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Abstraet

In order to investigate the cellular peroxidative damage due to heated oil intake and the
preventive effect of vitamin E on it, rats were fed heated corn oil with acid value of 4.02 at
the level of 10 Cal% and three different levels of vitamin E thai were 0, 40 and 200 mg/kg
diet. Contrel group was fed fresh corn oil and 40mg/kg diet of vitamin E. After each feeding
period of 0, 3 and 6 weeks, liver superoxide dismutase(SOD), glutathione peroxidase(GPX)
activities and microsomal content of vitamin E and lipid peroxide(LPQ) were measured as
well as cellular morphology was examined. SOD activities and LPO contents were higher,
while GPX activities and vitamin E contents were lower in heated oil groups than control
group. Electromicroscopic observation revealed the loss of inner mitochondrial membrane
and cristae and irregular arrangement of nuclear membrane and chromatin in heated oil
groups. As dietary vitamin E level was increased, SOD sctivity and LPO content were
decreased, but GPX activity and vitamin E content in the liver increased and cellular
peroxidative damage reduced progressively. This phenomena was more remarkable in 6
weeks of feeding than 3 weeks.

Key words : heated oil, peroxidative damage, lipid peroxidation, vitamin E, antioxidative defense
enzyme
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Tabkle 1. Composition of experimental diets
(g/1000g diet)

Group Control HOF HO HOE
Basal diet
Corn Starch(g)" 740 740 740 740
Casein{g)” 190 190 190 180
Salt Mix(gy 40 40 40 40
Vitamin Mix(g)* 5 5 5 5
Cellulose{g)® 25 25 25 25
Keal/g ) 3.72
Vitamin E(mg)® 20 0 40 200
Dietary fat "1 "2 *2 *2

10% Cal of ;;;;fal energy/day

» Pung Jin Chem. Co.

# Lactic Casein, 30mesh, New Zealand

# Balt Mixture : g per/100g of Sait Mixture ; CaHPOs, 7.5¢ ;
KoHPOL, 32.2¢ 5 NaCl 16.7g + MgSO.., TH=0, 10.2g ; ferric
citrate, 2.75¢ ; MnSO4, 0.51g ; KI, T0mg ; CuCl.. 53H20,
35mg 5 Z:Cli, 25mg ; CoCl. 5H0, Smg ; (SONHBMOOu,
4H:0, bmg

@ Vitamin Mixture : per 1kg of diet ; thiamine - HCl, 20mg ;
riboflavin, 20mg, pyridexine, 20mg ; nicotinic acid, 90mg ;
d-calcium pantothenate, 60mg ; folic acid, 10mg ; biotin,
lmg ; menadione, 45mg ; vitamin B (0.1%triturate in
mannitol), 20mg ; retinyl acetate, 2,000{U ; cholecalciferol,
1,0001U ; dl-tocophery!l acetate, (.1g; choline, 1.5g;
nositol, 0.1g ; vitamin C, 0.9¢ ; p-aminobenzoic acid, 0.1g

4 CMC{Sodium carboxyl methyl celtulose, non-nutritive fiber)

DL ¢ -tocopherof acetate

** Fresh corn oil

** Heated oil : The corn oil was heated with mackeral for
24hrs at 180vC
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Aol fe] A7bE, carbonyl7b E N EE ANy
o Fatg e FEWE Ubbelchoded HEAZ A
gt AUEEE SIS, peroxiderHE ICUY
{(Method of International Chemical Unicn), 8257}
T Wigdod o8l FAsgch At 2gEAe
Ao AR HolF-E 2 saponificationAH 1E
AL7l2Ee| AZAZFE g chromatography S ©]-8-3]
o] EA@stgct,

AR 2|

AMEF HE 12470 AHANE, HAA RS
HEF F 1 Y58 Hale A2y WeizAes A
AHg e mAEAY D, deR AR EE AR
95M sucrose/0. SmM N-2-hydroethyl-piperazine-N " -2-
ethane sulfonic acid (HEPES) 4o 28 10% (w/v) vt
a5 FHEUTh

sl el €RE 8, 000xgAAM 08T FYEYE
o I AF4E IR PAH T A, 1ol
Ae 10,000%gol A 3081 E4Es 2 254
A4 are Ha} 0. 48] 2] ethanot : chloroform &3l
(5:3)% 7Fetn e U3 superoxide dismutases
10, 000 % goll A 3087, glutathione peroxidases 105,
Q0% gl A 3083 4y Eeste Algstgen, o
HAAZ 0.25M sucrose/0.5mM EDTA/5mM
HEPES &9 2.0mlE %] glass homogenizer® &3
3A)# microsome] & TAFERA A A A ALE-EHY
th. VEEEEF L AzA dFFE A& 0.9%
NaCIZH 10% (w/v) =haf )& "hEo] Alg-3stich

