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ABSTRACT

This study was undertaken to study the influence of hypercholesterolemic
diet on some parameters and to study the effect of adding antioxidants [Lutein (L),
vitamin C and vitamin E] as a single, double and in combination on
hypercholesterolemic rats. The experiment was carried out on (54) male albino rats,
distributed equally in (9) group. One group was kept on the normal basal diet
throughout the experimental period (8 weeks) and referred to as normal control. All
other groups w ere fed on hypercholesterolemic diet for (3) weeks. One group was
maintained on this diet for (5) weeks without antioxidants supplementation and
referred to as positive control. The other groups were supplemented with antioxidants
lutein, vit. C, vit. E, (L+C), (L+E), (C+E), (E+C+L). Weekly body w eight g ain, food
intake and food efficiency ratio were calculated. At the end of the experimental period,
animals were sacrified. Relative weight of some organs were calculated. Biood
sampies were collected to determine total cholesterol (TC), triglyceride (TG), HDL-c,
LDL-c, liver function enzymes (GOT and GPT), hemoglobin (Hb) and hematocrit (Hct).

Results showed that the administration of hypercholesterolemic diet caused
insignificant elevation in TC, TG, LDL-¢c, GOT, GPT levels. On the other hand
significant reduction in HDL-c, Hb and Hct was detected affect ingestion of
hypercholesterolemic diet.

All treatments without vit. E showed significant decrease in TC level. Each of
vit. C, (C+L) and (E+C+L) caused significant increase in HDL-c level while all
treatments showed no effect on TG level. Vit. C, L, (C+L) led to significant decrease in
GOT level. Upon vit. E and C treatments there were significant elevation in Hb and
Hct levels. These results showed association between antioxidant intake and reduced
risk of hypercholesterolemia disease. Moreover the combination between two or three
of these antioxidant may lead to improve the efficiency of these antioxidants, as
hypocholesterolemic agents. More study need to be done to determine the possibility
of using these combination of antioxidants in food products as a dietary treatment for
hypercholesterolemic individuais.

INTRODUCTION

Some studies have shown that several diseases are inversely
correlated with a high consumption of fruit and vegetables. The protective
factors in these foods may be vitamins A, C and E because of their
antioxidant properties (Eichholzer et al.,, 2001 and Tyssandier et al., 2002).
Evidence from clinical trials and epidemiologic studies suggests that
antioxidants supplementation is associated with reduced risk for some forms
of cancer, diabetes, cataract and hypercholesterolemic {Meydani et al.,
1998).

Carotenoids which are considered plant pigment also found to be
naturally occurring antioxidants nutrients. Carotenoid as antioxidant can
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inactivates harmful free radicals through their singlet oxygen quenching

ﬁﬁ?mt} iVan den Beri et al., 2000).

|

Lutein and its structural isomer zeaxanthin have recendy Leen acuec]
to the list of potentially beneficial nutrients and phytochemicals provided by
leafy greens. The body of evidence that lutein -and zeaxanthin might
contribute to health and the delay of chronic disease was the topic of a 2001
(Mares- Perlman and Erdman 2002).

Lutein and zeaxanthin belong to the large class of plant pigments
referred to as carotenoids. They are more poiar than many other carotenoids,
due to the presence of hydroxyl groups on the cyclic ring structure. Unlike the
provitamin A carotenoids (a- and B- carotene and cryptoxanthin), they can not
be converted to vitamin A. Their presence in tissues is due entirely to
ingaestion of plant sources; they are not synthesized by animal tissues.
However, a variety of metabolites may be found in animal sources, and
several exist in human blood and milk (Khachik et al., 1997).

Lutein are present in a wide variety of fruits and vegetables and
impart a yellow color to the plants they are found in, such plant as corn. Their
concentration is particularly high in leafy green vegetables such as spinach,
collards, kale, pumpkin, peas, beans and corn (Mares-Periman et al., 2002).
Also lutein can be present in some animal products such as egg yolks due to
plant products eaten by animals (Bailey and Chen, 1989).

Supplementation with ascorbic acid was associated with decrease
LDL-c and triglycerides, modest decrease in total cholesterol and increase
HDL-c (Bagchi and Puri, 1998). Also other studies found a significant
association between elevated plasma vit. C. concentrations and increased
concentration of HDL- ¢ and reduced concentrations of LDL-¢ (Ness, et af.,
1996).

