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Abstract

The effect of a-tocopherol and B-carotene supplementation on reducing the oxidative damage in the liver of
rats were studied. Forty-five male Sprague Dawley aged 4 weeks were randomly assigned to 9 groups of five for
the 12 weeks of the study. Nine groups, sardine oil, sardine oil + Vt E, sardine oil + B-carotene, soybean oif,
soybean oil + Vt E, soybean oil + B-carotene, lard, lard + Vt E, fard + B-carotene group, were prepared. Sardine oil,
soybean oil, or lard was used for dietary fat and 200% of a-tocopherol or 150% of B-carotene was supplement-
ed to each diet. Each diet supplied 65% of total energy as carbohydrate, 15% as protein, and 20% as lipid. The
MDA value and protein carbonyl contents of sardine oil group were significantly different (p< 0.05) to those of
other fat groups indicating that the most severe lipid oxidation occurred in the group fed diet containing highly
polyunsaturated fatty acid. When a-tocopherol or B-carotene was supplemented to the sardine oil diet, MDA
value ( - 35%, — 15%, respectively) and protein carbonyl content (- 44%, -32%, respectively) decreased signi-
ficantly (p< 0.05). Cu, Zn-superoxide dismutase (SOD) and catalase activities of three different sardine oil groups
with or without antioxidants were lower than those of soybean oil or lard group. The reducing effect of a-toco-
pherol on oxidative damage in sardine oil group supplemented with a-tocopherol was noticeable (p<0.05).
However the adverse effect of B-carotene was observed. SOD and catalase activities of B-carotene supplement-
ed groups were the lowest among the same fat groups, but the differences were not statistically significant. The
possible cause of decreased enzyme activity seemed to be related to the vitamin A (Vt A) toxicity in the liver

where retinol converted from dietary B-carotene in the intestinal mucosa was stored.
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INTRODUCTION

Polyunsaturated fatty acid has been known to have
effects on lowering triglyceride and cholesterol conten-
ts in the plasma (1) and also preventing the develop-
ment of atheroscleosis by producing a certain kinds of
prostagladins that favors in inhibiting the platelet agg-
regation and dialating the blood vesseles(2). These
advancing effects of polyunsaturated fatty acids were
observed under the circumstances when polyunsatu-
rated fatty acid is not oxidized. Otherwise the perox-
idized products of lipid oxidation such as hydroper-
oxides or aldehydes readily interact with proteins,
amino acids, enzymes, and other biochemicals which
give rise to the oxidative damage in the biological
system (3). Accumulation of oxidative damage may
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lead to various status of diseases, aging and ultimately
to death. Therefore prevention of the oxidative dam-
age have been studied extensively and concerns
about the antioxidants thus increased.

Many investigators reported that tocopherols, espe-
cially a-tocopherol is very potent lipid antioxidant
that can prevent the oxidative damage in liver and
plasma in vivo. But the data corncerning the effects
of B-carotene in this aspects are extremely limited.
B-carotene which has the provitamin A activity is lar-
gely converted to Vt A in the intestinal mucosa and
the efficiency of conversion varies in different species
(4). In human, most of dietary B-carotene is convert-
ed into retinol in gut but approximately 15% of unc-
hanged B-carotene is also absorbed into the lymph.
Similarly to humans, horses and certain breeds of
cattle are able to absorb some intact B-carotene. In
most other species, dietary B-carotene is largely con-



372 Hyun-Young Kim, Yeong-500 Jun and Yeong-Ok Song

verted to Vt A before absorption. Thus, very little or
no intact B-carotene is taken up into the circulation
by rats, pigs and chickens (4).

The goal of the present study is to examine the ef-
fects of supplementation of antioxidants, ¢ -tocophe-
rol or B-carotene, on reducing the oxidative damage
in the liver of rats. Each diet was designed to differ
both fats and antioxidants, while all other variables
were constant. The levels of lipid oxidation, activities
of Cu,Zn-SOD and catalase which act as the primary
enzymatic antioxidants in the liver, and concentration
of or—tocopherol in the liver and retinol in the plasma
were determined.

