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Effects of Heated Oil on Lipid Peroxidation in Rat Lijver

Kyung-Sook Lee - Soon-Jae Rhee

Department of Food and Nutrition, Hyosung Women’s University, Taegu, Korea
= ABSTRACT =

To study effects of heated oil on lipid peroxidation in rat liver, rats were fed 3
and 6 weeks by intubating oils heated for 1{HA group) and 24 hours (HB group)
at 180 . The contents of lipid peroxides and vitamin E, and the activities of super-
ozide dismutase and glutathione peroxidase in liver were measured. Histological ch-
anges of the liver tissue were observed.

In both HA and HB groups, the contents of lipid perozides and the activities of
superoxide dismutase were increased, but the activities of glutathione peroxidase
and the contents of vitamin E in liver were decreased when compared to the cont-
rol group which was fed fresh corn oils. During the oil feeding period, the activi-
ties of superoxide dismutase and the contents of vitamin E were not significantly
changed, but the activities of glutathione peroxidase were decreased, and lipid per-
oxides were increased in the 3 weeks than in 6 weeks.

In HB liver, the heterochromatin of nucleus increased, mitochondria swellen, cris-
tae n mitochondria disappeared, fat droplet and secondary lysosome increased and
lumen of rough endoplasmic reticulum enlarged, compared with that of the control
group. These phenomena in HA group were less pronounced.
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o) BEES A B 2T BARE ZIEA]) 74 Table 1. Composition of experimental diets
(g/1000g diet)
& 1.50]40] 559 0]l ow 1 & BEE 2.0 o4
&) 26%, 400l40] %1t HYUThT B BSHE Basal diet:
D
AR gkiAA ) Biee) BF AT wel Corn Starch(g) 740
1-7 21 Casein (g)? 190
o} Aok . EgLE KA ”‘giﬂlﬁc’ﬂ A= & ;
; . 5 710] Salt Mix (g)® 40
5 == ; &
50 guses §M%@kﬁﬂiﬂﬁﬂ Cellulose (g 2
ol AE Gl g = Mg navt A
t}:] el e A7 F S Keal/g 279
2 Ao NE e ALeE mEme) 43 Test il Lg/day
= B2 83 el HsiAle mAe 1) Pung Jin Chem. Co.
g arely 7] 9l8) oxygen radicalo|\} 7]} & 2) Lactic Casein, 30 mesh, New Zealand
_ 3) Salt Mixture:g per 100g of salt mixture;
o = . are
A2 A o A" HEEALZE 5 CaCQ,, 300g; CaHPO,, 7.5¢; K,HPO,, 32.2g;
Aslm I, o] A5E Aoz REH RAE NaCl, 16.7g; MgSO, - 7TH,0, 10.2g; ferric citrate,
dlosts f4A ¢l superoxide dismutases} glu- 2.75¢;MnSO,, 051g;KI, T0mg;CuCl, - SH,0,
. ) - 35mg;ZnCL, 25mg; CoCl, - 5H,0, 5mg;
tathione peroxidase@4le] W5 T H|F A7k (NH, )Mo, 0y, - 41,0, Smeg.
28 E3ld AL B5de =AY Vita- 4) Vitamin Mixture:per lkg of diet;thiamine -
min Egl 2o 231 = Ald] 7]_zo~|_ HEo F= HCl, 20mg ; riboflavin, 20mg; pyridoxine, 20mg
_n_ ° e = ;nicotinic acid 30mg;d-calcium pantothenate,
£ g A 60mg ;folic acid, 10mg; biotin, lmg;menadione,
45mg; vitarmin 1312(0-1 % triturate in mannitol),
A2 Y ey 20mg ;retinyl acetate, 2,000IU ; cholecalciierol,
= = 1,000IU ; d1-tocopheryl acetate, 0.1g; choline,
1.5g;inositol, 0.1g;vitamin C, 0.9g;paminoben-
NAREZ Y 2o] Z| zoic acid, 0.1g.
1 5) CMC (Sodium carboxyl methyl cellnlose, non
4B EE2 Sprague-DavleyFof HH 5‘:}‘&% - nutrigve fiber).
Agstel, 157 wAe ZUFAN ASE &,
#ZFo] 130gH g7} He RS Fa gl M Ao Table 2. Characteristics of test oils
2 g Aestgnh dv Ags $8E AT e ob
o HrREH 2, 448 544 2l8E Fo
¢ AT BE 2109 14 E Foig T(HA Conel H A H B
) 2 EEfE 4.029] FFERS Fog F(HBT)2 Acid Value 0.43 2.10 4.02
2 15o], gAs #ASNA 3B B 657 Iodine Value 138.00 112.90 91.00
Areatat Peroxide Value® 550 44.83 52.70
5
2
AR Aojg Bo As AHHES sam, 2+ Carbonyl Value 6.20 14.80 27.90
- ] b tub Viscosity 4.50 5.65 7.20
= iy e =] = .
woll whe ffifyis A7 51 1g4 stomach tube Color Density 005 700 1535
£ A3 FostEth
712 A & Aloj 19 = 24 9 ErfEiRe] g.}\ & 7 *The corn oil was heated with mackerel at 180¢C

