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Influence of Oxidized Lipid on the Lipid Metabolism in the Fish

I. Changes of carp organo-lipids caused
by oxidized lipid ingestion

Noriaki I131Ma* and Koichi Zama*

Abstract

Toxicity caused by a long termingestion of oxidized lipid was investigated
in carp. The fatty acid methylester prepared from soybean oil was autoxidized
by air blowing at 10°C. An oxidized ester (POV 680 meq/Kg) was used for the
test.

Young carps weighing about 30 g were divided into four groups: A group
being fed on a casein-gelatin diet containing purified methylester (PsME) and a-
tocopherol (I), B group on a diet containing oxidized soybean oil methylester
(OsME) and a-tocopherol (IT), C group on a diet (I) without a-tocopherol, and
D group on a diet (IT) without e-tocopherol. Each group was reared for 15 weeks.

The growth rate in the fish ingested with OsME (B and D groups) began to
slow down after 10 weeks.

The non-phospholipid contents of the intestine of these groups (B and D)
showed a decrease in contrast to A group. On the other hand, phospholipid
contents of hepatopancreas of B, C and D groups were slightly higher than
that of A group. A decrease in docosahexaenoic acid in the phospholipid of the
intestine and hepatopancreas was observed in B, C and D groups.

In the blood plasma, the total lipid and phospholipid in B and D groups
showed lower quantities as compared to A group. However, the levels of GOT
and GPT of B and D groups were higher than those of A group.

In conclusion, the long term ingestion of the oxidized lipid favorably influenced
the lipid metabolism in the organ of carp.
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ZE DEBHEMERD 202 g7, 8- b3 T 2 v — D Tiz 2 OFWEMSED NI,

3B, FELLY X, A4OBOAru 7 4 B4 TOWMEDA~FFHA FERWOD 2T
ORRLERINCE > TH O 2B 3BT & 2HEL, By ~MeBbs / v—, ¥4 v—,#
) 7 —BIOZREBIO=ZRFCHFIL, ZhEFhOERI 20 THRELIER By xiboy
4~ NG ZHMORZ H LRSI ORAE LU ERADOKRO 3B 33 L HBLTW3, 17,
B 513, V- VEBAXFNZZAFALTMUIIAL Fuot—F 294 K5 = kAERY % 0
ARBEETZC itk T, REROET, HCUKRORKE, 5K TBAMOBATZC L2AT
W3,

AADFHC AR 7 4 —~REL2 I VERZRISTHHBRIN, REBOETFTR7 bu v 4~
DIERFPEL, HEIZAHBROEK, FHEHBREROLESZE Ba603D, 3bic, HRTI
RIABBRERBIVOBREMEIALBOER, BRiAv v T2 rido e BELLBYT S
EMHALBRINTVED, $1z, EE6Y 3, a4 BARBIY 32 i v EXRSEROVLTHRN
UNHER, ¥4IV ERZIRE - TIRERBIRAE 2RI T E2FBL T3,

WPV 3, a4 DFC 2 e 7 —ORERBLREL, WIFROaA TRy 8k
U, 7 FOBERHEBETL, 35RERBASNZC DL, FIPRARBL TIZERAS I BES
AL LE2FEDTN A5,

DL I, BILIREROERE H23 022 i D ERSHBO BEICE T, a4 TR BOX e
T4~ REDOEEPEIOALLFRERCEREOEITMEELEALN Y, I35 ICBLIRERS
te 2 v ERZHEREORATCREMBICHL TR - HEERE TEELEEIN S,

ZLTHFETH, RABBISY 3 RERFCRIZTRILEERED BB 2L hiL T30 L %
HAGE U, TR, BUBEZHRELEE0 34 REBEROESHiCONT, ¥4 i v ES KR
PEREUIBOREL & b icHERHL I,

RE& I URBH
KEHEBHBAFLIAFLORRES PICBIET AT LOFY

MBRLAERIMOARE N (BMIEKK) 24 (kL TH:Z B % 3% Filgx 2 / — vtk > Tx
27 ML RfT80, BB X Frz 27 0 20U 12,
LDAFNLRFNeZA7 5 Zaf, 50°C THBERKEAAR LD POV 5349 100meq/kg i
B3I THRLIRIIDE, 351 10°C TERL%#H) POV 134 700meq/kg OB L= 2 5V % B12,
LN 2RRERMLIEE & U N ¥/ R 2F81%, —20°C iKREfEL Tz, BB X7 1 DRk 1, fEpime
MRz % 2 1w T,

