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ABSTRACT

This study an analyzes the effects of the P/S ratio of dietary lipids and antioxidant vitamin
supplements on serum lipids level and fatty acid profile, the degree of lipid peroxidation, and
the antioxidant enzyme activities in the liver of rats treated with 7,12-dimethylbenz(c)
anthracene(DMBA). P/S ratio of dietary lipids was made into 0.5, 1 and 2 by mixing palm oil,
soybean oil, sesame oil and perilla oil at 10%(w/w) fat level and n-6/n-3 ratio was fixed to 4.
Antioxidant vitamin of o-tocopherol or B-carotene was supplemented in addition to vitamin
mixture which was given at 1 % of the standard diet. Female Sprague-Dawley strain rats, about
60 days old, were divided into three groups(LP : low P/S ratio(0.5), MP ; medium P/S rado
(1.0), HP ; high P/S ratio(2.0)) and each group was sub-divided into three groups(S ; standard,
T : tocopherol supplemented, C : carotene supplemented). Two weeks after feeding ex-
perimental diets, all groups were treated with a single dose of DMBA(2mg/100g BW) by
gastric intubation and fed experimental diet for 9 week. The results were as follows |

1) Serum total cholesterol(TC) level was not significantly influenced by diet but tended to
be lower in HP groups compared to LP and MP groups. Triglyceride level was the highest in
LP groups and the lowest in a-tocopherol supplemented groups.

2) Thiobarbituric acid reactive substance(TBARS) level, representing lipid peroxidation in
hepatic microsome, tended to be increased as the unsaturation of dietary lipids increases. o-
Tocopherol supplement significantly decreased TBARS level.

3) The activities of superoxide dismutase(SOD) and glutathione peroxidase(GSHPx) in
hepatic cytosol showed the tendency to be high with increasing P/S rato of dietary lipids.
SOD activity was not significantly influenced by antioxidant vitamin, but GSHPx activity was
significantly increased in @-tocopherol supplemented groups.

In summary, high polyunsaturated fat diet was effective on reducing the serum level of total
cholesterol and triglyceride, while it increased unsaturation and peroxidizability of serum fatty
acid. With increasing P/S ratio of dietary lipids, lipid peroxidation was increased in the liver
and antioxidant enzyme system was induced to inhibit lipid peroxidation against oxidative
damage. o-Tocopherol supplement was effective in lowering lipid peoxidation, but B-carotene
supplement did not exhibit antioxidant effect. (Korean J Nutrition 31(5) : 906~913, 1998)
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Introduction

In recent decades, the Korean diet has changed sig-
nificantly in response to Western influence. As a
result, the percentage of daily caloric intake from
lipids has increased from 6.3-11.9% in 1970 to 19.
1% in 1995. Approximutely 44% of Korea house
holds now consume a diet that consists more than
20% of fat. One of the more obvious repercussions
of those dietary modification has been a change in
disease pattern in Koreans. Incidence of cardiovascu-
lar disease and cancer had increased very rapidly
since 1960 70°.

Although the etiology of cancer is uncertain, it is
believed that 75— 80% of cancer-related disease is in-
duced by environmental factors, and 30-40% of this
is related with diet”. American Cancer Association
has also suggested that one third of cancer is caused
by dietary factors®. Many animal experiments has
shown the strong relationship between dietary fat in-
take and mammary cancer. High-fat intake is be-
lieved to lead to the development of mammary tu-
mor”, and dietary lipid composition as well as lipid
level influences the incidence of mammary carcinoma
®. Linoleic acid has shown to have a promoting ef-
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fect on mammary carcinogenesis’’, while n-3 farty
acid has shown to have a inhibiting effect”.

It is also been suggested that the high intake of
polyunsaturated fatty acid(PUFA) increases the perox-
idation of lipid by free radical at the cell membrane,
consequently cell damage leads to the promotion of
cancer’'®., Lipid peroxidation by free radical can be
inhibited by antioxidant vitamin and antioxidant en-
zyme system. Therefore, it is necessary to balance
the level of dietary PUFA and antioxidant vitamin in-
takes.

In this study, the effect of P/S ratio of dietary
lipids and antioxidant vitamin supplement on lipid
metabolism were examined in DMBA treated rats.