MATERIALS AND METHODS

Diets and study design

Forty-five male Sprague Dawley aged 4 weeks were
purchased from the National Institute of Health (Seo-
ul, Korea) and were acclimatized for 3 weeks with a
commercial basal diet to eliminate any carry~over
effects of diets that might be observed in the studies of
shorter duration. Animals were randomly assigned to
9 groups of five for the 12 weeks of the study (Table

Table 1. The composition of experimental diets

1). Nine groups, sardine oil, sardine oil+Vt E, sardine
oil + B-carotene, soybean oif, soybean oil+Vt E, soy-
bean oil+ B-carotene, lard, lard+Vt E, lard + B~caro-
tene group, were prepared. Each diet supplied 65% of
total energy as carbohydrate, 15% as protein, and 20
% as lipid. Sardine oil (Korea Co., Pusan), soy-bean
oil (Dong-Bang Qil Co., Jinju), or lard (Dong-Kwang
Co., Pusan) was used as the fat sources and a-toco-
pherol or f-carotene was used as the antioxidant sour-
ces. a~tocopherol and B-carotene were supplement-
ed at the level of 200 and 150% to the amounts used
in the AIN-76 diet preparation guidelines (5), respec-
tively. Nine different diets were prepared every week
and each diet was divided into 7 parts before they
were kept at — 20°C to minimize the lipid oxidation.
Diets were given based on the RDA for the rats (6,13)
and free access to water. Lights were used between
08 : 00~20 : 00h. The temperature and humidity of
the animal facility were controlled at 22 °C and 50
to 60%, respectively.

MDA, protein carbonyl content, catalase activity,
Cu, Zn-SOD activity, a~-tocopherol in the liver and
retinol concentration in the plasma were assessed af-
ter 12 weeks of feeding.

(g/100g diet)
Group®
Ingredients —
FF FC FT SF SC ST LF LC LT
Corn starch 69 69 69 69 69 69 69 69 69
Casein 15 15 15 15 15 15 15 15 15
Lipid

Fish oil (sardine oil) 10 10 10 - - - - -

Soybean oil - - - 10 1 10 - -

Lard - - - - - 10 10 10
Mineral mixture? 4 4 4 4 4 4 4 4
Vitamin mixture” 1 1 1 1 1 1 1 1 1
Antioxidant

B-carotene - 0.0096 - - 0.0096 - - 0.0096 -
a-tocopherol - - 0.015 - - 0.015 - - 0.015
Cellulose {(CMQC) 1 1 1 1 1 1 1 1 1

"FF : Fish oil(sardine oil), FC : Fish oil supplemented with B-carotene, FT : Fish oil supplemented with «-tocopherol, SF : Soybean

oil, SC : Soybean oil supplemented with B-carotene, ST : Soybean oil supplemented with «-tocopherol, LF : Lard, LC : Lard
supplemented with 8- carotene, LT : Lard supplemented with a-tocopherol
Mineral mixture (g per Tkg of mineral mixture) : CaHPO4 500.0g, NaCl 74.0g, K citrate HO 220.0g, K25O 52.0g, MgO 24.0g, MnCO
3.5g, Fe-Citrate 6.0g, ZnCOs 1.6, CuCOs 0.3g, KIO3 0.01g, Na:SeOs - 5H20 0.01g, Crk(SO4) - 12H20 0.55g, sucrose 118.03g
“Vitamin mixture (g per 1kg of vitamin mixture) : Thiamin HCl 0.5g, Riboflavin 0.5g, Pyridoxine HCl 0.583g, Niacin 2.5g, Ca
pantothenate 1.33g, Folic acid 0.167g, Biotin 0.017g, Vitamin B1.0.833g, Vit. A palmitate{500,000U/g) 0.667g, Vit. E acetate (500
U/g) 8.333g, Vit. D2 trituration (400,000U/g) 0.208g, Menadione sodium bisulfite complex 0.125g, Choline 166.667g, Sucrose

817.567g
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Liver dissection and blood sample preparation

Rats were killed in the dessiccator containing dry
ice after 15 hrs of fasting. Blood sample was collect-
ed by direct cardiac puncture and transferred into
EDTA K2 bial immediately. Blood was centrifuged to
get the plasma after shaking the bial several times.
Liver was dissected and transferred onto a petridish
containing the saline solution followed by washing
several times. All samples were kept at ~80°C for
the further biochemical analyses.

