidized docosahexaenoic acid upon
the rat organs

Akira Ocawa and Hisanao I¢ARASHI

Abstract

Toxicity of oxidized docosahexaenoic acid was investigated with rats. The
methyl docosahexaenoate fraction was prepared from squid oil. The fatty acids
of this fraction comprised C,ss 77.3% and Cgos 14.7%. This fraction was
autoxidized at 4°C in a refrigerator. When peroxide value had attained appro-
ximately 1000 meq/kg, the oxidation was stopped, and the oxidized ester was used
for the test.

Adult male rats, Wistar strain, were divided into two groups, including one (C
group) administered with purified soybean oil and another (OD group) with the
oxidized ester for 1 month.

There was no significant difference between C and OD groups in the growth
of the body weight of the tested rats. In the test period, no diarrhea and
alopecia were recognized in both groups.

In the OD group hypertrophy of the liver and kidney were observed. TBA
value of organolipid increased significantly in the liver, spleen and stomach. The
total lipid content also increased in the liver, decreased in the small intestine
and in the kidney.

The phospholipid content increased in the liver and decreased in the stomach
and in the kidney.

The decrease of the essential fatty acid contents was observed in the neutral
lipid and phospholipid fractions of several organs, and particularly in the
phospholipid fraction, the archidonic acid was reduced.
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RAZEETH Y, BGEEI~VFF o~V ORBBICE L2V REA BHARZETIHEMEL
ZoTATVAL Eh 5 4 EEDEH, BHlsESANN TS,

£H 5D i3 ¢ DARREDRCERMOEIR, TRFIEHRO SR LOBRTET 5 @Ry
WRETS E|EL T3,

MATSUO? 3B DERR{LHfE (LATF POV) & EMEOMI T3 &L, F12 GROOT 593
POV OFEWV 2 5EFl%2 5 v M BEA B EREMNEL, CRE2HBMLT AL Frt—F %44 K25
BT 5 EEEMIBIBEL TS,

fiJ5, POLING 5% i3#Eili% 60°C TLKKRAC AR X WEM{b3® 5 & POV DEBKEL LY,
LOBLl% S5 v bR¥EET S EFBUZIEARL, MO AF ~ ¢ U TOFBERSED T 503, POV
PEREEZBETRIUVEDIZLOT S, FROEX, FIRROETHED LB EL, REFLD §
POV DA UMD LT A BOMNTEESTING C L d 6, BRI O BRSO ERH
BLTWS, T, KELD § POVORELZ )/ ~VEEXAF V%5« MiCREL IR, Bty
BRI YT, BHOBEMRBERDAD SEERBZREEL B - 12 LB NTW 3,

UL, BHERLHIZNA Ko~ 394 FOAZ 5T, ZOKERPTH 2EBESCT VT
EF, FrrEBHEREFTIEEAONTOIBLAERYOREMTH 3120, BILOBEITID
BEPETIERPOENEILTS Ced b, ERRLHE, T5bb POV OATHEEMLMOERE
OMBLALT 5 C LIZEL L, HROE 5 2BAORBELHETLADTHA5, LL, MhoH
ET L HERRLOMBB BT, BFHERIEELTAL Fax—FF 94 FRE B EV5 REN
E 2N

wie, BERbAMEREL BREDNSERE, 5o PTHRERECTH, TR LB B
BORREMHEINTVW Y, AMPE, BRETE, BEPESOEREHOBNCI >THE
RoBOOEBRL > T3,

¥, €ELY BEERMTSHRIERSZ 5 v ST 3 LR, HRkch b ORDER
BRI ZELTVEY, ERINIAL Fut—3394 FHZEOF OB TRRINE B Y
5 DNTIL, BEDLIBINEHRRI, ISRKEMINTINL Fus—F3%94 FEEANT
RO anz ng Fosx—F 29 4 FOERL, FHEFEHROA 1 = XA DV TRAALZAPEL,