Materials and Methods

1. Animals and experimental diets

Ninety weanling female Sprague-Dawley rats hous-
ed in stainless-steel wire-bottomed cages, were main-
tained at temperature of 22+2C with a 12h light
and dark cycle. All rats were fed a commercial diet
(Samyang Co.} for 4 wecks. The animals were then
randomly assigned to nine groups(LP-S, LP-T, LP-C,
MP-S, MP-T, MP-C, HP-S, HP-T, HP-C) and each
were fed a specific experimental diet for 11 weeks

Table 1. Composition of experimental diets (g/kg diet)
Ingredients LP-S"* LP-T  LP-C  MPS  MPT MPL HPS HPT HPC
Casein 150 150 150 150 150 150 150 150 150
Corn starch 200 200 200 200 200 200 200 200 200
Sucrose 450 450 450 450 450 450 450 450 450
Palm oil 77 77 77 50 50 50 25 25 25
Soybean oil 15 15 15 30 30 30 40 40 40
Sesame 0il 13 13 13 25 25 25
Perilla oil 5 5 5 7 10 10 10
DL-methionine 3 3 3 3 -3 3
Choline chloride .2 2 2 2 2 2 2 2 2
a-Cellulose 50 50 50 50 50 50 50 50 50
Vitamin mix. 10 10 10 10 10 10 10 10 10
Mineral mix. 35 35 35 35 35 35 35 35 35
di-a-Tocopheryl acetate™ - 2 - - 2 - - 2 -
B-Carotene® - - 0.14 - - 0.14 - - 0.14

1) LP-5 : Low P/S ratio(0.5) and Standard, LP-T : Low P/S ratio(0.5) and Tocopherol supplemented, LP-C : Low P/S ratio(0.
5) and Carotene supplemented, MP-S : Medium P/S ratio(1.0) and Standard, MP-T : Medium P/S ratio(1.0) and To-
copherol supplemented, MP-C : Medium P/S ratio(1.0) and Carotene supplemented, HP-S : High P/S ratio(2.0} and
Standard, HP-T : High P/S ratio(2.0) and Tocopherol supplemented, HP-C : High P/5(2.0) ratio and Carotene sup-

plemented
2) Standard, based on AIN-76 diet

3) 2,0001U dl-o-tocopheryl acetate/kg diet

4) 240,0001U B-carotene/kg diet
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(Table 1). Casein, DL-methionine, choline chloride,
a-cellulose, dl-o-tocopheryl acetate, and B-carotene
were purchased from Sigma Chemical Co. Corn st-
arch(Poongjeon), sucrose(Samyang Co.), vitamin and
mineral mixture(ICN Biomedicals Inc.) were used to
prepare diet. Diets, and tap water were provided ad
libitum.

The P/S ratios of dietary lipids were controlied to
0.5, 1 and 2(LP, MP, HP) by mixing palm oil(Lotte-
Samgang Co., soybean oil(Haepyo), sesame oil(Ott-
ugi) and perilla oil{Gohyangnonsan) at 10%w/w) of
the diet. The n-6/n-3 ratio was fixed to 4. Fatty
acid composition of each fat source was analysed by
gas chromatography(Shimadzu GC 17-A).

Antioxidant vitamin of a-tocopherol(T) or B-caro-
tene(C) was supplemented to the standard diet(S).
Since S diet already contained a vitamin mixture
which included 4000 TU Vit.A/kg and 50 IU VE/
kg, the T group diet was set so that it contained 40
times the amount of Vit.E of the S diet and 2000
1U dl-o-tocopheryl acetate/kg diet. The C group
diet was set so that it contained 20 times the Vit.A
activity of S diet and 240,000 TU B-carotene/kg diet.

2. Mammary cancer induction

After 2 weeks of feeding the assigned diets, rats
were fasted for 24 hours. DMBA(Sigma Cemical Co)
dissolved in sovbean oil was administered intragastri-
cally in amount of 2.0mg/100 g b.w. Subsequently,
each experimental diet was continued to be provided
for an additional 9 weeks. DMBA, used in this ex-
periment as a carcinogen is known to induce in an-
imals mammary carcinoma similar to human breast

1
cancer] ).

3. Blood and tissue sampling

After 11 weeks of feeding these experimental diets,
the rats were sacrificed. Blood samples were obtained
through heart puncture and serum were seperated at
1,000x g for 15min. The livers were removed, wash-
ed with saline and weighed. Serum and liver were
stored at — 75T until analysis.

4. Analysis

(1) Serum lipid concentration

Serum total cholesterol and triglyceride concentra-

tion were analyzed by enzymatic procedures using
kits(Youngdong Co.).

