Egypt. J. Biomed. Sci. Vol. 28, November, 2008.


Egypt. J. Biomed. Sci. Vol. 28, November, 2008.



EFFECT OF SOME NATURAL ANTIOXIDANTS ON OXYSTEROL FORMED ENDOGENOUSLY IN HYPERCHOLESTEROLEMIC RATS
BY
Abeer M.N.H. El-Dakak1; Mona H.M. Ahmed1 and Samir A. Ismail2
FROM
1Special Food and Nutrition Department, Food Technology Research Institute, Agric. Res. Center, Giza, Egypt
2 Department of Biochemistry, Faculty of Agriculture, Cairo University, Cairo, Egypt

This study investigated the effect of selenium (15 µg/ 100g rat/d as sodium selenite), lyophilized green tea extract (0.12 g/100g rat/d), lyophilized anthocyanins pigment of red grape marc extract (0.71 mg/100g rat/d), and lyophilized (-carotene pigment of carrot pulp waste extract (5 mg/100g rat/d) as antioxidants on the oxysterols in plasma, brain and liver formed endogenously in hypercholesterolemic rats exposed to H2O2 (1%). Rats were fed hypercholesterolemic diet and exposed to H2O2-induced oxidative stress for 9 weeks. The concentrations of cholesterol and cholesterol oxidation products (COP) (25-hydroxycholesterol, 7β-hydroxycholesterol and 7- ketocholesterol), were significantly increased in plasma and organs (brain & liver), and significantly reduced by antioxidant treatment, but the lowered values were still higher than that found in normal group. Plasma malondialdehyde (MDA) and lactic acid dehydrogenase activity (LDH) were significantly increased, while the activity of superoxide dismutase (SOD) and catalase (CAT) activity were decreased in hypercholesterolemic rats. The administrated antioxidants returned these values to the normal levels or near.

Cardiovascular disease is the leading cause of morbidity and mortality. Cardiovascular disease, including coronary heart disease, stroke, and peripheral vascular disease, is clinical expression of advanced atherosclerosis (Schwenke, 1998). Variation of atherosclerosis individuals can be partially explained by a collection of "risk factor," with plasma cholesterol concentration, distribution of cholesterol among lipoproteins, blood pressure, and smoking status, contributing significantly to risk of atherosclerosis-related diseases (Pekkanen et al., 1990).

It is well known that the association between plasma cholesterol and atherosclerosis has been a topic of intense researches from many decades (Kromhout, 2001) and is still a major field of investigation. A considerable number of studies, both in animals and human (Ross, 1986) have proved that prolonged high plasma cholesterol levels increase the risk of developing atherosclerosis. Hypercholesterolemia is now a well recognized primary risk factor of coronary heart disease, the mechanisms by which cholesterol contributes to the initiation, and in particular to the progression, of atherosclerotic lesions are still the subject of debate. In this connection, several naturally occurring oxidation products of cholesterol, termed oxysterols, are of interest as possible reactive mediators of structural and functional changes of the vascular districts that are affected by the atherosclerotic process (Schroepfer, 2000). Oxysterols are present in human macrophages/foam cells and atherosclerotic plaque and are suggested to play an active role in plaque development (Carpenter et al., 1995). Indeed, oxidized cholesterol products have been shown to have greater atherogenicity than native cholesterol, as evidenced by arterial damage and development of arterial lesion (Kumar & Singhal, 1991).

Oxysterol present in vivo may be either of exogenous origin, i.e. derived from the diet, or generated endogenously by non-enzymatic or enzymatic oxidation. Oxysterols may be generated within tissues through non-enzymatic oxidation of cholesterol, in general, mediated by reactive pro-oxidant species or via enzymatic catalysis (Leonarduzzi et al., 2002).

In addition to the reactive oxygen species involved in the autoxidation of exogenous cholesterol, in animal tissues, autoxidation may also be supported by peroxyl (ROO˙) or alkoxyl (RO) radicals derived from lipid peroxidation (Brandsch et al., 2002). Other reactive species may derive from activation within macrophages and neutrophils (Smith, 1996), that occurring during atherosclerotic degeneration of the artery wall. 