£ H R
FERCHERAEEFRRE O AFU EHEER 30g D314 S eH 3-1, £321RTA~DD
RSB (3 15 B) o), FREEMPICRBL 72 501 DEBKE (Kl 20~25°C) < 15 @
FEUI S, BBE b ABOMECRRN L EHTHRAT 272 -2, BER BER) v
hoOBEIBED % L L1z,

Table 1. Property of dietary methyl ester

Dietary oil | v . POV cov ng®
Methyl ester 129.5 8.0 13.0 1. 4590
Oxidized methyl ester 128.0 680.0 198.0 1.4606

Note: Methyl ester was prepared from soybean oil.
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Table 2. Fatty acid composition of dietary methyl ester
(weight %)

Con:m* Methyl ester Ox1d1z:sdtef1ethyl
16:0 11.36 11.11
1 0.29 0.36
17:0 - -
1 -
18:0 2.69 3.49
11 22.73 22. 30
2 b65. 80 54,61
3 7.14 8.13

Note: HITACHI 063 gas chromatograph; DEGS column (1 m X3 mm
i.d.); column temp. 205°C, injection temp. 255°C, N, gas flow
rate 40 ml/min.

* n; Number of carbon atom m; Number of double bond

Table 3-1. Composition of basal diet (g)

Casein (Vitamin free) 54 DL-Methionine 1
Gelatin 15 L-Tryptophan 0.5
White dextrin 8 Mineral mix. 4
Cellulose powder 8 Vitamin mix. 1*

* DL-a-tocopherol was eliminated from the formula of Halver et al.

Table 3-2. Compositions of administered methyl ester and Vitamin E

Composition . A group | Bgroup | C group | D group
Basal diet (g) 91.5 91.5 91.5 91.5
Methyl ester (g) 10 - 10 -
Oxidized methyl ester (g) - 10 - 10
DL-a-tocopherol (mg) 20 20 - -

HBATEHS Halver'® ORLKICETDEEZMA TTE 5 120

B F3UR2STCHABROSH

AT RS 15 A%, LSBT OMHOML, MIEEm, MR T oM 8L 12,

BB, FVEE b R BE & OFFERMMIE Bligh-Dyer SRCHEL TT L, BERI: BEREI
I OREL I, 2129 » BB &I Fiske-Subbarow #hick o THMU I IEEYV VBT 25 2 RU 3 C
Ltk o THHL I,

2iEROEFI/A< 5T 74— (TLC)

B, FFduEz s CRBROSIRR 2AMN TLC (JER: Silicagel G (MERCK), RBEAl: =~7
N X STHEYVVEERA LR Y VIFERSAE LIz, 351, 3BV VIBER SOV T
AFYL o Z~F0 - BifE (85:15:1,V/V) %, Y URBRSRDOWTIRIZB ORIV A « X2/~
- WERE - K (25:15:4:2, V/V) % BE#HIE 75 TLC (%EA: Silicagel G (MERCK)) % 1T /5 V,
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OZUMOR H Bhii@IREE AT & b IEEMRR 2 884 L 12,

PeRhERAR R

FRERS OIEMBRIT R » & 7 — ke & b BB x F v = 257 0V 2FRRI%, HSL 063 By =
su< +25 7 (DEGS 3mmXx1m, 205°C, Np 40ml/min) £ X HbBIEL 12,6

mnEPER

MIRDOEEUL 2 A DLW & I EKBINRE b F7722v, 2000rpm, 5 DRI BOSMERK, MU x5
PRBL, R4CFTHREREBOMTIBL 12, 2k, BIBERIIDTL ZIEERSO fste L TtE
~U f:o