(2) Serum fatty acid composition

To analyze the fatty acid composition with gas
chromatography, a serum was prepared by modifying
methods of Fletcher et al.'”” and Lepage & Roy'.
The Instruments and operating conditions of GC
were as follows : Schimadzu GC-17A : Flamable Ion-
ization Detector ; 30X 0.53mm X lp DB wax capi-
llary column; Carrier gas He; Injection temperature
2507C; Detection temperature 260C; Column tem-
perature 211, isothermal run.

(3) TBARS(thiobarbituric acid reactive substance)
concentration in liver

To analyse the amount of peroxidation, liver TB-

ARS concentration was measured by the modified
method of Buckingham'®.

(4) Enzyme activities in liver

To measure the antioxidation related enzyme ac-
tivity, liver' SOD(superoxide dismutase) and GSHPx
(glutathione peroxidase) activities were analysed by

Table 2. Fatty acid composition of experimental diets”
Dietary groups

Fatty acids P VP e
C12:0 0.62 0.40 0.21
Cl4:0 0.94 0.63 0.34
Cl6:0 36.30 26.95 18.22
Cl6:1 0.14 0.11 0.08
C18:0 4.09 4.00 3.94
C18:1 n9 35.56 32.74 30.58
C18:2 n6 17.24 27.70 36.58
C18:3 n3 4.32 6.64 9.21
C20:0 0.26 0.28 0.30
unknown 0.53 0.55 0.55
Total SFA 42.21 32.27 23.00
Total MUFA 35.70 32.84 30.66
Total PUFA 21.56 34.34 45.79
P/S ratio 0.51 1.06 1.99
n-6/n-3 ratio 3.99 417 3.97
PP 26.77 41.80 55.77

1) Expressed as % distribution of fatty acid methy! esters

2) Peroxidizability index(Pl)=monoenoic acid X 0.025+
dienoic acid x 1+trienoic acid X 2+tetraenoic acid X 4+
pentaenoic acid X 6+ hexaenoic acid X 8



modified method of McCord & Fridovich™ and
Flohe & Gunzler'®.

(5) Statistical analysis

The results were presented as a mean+SEM and
analyzed by analysis of one-way ANOVA. Interac-
tion of dietary P/S ratio and andioxidant vitamin sup-
plement were analysed by two-way ANOVA. Sta-
tistical evaluations were determined by Tukey's mul-
tiple range test at «=0.05. Pearson’s correlation co-
efficients were used to determine the relationship
between parameters.

Results and Discussion

1. Food intake and weight gain
Food intake, weight gain and FER(food efficiency
ratio) are shown in Table 3. There are no significant
differences in food intake among groups. Weight
Table 3. Food intake, weight gain, food efficiency ratio
(FER)"

Food intake Weight gain
(g/d) (g/d)

Group FER

LP-S 18.18+1.26 2.40+0.17 0.132+0.034™
LP-T 18.59+1.14 248+021 0.1324+0.055
LP-C 18.80+1.13  2.41+0.18 0.128+0.047"
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gain was significantly lower in MP groups(P/S=1)
than LP groups(P/S=0.5). FER of LP groups(P/S
=10.5) was the highest.

2. Serum lipid concentration

Serum total cholesterol(TC) and triglyceride(TG)
concentration are shown in Table 4. TC concentra-
tion tended to be lowered in high P/S ratio groups
(HP groups). TG concentration was the highest in
LP groups(P/S=0.5). a-Tocopherol supplemented
groups showed the lowest TG level compared to the
standard vitamin groups and B-carotene supplement-
ed groups.

The hypocholesterolemic effect of polyunsaturated
fatty acids has been reported in human and animal

8 Inconsistant results have reported

experiments
monounsaturated fatty acid'”, meanwhile it is well
known that saturated fatty acids increases serum cho-
lesterol level™®

Polyunsaturated fatty acids are known to decrease
plasma cholesterol by disturbing absorption in the
small intestine, decreasing reabsorption of bile acids,
increasing secretion of cholesterol into the intestinal
tract, decreasing synthesis of cholesterol in the liver,

increasing conversion of cholesterol into bile acids

Table 4. Total cholesterol and triglyceride concentration

MPS  19.02+£157 220+022 0.116+0.043"
MP-T  1856+0.79 2.04+0.17 0.110+0.074°
MP-C  16.24+0.88 193+0.14 0.119£0.057*
HP-S  17.34+0.66 2.1240.12 0.122+0.038"
HPT 16621076 2.06+0.01 0.124+0.011°
HP-.C  18.29+1.23 2.15+0.17 0.118+0.043*
P/S ratio
LP 18.52+0.66 2.43+0.11°¥0.131+0.003°
MP 18.00+0.68 2.06+0.10" 0.115+0.003"
HP 17.41+£053 211£0. p121+0.002"
Vit supplement
Standard  18.18+0.69 2.24+0.10 0.123+0.002
a-to- 17924054 220+0.10 0.122:0.003