Superoxide dismutase M4 EH

Superoxide dismutase®l 7 ZFE bz Aol
pyrogallol?] xHEARElS] o Ha L o} £ Mar-
Kunds= 2] ¥Hy-& o] 8-t

Glutathione peroxidase &M &X

Glutathione peroxidase® 3 %& L8E glut-
athione©] glutathione reductase®} NADPH] 2j3) @
249 NADPHS &F3E=7b M0nmel A FHiatesl e
o} 4% Lawrence 2 Rack®g] ¥hyo] whel 24509
2

mpAFE K| Rlo| Xt

FarEhz] Aol A2 thioharbituric acid (TRA) ¢ gt
£3ted MAEE malondialdehyde® 248+ Satoh
WEe L o) g8

Vitamin E gl2f&H

T FH %] VERHE ANEBE KavdenFP
Taylore] HWh=ez A el sty ferric-chloride
dipyridvl®¥ (Emmerie Engel reaction)® o] £]dled &7
BHETH

2F Algel gAARre EFECZE bovine serum
albuming A&-8te] Biurety 3 Lowry™¥PE & o &
shed A gt ),

ZF MzZ2| FEREAM

e AT FA Imm® 2712 B} 40 2.5%
glutaraldehyde &q<f 24 3E¢ dogd L &%, £
eda Fnge gt zFE ZHL ethanol 50
%, 0%, 80%de Zzt 2084, %B%ethanolde 30
¥, 283 Foethancld] 6089 A adle] @3t
o} o}3& propylene oxideol 1083H4 33 ukE-glo]
HEAMNF 1, LuffH®< 98 epone 81224 IEoj &l
gelatin capsules] ol 35°CelA 12412F, 60T elA
48713 sredte AEAAC AdE 2HE ultr-
amicrotome S 2 400~600A H A vz 3te] Reynolds
weg»ol] wa} lead citratest uranyl acetate®H o] F
ARG 4L shod JEME (100-CX) #AguiAo2H
ZEah
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Table 2. Characteristics of dietary fat

Fresh Oil ¢ Heated Qil?
Acid Value 0.43 4.02
iodine Value 138.00 91.00
Peroxide Value® 5.50 52,70
Carbonyl Value? 6.20 27.90
Viscosity 4.05 7.20
Color density 0.05 15.35

;-Fresh corn oil
*The corn oil was heated with mackerel for 24hrs at 180°C
13,9, meq/kg

Table 3. Fatty acid composition of dietary fat

{ow/w)

Fatty acid Fresh Oil' Heated Oil*

16:0 8.66 1266

18:0 592 8.38

18:1 31.23 40.84

18:2 48.27 36.13

18:3 5.82 -

'Fresh. corn oil

*The corn oil was heated with mackerel for 24hrs at 180°C
HrHe AW SR 5 dE3de] 0.43 ¢l
Hig] 24A17F A 182 1.284 faA At
godol golAE & = Y9 A, REE7 N dlETe]
18890 wlsh 2447 HAS F1EL a1z slgeeE
ELECIS e L=
EF peroxide?l, carbonylZl, A&, AEE oz
v el & $AE JERCh Agaage A
WE S|B9 WETL lincleic acid(Cy) 7 3
Fatolda, AeErt A 948 r)ge it
oﬁ %ﬂ'%‘?} linoleic acid (Cw:!) 7]‘ ‘1:_%'0] ;Q'.’}:E] ﬁ._oﬂﬁ,
linotenic acid (Cis:s} = A8 ol B 3 A9z, oleic
acid (Cu:) 78 8 AAME o] 2 gl