It appears credible that non-enzymatic routes play some role in the production of oxysterol, since its plasma or tissue levels were decreased in animals fed antioxidant such as vitamin E, butylated hydroxyltoluene or probucol [probucol, a combination of two butylated hydroxytoluene (BHT) molecules coupled by an "-S-C-S-" group which is a lipophilic antioxidant and previously used as a lipid lowering drug. (Mol et al., 1997).  However, further investigation is needed to properly evaluate the full impact of autoxidation in the endogenous production of cholesterol oxides (Leonarduzzi et al., 2002).

Recently, the involvement of reactive oxygen species (ROS) in not only cardiovascular diseases, but also in hypertension, was demonstrated in both hypertensive rat models and humans (Negishi et al., 2001). Humans maintain defence systems against ROS through enzymes [superoxid dismutase (SOD), glutathione peroxidase (GSH-PX) and catalase] and low-molecular-weight antioxidants. Diets with antioxidant properties include many fruits and vegetables, which are considered to be important sources of antioxidants (Giugliano, 2000). Dietary antioxidants including vitamin E, vitamin C, carotenoids and polyphenols have received much attention in the prevention of cardiovascular disease and its risk factor (Giugliano, 2000). 

A growing body of evidence suggests the involvement of an excess formation of free radicals in the development of various pathological condition, such as atherosclerosis, cardiovascular disease, stroke, cancer, arthritis, and Alzheimer's disease (Davies, 1995). Dietary antioxidants such as anthocyanins (flavonoid) may be helpful in the prevention of those conditions by counteracting an imbalance of oxidative and antioxidative factors in the living organism. At present, information on the interactions of anthocyanins with the antioxidant system in the body is scarce (Frank et al., 2002). Also, green tea contains many polyphenols known as cathechins (Negishi, et al., 2004). Tea polyphenols, cathechins and flavonols scavenge ROS (Rice-Evans et al., 1996) and chelate transition metal ions in a structure- dependent manner (Brown et al., 1998).

From among the oxysterols formed in the body, several investigators considered 7β-hydroxycholesterol (7β-OH),   7-ketocholesterol, and 25-hydoxycholesterol as markers for the formation of oxysterols. The concentration of 7β-OH in tissues reflects the endogenous and nonezymatic formation of oxysterols fairly accurately (Adachi, et al., 2001 and Ringseis & Eder 2002). In the present work, the concentrations of 7β-hydroxycholesterol (7β-OH), 7-ketocholesterol, and 25-hydoxycholesterol were determined in plasma because these oxysterols are of particular pathophysiologic relevance. To gain further insight into the formation of oxysterols, the concentration of 7β-hydroxycholesterol (7β-OH), 7-ketocholesterol, and 25-hydoxycholesterol were measured in brain and liver. 



1- Lyophilized green tea extract: Ten volumes of boiling water were added to tea (10 v/ wt) and allowed standing for 30 min at room temperature and the extract was filtered and lyophilized (Hu et al., 2002). The lyophilized green tea extract used in this study contained 21.87 g catechins/100 g as measured by HPLC. 
2- Lyophilized anthocyanins pigments from red grape marc. The lyophilized anthocyanin pigment was prepared according to the method reported by [Revilla, et al.,(1998) and Abeer El-Dakak, (2004)]. It was composed mainly of delphinidin 3-O-glucoside (Df-Gl) (5.98%), cyanidin 3-O-glucoside (Cy-Gl) (1.54%), petunidin 3-O- glucoside (Pt-Gl) (3.35%), peonidin 3-O-glucoside (Pn-Gl) (2.81%), malvidin 3-O-glucoside (Mv-Gl) (62.17%), malvidin 3-O- acetylglucoside (Mv-Gl-Ac) (3.69%) and malvidin 3-O-p-coumarylglucoside (Mv-Gl-Cou) (10.03%) as measured by HPLC. Total amount equivalent to 89.84 g/ 100g lyophilized anthocyanin pigment.  
3- Lyophilized β-carotene pigment from Carrot pulp waste. HPLC analysis indicated that β-carotene was found to be as 83.8% in the lyophilized β-carotene pigment; which was prepared according to the method reported by [Chen &Tang (1998) and Abeer El-Dakak, (2004)].
2.1.1 Animal feeding experiments:


Animals: Thirty male Sprague –Dawely strain rats, weighting from 80 to 100 gm were obtained from Helwan Station for experiment animals, Helwan, Cairo, Egypt. The animals were housed in stainless steel cages raised in the animal's house of Biochemistry Department, Faculty of Agriculture, Cairo University. The rats were kept under normal healthy laboratory conditions and the temperature was adjusted at 25 ± 2°C with 12-hour light-dark cycle. Animals were adapted on free access of water, and fed for ten days on a standard diet (Zamore et al., 1991) before the initiation of the experiments (Al-Kanhal et al., 2002).
2.1.2 Diets 

2.1.2.1 Experimental design:
Rats were randomly divided into 6 Groups, each contains 5 rats. The animals were fed on different tested diets for 9 weeks. One group of the experiment contained the basal diet saved as normal control (G1). The other five groups of were allowed to feed hypercholesterolemic diet (1% cholesterol + 0.25 % bile salts) to induce hypercholesterolemia and 1 % H2O2 in the drinking water to increase the oxidative stress. Four groups were orally administrated selenium (15 µg sodium selenit/100 g rat/d) (selenium group, G3), lyophilized green tea extract (group, G4) (0.12 g/100g rat/d), lyophilized anthocyanins pigment (anthocyanins group, G5) (0.71 mg/100g rat/d) and lyophilized β-carotene pigment (β-carotene group, G6) (5 mg/100 g rat/d) by using stomach tube. The last group (G2) was used as positive control; as shown in Table (1). Rats were weighed every week.
Table (1): Composition of different tested diets (g/100g).
	Ingredient of the diet (g/100g diet)
	Groups of rats

	
	Normal
	Positive control
	(Selenium group)
15 µg/ 100 g rat/d as Na selenite
	Lyophilized green tea extract (0.12 g/100g rat/d)
	Lyophilized anthocyanins pigment (anthocyanins group)
(0.71mg/100g rat/d)
	Lyophilized (-carotene pigment ((-carotene group)
(5mg/100g rat/d)

	
	G1
	G2
	G3
	G4
	G5
	G6

	Casein
	21.7
	21.7
	21.7
	21.7
	21.7
	21.7

	Corn starch
	48.3
	39.9
	39.9
	39.9
	39.9
	39.9

	Sucrose
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0

	Corn oil
	10.0
	2.00
	2.00
	2.00
	2.00
	2.00

	Vitamin mix
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Mineral mix
	4.00
	4.00
	4.00
	4.00
	4.00
	4.00

	Beef tallow
	_
	15.0
	15.0
	15.0
	15.0
	15.0

	Cholesterol (1%)
	_
	1.00
	1.00
	1.00
	1.00
	1.00

	Bile acid (25%)
	-
	0.25
	0.25
	0.25
	0.25
	0.25

	H2O2 , 1% of the drinking water
	-
	+
	+
	+
	+
	+


* Sodium selenite, lyophilized green tea and lyophilized anthocyanin were dissolved in deionized water while lyophilized β-carotene was dissolved in oil, they were administrated orally.
1.3 Blood sampling: 
Blood samples were collected at the end of the experiment from the eye plexuses by fin capillary glass tubes. The sample was collected into both heparinized tubes to obtain the plasma and into a dry clean centrifuged glass tube without any coagulant to prepare serum. Blood was left for 15 min at room temperature, then the tubes were centrifuged for 10 min at 1500 g and the clean supernatant serum was kept frozen at -20°C until the determination of total-cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, malondialdehyde (MDA), LDH, Superoxide dismutase  (SOD) and catalase (CAT) activities.
1.4 Preparation of organs:

Liver and brain were isolated and rinsed by ice cold-KCl solution (0.15mol /L) to remove erythrocytes. The solid tissues were frozen at -20°C in KCl solution.
1.5 Measurement of plasma and tissue oxysterols:

1.5.1 Extraction of oxysterol from plasma

Oxysterols were extracted from serum according to the method described by Mahfouz and Kummerow, (2000) as follow: 500µl plasma, and 2 ml of 1M KOH in methanol containing 0.05% butylated hydroxyl toluene (BHT) (as antioxidant) were mixed. The tube was flushed with N2 and samples were allowed to saponify at room temperature over-night. To the saponified sample, 4 ml of water were added and lipid was extracted twice with 3 ml hexane. The lipid extract was dried under N2 and the residue was dissolved in 500µl acetonitril and put in small dark bottles until analysis using HPLC.