B-carotene 17.83+0.65 2.17+0.10 0.121+£0.003

P/S*Vit NS NS NS

1) Mean+SE
2) Values with different superscripts are significantly dif-
ferent at 0=0.05 level by Tukey's multiple range test
3) Statistical significance was calculated at the a=0.05
level by 2-way ANOVA
P/S : Main effect of P/S ratio of dietary lipid
Vit : Main effect of vitamin supplement
P/S*Vit : Interaction between P/S ratio of dietary lipid
and vitamin supplement

in serum”
Total cholesterol Triglyceride
Group (mg/di) (mg/dl)
LP-S 144.644+16.20 178.30+£21.40°
LP-T 108.28+12.09 117.79+26.03®
LP-C 150.674+20.24 141.67+12.58"
MP-S 135.84+19.96 101.96+16.18%
MP-T 144.40+17.77  73.83+23.42%
MP-C 119.41+13.12  124.08£18.04®
HP-S 11042+ 925 133.07+15.69™
HP-T 109.44+11.92  50.86+ 8.23°
HP-C 118.46+£13.10  123.94+11.52"
P/S ratio
LP 13453+ 9.84 145.92+12.58>
MP 133.224+ 977  101.82+11.50"
HP 11277+ 647 101.10+ 9.98"
Vit supplement
Standard 130.30+ 9.19 137.42+11.51°
o-tocopherol 12071+ 849  78.52+12.08"
B-carotene 12951+ 926 129.45+ 8.53°
P/S*Vit NS NS

1-3) See the explanation of Table 3
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Table 5. Fatty acid composition in serum”

(Relative weight %)

Group SFA MUFA PUFA PUFA/SFA P
LP-S 39.46+0.55 26.00+1.38% 35.37+1.01° 0.90+0.03° 95.69+3.04°
LP-T 38.95+1.32 25.03+2.21° 36.86+1.53°  0.96+0.05™ 99.61+6.24°
LP-C 39.59+0.28 24.29+1.44 37.04£1.32°  0.93+0.03" 102.63+3.86™
MP-S 39.80+0.82 18.56+1.35% 41.65+1.09"  1.05+0.04 115.06£3.51®
MP-T 38.45+0.71 16.97 +1.34° 45.30+1.71° 1.16+0.06™ 121.03£5.28°
MP-C 39.2240.69 19.73+1.16™ 41054131 1.05+0.04™ 107.60+4.01*
HP-S 38.54+1.23 17.534£0.93° 44.72+1.39° 1.15+0.06“ 111.09+551*
HP-T 39.06+1.19 17.10+0.94° 44.67+1.33° 1.154+0.07% 111.98+4.48"
HP-C 37.7440.53 16.91+1.24° 4535+1.47° 1.21+0.05° 110.69+3.74®
P/S ratio
LP 39.31+0.50 25.10+0.99% 36.4410.75" 0.93+0.02" 99.32+2.69"
MP 39.18+0.43 18.42+0.75" 42.67+0.85° 1.09+0.03° 114.57+2.62°
HP 38.39+0.56 17.18+0.59" 44.92+0.78° 1.17+0.03° 111.23£2.58°
Vit supplement
Standard 39.31+0.51 20.62+1.00 40.62+0.98 1.03+0.03 107.56+2.79
a-tocopherol 38.80+0.61 19.89+1.18 42.11+1.15 1.0940.04 110.79+3.53
B-carotene 38.84+0.35 20.29+0.91 41.15+0.99 1.07+0.03 107.01+2.25
P/S*Vit NS NS NS NS NS

1-3) See the explanation of Table 3

4) Peroxidizability index(Pl)=monoenoic acid X 0.025 +dienoic acid X 1+trienoic acid x 2 +tetraenoic acid X 4+pen-

taenoic acid X 6+ hexaenoic acid X 8

and redistribuing of cholesterol from plasma into liv-
er and other tissues. Kim”” reported that serum, TG,
TC, LDL-C level were decreased when P/S ratio
was increased by mixing various dietary lipids. It has
been also reported that vitamin E as well as dietary
lipids influenced the serum lipids levels. In a short-
term experiment, vitamin E lowered serum lipid and
cholesterol concentration’. Nam and Park™ studied
the effect of polyunsaturated fat with vitamin E sup-
plement on serum lipids and found that highly un-
saturated fat as well as vitamin E supplement low-
ered serum TC and TG level.