MEE7E 9 B7E] 2A
2 AYe ALY He G9AFY ge) FA
HEe] FUHES Table 49 viebhd whel Pl
ke BAlE 3F, 65 55 uxgd Hls] Ay
E7b 48 JES B9 TAA FhE Ria A
TEIMES AYIES ASRAQ Fvle 2ged
.g.

s
AET0ole F4H Aozt Yehdx ggich

RN ES EaEY
Superoxide dismutase
1A F=4F 7HAlA superoxide dismutase #43

Table 4. Liver weight and percent increase of body
weight of rats administrated heated cils

(Gowyw)
Liver wt, % Inerease of
G
ronp (g/100g body wt.) body wt.
OWK 2.90+0.05 100
SWK
Control 2.77+0.067 145.14-1.20
HOF 3.190.15* 142.10+1.30
HO 3.29+0.22* 139.60+0.90
HOE 3.18+0.16* 141.23+2.10
EWK
Control 2.65+0.08 171.63+1.60
HOF 3.30+-0.06* 172.60+1.30
HO 3.2440.047 169.12+0.80
HOE 3.07£0.08* 169.33 + (.90

All values are mean +SE

*A significantly different from each control group (p<0.05)
Control : basal diet+fresh corn oil + 40mg dl-« -
tocopheryl acetate
HOF : basal diet + heated oil + Omg dl-« -tocopheryl

acetate
HO : basal diet + heated oil + 40mg dl-¢ -todcopheryl
acetate
HOE : basal diet + heated oil + 200mg dl-« -tecophery!
acetate

HMEE 29 A9 Table 59 Vel whel 7o} 3
Fofl A dizgFe] 11.889] ®le)l HOTE 13.59,
HOF 15.022 fe=5oR Z71ehslx (p<0.05),
HOER & 12.202. 2 o =T wis) ok Frlalgle
Kol Hel gtelE glelth 6FAME MERF 1211
o W3l HOT 14.23, HOFT 14.462.8 Zylsigm
(p<0.05) HOETE 12.872 wl2F3 zpol= Hel
Al gk,

Fof 717hEE 29RY AT A Ao &
o1z gkskon} HOZS AdAlal wfol 11 409 vl
HET 3%, 6585 244 13,59, 14,2322 ¥R
& FrREl R (p<0.001) HOFTE 2¥3e ddzx
2] 11404 wial 33, 6% zhzh 15.00, 14,4602 &
A8 F78 R p<0. 001}, HOEFS 2 #37) &
21t}

Glutathione peroxidase

YA Sl & gedlatel glutathione peroxidase
T4 RBE Table 64 B vle) 2o}, 3304 =
WaET 3.98¢) wlEl HOw 2.90, HOFT 2.600 %
A s ZAaEgovt(p<) 05 HOETES HO, HOF
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Table 5. Effects of vitamin E on superoxide dismutase activity in rat liver administrated heated oils

(unit/mg protein)
Group Control HOF HO HOE
OWK 11.40+0.21 11.40=0.21! 11.400.21**" 11.40+0.21¢
3WK 11.88+0.46™ 15.00+0.21°2 13.59+0.21>2 12.20+0.21*
WK 12.11+0.31" 14.46+0.28¢2 14.23+0.21%2 12.87+0.62**

All values are mean +SE of eight rats.
*Values in a row(diet group) with different superscript letters {(a.b.c.) are significantly different from the other group (p<
0.05)
**Values in a column (feeding period of diet) with different superscript numbers (1,2} are significantly different from the
other group (p<0.05). Experimental conditions are described in Materials and Methods

Table 6, Effects of vitamin E on glutathione peroxidase in rat liver administrated heated oils

(mol NADPH/min/mg protein)
Group Control HOF HO HOE
OWK 4,01+0.41 4.01+041" 4.01+0.41%*: 40120411
3WK 3.98+0.03" 2.6040.5002 2.80+0.142 3.56+0,12*
6WK 4.63+0.25% 1.99+0.22:° 2.58+0,1202 3.42+0.10+*

All values are mean+ SE of eight rats.
* Values in a row(diet group) with different superscript letters (a.b.c.d.) are significantly different, from the other groups
(p< 0.05)
** Values in 2 column (feeding period of diet) with different superscript numbers (1,2) are significantly different, from the
other group (p<0.05). Experimental conditions are described in Materials and Methods