Table 4. Analytical methods of chemical composition and enzyme

activity of blood plasma
Ttem Methods
Total protein Biuret
Albumin BCG
Phospholipid Ernster (Lipid P Xx25)
Total cholesterol Zak-Henly’s
Triglyceride Acetyl Acetone
Free fatty acid Itaya-Ui's
Glutamic oxalacetic transaminase (GOT) Reitman-Frankel’s
Glutamic pyruvie transaminase (GPT) Reitman-Frankel’s
KRR
15 BHOREHBIC I 5 24 O FIBEE
s 1 R LK, A RBEH O 8 0—0 A group
MEDOERAHE 0BATHL LD, B | e Bgrop
BHTRO SEATE, BRRESOBD [ a—a  groop
BRfo 2 B L, HMRHBHEL M S &--4 [ group
Tz, &
B, BF9VEE o Nl GEl, 28 S 1504
RE %Y RERSIO) - WERE RS
RT, WA—FELE BDROFIOMT S
DEBIHBLIET TS ERsassh, BIL S 1004 .,,{
AT A ROMT BELER Bpon S A
v, RERICONTHBE, BT, HE i
O ABHE~ BDRTYVEEENDFH = 50! o
KL T30, YV IREED Bd»E
U<, T Do BD Btk 3 28EED /
BRWPEE ST W3, Chic i -+ :
FELPPEL->THEDNT h e " 5 weeks

S, FTCBTIRIEY ~IRE R &RRH Fio. 1 Growth .

N 2 = Feuaps e g. rO cruve of carp.
WMTHRBLERE B bNIY, U BR * The increasing rate: A-B/Bx 100
BT BCDHTHEATZ LHBEDONE, A: Body weight, B: Initial body
BT, Y UREEC BEHIIA LNV, weight
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Table 5. Contents of total lipid and phospholipid in the carp

1978.

Total lipid Phospholipid Non-phospho-
Group | (0.W/B.W) x 100 ..
P (O-W/B.W) (mg/g) (mg/g) lipid* (mg/g)
A 2.96 4057 | 36.70 + 3.15 | 11.76 +1.45 | 24.94 =£3.79
Intestine B 2.38 +0.26 | 32.28V 2,07 | 14.50 +3.12 | 17.78%14.61
C 2.09 £0.10 | 3591 £ 2.25 | 14.94 +2.02 | 2107 2.50
D 2.02 +0.20 | 30.70 % 4.66 | 14910148 | 15.79>3.54
A 1.92 +0.25 | 37.99 888 | 1L12 £1.92 | 26.87 :£3.60
Hepato- B 1.26+0.26 | 41.96 +10.27 | 16.84*::2.65 | 25.12 +7.96
pancreas C 1,457 30,14 | 40.35 L 4.67 15,302 43, 31 25.05 +5.22
D 12004014 | 42.30 £ 7.61 | 15.09)£2.21 | 27.21 =£6.49
A 38.24 +£2.63 | 1554 + 1.98 517 £0.77 9.77 £2.69
Muscle B 36.90 +1.81 | 10.02> = 0.59 5.31 0,25 4.71 0.50
C 37.13 +0.60 | 10.172+ 1.12 5.55 £0.86 4.62 +1.00
D 36.72 +£1.67 | 10.90*’% 1.36 4,47 £0.42 6.43" +£1.14

Mean value£SD  O.W.:
Each group consists of five pieces of carp
** Non-phospholipd = Total lipid — Phospholipid
a) In comparison with the control, P=<0.5
b) In comparison with the control. P=<0.1

Intestine

7
7
Z
&7
.

%

é

5

Hepatopancreas

A ..

Muscle

FFA CH PE

Fig. 2 Lipid compositions of intestine, hepatopancreas and muscle (mg/g organ).

CE+WE TG

WE; Wax ester CE; Cholesterol ester
CH; Cholesterol PE; Phosphatidyl ethanolamine
PC; Phosphatidyl choline
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Table 6. Fatty acid compositions of non-phospholipid and phospholipid
in the intestine of carp (weight %)