Several studies reported that high level of plasma vit. C was
associated with significantly reduced in cardiovascular disease incidence
and/or mortality (Brubacher et al., 1994).

The evidence suggests that of the three major antioxidants (vit. E,
beta-carotene and vit. C.), vit. E had the strongest and most independent
inverse association with coronary heart disease (CHD). It is not only lipid-
soluble b ut also the m ost abundant a ntioxidant in L DL-c and this suggests
that it plays a role in the protection against atherogensis (Paul et al., 2001).
Other research reported that vit. E intake plays a critical and beneficial role in
the pathogenesis of CHD (Biesalski, 1999).

The present study was designated to investigate the
hypocholesterolemic effects of selected natural antioxidants (Lutein, a-
tocopherol and Ascorbic acid) individually and in combinations on rats.

MATERIALS AND METHODS
Test material:
Vitamin E (a-tocopherol), Vitamin C (Ascorbic acid) and Lutein (L)
were obtained from the Nutrition institute.
Experimental design:
Forty-five male albino rats Sprague Dawely strain weighing between
120-130 gm. The rats were included into nine groups, each cage contained
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six rats. The first group was kept as normal control. The other groups were
given hypercholesterolemic diet for 21 days after that blood samples were
taken from each rat. After this period of time one group was maintained on
this diet for (5) weeks without antioxidant (positive control). Other groups
were fed on hypercholesterolemic diet and antioxidants for (5) weeks.

The antioxidant nutrients were added at level of 800 mg/Kg diet for
vitamin E according to Kappus and Diplock (1992), 1000 mg/Kg diet for
vitamin C according to Diplock, (1995) and 300 mg/Kg for lutein according to
Jewell and O' Brien (1999).

Rats were divided into (9) groups according to food intake:

Group (1): fed on basal! diet (negative controf).

Group (2): fed on hypercholesterolemic diet (positive control).
Group (3): fed on hypercholesterolemic diet + vitamin E.

Group (4): fed on hypercholesterolemic diet + vitamin C.

Group (5): fed on hypercholesterolemic diet + lutein (L).

Group (6): fed on hypercholesterolemic diet + vitamin E + C.
Group (7): fed on hypercholesterolemic diet + vitamin E + L.
Group (8): fed on hypercholesterolemic diet + vitamin C + L.
Group (9): fed on hypercholesterolemic diet + vitamin E + C + L.

Animals were weighted twice a week and food intake was calculated , at the
end of the experimental periods animals were scarified . relative weight of
some organs were calculated .

Experimental Diets:
A- Basal diet:

The basal diet used consisted of 15% casein, 10% cotton seed oil,
4% sait mixture, 1 vitamins mixture, 5 % cellulose and 65% corn starch.

B- Hypercholesterolemic diet:

The hypercholesterolemic diet consisted of 10% casein, 1%
cholesterol, 4% salt mixture, 1% vitamins mixture, 5% cellulose, 10% cotton
seed oil and 69% corn starch (Shinnick et al., 1990).

The salt mixture used was prepared according to method of Hegsted et al.,
(1941) and vitamin mixture used was prepared according to the method of
Campbell (1961).

Blood Analysis:

At the end of the experiment, the rats were fasted over night, lightly
anesthetized (under ether). Approximately 2- mi blood was withdrawn from
hepatic portal vein into clean dry centrifuge plastic tubes. Heparinized micro
tubes were also used for the estimation of hemoglobin and hematocrit. Blood
samples were then centrifuged and serum obtained to determine hemoglobin
according to Drabkin, (1949), hematocrit according to Mc-Inory (1954), total
cholesterol according to Finely (1978), triglycerides according to Fossati and
Principe (1982), LDL-c according to Friedewald et al, (1972), HDL-c
?cgo;?ing to Burstein (1970), GOT and GPT according to Reitman Frankel

1957).
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Statistical Analysis:

Statistical analysis of the obtained data was performed by calculating
the m ean, s tandard error, T -test and (ANOVA) were used to represent the
quaniitative data (SAS, 1996).

RESULT AND DISCUSSION

Resuits showed the biological effect of different antioxidants (vitamin
&, C and lutein) individually and in combination (E and C) or {E and L} or (C
and L)or{E, Candt).