3. Serum fatty acid composition

The serum fatty acid composition is shown in
Table 5. The serum fatty acid composition related
very well with the dietary lipids composition, but the
vitamin supplement did not affect the serum fatty
acid composition. Since SFA can be synthesized in
the body, serum SFA level was similar in all groups
and not influenced by dietary lipid. Serum MUFA
level was high in LP groups those dietary P/S ratio
was 0.5, while serum PUFA level was high in HP
groups those dietary P/S ratio was 2. Serum P/S ra-

tio reflected well of dietary P/S ratio.

Peroxidizability index(PI} was significantly lower in
LP groups than others. PI represents oxidizability ac-
cording to the degree of fatty acid unsaturation™.
Nam and Park® also reported increased PI value in
highly unsaturated high fat diet and suggested the
possibility of impairment in membrane integrity.

In this experiment, serum P/S ratdo and PI were
increased by increasing the P/S ratio of dietary lipid,
however antioxidant vitamin supplement did not in-
fluence the serum P/S ratio or PI.

4. TBARS concentration in liver

TBARS concentration was used as an indicator of
the amount of malondialdehyde(MDA) which is the
product of lipid peroxidation. Table 6 shows that
TBARS contents tended to be lower in tocopherol
supplemented groups than in standard and PB-caro-
tene supplemented groups.

Many studies about lipid peroxidation were re-
ported in terms of quantity and quality of dietary
lipid. At a low fat diet, MDA levels were not sig-
nificantly different among various lipid sources™*®.
But at a high fat diet, MDA levels increased with per-



illa oil and fish oil compared to beef tallow and corn
0il”®®, Meanwhile Nam and Park®™ explained the

reason of the non-significant difference of MDA lev-

Table 6. Lipid peroxide(TBARS) level and superoxide
dismutase and glutathione peroxidase activity

in liver”
L'p,(.j Superoxide  Glutathione
peroxide . 5 . o
Group (TBARS) dlsmytase perox.ldase
(nmole/g (Umt/fng (Unlt/fng
liver) protein) protein}
LP-S 2.77+0.10° 85.16+7.82 2.09+0.17
LP-T 244+0.09° 82.73+7.51 2.29+0.08
LP-C 26140.12"° 83944562 2.19+0.07
MP-S 2.72+0.09 82.95+4.76 2.23+0.08
MP-T 2.52+0.07° 81.34+5.70 2.35+0.13
MP-C 2.82+0.11" 99.08+9.51 2.22+0.09
HP-S 2.82+0.09° 87.96+8.80 2.12+0.06
HP-T 2.574+0.08" 92.22+8.00 2.54+0.13
HP-C 290+0.10° 92.51+7.33 2.3940.11
P/S ratio
LP 2.61+0.06 83.94+3.81 2.19+0.06
MP 2.68+0.06 87.79+4.15 2.26+0.06
HP 2761006 90.89+454 235+0.07
Vit supplement
Standard 2.7740.05%” 85.27+3.99 2.15+0.06"
a-Tocopherol 2.51+0.05" 85.62+4.07 2.40+0.07°
B-Carotene  2.77+007° 91.80+4.47 2.26+005"
P/S*Vit NS NS NS

1-3) See the explanation of Table 3

4) Superoxide dismutase activities were expressed as
Units/min/mg protein
(1 Unit was defined as the inhibition of cytochrome
C reduction by 50%)

5) Glutathione peroxidase activities were expressed as
pmoles of NADPH oxidized/min/mg protein
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els among dietary lipids was that the amount of to-
copherol in the diet was sufficient enough to inhibit
oxidative damage due to high unsaturation.