1.5.2 Extraction of oxycholesterol from tissues

Oxysterols were extracted from tissues according to the method described by Adachi et al. (2006) as follow: adding 4 ml of ice-cold choloroform/ methanol (3:1, V/ V), containing 0.005% BHT (as antioxidant), to 0.1g of tissue and homogenized. The homogenate was mixed with 4 ml of choloroform/ methanol (3:1, V/ V), and one ml of distilled water, vortexed and centrifuged (800g). The choloroform layer was dried under nitrogen and allowed to saponify.
1.5.3 Identification of oxysterols by High performance liquid chromatography (HPLC)

Oxysterols were determined by HPLC according to the method described by Miyajim et al., (2001). Oxysterols were identified by Hewlett Packard HP 1050 high performance liquid chromatography equipped with UV detector set at 210 nm. The chromatograph was fitted with ODS hypersil column (250 × 4mm, 5µm), and the column heater was set at 35°C. A mixture of acetonitril, methanol and water in a ratio of 46: 45: 9, (V/V/V) was used as a mobile phase at a flow rate of 0.7ml min-1.
1.6.1 Determination of total-cholesterol, LDL-cholesterol, HDL-cholesterol and triglycerides
Total cholesterol in the serum was determined by quantitative method of Roeschlau et al. (1974), low density lipoprotein-cholesterol, high density lipoprotein-cholesterol and triglycerides were determined according to the method of Wieland & Seidel (1983); Assmann (1979); and Trinder (1969), respectively using kits obtained from randox Laboratories Ltd., Diamond Rod, Crumlin, Co. Antrim, United Kingdom, BT29Qy.
1.6.2 Determination of Malondialehyde (MDA), Lactate dehydrogenase (LDH), Superoxide dismutase (SOD), and catalase activity (CAT) 
MDA has reacted with thiobarbituric acid and the produced colored TBA-complex could be measured calorimetrically as mentioned by Metlzer et al., (1971). Plasma SOD and CAT activities were determined according to Nishikimi et al., (1972) and Aebi (1984), respectively using kits obtained from Biodiagnostic.
Also, Lactate dehydrogenase (LDH) activity was determined by the method of Cabaud & Wroblewski (1958) using kits obtained from Gama tread. 

Statistical analysis: 

The data were subjected to statistical analysis using the standard analysis of variance as outlined by Snedecor and Cochran (1980) and the differences among means of diet effects were tested for the least significance differences value (LSD) at 0.05 probabilities by using Duncan's multiple range tests by SAS (1987) program. 


The main object of the present study was to evaluate the effect of antioxidant on oxysterols, formed endogenously in hypercholesterolemic rats exposed to H2O2, in plasma, brain and liver. 

Plasma oxysterols:

In hypercholesterolemic rat treated with 1% H2O2 (positive control), the plasma 25-hydroxycholesterol, 7β-hydroxylcholesterol and 7-ketocholesterol were highly increased from 75.60µg/ ml to 865.81µg/ ml, from 0 to 139.50µg/ ml, and from 47.38µg/ ml to 62.46µg/ ml, respectively, as shown in (Table 2). In plasma, all used antioxidants led to disappearance of 7β-hydroxylcholesterol and 7-ketocholesterol. In addition, significant decrease were noticed in plasma 25-hydroxycholestereol by administration of antioxidants into the positive control, especially Se which completely removed 25-hydroxycholesterol from plasma.
Table (2): Various cholesterol oxidation products (COPs) in plasma of hypercholesterolemic rats orally administrated different antioxidants  with H2O2 (1%)  in the drinking distilled water for nine weeks.
	Treatment
	Cholesterol oxidation products (COPs) µg/ml

	
	25-hydroxycholesterol
	7 β-hydroxycholesterol
	7-ketocholesterol

	G1

(Normal control, basal diet)
	75.60 ± 5.69 d
	0
	47.38±0.48b

	G2

(Positive control )
	865.81 ± 63.86 a
	139.50 ± 4.50a
	62.46 ±8.93a

	G3 
Selenium grup
(15 µg / 100g rat/d) as Na selenite
	0 
	0
	0

	G4 
Lyophilized green tea extract(0.12 g/100g rat/d)
	375.00 ± 33.00 c
	0
	0

	G5 
anthocyanins group  (0.71mg/100g rat/d)
	315.00 ± 6.38c 
	0
	0

	G6

β-carotene group (5 mg/100g rat/d)
	622.47 ± 69.47b
	0
	0

	L.S.D (P<0.05)
	141.59
	6.36
	12.63


Each value represents the mean ± SE.                                           