Data in Tabie (1) show the mean values of body weight gain, food
intake and food efficiency ratio of control and hyperlipidemic rats. Group fed
a cholesterol-supplemented diet had low valués compared to the group fed
on basal diet. These observations agree with the resuits of other investigators
who reported that food intake, food efficiency ratio and body weight gain were
reduced upon feeding high cholesterol diet as compared to control group
{Kahlor et af, 1997, and Salem, 1999).

Table (1): Daily food intake , Body weight gain and Food efficiency ratio
of rats fed basal or hyperlipidemic diet. (MtSE).

-

Control
Parameters Negative Positive Prob>(T)
3.86 2.07
Body weight gain (gm) + * (.0046
0.36 0.28 **
67.58 58.84
Food intake {gm) + t 0.2981
4.56 6.39
0.058 0.034
F.ER t * 0.18988
0.013 0.010

In other study Schouten et al., {1985) found that body weight gain
was significantly increased in animals fed the high cholesterol diet, whereas
food intake was not significantly increased. The investigators reported that
the increase in body weight gain may be referred to the higher fat content and
thus higher energy density of the high- cholesterol diet.

Table (2) shows relative weight of some organs of control
hyperipidemic rats. Relative weight of liver in rats fed the hyperiipidemic diet
{4.67 gm) was significantiy higher than those fed on the normal diet (6.2%
gm). While relative weight of spleen was significantly decreased (0.31 gm) as
compared to the control {0.52 gm). Relative weight of kidney and heart were
not affected by the hyperdipidemic diet. Kahlon et af, {1997) found an
increase in relative weight of liver in rats fed hyperlipidernic diet. And this
increase may be referred to fat deposition mainly in liver, since the main
effect of the high fat-cholesterol diet was a severe liver steatosis with an
accumulation of both cholesterol and triglycerides {(Robins et af., 1994).
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Table (2): Relative organs weight of rats fed basal or hyperlipidemic

diet.(M£SE).
Organs Negative Control Bositive Prob > (T)

4.67 6.29

Liver + t 0.0015
0.19 0.28 **
1.08 1.04

Kidney + o 0.6091
0.07 0.02
0.52 0.31

Spleen + t 0.0053
0.04 0.02**
0.38 0.41

Heart * * 0.4779
0.03 | 0.03

Results in T able (3) showed that the levels of total cholesterol and
LDL-cholesterol concentrations were increased significantly (p < 0.001) and
this results agree with Turley et al., (1999) and Salem (1999). On the other
hand HDL-cholesterol concentration was significantly (p< 0.001) decreased
as compared to control group and these results are in agreement with Salem
(1999).

Table (3) also presents mean values for serum GOT and GPT of
groups fed normal diet compared to hypercholesterolemic diet. Results show
significant increase in GOT and GPT enzymes for rat groups fed
hypercholesterolemic diet (79.81 IU/L and 37.63 IU/L) respectively as
compared to control group (54.13, 24.53) respectively. This results agree with
the results obtained by Sies and Stah! (1995).

With regard to hemoglobin and hematocrit levels results showed
significant decrease in both parameters for rats fed of hyperlipidemic diet
(11.86 gm/di and 35.56 gm/di) than the control groups (13.61 gm/dl and
39.31 gm/di).

These results agree with Sies and Stahl (1995) and Kahlon et al.,
(1997) who attributed these effect to poor utilization and defects in
metabolism that occur by feeding the animal diet containing high cholesterol
and saturated fat.
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Table(3): Serum lipid profile , liver functhion enzemes and hemoglobin,
hematocrit levels of rats bed a basal or hyperlipidemic diet ( M

+SE).
Control
Parameters Negative Positive Prob>(T)
Total 73.32 140.32
Cholesteol + + 0.0000
émg/dl) 1.37 2.07 >
riglyceride 86.18 94.37
+ + 0.0740
mg/di) 1.52 3.68
HDL-c 48.47 30.32 0.0006
+ +
(mg/dl) 0.70 2.16 ***
LDI-c 15.88 75.94 0.0001
hat ha
(mg/dt) 0.61 2.21
GOT 54.13 79.81 0.0000
+ +
(1U/L) 1.07 2.60 ***
GPT 24.53 37.63
+ + 0.0012
U/L) 1.03 2.46 **
Hemoglobin 13.61 11.86
+ + 0.0054
(g/dl) 0.32 0.32 ™
Hematocrit 39.61 35.56
. + + 0.0317
(g/dl) | 0.35 1.18 * |