Non-phospholipid Phospholipid
C
TEOA group ‘ B group [ C group ‘ D group | A group [ B group | C group | D group
14:0 | 1.1+0.8| 1.040.2| 0.9+£0.1| 1.240.3 — — | — —}| — — | — —
1| — — | 0.4%+0.1 — — | — — | 0.7+0.3] 0.5%0.1] — — | 0.6+0.1
16:0 | 13.6%£1.9| 16.2£1.6| 19.1:£0.4| 17.3+0.6| 18.3+3.9] 19.143.7| 21.3+0.6 (24. 14,7
1 1.2+0.9( 1.1+0.4| 0.8+0.1 1.3+0.3| — — ) — —| — — | — —
18:0 | 3.8+0.6| 7.3%1.3| 8.140.5| 6.9+0.3| 17.0+3.5| 18.53.1| 17.4:+1. 4|21 3+5.2
1 | 26.12.7| 26.9+4.0| 24.8£0.5| 26.5+1. 9| 10.6+1.1| 12,441.8| 12.80.3(14.1£1.3
‘2 | 40.446.2) 29.745.0| 28.44+0.5| 31.5+4.6| 13.1+2.5| 12.542.5| 9.6+0.4[10.243.0
20:1 | 6.8%=1.4| 5.4+1.8| 4.3+0.4| 57+0.8| 2.5:40.1| 2.2+0.4| 2.24+0.1; 2.240.2
2 | 1.040.2) 0.9+0.2{ 1.340.3| 0.8+0.4] 2.5+0.7| 2.0+0.6| 2.1+0.1} 1,7+0.2
3 | 0.9%0.2) 1.9+0.7) 1.6+0.6] 1.2+0.5| 2.5+0.8| 3.8+0.6| 3.1+0.2| 2.8+1.0
5 - = = — 0 = — i = — 10902 — — | — —|0.,4+0.4
221 | 3.6+0.4] 4.5+1.2| 6.0%0.8{ 4.7+0.8, 8.8+1.2| 11.4+2.4| 13.4:+0.1| 8.9+3.3
¥ | — — | 07£0.2) — —  — — | L0+£0.2| L2+0.2] LT£0.1| 0.710.6
4 - = = —{ = — | — — | 2.3£0.4] 2.6+0.7| 3.3%0.1| 1.8+0.5
‘b 0.5+0.2| 1.0+£0.3] 1.5+0.1] 0.620.5! 0.7+0.1, 0.6+0.1{ 0.7+0.1} 0.6+1.1
6 | 2.540.6| 3.0:£0.7| 3.240.8 2.3+40.6| 19.143.9| 13.243.6| 12.4:0.5(10.6+2.9
Table 7. Fatty acid compositions of non-phospholipid and phospholipid
in the hepatopancreas of carp (weight 9)
Non-phospholipid Phospholipid
C
TR A group 1 B group ’ C group ’ D group | A group l B group | C group | D group
12:0 - — | — — — | — — | 0.5%0.4| 0.5 0.4 0.5% 0.4 0.3:40.3
14:0 1.2+£0.2] 1.3+0.2/ 1.7+0.8| 1L4+04 — — | — —|— —|— —
16:0 | 15.9+2.6| 17.0+2.6| 16.6+0.6 | 15.5+2.7| 22.9+1. 8|36. 9::10. 3/29. 3+10. 3{31. 7£7.2
‘1 7.84£2.2| 6.9+11| 7.7+£L9| 6.6%1.5| 1.0X+0.4| — - == -
17:0 0.3+0.1| 0.24+0.2| — — | 0.5+0.3| — — | — —| — - = -
18:0 | 2.6£0.6| 3.9+0.4| 2.4+0.5| 3.14+0.9| 12.843.6|18.8+ 3.2{12.7+ 3.2/15.9+3.0
1 | 33.9%£1.9| 40.14+0.9 36.7+3.0| 40.143.0} 14.9+3.1/16.8+ 1.6/16.6+ 1.6/16.6+3.4
‘2 | 26.817.6|20.1+4.2) 24.243.2| 21.4+4.0, 7.6+1.6) 5.3+ 2.6/ 8.6+ 2.6] 8.0+2.4
20:1 | 5.1£2.0; 5.2:0.5| 7.3:£1.2| 6.0%1.6{ 3.4+0.8 3.4% 0.7 3.3% 0.7| 3.1%0.7
2 | 1440.5| 0.9+0.4] 1.5:£0.4| 1.340.2; 2.1+0.5| 1.4+ 0.4] 2.4% 0.4 1.6::0.4
3 | 1.0%0.2) 1.0%0.3} 0.8%£0.5 1.0+0.4] 1.9+0.5| 1.2% 0.6 1.9+ 0.6| 1.540.6
22:1 2.0+0.8| 1.8+0.9/ 1.140.7| 1.7+0.4| 11.5:£3.7| 6.6+ 5.2 8.0+ 5.2 8,5+3.5
2] 0.2+0.2( — — | — — | — — | 0.7£0.1| 0.8% 0.3) 0.7% 0.3 0.6+0.5
6 | 0.6+0.3; 0.54+0.3| 0.3%+0.2| 0.3+0.1| 3.9+2,1) 2.5+ 1.7 L9+ 1.7 2.6%1.4
‘6 1.240.5) 1.1£0.5/ 0.7£0.3| 1.14:0.5| 16.8%+2.5{ 5.8+ 5,2 14.1+ 5.2 9.6+7.1