The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test.
Brain and hepatic cholesterol oxidation products (CPO):
The concentration of brain and hepatic COPs were greatly elevated in normal rats treated with both hypercholesterolemia-induced diet and 1% H2O2, as shown in Table (3) and significantly reduced by the antioxidants treatment, but the lowered values were still higher than that found in normal control especially in brain 7β-hydroxylcholesterol and all COPs in positive group treated with anthocyanins group. 
Table (3): Various cholesterol oxidation products (COPs) in brain and liver of hypercholesterolemic rats orally administrated different antioxidants with H2O2 (1%) in the drinking distilled water for nine weeks.

	Treatment
	Cholesterol oxidation products (COPs) µg/gm brain
	Cholesterol oxidation products (COPs) µg/gm liver

	
	25-hydroxycholesterol
	7 β-hydroxycholesterol
	25-hydroxycholesterol
	7 β-hydroxycholesterol

	G1

(Normal control, basal diet)
	85.59 ± 5.5d
	0
	37.99 ± 4.42c
	19.01 ± 14.39c

	G2

(Positive control )
	457.43 ± 19.30a
	1210.91 ± 42.94 a
	849.12 ± 96.66a
	855.09 ± 52.06a

	G3 
Selenium group
(15 µg / 100g rat/d) as Na selenite
	92.59 ± 13.29d
	66.68 ± 14.58bc
	87.41 ± 1.42c
	51.13 ± 0.17bc

	G4 
Lyophilized green tea extract
(0.12 g/100g rat/d)
	207.33 ± 26.07bc
	108.36± 15.29b
	148.95 ± 26.34c
	63.56 ± 8.31bc

	G5 
anthocyanins group
(0.71mg/100g rat/d)
	247.84 ± 46.23b
	138.43 ± 8.88b
	298.54 ± 19.85b
	114.28 ± 12.04b

	G6

β-carotene group
 (5 mg/100g rat/d)
	157.80 ± 0.66cd
	68.56 ± 8.54bc
	38.86 ± 19.59c
	16.46 ± 6.52c

	L.S.D (P<0.05)
	82.34
	69.82
	147.49
	

79.60


Each value represents the mean ± SE.                                           

The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test.
Lipid Profile:
The oxidation stress (H2O2) and hypercholesterolemia significantly increased plasma total cholesterol, LDL- cholesterol and triglycerides, while HDL- cholesterol was significantly decreased, as shown in Table (4). Administration of the tested antioxidants improved or returned these values to the normal ones.
Table (4):  Plasma total-cholesterol,HDL-cholesterol, LDL-cholesterol, and triglycerides in hypercholesterolemic rats orally administrated different antioxidants  with H2O2 (1%) in the drinking distilled water for nine weeks.
	Treatment
	T.cholesterol

(mg/dl)
	HDL
(mg/dl)
	LDL
(mg/dl)
	Triglycerides (mg/dl)

	G1

(Normal control, basal diet)
	99.89 ± 2.14 c
	27.07 ± 0.63 a
	44.06 ± 1.75 e
	143.77 ± 1.94 c

	G2

(Positive control )
	266.06 ± 2.46 a
	13.43 ± 0.14 d
	217.23 ± 7.41 a
	200.43 ± 1.93 a

	G3 
Selenium group
(15 µg / 100g rat/d) as Na selenite
	127.98 ± 2.69 b
	25.68 ± 0.49ab
	78.34 ± 2.97 c
	124.85 ± 1.14 c


	G4 
Lyophilized green tea  extract

(0.12 g/100g rat/d)
	88.31 ± 0.82 d
	24.03 ± 0.17 c
	59.31 ± 0.95 d
	119.81 ± 0.86 d

	G5 
anthocyanins group (0.71mg/100g rat/d)
	87.79 ± 0.94 d
	24.52 ± 0.28bc
	65.62 ± 2.40 d
	123.06 ± 0.73 d

	G6

β-carotene group (5 mg/100g rat/d)
	90.23 ± 1.34 d
	25.50 ± 0.82bc
	97.06 ± 2.51 b
	173.39 ± 1.40 b

	L.S.D (P<0.05)
	5.80
	1.50
	11.24
	6.75


Each value represents the mean ± SE.                                           
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test.