DHERBVTIRAHAER BHEARHENKERT MAPIATL2ETFHEINGOT, A
HeEtel N ORBPERTIUI B, BEHRERTENA Fa~FF 94 FRERTICL
Lish, F, SESKEEREIBROEAEINIRBEOTELETICLBEEINSODT, *
OEMEOHEFOBBICOVTRMEMA B C LIk L Iz,

AERTIR, AHORENIBETHTEINBRTS 3 Fa Ay 2 U BRASOBEE (4°C) ik
2 HERRLOBRD, MHRAERTZ Fa Ay BRSAERUHEPERTI LRI TR
ZIEBERBIEE, FEREOE BUHOBERRICESIZTEEER N TS » ML 2 1 X AE0OHA
BFRR2ITL - TRNLI,

HEBIURBOFZE

FaYPAFHIBAFILTRATLORN:

A AAF V2TV (ARZEH KK ) %2, REMMEZ X O BERRFIBIBRE S (Cos
3396, Cz2:6 5896) 2 2HIL, L ORA2EREZREL, WEE0.19~0. 20mmHg, ¥4 175~183°C
THHETS FayAF9ZoBAFVIRFN (LT Coze) BOREMU T (BIEE 77.3%)
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FAYAFHIBAFLIZTILOABREL:

Coze X2 5g 2~ MY MicHh, WEE (4°C) THEMLIW 3L, Figl KRETIo5iv2E
BT POV i 1,000meq/kg 3L, 1,000meq/kg 284 2 H72bH 6 2 Y RMOET, BiFROL
A¥ERicElr, COCLEH» 5, POV 1,000meq/kg LT CRESHLTAVFL ROL5I 4 Fa
R=F XY A4 R oORKERWIZSH T HERL TN EDERIND,

BEAGEME X F VN Fa—F 394 15O RERYOER 2 IET 2 72D POV 23,
1000meq/kg ICEL 12& T 5 TR{LZHILL, BERIT POV BELLIEWES K547 4 X5 T

LV.
4004
P.O.V.
5000
300
p 4000
|
n” 3000
1.51 A
150 .. PY—— S bt st
J 1 2000
1.49 9 ’
- 4
Cd K
’
TBA-V 0.8) -
/W( 1000
f’x
) W J p— A7 \ A
0 5 10 15 20 25 30
Day
LV. *———e P.O.V. (meq/kg) de-s-~==A f
n® gm0 TBA-V (0.D.s:0/mg Ester) m
Fig. 1 Aufoxidation of methyl decosahexaenoate at 4°C
Table 1 Properties of dietary oils
Dietary oil V. P.O.V. TBA-V. n3
Soybean oil 136.4 2.6 0. 0004 1.4675
Caa:* 400.9 9.6 0.0062 1.4978
Oxidized Cyy.4 318.6 1101.0 0.2914 1.5001
{meq/kg) (0.D.;50/mg
Ester)

*Cyq:6: methyl docosahexaenoate fraction
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BEL, BE5x 27 VOB, BLEO L DB LSRR E L THREL ZATHOMR% Table

1 KFRY,

AERR:

Wistar FREQHEMNS » & ((KE 200g Bit2) BB (CH) 5TidBNATH2IED 5%,
Core K ESERLYE (ODF) 6L Coze X4 FHEMMEY (LT Oxidized Cozie) 25D

2.5%, BWHEKXKEWm% 2.5% »T 31HHE,

FHBV  FiKIbEARE LI, Tabb, RO

Table 2 TFatty acid composition of dietary oils (weight %)

Cm:n*

Soy bean oil

022:6**

ot

B N
CPRNWPOOL

M - Ol N N

gnE

I

2.5

,_.
koo
Y =3 00 =3 & Ot

.3

Note: HITACHIF6-D gas chromatograph; DEGS column (2m X 3mm
i.d.}; column temp. 200°C, injection temp. 300°C, N, gas flow

rate 60 ml/min.