As shown in Table (4) antioxidants had no effect on food intake or
food efficiency ratio. This is in line with Yamamoto et al., (1995) and Rein et
al., (1998). And these results found that the differences in body weight gain
among the groups supplemented with vitamin E or lutein or combinations of
(vitamin E + Lutein) or ( vitarmin C+ lutein) or (vitamin E+C+ |utein) were not
statistically significant. This results coincide with Rein et al ., (1998). On the
other hand supplementation with vitamin C and a combination of (vitamin
E+C) significantly increased the body weight gain (3.95 gm and 5.05 gm,)
compared to the positive control group (2.07gm). T hese results agree with
Mohfouz et al, (1997) who reported that the growth rate after feeding
combination of (E+C) supplemented hypercholesterolemic diet was greater
than that without antioxidant supplementation. The present results showed
that supplementation with vitamin E and vitamin C improve the body weight
gain from (3.95 gm/week) for vitamin C group to (5.05 gm/week) for vitamins
(C+E) group.
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Table (4): Body weight gain, food intake and food efficiency ratio (FER)
of hypercholesterolemic rats fed antioxidants for (5) weeks.

ParametersiControl positivel E C | L |E+C [ E+L | C+L |[E+C+l| Pr>F
Body weight 207 ¢ 64 bci3.95 ba2.81 b{ 5.05 a2.41 bc3.38 be{ 1.89 ¢ | F=9.37
gain E ES E t ES ES E + [Sig 0.0001
g/week) 0.28 0.34 | 042 | 024 | 050 | 0.18 | 0.28 | 0.38 -
Food 58.84 a 55.67 .13 a69.35 a70.04 q55.73 260.38 af56.79 F=0.95
intake + + 3 + + 3 + t g 9 0.4806
(giweek) 6.39 6.14 | 9.90 | 3.25 | 579 | 2.57 | 3.41 | 6.87

0.034 a .046 al0.059 a0.039 al0.070 200.05. .055 a0.033 F=156
F.ER + 3 + t + + + + ig 0 1823

0.010 0.012 | 0.008 | 0.013 | 0.010 | 0.010 [ 0.008 | 0.005 i

Means with the same letter are not significantly different. (M:SE).

Data in Table (5) revealed that the values of organs weight as a
percentage of hody weight indicated that supplementation of the diet with
vitamins had little or no significant effect on liver weight. This results agreed
with those reported by Diplock (1995) and Sulli, et al., (1998) who reported
that there was slight increase in liver weight for rats fed on vitamin E (2gm/kg
diet). However, the resuit disagreed with Weldon et al., (1983) who reported
that treatment with vitamin E caused an increase in relative liver weight. On
the other hand supplementation of rats diet with combination of vitamin (E+C)
significantly decreased liver weight than supplementation of rats diet with
vitamin E individually. This results similar to other investigators (Sulli et al.,
1998) who reported that the liver weight of hypercholesterolemic rabbits
treated with combination of B-carotein and vitamin E was significantly
deceased than after treatment with vitamin E individually. The mean organs
weight (Kidney, spleen and heart) as a percent of body weight for all groups
which fed on diet contained antioxidants were not significantly changed
compared to that of the positive control group. These results agree with Sulli
et al., (1998). On the other hand Brown et al., (1997) illustrated that vitamin E
at high or prolonged intake may have a pro-oxident activity that may affect
various tissues and organs. Other study which investigated the effect of - B
carotene, a-tocopherol and a tocopherol+B-carotene reported that no
significant differences were observed in triceps and heart muscle weights
among the different treatment groups (Sulli, et al., 1998).

Table (5): Relative organs weight (g/100g B.wt) of hypercholesterolemic
rats fed antioxidants for (5) weeks.

Control
Paramete positive E C L E+C E+L | C+L | E+C+L | Pr>F
6.29ba| 7.88a |6.00ba|7.45ba| 568b (7.39ba 6.09bal 597ba | ____ .,
iver + + + t + + + + F=3.30
Sig 0.0093]
0.28 0.33 0.35 0.36 0.49 049 | 0.25 0.84

104a | 1.14a | 1.02a | 1.03a | 1.05a | 1.05a [1.07a] 1.11a | .