z} Table 1, 29} 2t}

for 11hr and 24hr, respecively
1), 2). meq/ke
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BL{E'", Cabonly (B'® 4x¥:= dute] &3}
Feow, Ax'Wx Ubbelohded HuAlg Alast
o AR E 24591y, Peroxidef= ICU
H12(Method of International Chemical Union)
o s, 2o =EE Wi o 235y
=7

HNE A

AHET FE 1247 ZAXRF, Tl ether
sl wHAAA 23S ASR F 2 4FS A
stal AE ] T& FALE S8 ZAAM AR, vl
A A EolM 7 kg R=A dBF S

Z & A 0.25M sucrose/0.5mM ethylene diamine

tetraacetic acid(EDTA)/5mM N-2-hydroethyl-

piperazine~N'~2—ethane sulfonic acid(HEPES)
gohozm 10%(w/v)uha e BEck vjsfel
o YR 8,000xgol A 2022k Ay Ealsted 2
Azag Harsi A el ALRBAL, Yol
€ 10,000x gol| A 3023t A4 welstart 10,000

XgAtEdd gAars ) 0.48]8k 2] ethanol:ch-

loroform E5H94(5:3)2 7hstm 287F QA o
& 10,000 gol} 4] 3027k €4 EEste] FE A
2 A EA superoxide dismutase(SOD)gdo g
AMgE ), 10,000 g9 2] 2 F= 105,000

x gollA] 3083 94l £Ysto] 4B AL glutath-

ione peroxidase(GPX)gAdoz Fgon, 1
F 2 F o 0.20M sucrose /0.5mM EDTA /5mM
HEPES £ 2.0mlE Ho] glass homogenizer&

Table 3. Effects of heated oils on superoxide dismutase in rat liver

TH 8 Al A microsome W] #abs}AlE Ao
A3 Rk

Vitamin E3}gF &8

= T o

1]

SO
8 0.9% NaClzs] 10%(w/v) o} g e

Argat STk

ZFAF =2

oX.
o
W

£

4) Superozide dismutase 4] T Glutathione
peroxidase @4 =7

Superozide dismutase9] &zk.e 2Flelaleid
A1 pyrogallole] A-F4talel] o3k B4 o] §g
MarklundE'®e] wrg8.& olastg oo, Glutath-
ione peroxidaseg] F# 2. 415§ glutathioneo]
glutathione reduciase®} NADPHe) o] &g
) NADPH¢] §357} 340nmo| Al 7ZFasls A
£ o]43 Paglia & Valentineg] #F¥'® o] u}z}
)