Table 7. Effects of vitamin E on lipid peroxide value in rat liver adiministrated heated oils

(n mol MDA/mg protein)
Group Conirol HOF HO HOE

OWK

8000 x g Sup 0.50:£0.06 0.50:£0.06" 0.50:£0.06"* 0.50+0.06

Microsome 7.40+0.02 7.40%0.02' 740002 7.40£0.02
3WK

8000 x g Sup 0.562-0.02" 1.39:+0.09- ¢ 0.89:+0.12 0.63+0.07

Microsome 8.08+0.49 14.09:+0.08:* 12.90:£0.09 8.29:0.12
6WK

8000 x g Sup 0.58:+0.02* 1.66%0.09-2 0.94£0.03» 0.67:0.03

Microsome 7.59£0.60¢ 19.90% 1.09- 11412087+ 7.90+0.21¢

All values are mean+8E of eight rats.

* Values in a row(diet group) with different superscript letiers (a.b.c.d.} are significantly different from the other groups
(p< 0.05)

** Values in a column (feeding period of diet) with different superscript numbers (1,2,3) are significantly different from the
other groups (p<0.05). Experimental conditions are described in Materials and Methods
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Fig. 1. Contents of vitamin E ir rat liver in administra-
ted heated oils. Experimental conditions are
described in Materials and Methods.

2o vla zZbzt Lee 3T FrMEA3: HOFES
23 9l 33, 63 ZHF L9, 2.6WlE EAE
Zr7hete o (b<0.001), BAr|ZE2 AR HOF
Toia A" Al wd 33 © s5w i 2.0
o, 2. 79 FrletrRA 9 F9A] VE7F 23

2 Aol I ARkl WelRASs FzAFe
A3 sbale] v]Re dgke] V1% FHEPE 4 &

SUCIRE

¥, Ao
;saw
J.l

7}%% Fod & 7&%"5’:%‘%‘3 ‘\EJ S Fig, 1
7o

F 0. 2900w
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Fig. 2. A). Hepatocyte of a rat fed control diet for Sweeks. The hepatocyte shows a round nucleus(N) with
prominent nucieclus{Nu) and abundant smooth - surfaced endoplasmic reticulum(sER) and mitochondria
(i) in the cytoplasm. Golgi apparatus((3) is well demonstrated. Uranyl acetate and lead citrate stain. Bar
marker, 7,000 1 m. B). Mitochondria of hepatocyte of a rat fed control diet for Sweeks. Elongated
mitochondria(Mt) have many cristae and electrondense matrices. Quter leaflet of mitochondrial unit
membrane(() is well defined. Urany! acetate and lead citrate strain, Bar maker, 15,000 1 m.
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Fig. 3. A). Hepatocyte of a rat fed standard diet with 10% Cal. of total energy/day of heated oil and 40mg
vitamin E/kg of diet for 6weeks. The nuleus{N) has much heterochromatin(C). Rough-surfaced
endoplasmic reticulum(xER) and mitochondria(Mt) are abundant. A lipid droplet(L) is present.
Uranyl acetate and lead citrate stain. Bar marker, 10.000 xm. B). Hepatocyte of a rat fed standard
diet with 10% Cal. of total energy/day of heated oil and 40mg vitamin E/kg of diet for 6weeks.
Mitochondria(Mt) of the hepatocyte are moderately swollen and decreased in number of cristae.
Both smopth-(sER) and rough-surfaced endoplas-mic reticnlum{rER) are abundant. Uranyl acetate
and lead citrate stain. Bar marker, 10.000 xm. C). Hepatocyte of 2 rat fed stand-ard diet with 10%
Cal. of total energy/day of heated sil and vitamin E free for 6weeks. Mitochondria(Mt) shows marked
swelling and loss of cristae. Uranyl actate and lead ciirate stain. Bay marker, 6,800 s m. D).,
Hepatocyte of a rat fed standard diet with 10% Cal. of total energy/day of heated oil and 200mg
vitamin E/kg of diet for Gweeks. The hepatocyte demonstrates large round nucleus(N) with small
amount of heterochr-omatin(C), and large number of intact mitochondria{Mt) and abundant rough-
surfaced endoplasmic reticulum(rER). Uranyi acetate and citrate stain. Bar marker, 9,000 g,
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