Kidney t t t t t t 't t |soocys
0.02 0.07 0.08 0.07 0.09 0.06 0.06 0.14 99

0.31a | 0452 | 039a | 0.38a|047a| 0412 (0462 0.49a

Spleen 3 ] ] ] t + + + F=1.85
0.02 | 006 | 005 | 002 | 003 | 003 | 004 | o005 [S9%1°
041a | 046a | 041a | 045a | 0.39a | 0.43a [0.3%a| 0.38a £20.73
Heart £ £ t t t E £ 2 16006444
0.03 | 004 | 004 | 003 | 003 | 003 | 004 | 002 :
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Means with the same letter are not significantly different. (M£SE).

Tatie (6) indicated e mean yalves of serum cholesterot of different

groups of rats. There were significant decrease in serum total cholesterol
upon feeding diet supplemented with vit. C, lutein, vit. (E+C), (E+L), (C+L)
and (E+C+L) groups (P<0.001) as compared to the positive control group.
This results agree with Simon et al., (1993) who reported that increased vit. C
intake could play an important role in the cholesterol homeostasis of females
with elevated total cholesterol level.

Tabie (6): Serum lipid pattern (mg/dl), of hypercholesterolemic rats fed
antioxidants for (5) weeks.

ParametersiCoMroll ¢ c L | E+€ | E+L | C+L |E+CHL| Pr>F

_ ositiv
140.32 al144.41 o 110:22) 112.06 1 108.31 |, -5 g, f 111.04 |45 64 (lp=q0.74
Total : A be be be be ;
t +  [Sig0.001
Cholesterol | 557 5.73 + + * 461 * 6.00 .
' ' 432 | 325 | 484 | * 557 | ©
30.32a |35.93 2| 48.10 b [37.23 ca| 32.56 2 | 36.48 2 |46.45 cb| 48.73 b |F=27.38
HDL-¢c % % S F F + + + [Sig0.000
216 | 187 | 143 | 224 | 098 | 115 | 112 | 198 | ***
75.94 a {77.45 3| 49.61 b |61.46 od 53(',%3 54.31 cb|53.65 cb| 47.32 b [F=21.29
LDL-c t + + + + + ] +  (Sig0.000
221 | 280 | 170 | 251 | (%o | 188 | 242 | 198 [ *v
04372 |9931a|8432a(90232]81413]87.322]86.582]80.27 3| F=1.81
Triglyceride| = + + + t - Tt £ Sig
368 | 647 | 518 | 590 | 558 | 422 | 511 | 634 |0.11%

Means with the same letter are not significantly different. (M2SE).

Recent studies reported that hypercholesterolemic diet supplemented
with vitamin C lowered significantly serum cholesterol (Hamilton, et al., 2000).
Anderson, et al., (1997) added that consumption of one gm vit. C /day for 4
weeks caused reduction in total serum cholesteroi.

Results of lutein supplementation agree with Alberto, et al.,, (1999)
who reported that lutein was the only carotenoid that had a significant inverse
association with risk for stroke. Rowley et al., (2001) found that significant
increasa in plasma concentrations of lutein was correlated with significant
reduction in the prevalence of hypercholesterolemia.

On the other hand the group fed on diet containing vit. E (144.41
mg/dl) were n ot d iffered s ignificantly than that of the p ositive c ontrol g roup
(140.32 mg/dl).

These resuits agree with Yamamoto et al., (1995) who reported that
a-tocopherol had no significant effect on cholesterol levei. Same results were
obtained by S unetal, (1997) and Rein et al, (1998). On the other hand
other investigators reported the ability of vit. E supplements to prevent
hypercholesterolemia (Kaikkonen et al ., 2001). In other study, animal fed a
cholesterol rich diet supplemented with a- tocopherol have a lower total
plasma cholesterol than animals consumed low level of dietary a-tocopherol
(Brandes et al, 2000 and Schwenke et al., 2002).