5) Z4+8l 213 @ Vitamin E A

Tt sl Rjzle] Azk.e thiobarbituric acid(TBA)
2} vt 8lo] malondialdehyde & & =3sl= Sa-
toh WYg ol gagle ™, Vimmin B e
A E5 Kayden5'¥7} Taylore] w3!¥ef ojslad
& % 2]5t o] ferric —chloride dipyridy!' (Emme-
rie Engel reaction)?®dl] ol8lod &Rty

[+]
2t Alge glldse FEFo & bovine ser-
um albuming Al2§Fe] Biurets®’s} LowryH®

& olgsio} BBt

{(unit/mg protein)

Group Control HA HB
IWK 1188 =046 (6)° 1254 1060 (5)* ND
WK 12.20 +0.32(10)2 13.48 +0.32(10)b 14.23 2021 (10)°

All values are mean +SE (number of animal)

Values within a same column with different superscript letters(a, b, ¢) are significantly different

(at p {0.05)
ND:Not determinded
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7N AEY T B 8) #Felx HF

78 AW FA) lmm®27)E B} 409 25 7 2Apo) o) AF 2 Student’™e] t— Aol
% glutaraldehyde8-ai ol 2AIZHE <L REES & ma} foAwg FAA:

T, Ao #EES stEth 2 ZHL eth-
anol 50%, 70%, 80% <ol ztz} 208 %, 95%
ethanolefell 305, 33 4K ethanold]] 60324
223t 245l act ©] 218 propylene oxided)
1087H4 33 yrEale) FFA) 7|3, Luftg™ o
2]3)] epon 81224 Enjd}o] gelatin capsule o
oA 35Col A 124171, 60CCOIA 48A1ZH i
slod A A)Z Aty F2 2 ultramicrotome
O & 400~600A 2 A 235l Reynoldsyhs™
o) w}a} lead citrate} uranyl acetate 8 4 o]F
ARG AL sl JEMY (100-CX) BAE | He
24 BRI,

24

Table 4. Effects of heated oils on glutathione peroxidase in rat liver

1) Superoxide dismutase &9 ¥F

].z]-o]]/ﬂ_,] SOD:&'J/H__} HELS #ag AYs
Table 49} 2t} 320 glojAl= thzFo] 11.88
¢l ¥jsf HAT o] 12540 24 tha F78IF e
U} Q) oS el A AT, 65 3l
o}A= iR o] 12.20%1 @ Ble) HAF©) 13.48(p
<0.01), HBF& ®iusty s =, HAT R HB
9] 840) B3| BATHp (0.05).

( #mol NADPH /min/mg protein)

Group Control HA HB
3WK 3.81 £023 (6)® 278 +0.28 (5)° ND
6WK 473 £0.27(10)> 3.74+031(10)P 2.78 +£0.16 (10)°

All values are mean = SE (number of animal)

Values within a same column with different superscript letters(a, b,

{at, p {0.01)
ND ;Not determined

Table 5. Effects of heated oils on peroxide value in rat liver

¢) are significantly different

{n mol MDA /mg protein)

Group Control HA HB
3WK
8,000xg Sup. 0.56 002 (6)2 1144013 (5P ND
Microsome 808049 (6)* 1205+203 (5) ND
6WK
8,000xg Sup. 0.52+0.03(10)2 0.89 +0.09(10)® 0.94 +0.03 (10)be
Microsome 7.60 = 0.60 (L0)* 10.52 +0.71 (10)P 11.41 +0.87(10)be

All values are mean + SE (number of animal)

Values within a same column with different superscript letters(a, b, ¢) are significantly different
(at p<0.05)
ND ;Not determined

—18—



— ki BF AL REBRLS v BE-

Table 6. Contents of vitamin E in rat liver

{#g/mg protein)

Group Control HA HB
SWK 0.29 +003 (6)® 025 +002 (5)° ND
WK 0.31 +-0.03{10)® 0.24 +£0.02 (10)® 0.20 £ 0.01 (20)°

All values are mean +SE (number of animal)

Values within a same column with different superscript letters(a, b, ¢) are significantly different