Biochemical analyses

The extent of lipid peroxidation in the liver was ex-
pressed as a malondialdehyde value(7) and protein
carbonyl contents(8). The activities of SOD(9) and
catalase (10) were measured as an indicator to the
oxidative damage occurred by dietary fats. The effect
of antioxidants supplementation on reducing the
oxidative damage was also observed with the activi-
ties of SOD and catalase. The concentration of a-to-
copherol in the liver was determined using the meth-
od of Taylor (11) and that of retinol in the plasma was
measured by HPLC method of Bieri et al. {12). We
first planned to determine the concentration of -
carotene in the liver which was not possible in the
rats since 8- carotene was converted to retinol before
absorption so that the contents of B-carotene in the
liver was not enough to be detected by HPLC. The
liver sample preparation and the detailed analytical
processes used for this experiment were reported in
the previous paper (13) except retinol determination.

Determination of retinol content (12)

One hundred micro liter of retiny! acetate (2.0ug re-

Table 3. The peroxide value (POV) and malonaldehyde (MDA) content of experimental diets”

POV (meq/kg diet)
Sources of lipid ~—————

tinyl acetate dissolved in Tmi) was added to 100yl of
plasma and vortexed for 10 sec followed by another
45 sec votexing after addition of 600ul of hexane.
The hexane layer was separated after centrifugation at
6500rpm for Smin and then dried up with vacuum ev-
aporator at 32°C. The powder was ressolved in 100
ul ethanol and 20ul of sample solution was injected
into HPLC. Reagents used for this analysis were the
special grade for HPLC. The chromatographic condi-
tions of HPLC were listed in Table 2.

Statistical analysis

The results were analyzed with two-way ANOVA
and differences were considered significant at p<0.
05. The significant factors by two-way ANOVA were
the fats and antioxidant sources. if significance were
present, Duncan’s multiple range test was employed
to find out the differences between groups. Statistical
procedures were performed using the SPSS package
program (14).

RESULTS AND DISCUSSION

Effect of dietary fats on the liver weight of rat

The peroxide value and MDA contents of experi-
mental diet fed to the animals were determined twice
a week right after the diet was given. The mean valu-
es of 144 measurements were comparable to the

Table 2. Chromatographic conditions of HPLC for determina-
tion of retinol

Instrument Spectra Physics HPLC system

Column Spherisorb ODS - 1 (4.6nm X 25cm i.d.)
Detector UV 318nm

Flow rate 1.5mi/min

Eluents Methanol : Water=95 : 5(v/v)

MDA (meq/ kg diet)

Control  B-carotene added  ~tocopherol added Control B-carotene added a-tocopherol added
Sardine oil 7.87°%0.76 6.00+£0.53¢ 4.30:+£0.50* 1.303:+£0.028° 1.027°+0.012° 0.816:£0.005"
Soybean oil 2.400+£0.20° 1.30°+0.46" 1.07°+0.31" 0.109'£0.008*  0.096°+0.005" 0.099"+0.005™
3.80"£0.20" 3.57°+0.21* 0.177°+0.005*  0.169"+0.005" 0.143°£0.005*

Lard 4.23"+0.38"

POV and MDA values are Means+5.D. of 144 replicates which were determinated twice a week for 12 weeks
" Experimental diet was prepared every week accoring to the AIN-76 guideline. a-Tocopherol and B-carotene were supplemented
at level of 200 and 150% to the amount used in AIN~76 diet preparation, respectively
»< Different letters within a column (fat sources are varied) are significantly different (p<0.05)
& Different letters within a row {antioxidants are varied) are significantly different(p<0.05)
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others {Table 3)(15). These values represents that per-
oxide and MDA in the diet were low enough not to
carry over any errors by diet. Kwon et al. (13) reported
that diet preparation should be controlled otherwise
peroxides in the diet could be accumulated in the bo-
dy which may give false data.

The mean weight of liver for each dietary treatment
is provided in Table 4. The liver weight of 9 groups
were not significantly different among groups varied
with the dietary fats and antioxidants except sardine
oil supplemented with a -tocopherol group. Stight in-
crease in liver weight was observed in the groups with
B-carotene supplementation. This increase in liver
weight fed B-carotene supplementation was also
observed in 16 weeks of feeding (data were not sho-
wn). It seems that a-tocophero! supplementation ten-
ded to reduce liver weight while B-carotene treat-
ment increases, however, is less conclusive.