The present results agree with Sharma et al., (1999) who stated that
alpha-tocopherol offers the best-hope,.but the question is haw much of it
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should be administered for the prevention of atherosclerosis. At the same
trend Sahin et al., (2002) found that greater dietary vit. E and C lead to
reduce serum cholesterol concentration (P=0.001). The results also
demonstrated that the combinations of two or three antioxidants caused a
highly significant decrease in total cholesterol when compared with positive
control group. This results agree with Mietus-Snyder and Malloy ( 1998 ) and
Sulli et al.,(1998) . _

Other study on rabbits indicated that diet supplementation with mega
dose of vit. C and E significantly reduced the plasma cholesterol (Mahfouz et
al., 1997). This could be due to the fact that vit. C may regenerate vit. E and
scavenge free radicals in the cytoplasm (Biesalski 1999). Other research
found that increased intake of vit. C, could lead to improve vit. E status and
that combined supplementation with vitamins C and E is more active than
supplementation with either vitamin alone in healthy adults (Jzng et al., 1996
and Hamilton et al., 2000).

The present study showed that combination of vit. E,C and L
recorded the lowest decreased level, when compared with p ositive ¢ ontrol,
this results agree with Oldham and Bowen (1998) who reported that the
addition of different types of antioxidants to hypercholesterolemic diet caused
a highly significant reduction in cholesterol level and may be due to the
synergistic effect of the combined antioxidants.

Data in Table (6) indicated also the mean value of serum-high-
density lipoprotein for different groups of rats. The high-density lipoprotein
has been shown to play anti-atherogenic roles and reduce the risk of
hypercholesterolemic disease (Lichtenstein et al., 1998). The mean value of
serum HDL of the positive control group was 30.32_+ 2.16 mg/dl.
Supplementation with vitamin E, (E+C), (E+L) had no significant influence on
HDL-c level. These results agree with Rein et al., (1998). Those investigators
reported that the addition of vit. E had no significant effect on HDL-¢ levels of
hypercholesterolemic rats, which was in agreement with Schwenk et al.,
(2002). -

Supplementation with vit. (E+C) in the present study had no
significant effect on HDL-c. This result agree with (Mahfouz et al., 1997).
However the present resuits contrasted with the result reported by Niki et al.,
(1995).

On the other hand significant changes were noticed as a results of
the addition of vit. C, (C+L) and (C+E+L). The results of vit. C consisted with
those reported by Carr and Balz., (1999).

From the results of the present study it was appeared that the best
effects was obtained after supplementation with (E+C+L). This observation
may be due to the synergistic effect of combination of fat soluble and water
soluble antioxidants. ' ;

Supplementation with antioxidant caused significant decrease in
LDL-c level as compared with positive control group except with regard to vit.
E fed group. This result agree with Sun et al., (1997) and Rein et al., (1998)
who reported no significant effect in vit. E supplemented group regarding
LDL-c level as compared with the positive control group. In the same respect

-other -investigaters- established that vit. E protects membrane and LDL
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against oxidative stress (Sardar et al., 1996). In addition the present resuits
showgd that supplementation with other parameter caused significant
reduction in LDL-c when compared with positive control group. The same

observation indicated by Mosinger (1999) who found that the adm‘m‘&sira“aon
of antioxidants might have a protective effect against increased LDL
cholesterol. In the same respect Das' et al ., (1997) reported that vit. C
treatment caused a reduction in LDL-c. Also the protective effect of vit. C
against coronary vascular disease [CVD] was associated with a decrease in
serum LDL-¢ in hypercholesterolemic animals. And other research found that
combination of vit. E and vit. C decrease LDL-¢ ( Mietus-Snyder and Malloy,
1998).

The resuits of the present study indicated that combination of two or
three types of antioxidants supplementation may lead to more protective
effective than supplementation with one type of antioxidants. LDL-c
concentration of group fed (E+C+L) suppiementation was (47.32 mg/di) which
was considered more reduction than positive control group (75.94 mg/dl).

The present findings agree with Oldham and Bowen study , (1998)
who reported that the addition of B-carotein +E+C to hypercholesterolemic
diet caused a highly significant reduction in LDL-c concentration and that this
could be due to the synergistic effect of the combined antioxidants.

The results of the present study show also the effect of
supplementation with the three antioxidants (E, C and lutein) as individual or
in combinations on the level of triglycerides in hypercholesterolemic rats. No
significant difference at 0.05 level between the treated group and the positive
control group with regard to their effects on triglycerides.