(at p <0.05)
ND;Not determined

2) Glutathione peroxidase &4J9] HE
7raroll A e] GPX 449 #5 & Table 5oj) 4
B ool o] SOD AT wila & ol
H8) T2 2% Z4de 3%E Ydehlidct 3F
o glejA] th&Fe] 3.81%1d Ha] HAFo] 2.78
24 37% g3l e m(p<0.01), 650 slojMe
o) 473200 s HAF o] 3.7424 26%(p
<0.01), HBFo] 2.78% 70%(p < 0.001)2] ZHaE
ryd =7, HAEY HBFE v¥=siae o), HB
o]l HAZ R} 35% 9] ZAE BYrHp (0.01).
tEH B 7IZEE Hh.ﬁ}?\% o, SOD
g4e d AelE BolA ggtor}, GPXE4L
Zur} 6o A ZEFO] tht ZF7eh ek

3) HitetAAge) ¥E

Lipid peroxidation Z ¥} AAlE]= peroxidedt
£ Table 637} o] T F 25 thxvol H3 #
IHA F7HE Bk 8000xgHs NS F, 3
Fof glojAs taTe] 0569w H)s HATZ
L1424 2v] ol4pe] & FAE A 2™ (p(
0.001), 630l glojAe hRTe] 0.52 9w
HAZ & 0892 1.74), HBFo] 0.042 1.8u]¢]
748 .ok (p ¢ 0.001). =35, HAF 3} HB &
Bl@3ly e o, HBe] HAZRET tha F718)

gout, FoEQ aele BeolA skt F4 7]

Ez s E o, 3FRT 6504 st
= AL Vet Microsomes] -0l A%
oy mgR peroxidezk-g 3,000x g A& AP}

=
<
T

O
o
B

SEAE AL Hssen)

4) Vitamin E ¥8Fg) ¥

713 &gl Vitamin Eﬁ,} <
= Table 73} gt}

o] glojal= iRl Hls) HAZo] tha 7+
astgot feAe aele HolA wgen, 6
Zo) gloj M wimiEe] 0.31 ) wis) HA &9
0.24% 30%(p < 0.05), HBTo] 0.202 24 50%(p
(0.001) 8] A4S BYch £ HATH HB T2
vmslge o, HBEo] HAZRT tigd 84
& A2 BRYTHp {0.05).

29 2%

fus

5) 2 Al F= ¥

AR @ojg 2Abe] o3k 2F MEe) T ¥E
2 s A, gxpdads o] FHtn
Axade 9% Ex= 2% mitochondriaz} 2t
dlerg] o] 919 e 1 mitochondria W g) cristae 7}
FRHQTHFig. 1). 2442 7128 718 & B
3 HBZ-& #1e] heterochromatino] &g 571
o] gl oo HEZA Y= mitochondriaz} 3
% o] ¢191 3 mitochondriatfe) cristaer} o) 4
Agl9lo 1 rough endoplasmic reticulum(RER)
o] Wzto] B E|QiaL, &8 secondary lyscsome
2} fat dropletr} =715 o] glcH(Fig. 2).

W] AAFTEA
AlZ3Ee. ol THER
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Fig. 1. Hepatocytes of Rat, Fed Fresh Corn Oil. The cell is shown apperent-
ly nucleus (N) membrane. Mitochondria (M) is well developed. Round
or elongated mitochondria(M) is developed cristae. Bar mark, 1#m.
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Fig. 2. Hepatocytes of Rat, Fed Oil Heated 24hr.(A.V. 4.02) Mitochondria(M)
is swellen and cristae in mitochondria is disappeared. Rough endo-
plasmic reticulum (RER) is dilated. Secondary lysosome (Ly) is incre-
ased. Fat droplet(F) are widely scattered Bar marked, 1pm.
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2 g BAEAE AU dAA A free rad-
calg& AAsaL, ojul AHE O; & A2str] 4
3 SOD&Ao] Zrisldntn B« uvd vt
SODg] g0 A== HO& B3l A
uho) a3l E-g Bgls GPXgAo] #AadE