Lipid oxidation in the liver

The MDA value and protein carbony! contents we-
re measured in the nine groups to see the effects of
dietary fats on lipid oxidation and the preventing ef-
fect of antioxidants on it. The MDA values of sardine
oil groups were significantly different from those of
soybean oil or lard group either antioxidants were

Table 4. The liver weight (wet base) of rats fed different diet for
12 weeks of which fats and antioxidants are varied
{g/100g body weight)

Antioxidant supplemented
Saurces of lipid -

None B-carotene  a-tacopherol
Sardine oil 3.00£0.07* 3.14+0.23* 2.68%+0.11*
Soybean oil 2.79+0.24 2.54+0.16 2.65+0.19
Lard 2.90+0.05 3.09£0.48 2.85+0.37

Al values are Means +5.D. of three replicates
For the more detail, see the legend of Table 3

supplemented or not. The MDA value of sardine oil
group was the highest among nine groups followed
by sardine with S-carotene and sardine with a-toco-
pherol in order (Table 5). This results implies that high-
ly polyunsaturated fatty acid diet (sardine oil) causes
lipid oxidation more easily than polyunsaturated fatty
acid (soybean oi}) or saturated fatty acid {lard).

The effects of antioxidant supplementation on pre-
venting lipid oxidation observed in sardine oil groups
were noticeable. a~Tocopherol and B-carotene sup-
plementation reduced MDA value significantly (- 35
%, —15%, respectively, p<0.05). The effects of anti-
oxidant supplimentation on preventing the liver oxida-
tion by polyunsaturated fatty acid, is certain. a-Toco-
pherol supplimentation seemed to be more effective
in reducing the degree of lipid oxidation than that of
B-carotene.

Recently, it has been reported that protein carbo-
nyl content can be used as a method for measuring
the oxdiative damage by peroxidized lipid (13). Acti-
ve oxygen species generated from the lipid radical or
lipid hydroperaxide damage the proteins in the cell
causing the modification of protein that usualty occu-
rs at y—amino acid residues at or near that cation bin-
ding site (8). The carbonyl-bearing residues have not
been completely indentified, but giutamy! semial-
dehyde appears to be the major residue (8). This reac-
tion usually inactivates enzymes. The oxidative modi-
fication of protein occurrs far before lipid peroxid-
ation proceeds (16,17) meaning that protein carbony!
contents rise before MDA value increases. Therefore
protein carbony determination can be used as a se-
nsitive method to measure the oxidative damage by
peroxidized lipid. The protein carbonyl content in
sardine oil group showed the highest value indicating
that the most severe oxidative damage occurred. Oxi-

Table 5. The malondialdehyde (MDA) value and protein carbonyl contents of rat liver fed different fats for 12 weeks and the
effects of antioxidants supplementation on lipid oxidation in the rat fiver

MDA (nmol/g liver)
Lipid _

B-carotene added «-tocophero! added

Protein carbony! content (umot/mg prot)

Control Control B-carotene added  a-tocopherol added
R Sardine oil 32.91°+0.64"  27.99°+6.38° 214172357 7 12.15":2.80“ 8.27+£2.13 6.87* +1.10"
Soybean oil 13.87°+0.82 14.20°+1.48 15.03"+0.96% 8981225 B.12+1.65 8.67%x1.85
Lard 14.84+1,91 15.64°+1.32 9.35"+0.50 9.27+0.92 9.85" +3.70

See the legéhd of Table 3
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dative damage was reduced by 44% and 32% when
a-tocopherol and B-carotene was supplemented, re-
spectively (Table 5) explaining that protein carbony!
content determination is more sensitive than MDA

determination.