These results agree with Bierenbaum et al., (1985) which reported
that triglyceride levels were not affected by administration of 400 mg/d! to
2000 mg/d! vitamin E. Similar results obtained by Xiao et al., (1997). Other
study reported that increasing the dietary a -tocopherol supplementation did
not change plasma triglyceride level (Schwenke et al 2002). However other
studies (Rowley et al., 2001 and Sahin et al ., 2002) found that high intake of
dietary vit. C and (C+E) resuited in decreased concentration of serum
triglycerides significantly. The reasons of this difference may be related to
duration of the study and concentration of the antioxidants. Conversly Das et
al., (1997) reported that triglyceride was increased in rats fed on diet
containing 25 mg vit. C /100 gm body weight.

Results in Table (7) indicated significant decrease in GOT enzymes
for rat groups fed hypercholesterolemic diet supplemented with vit. C and
(C+L). On the other hand the other studied antioxidant did not has an effect
on GOT level. These results agree with Yamamoto et al., (1995) and Meydani
et al., (1998) who stated that vit. E supplementation did not affect the GOT
activity. On the other hand other research found significant increase in GOT
and GPT enzymes for rat groups fed diets supplemented with vit. E (Diplack,
1995). These differences may be related to the dose concentration and the
time introduced the supplementation to the animal under study.

From the same table it is clear that addition of vit. C to
hypercholesterolemic rats significantly decreased GOT activity in comparison
to positive control (61.06 IU/L and 79.81 IU/L, respectively). These resuits
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agree with Liu and Lee, (1998). In contrast results reported by other
investigators showed that vit. C did not has an effect on GOT level (Diplock,
1995 and Sahin et al., 2002). The combination between vit. (E+C)(E+L),(C+L)
and (E+C+L) caused a slight reduction in GOT level but the difference was
not significant.

Table (7): Effect of antioxidants on liver function enzymes (IU/L),
hemagobin and hematocrit (g/dl) of hypercholesterolemic rats
fed antioxidants for (5) weeks.

Parameters| SoNntrol | g c L | E+C | E+L | C+L |E+C+L| Pr>F
positive
79.81a | 79.03a {61.06c| 77.60 ba |68.23 bac| 77.51 ba | 65.03 bc |70.32bac| F=5.93
GOT t t t t + + + + Sig0.0002
2.60 1.87 2814 | 345 3.80 372 277 218
37.63 bac| 4462a (31.04cl41.31ba|32.14 bc [3542bac| 31.63¢ |3542bac| F=5.77
GPT + t + t t t * + Sig0.0¢"2
2.46 212 1.40 2.14 2.43 2.70 1.05 1.61
11.86¢C | 14.01ba [15.03a| 13.05bc | 12.76 bc | 12.30 bc | 1203¢c | 11.26¢c | F=9.24
Hemoglobin * + S + ES 3 S S Sig0.0001
0.32 0.08 0.21 0.48 0.57 0.24 0.35 0.63
35.56 dc | 42.04 ba [45.07 a| 39.12 bc | 38.22 be | 36.06 dc | 36.07 dc | 33.80d | F=16.12
Hematocrit E + t + + + + t Sig0.0001
1.18 1.11 0.91 0.80 0.93 0.84 0.38 1.04

Means with the same letter are not significantly different. (MtSE).

This tabie indicates that the addition of antioxidants did not cause
significant effect on the values of GPT as compared with positive control
groups. T his results agree with Hathcock ( 1997) who found vit. C have no
effect on GPT enzyme and Yamamoto et al., (1995) who desided that vit. E
did not have effect on GPT enzyme.

Data in Table (7) clearly showed that supplementation with either vit.
E and C significantly increased the hemoglobin and hematocrit values, while
other treatments with antioxidants showed no effect when compared with
positive control group. This results agree with Bender, (1997) who attributed
this effect to the fact that vit. C enhances iron absorption from gastrointestinal
tract. In addition other study stated that vit. E protects red blood cells against
oxidation (Meydani, 1995).

These results showed association between dietary intake of natural
antioxidants which frequently present in fruit and vegetables and a reduced
risk resulted from elevated blood lipids. Further studies need to be done to
determine the possibility of using combination from the investigated
antioxidants in food products as dietary treatments for hypercholesterolemic

individuals.
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