Antioxidants status:

Plasma maloaldehyde (MDA) and lactic dehydrogenase activity were significantly increased, while the activity of catalase (CAT) and superoxide dismutase (SOD) were decreased in hypercholesterolemic rats suffering from oxidative stress, as shown in (Table 5). The antioxidants returned these values to the normal levels or near.
Table (5): Malondialdehyde, Lactic acid dehydrogenase  activity (LDH), superoxide  dismutase (SOD), and catalase activities in plasma of  hypercholesterolemic rats orally administrated different antioxidants with H2O2 (1%) in the drinking distilled water for nine weeks.
	Treatment
	Malondialdehyde (nmol/ml)
	SOD
(U/ml)
	catalase (U/ml)
	LDH

 (U/L)

	G1

(Normal control, basal diet)
	11.88 ± 0.70 b
	337 ± 15.86 a
	145.44 ± 2.61 c
	223.86 ± 8.37 b

	G2

(Positive control )
	23.33 ± 0.93 a
	188.35 ± 4.11 e
	68.69 ± 1.69 d
	625.89 ± 11.70 a

	G3 
Selenium group
(15 µg / 100g rat/d) as Na selenite
	10.59 ± 0.09 b
	235.40 ± 4.99 d
	163.94 ± 2.95 b
	218.99 ± 9.52 b

	G4 
Lyophilized green tea extract

 (0.12 g/100g rat/d)
	12.15 ± 0.65 b
	304.65 ± 4.98 b
	157.17 ± 5.12 b
	212.83 ± 3.97 b

	G5 
anthocyanins group (0.71mg/100g rat/d)
	11.04 ± 0.75 b
	279.94 ± 1.29 c
	180.03 ± 1.18 a
	228.92 ± 3.93 b

	G6

β-carotene group (5 mg/100g rat/d)
	13.07 ± 0.86 b
	228.26 ± 1.09 d
	139.39 ± 1.61c
	235.48 ± 3.05 b

	L.S.D (P<0.05)
	2.21
	22.97
	8.77
	22.79


Each value represents the mean ± SE.                                    

The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test.


The previous study was extended to elucidate the anthocyanins, β-carotene, green tea extract and selenium (as Na selenite) as antioxidants on hypocholesterolemic rats suffering from oxidative stress (H2O2). Oxysterols formed endogenously were measured in plasma, brain and liver as indicators for oxidative stress.

Oxysterols may be generated within tissues through non enzymatic oxidation of cholesterol, in general mediated by reactive pro-oxidant species or may be (Lenarduzzi, 2002) by enzymatic catalysis. Other reactive species may drive from activation within macrophages and neutrophils that occurring during atherosclerotic degeneration of the artery wall. It appears credible that non-enzymatic routes play some role in the production of oxysterols, since their concentrations in plasma or tissues were decreased in animals fed antioxidants such as vitamin E. 
The present study, hypercholsterolemic rats exposed to H2O2 generated much more oxysterols. These oxysterols produced through free radical-mediated cholesterol peroxidation, can serve as molecular indicator of chain peroxidation damage in the cell membrane (Miyajima et al., 2001). 

Selenium is an integral cofactor of (GSH-Px), the enzyme that catalyses the degradation of lipid peroxides as well as hydrogen peroxide (Chance et al., 1979). The present results are in agreement with (Stone et al., 1984) who showed that oxidative stress and hypercholesterolemia increased plasma total cholesterol due to the decrease in the activity of cytochrome P450 dependent α- hydroxylase which is the rate-limiting enzyme in the conversion of cholesterol to bile acids. Also, the decrease in plasma total cholesterol by increasing dietary selenium or natural antioxidants concentration related to the decrease in plasma LDL-C, as shown Table (4).