Effects of a-tocopherol and B-carotene on oxida-
tive damage to superoxide dismutase and catalase
in the liver by lipid peroxidation

The activities of Cu,Zn-SOD and catalase, which
act as the primary enzymatic antioxdidants in the
liver (18), present in cytosol where lipid peroxidation
takes place dominantly (19) were determined to see
the effects of dietary fats and the antioxidants supple-
mentation on changes in enzyme activities (Table 6).
The SOD and catalase activities in sardine oil group
either supplemented with antioxidants or not were
the lowest among different dietary fat groups where
lipid peroxidation took place the most seriouly as
shown in Table 5. This can be explained as an oxida-
tive damage caused by lipid hydroperoxide or aldehy-
de which has free radicals produced during lipid per-
oxidation.

When the effect of Vt. E supplementation on enzy-
me activities were determined, SOD activity of sar-
dine oil supplemented with Vt £ group increased signi-
ficantly (p<0.05) and catalase activity of that group

also increased but it was not statistically significant
compared to other groups. These results suggest that
the effect of Vt. E on reducing the oxidative damage
of antioxidative enzyme can be easily seen in the gro-
up which was fed with highly unsaturatted fatty acid
diet or with large amount of dietary fat. This result is
consistant with that of Vatassery (20) who reported
that arachidonic acid is more potent oxidants than
linoleic acid on Vt E oxidation. This tells that antiox-
idant effects of Vt E on fish oil oxidation is more not-
iceable than soybean or lard oil oxidation. Otherwise
antioxidative enzyme productions would increase to
compensate against oxidative damage (15).
Unexpected result obtained from the present study
was that B-carotene supplemented groups showed
the lowest SOD and catalase activities within the sa-
me fat groups, but the differences were not statistic-
ally significant. The cause of this loss is most likely
related to the Vt A toxicity in the liver where retinol
converted from dietary B-carotene was stored (4).
Unfortunately we did not measure retinol in the
liver which were not detectable, but we can assume
this result indirectly based on the plasma retinol con-
tents. The concentrations of retinol in the plasma
were higher in the B-carotene supplemented goups
than other groups (Table 7). In rats, dietary B-carot-
ene is readily converted to retinol before absorption,

Table 6. Cu,Zn-superoxide dismutase and catalase activity of rat liver fed different fats for 12 weeks and the effects of antioxidants

supplementation on oxidative damage in rat liver

SOD activity (Unit/min/mg prot)

Catalase activity (umol/min/mg prot)

Lipid - — -

Control  B-carotene added ¢ -tocopherol added Control B-carotene added «-tocopherol added
Sardine oil 1.51'£0.13" 1.38°+0.73" 2.01'+0.27° 0.90°+0.13* 0.63°+0.13" 094" £0.14°
Soybean oil 2.65"+0.78 2.39°+0.21 2.59°+0.30 1.12v+0.23 1.07: £0.06 1.07%£0.26
Lard 2.69°+0.40 2.48"+0.36 1.00"+0.20"

2.69"20.46

See the legend of Table 3

1.34+£0.18 1.23" £07"

Table 7. The concentration of Vt. E in the liver and B-carotene in the plasma of rat fed antioxidants supplemented diets for 12

weeks
VtE content (ug/ g liver) Retinol content (ug / ml plasma)
Lipid —- ——— e - L
Control  B-carotene added  «-tocopherol added Control B-carotene added «a-tocopherol added
Sardine oil 59.26'+ 5.54° 67.24'+ 5.43" 64.47'x 4.76" 0.46"£0.21 0.51£0.21 0.60+0.27
Soybean ol 71.15x 7.74* 110.71' £10.29 94.86°+16.94" 0.68"£0.06 0.77+0.31 0.53+0.18
0.64°+0.07

tard 70.92+10.81" 90.76°+14.006"

See the legend of Table 3

97.5V = 8.69°

0.67£0.31

0.60+0.13
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thus, very littie or no intact B-carotene taken up into
the circulation {4) is the reason why the groups sup-
plemennted with B-carotene did not show any anti-
oxidative activities against the oxidative damage. And
also the concentrations of Vt E in the liver fed B-caro-
tene supplemented diets were found to be higher than
those of o -tocopherol supplemented groups (Table
7). In B-coretene supplemented groups, the oxidative
damages on catalase and SOD were obseved in the
presence of higher concentration of Vt E in the liver
compared to those of a-tocophero! supplemented
groups. This is interpreted that Vt A toxicity appeared
before Vt E acted as antioxidants.
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