*m; Number of carbon atoms n; Number of double bonds
** Methyl docosahexaenoate fraction

Table 3 Composition of basal diet (wt. %)

Casein (Vitamin free)®)
Corn starch
Cellulose powder®?

20 McCallum salt (No. 185) 3
70 Vitamin mix. *
2 0il 5

* Vitamin mix.: Vitamin A 1000 I.U., Vitamin D, 200 I1.U., Vitamin E
1.0 mg, Vitamin B, 1.0 mg, Vitamin B, 1.0 mg, Vitamin B, 2.0 mg,
Niacin 2.5 mg, Ca-pantothenate 3.0 mg, Foric acid 0.2 mg, Biotin 0.04 mg,
Inositol 10 mg, Choline chrolide 100 mg (/100 g diet)

a) Nihon Clea Co.

b) Toyo Roshi Co., Cellulose powder D
Composition of administered oil (g)

Group

Soybean oil

Oxidized C,q.4

c
oD

0.70
0.35

0.35
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Con:s R ICIT LRI L A EEH INTWSWLDT, YNEARHBORS 2B1LT 3 i —ER&OD
KEMELZ, ODHECRY /~VEE% 1B 1EY YK 160mg TELIZ, v MRREIr—->T1
EF2MEL, MUANAOHEERSRES—ERZ L TRRUTER, KiZEBERI®I, B
it Table 3 IRTHRT, 1H 1LY HEBERTH 13.3g, WizfN0.7¢g 2547, B OD#
DNA4 Fa—F 344 FEERIZ 1A 100 b BEEBFEEE L TSN 12.7mg ThH -1,

SR O

RIS 1g % CHCI;-CH0H (2:1) 10m/ T3 EHHL, Millkz4b¥ T /56 50 N/2000
H,SO, TE#E, CHCL: B2 $EDLiRE® CHCL, Fikz MRy 12, £BiC CHCl; 2 A T 25ml &L,
O 5ml BRAVTIARSLD OFkickb TBA i, 1ml 2HTEHERIC LD 2EEE, FISKE-
SUBBAROW I L - THEEHR Y Y EZBIEL I,

RO ABHSAIOR M T T 4—:

SAED 50 EEROIEMALL T X 4B—% 54 b (2:1) (7 4E: Mallinckrodt, 100 mesh, reagent
grade) 2 W 5 2% 541 CHCl; kBB L TAR, »5x%2PHU, £BES VANLZ2BE:
DED CHCl; ICIRL TH 5 A iKEAL 124 CHCl, T fgER 4y, CH:OH TV U EBR 2 2%
WUz, HEEE, Y o BERMCDOWTHEB 7 v~ b5 7 4 — 21720, 4 X< —BEEER
BERHT X b BRI 2 BRATL 72,

ReRhERdE X -

FHIRE, Y BERAORIEEARIIER— & — VIR E D) 2F 2T VRRML, B
F6-D BlFzom< +3 7tk pBafL Iz,

ArE:

a v FEfiit Wos ¥, EBRMbfiid) UK - kB 6D DFTkicE -1,

Reh—N, #%Hh—N OFHE:

HERBRYES, 0,10,20,30 HEit 1 B4OREERED T, T8, ROBERESIDROZEH
hb»U® 5N-HSO, % 5ml AT 1z, Reh—N, #H—N Eid KIELDAHL i & blE
U1z,

Kb POk

#h—N BOBEOHA & FARICL TRIRL 128 & Y BSIRE & RROFETHEMm 2L, %
ftahE & P> TBA flizRIEL 12,

= ®
BRRERGS LU RAPR:

FERBROYE T, C#, OD#LTH, BEBERRR AL, 2EEAEH» S OD #
HOBREESIBEER, ERERNL 6N, UL, AfETe FEERINS Fig. 2 1TRT
S ORFERRERLERA NS h -1z, AERBKTE BRUENT 2L, I, BOREXBRED
shiz,
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Rep—N &, Xh—N B, ®ehfithlt, Hhd TBA f:

R —N &, #+—NH&iz Fig 3, Fig.4 IR T 5FmBREBESERED 6z, OD B
B CBT AR TRP-NBORD 24, EF-—NBPLREWEMMA Shis, Pz Fig 5
iZRTE 51 OD BOHFPBLRL£L, 20 TBA {fiix Fig, 6 iL5RT X 5ic Bl & i C FicHERL T
BOEERL TV, UL, BEUMORDY 53HET 2 & CEHOPEMEIZK 7% MET, ODRF
it 10% MIBTH HFEELEIIRONT, 20 TBA fli b BEBOHE TBA D 1/4 S50 Tho
2

(g)
3004 Control (C group)

i ’_g_Oxidized Cz:s (OD group)
- .t
,,,&;é_,,.,%
B

200

100_-

-]

0 1020 30 (days)
Fig. 2 Growth cruve of rats

—t
1

(mg—N)
L
200 17
-
z ﬁ g
Z Z
2
Z
100p é é é é
Z é ? (mg—N)
Z Z é 30}
Z
é é é 20
‘3l
2 g |g v
Z Z Z z
0 10 20 30 (days) 0 10 20 30 (days)
l:j C group HZZ] OD grouvp N E] C group 7] OD growp
Fig. 3 Total-N in urine of rats Fig. 4 Total-N in feces of rats
(mgN/day) (mgN/day)
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(0.D.530/day)
-
3.50F
=\: =
7 T
(mg) } S
“100} 2.00f r
y
T
_ T 7 N
il %
| T 3
501 I 1.00}+ L 7 1
J_ 1¥
- é
;
#] i
0 10 20 30 (days) 0 10 20 30 (days)
E] C group P4 op group I:] C group 0D group
Fig. 5 Lipid content in feces of rats Fig. 6 TBA-value of feces of rats
(mg/day) (0.D.s50/day)

0.D.s30/mg

l:l C group

0.04

A
N
\
o
[}

0.02

AN

L4l -
Brain Liver Kidney  Spleen Intestine Stomach

Fig. 7 TBA-value of the rat organs
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B35 RE R DR -

5% TBA fliid Fig.7 R5R3 X 5 ichf, M, BBV THFEREAL TR, BT HFRO
Errs shiz,

AEEIIRE, B BT OEMEL, B NG BTRLOEMBA SN, Y UEEEIRFF
oM, B BTOILRBOOEAMIED shl, SEHMEOKER 2MER VU REERY
Table 4 RY, IREMR T, Fig 8 RT3 KT PE, PC O#gin, FFTid PC DM,
TG ORFY, BT PC, TG OBIHA 611z,

IEESMRERR T, Table 5 5RT X 5ic CEBECHL T OD B Tid, HHBERSIAMEE bic
Y ) —ABBEPRILTEY, A a9y F2UE, FasAFy U, RCOBREET
ZDATHORBBITIIZIZIE A EEEL s o1, VU EERSA T Table6 isRTL 3T 5% K
BNEBEE BRI LTEY, VYV~ VBRI DTHERADLLEL >, T4bb, SR
B, VB L XAREREROBDS OEMBED i,

Table 4 Contents of total lipid and phospholipid in the rat organs

O.W. " Total lipid Phospholipid

Group Bw, X100 (mg/g) (mg/g)
Brain c 0,610, 04 65.6 6.5 320+ 4.3
oD 0. 660, 03 67.3+ 5.6 325+ 2.8
Liver " 3. 0550, 22 48.6+ 3.9 97.8% 2.5
oD 3. 69-£0, 30 52, 1+ 5.7 33.0% 4.8
. C 0. 66::0. 04 40.0+ 9.8 19.5% 2.3
Kidney oD 0. 730, 05 34.8+ 2.8 18.54 2.5
c 0.18:£0. 03 314+ 4.8 15.8+ 2.0
Spleen oD 0. 190, 03 316+ 7.6 165+ 1.3
. C 1. 660, 45 57.2+28.3 14.8% 1.0