Vitamin E is known to serve as a lipid soluble
chain-breaking antioxidant, to neutralize free radical,
to reduce formation of various free radical species, to
inhibit the lipid peroxidation and to protect: the cell
membrane from oxidative stress”. Buckingham'? stu-
died the effect of various P/S and vitamin E level on
lipid peroxidation. When vitamin E was deficient or
supplemented at 10IU/kg diet, TBARS concentra-
tions were significantly increased in all levels of
dietary P/S. But when vitamin E was supplemented
at 40, 100 IU/Kg diet, lipid peroxidation was in-
hibited regardless of dietary P/S ratio. These results
were similar to the results of this experiment, sug-
gesting that TBARS contents were affected by to-
copherol supplement more sensitively than by dietary
P/S level.

B-Carotene is known to be one of the most ef-
fective quenchers of singlet oxygen™. Bur effect of
B-carotene on the lipid peroxidation is not clear.
There are some reports™ showing that B-carotene de-
layed the MDA production in cell membrane and
liposome, but other reports® showed that B-caro-
tene accelerated lipid peroxidation and increased ox-
idative enzyme activity. Ayres et al.*’ compared the
antioxidant activity of Vitamin E and B-carotene and
found that vitamin E reduced LDL oxidation and
TBARS production. However B-carotene showed no
antioxidant effect. About the lack of antioxidant ef-
fect of B-carotene supplement, Alam and Alam*” sug-
gested that the transfer of B-carotene across the in-

Table 7. Correlation coefficient between serum lipid level and composition, liver lipid peroxide level and antioxidant en-

zyme activities

TC G SFA  MUFA  PUFA F; ;JFF: Pl TBARS SOD  GSHPx
TC .
e 044% -
SFA -010  -0.14 -
MUFA 0.29** 0.79** -0.17 -
PUFA S025%  —072% -032% -084% -
PUFASFA  -022*  -049% -065™ -064" 092% -
Pl —005  —071* -004 080  0.84* 066" -
TBARS ~016  -006 -007 -010 009 012 000 -
SOD ~010  -022 002 -017 016 013 015 027+ .
GSHPx _028% —044* -012  -038"  0.41*  046*  031* -002 015 -

* . Pearson correlation is significant at p <0.05

** . Pearson correlation is significant at p<0.01
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testine in rats was to be quite inefficient, therefore,
the tissue and plasma levels of B-carotene were not
increased enough to exert a possible antioxidant ef-
fect. Conflicting evidence was shown to function as
an antioxidant, a prooxidant, or neither.

Results of this experiment showed no effect of B-
carotene on TBARS production.

5. Antioxidant enzyme activities in liver

Activities of liver superoxide dismutase(SOD) and
glutathione peroxidase(GSHPx) are shown in Table
6. Table 7 showed the correlation coeflicient bet-
ween serum lipid level and composition, PI, TBARS,
and antioxidant enzyme activities.

As cellular defenses against free radical damage, an-
tioxidant enzyme systems as well as antioxidant vi-
tamins have evolved scavenge superoxide, hydrogen
peroxide and lipid peroxide®®. SOD activity was not
significantly influenced by P/S ratio of dietary lipid
and vitamin supplement. But it showed the tendency
to increase in high P/S groups(HP-S, HP-T, HP-C),
and PB-carotene supplemented group. SOD activity
showed significant positive correlation with TBARS
content. GSHPx activity tended to be high in high
P/S groups and significantly higher in a-tocopherol
supplemented groups than other vitamin groups.
GSHPx activity showed a negative correlation with
serum TC, TG, MUFA level and a positive corre-
lation with serum PUFA, P/S and PL.

Kim®” reported that SOD and GSHPx activities
were not changed by dietary lipid pattern. Nam and
Park®™ showed the importance of tocopherol rather
than SOD activity to lower the production of lipid
peroxide. Meydani et al.** observed that GSHPx ac-
tivity was decreased in Vit E deficiency, but other in-
vestigators®>® observed no effect of vitamin E status
on the GSHPx activity.

In conclusion, high intake of unsaturated fat was
effective on reducing total cholesterol and triglyceri-
de concentration in serum, but resulted in the in-
crease of unsaturation of fatty acid profile in serum
and lipid peroxidation in liver. Consequently which
increased the need of vitamin E and antioxidant en-
zyme activity to reduce the formation and accumula-
tion of the free radicals and lipid peroxides. When
polyunsaturated fat intake increased drastically, to
protect from lipid peroxidation, the function of an-

tioxidant vitamins became more important than an-
tioxidant enzymes because the increase of enzyme ac-
tivity was within the limit of physiologic condition.
As a antioxidant vitamin, o-tocopherol efficiently in-
hibited lipid peroxidation reaction, but B-carotene
did not.
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