B,C,D B TCIEY Y IREEVSHS »itBP L, ZhAMBSBEERVOERIT - TW3,

B, FduRZ S CRBAOIREMERIIK 2 itRL Td 2, BT BDE, HATIRBCDHED
WFNIBN TS bV X Y254 F (TG) BEZBIBRAITH 5, —F, FTOETIIE) VREER
REGLBA NN bbb d, B D, i DFCT TG @A L 5 o ic IR
(FFA) OBk MA 6h, ZDOMOEERSITIR7 2+ X7 »Faa Y (PC) » B,C,D BTN T
BKU T3,

B, FTORBsIHAO EY VIREZ LN Y VSRR S0 IR 2% 6, BT IOHES
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Table 8. Faity actd compositions of non-phospholipid and phospholipid
i the muscle of carp (weight %)

Non-phospholipid Phospholipid
C
TEOA group’ B group’ C group‘ D group | A group | B group | C group | D group
120 | — —| — —|— — | — — | 1.0£0.3| 0.8+0.1| 0.7:£0.6| 0.70.03
14:0 | 1.840.6| 2.020.3| 1.840.03 1.1+0.2 | 1.340.2 | 1.240.1| 1.040.6| 1.24:0.1
1| — — 4| — — 1074007 — — | 1.0£0.3| 0.4£0.8| 0.540.4| 1.0£1.0
16:0 | 16.5%1.5| 17.842.4|17.3£0.5 |17.8::0.4 |13.8+2.3 | 22.83.8] 20.8:5.8/21.844.5
1 | 1,140.5| 1.7+0.3] 1.7+0.9 | 1.6+0.3| — — | — — | — — | — —
18:0 | 3.1%0.3| 5.3+0.4| 3.9%0.3 | 5.740.5 |14.14+1.9 | 10,716/ 10.40, 8|15.43. 3
1 | 80.3+1.8] 28.4+2.2(28.62£0,3 |31.0+2.2 |14.3%1.4 | 16.0+1.6| 13.9:0.7(22.1+1.8
12 | 36.5+1.6| 32.4+1.5/35. 01,7 |32.4+2.0 [15.2+1.2 | 18.2+0.9| 12.8:+5.4{10.9+3.1
20:1 | 6.7+0.7| 5.8x1.0] 5.70.4 | 6.44+0.9 | 2.920.3 | 2.040.3| 2.12+0.4| 3.0+0.4
29 | 0.9£0.1| 1.1+0.3] 1.0£0.1| 0.9+0.1 | 1.8+0.2 | 1.040.1| 1.640.5| 1.4+0.1
3 | — — | 0.8£0.2| 0.840,03) — — | 2.4+0.6 | 2.3+1.3| 3.2£1.0| 1.4+0.2
5| — —| — —|— — | — — |1.0+0.03 1.0+0.4| 1.1+0.6] — —
22:1 | 1.2+0.5| 2.5+0.9| 1.840.3 | 1.9:0.07| 8.7+0.8 | 10.40.4| 10.740.7| 7.2+1.0
B - = - == = - |- =] — — ] = —|0.7+0.4
Y| - = - == = |- 5.2+0,2 | 4.9+0,5| 4.0+1.6| 2.040.5
5 | 0.6+0.1] 0.4%0.1} 0.520.1| 0.3+0.01] 0.60.03| 0.6+0.1| 0.5+£0.3| — —
% | 1.3+£0.3| 1.8%1.4| 1.240.1| 1.0+£0.2 [15.441.9 | 11,92.8| 15.6+3.9|10. 817
Table 9. Chemical composition and enzyme activity of blood plasma
Item A group B group C group D group
Total protein (g/dl) 2.8 £0.4 2.7 £0.1 2.9 £0.2 2.9 0.1
Albumin/Globulin (ratio) 0.652-0. 13 0.670.03 0.61:£0, 03 0.69=£0. 07
Total lipid (mg/dl) 659481 517448 BT2+67 50631
Phospholipid (mg/dl) 38055 205-+15 323427 294422
Total cholesterol (mg/dl) 10715 9317 103+ 9 871+ 6
Triglyceride (mg/dl) 172£28 12917 46+ 5 125+ 5
Free fatty acid (meq/l) 0,120, 07 0. 15-:0. 06 0.16::0.03 0.290. 06
GOT (Karmen) 4814 8715 6925 %t 5
GPT (Karmen) 356 5810 4611 6416