24, BAstARo Frlee A 2% 3l Ro-

0T e 4ol S84 MY Brle] AYFol
A, Mavelli%*™2 Fanconi¥] w18 &zle] AY
Fol A zh2r YT e} 497 SOD, GPX & ca-
talase2] A #AS BIsl Y=, SOD7}40%
Az 7tA 5 o] gloj= GPX} catalaser} AA}H]
& FABE Jlod A £YdoeRH P Y
= A, SOD7E A4 52 F7hd o] o= GPX
1} catalases H 02 AHglsle &40 Asts o
gloed, T ohatd &8 woEtA %
the Buel d XS A= o1z BAE LT
o] EAeaye ¥¥siede O;- o Aad &
7l H,0,2] A8 Fasditts AL AAEHE A
o] o}z AtgE Tt

#H, B Aol s AdFe] w2 Lol
Mg a2715¢ AET F# e HESA™ < 7
Z+29] vitamin E &eo] ZHA4dle ZloZ Ko}
vitamin E+ mitochondriat} endoplasmic reti-
culume] 4] 2ol Bo] EAhe EEHALLE
lipid peroxidationo Z ¥ B} #ojslc Az
ALEATtE AL 24 4 vl Zalking?Pe vit-
amin E7} 2358 E7]¢] 7+ &3 mitochondria
7} Aar E7el 7+ &2 mitochondria g} 34

Aol ¥AF E/lEF B astgdo™ Me-

Cormick=*’1} Kensler5-3P2 A 7152 g
g5 Qb vEsd FURAE TR F
Fea MEE 29U 4 AT BRaAt ol
o) o]} o] B AFM stdf TR Bt
BAAFO] ¥ PUSF viamin Egego] 24
H AL B uoff vitamin E7} 213} 5 X]q)] Bo] &
2E 7] wSo 7+a A We] vitamin E&gFo]
249 Rl ohdrt A2 YT, o570 ejaw
vitamin E A2 7+ &R ) A] lipid droplet 7}

ol -

Vel D myelino] FAE U dFHo v, Na-
kamura%-¥®.¢ 254518 FodA] lysosomed} 1
Yol granulego] A3 FrIeigcty s}
et

Aw7tAe &4 24

Je Hize AR
o vitamin EgF S £
o

3% ob-ge] A
B8 32 THH E o MEFe FAe g2
e 54 22T slarA R HAREF A free
radicals AT 2AE as E£35) 2 mito-
chondria} RERS @] ule] F2&, 7|54 &4
& T WA Az At 242 AL <
o= o)t} mletA] free radical ¥ A3} lipid per-
oxidation B E§gA AP 45 APFH o8

¢ 23 2 o slgn e BFE =5 g DNA
f=Arl3] g]agx-l AFLS FHAD ¢ QL HoF
F2grt
2 of
7YEH7F 8F 2-e) IbEAle vl A A

S golr ] 93 1147 H A3 7]%—(HATE)
3} 24X70 3% 718 (HBD) € 27 AT Fof
s 322 2 63 AR S T, wAelNe B
8 %227} vitamin E&H2 2 SOD2} GPX 84
& S48t o&3 7 Ax e & wEE g
st

7ldf-§ T35 HA, HBZ S dixFd 1] ¥
e A "Fat SOD &AL St AT, GPX
g4e FadHen, el vitamin E 33
T HAA AUk Fo 7IdE vty
& @, SOD#A43} vitamin E $Hakole 5 2ol
Aolg meolx| weke Ll 67mch 374 GPXE
Zastga, A AEFL FrekAv A4 8
MFos 7 2UE WAS 2T, MEE 4T
ge Felno) HEE) Hs) Brhe) heter.
ochromatine] g %7}% ¢l 7, mitochondria
o) £27) cristaer} A4% o] 9133, fat droplet

7} Z7}E 9l e ¥, rough endoplasmic reticulum
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