I .

ntestine oD 1.61:£0, 30 32.5+ 7.4 15.0% 2.5
c 0.51::0.03 56, 8£14. 2 10.8% 0.5
Stomach oD 0. 610, 06 40,9+ 5.9 9.5% 1.3

Mean value £SD  *O.W.: Organ weight = B.W.: Body weight
C group consists of five heads, and OD does of six.

ERGIVERE

BEL Fay~ 3y BRESRRLYIE 2 o FE POV, BEIfE, TBA MORECL HERY
DOEKNMRERIEI DT HERLTE ST, BILOBREL LTINS Fu—3344 FOEHEL T
{BUIHOBRREDO D EHEINSG, COREOHEE YR 5 » VB LU IIGEA, FhdELL
TAA R S—FF9 4 FKERTZ LU TERALVEBLI,

FEERTIX POV #) 1000meq/kg © HEMRLICKE M 2N A TH 500meq/kg HigicTAR 3 NIz
bOREZIOT, 1y BOEBEYR CRAEERMCIIEEL Zho D EEL S, BED i3 POV
204meq/kg TRFRBIEE: {, POV 500meq/kg Tiz 1 X HB X TH 6 HEEOBIMBDHLNS

PE: Phosphatidyl ethanolamin, PC: Phosphatidyl choline, TG: Triglyceride
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Brain
(mg)
20 ] D C group
10} _% V///] OD group
I lewem ko
Liver
20
"7 %
|| VA A e ﬂ%
20} Kidney
10
Spleen

20

10f

Intestine

20

10

\a D o e . A

Stomach -
20
10
7/ .
PE PC CL PS SPH TG
PE; Phosphatidyl ethanolamine CL; Cardiolipin
PC; Phosphatidyl choline SPH; Sphingomyelin
PS; Phosphatidyl serine TG; Triglyceride

Fig. 8 Lipid composition of the rat organs (mg/lg tissue)

EBELTWAT DS, LOEED POV Ot s kEFEORE 2 Fabk  TiEEB
DX S ERBADNLTNLDEER B,

&mY, Matsvo 52 ikfiE, THEER, IF, B, LZYOERBED LN EREL TV,
AEBRTRZOI SN ANTERRED LNT, PltdzERTH H VEAE, BUHOHLRKIR
PREWBREHEAFESEZRRAS W52, iF, BTiké&H, MATSUO 5 & FEIROIEIRMEED &
iz,

FFOREEAROEY, —MRPHEEFEEOERE UTRLW AR, T4abbry 55
4 FOEREIELD Y UEEOHEME UTHDLDN TS L IdHIREN,

AEBRICBOTIE, B B, B2 TBA lBEAL TV 8RB Sntzd, [EHEROER
{LHDBERINII LV SELY OREZEZEAIDRTRABOLLBBATVE D LEHEESINS,
@ TBA {fiDBRB FAHAFHLUBENL Fut—F 394 FOEEOEEBCL80», b5
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Table 5 Fatty acid composition of netural lipids of the rat organs (weight 9,)
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Table 6 Fatty acid composition of phospholipid of the rat organs (weight %)
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G| auRsseEERngasanal

D TBA fEB AL TWELEH BN Fut—F 544 KBMELOB TR INTINE E

WREREZFERIE 2 § OPRAEERTIRALSH TV, UL, HMOMLRIRORE, X008k
Bbhiz,

OD BDOLERITOBY> DFERIR 2V TR, BERETIEHBRTH2 Fay
NFYZCBOREDERICE AL L 3 BAONIDT, BERETISHEZD L DOFE, L g

THOLNEBDEELERS,

-
-
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