Mean value:SD

WRYe. Y VIRERSTE, B, FTE L B.CDHTOFILENE Y/ — VEERY B
THERAVED NG, —F, VBERSTR, B FIvE HRed BDETFay~xy
= BOBIBAELENEG,

MR DV TR, RISRT LS IRML x SRIARBRBS I T VT i v/ FnT Y (A/G
) CRERBEETERR VY, SRERBEINY VIEEEN B,.C, DB, KHicELIgE » &5
Uiz BDHTHSMIRBOHL, —5 FFAERBDBHTRKUI, 372, BDETRINVE  VEES
FVuRR IS A7 L4 —~¥ (GOT), V2 i BEIVELVBEF L A7 3 +~+¥ (GPT) &
OLAPRD LRI,

£ ®

KBADRAETERBMER BLEERED B D BTBREANELL AN, F5 1~2880%
& hEEMERh 31BN, BEAMIBLAYADN 2 Boti, Lo T, MEERKT 15 BEK
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B,D Bhic 317 A REER (X 1) MWREMUIEERED A, C BT LU TH - T Iz DI RILIEES
BMICXBDEEALALENTED, 36, BDETIE, ML 5FOLBEE:L Y VEEEDOR
A, GOT 25 i GPTIEHO LA B ohtzc L kb, BBOBERHREMES bOLHEES
hs,

F1r, BREBWTIE, A CERELTB,DET TG OBIBEL L, —F FTuRicksH»Tid
%BO ABCHLTBDELSIOY 2t v EXRZHEEED CHTY VIREROEAY, 125K
Tid B,C, DT TG DEL VBRI BED NI (5 H2), DT &id, BTIIRBRILIEERS
B RIS SRR COREEROMESL LT, —HFFTVRZLFKBRTRIBHL Y2y
E RSHEEHEEH 20 I3 BLIRER S HEIc B 3R ELTHEDRI D LEEL OGNS,

KED, NSO Zal 60007 v MIERY /- ERx FUER LY ROREL, ZO#%
PSR 2 R ISR, Wi e biBMbiz 202 IMNIN O TR L, ZRMEHE L TR
INBHDERNTNE, THELD Y 7 — A2 F VB E 24 BEBRE 1> * a~x~
varTazEinkbh, BRHOK 0% DERMITHEINS L REL, —F5, Berganb® (1Y
7 — Vi FOVERR L T BE U BB RERE N T BBk BRI & 5 e T 5 & #EL TY
%, 35 Andrews51® {2 POV 1200meq/kg OFB{LAEM % 5 » MCEAREL, EAMCHD
92U MERREE PRIEL ER BEABRORRE & b IKBREEBET I 2T
50

chbomRt Yy, RERTELNIBLIRERERICK 3B TO TG OFE LW, BbIE
BORMESRE L - THBREMEEIN, ZhMBEREE - TRERBCREVE > ity EEA
% (3

—%, FFTURZ S BN TR, B, C,DHETHEUHL LEREESEEINIIC LIy, FTVR
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