Several studies showed that dietary tea and tea catechins [Ikeda et al., (2003) and Raederstroff et al., (2003)] lowered plasma cholesterol concentration in experimental animals fed a high-cholesterol diet. Also, Ikeda et al., (2003) and Yokozawa et al., (2002) observed that feeding of green tea catechins increased fecal excretion of cholesterol in rats. This observation suggests that tea catechins reduce plasma cholesterol concentration by inhibiting cholesterol absorption. Catechins may inhibit reabsorption of bile salts in the ileum, probably by sequestering bile salts in the lumen. or enhance the conversion of cholesterol to bile acids in the liver. Jeong et al., (2005) observed that Chinese green tea tended to increase, but not significantly, the activity of cholesterol 7α-hydroxylase, the rate-limiting enzyme of bile acids synthesis, in rat liver. It has been known that green tea catechins have antioxidative activities on Cu2+-mediated oxidation of LDL in vitro and in human. 
Oxysterols and cholesterol were decreased by anthocyanins in the present study. Flavonoids are natural antioxidants that scavenge various types of radicals in aqueous and organic environments (Jeong et al., 2005). The oxysterols 25-hydroxycholesterol and 7-ketocholesterol, components of oxidized LDL, may induce apoptosis (Jeong et al., 2005). Accordingly, oxysterols appear to play a role in atherosclerotic cell injury and apoptosis induced by oxidized LDL. Antioxidants may inhibit production of oxidized LDL and oxysterols formation, protecting cells from damaging effects of oxygen radicals, and thereby retard atherosclerosis in vivo. Ikeda et al., (1992) suggested that tannins and bile acid complexes cause disruption of micelles, leading to the precipitation of cholesterol in the intestinal lumen, as in the case of water soluble dietary fiber (Rouanet et al., 1993). 

In the present study, β-carotene more effective for decreasing oxysterols in organs (brain and liver) than anthocyanins and green tea extracts, these results agreed with (Henry et al., 1998) who mentioned that β-carotene is more lipophilic, and it is located in the interior of membranes and, therefore, is more effective at scavenging lipophilic radicals than α-tocopherol, which is concentrated at or near the surface of membranes. Also, Zamora et al., (1991) reported that β-carotene is not deposited in the liver and converted to vitamin A in the rat. Recently vitamin A has been suggested as potent antioxidants in rat.
 β-carotene may play a role in altering the cholesterol metabolism in the liver or the efficiency of cholesterol absorption in the intestine Tasi et al., (1992). Also, Abeer El-Dakak (2004) found that β-carotene was more effective as hypocholesterlemic and hypolipidemic agents than anthocyanins in heart and liver. The present results showed that anthocyanins more effective than β-carotene for improvement LDL-C and triglyceride in plasma.  
MDA formation was also increased in hypercholesterolemia. Lipid peroxidation usually has been monitored by the formation of TBARS or MDA. The finding that oxysterols were elevated in various tissue homogenates from hypercholesterolemia with H2O2 is direct evidence that increased lipid peroxidation occurred (Miyajima et al., 2001). At normal dietary selenium concentration, the increase in the oxidative stress by H2O2 in hypercholesterolemic rats significantly increased the plasma concentration of MDA, which was decreased again by supplementation of diets with excess selenium (Ghada Mahmoud, 2003). Also, Abeer El-Dakak, (2004) mentioned that the groups of rats fed HFD+ Cho with anthocyanins and β-carotene had less values of MDA which appeared the important of these antioxidants as lowering lipid peroxidation.
LDH has been measured as indicator of cell damage. Free radicals generated in the presence of iron react together to initial lipid peroxidation and cell damage (Miyajima et al., 2001). The elevations of 7α-OOH and 7β-OH in plasma or tissues are evidence of increased oxidative stress and possible membrane changes. 7β-OH and 7-keto increase radiolabeled calcium incorporation in cultured endothelial cell (Adachi et al., 2001).

The generation of oxygen radical (especially hydroxyl radical), which may cause oxidative damage such as degradation of proteins and nucleic acids and peroxidation of polyunsaturated fatty acids (PUFA) (Brandsch et al., 2002).  LDH is an enzyme that exists in many tissues and organs, such as the heart, muscle, kidney, liver, etc. When those tissues or organs are damaged, LDH is released into the blood from cells. Therefore, LDH leakage can be used to indicate cell viability (Yang, et al., 2004). Therefore, β-carotene significantly decreased LDH leakage when it was added to the medium as shown in Table (5). In vitro studies have shown that β-carotene can decrease LDH leakage of hepatocytes by means of reducing ROS production (Yang et al., 2004).  The present results indicated also that SOD and CAT activity showed significant reductions, in the plasma from the hypercholestremic rats exposed to H2O2 (Table 5) and returned to the normal values by the used antioxidants. CAT can react with H2O2 (Yang et al., 2004). 

Lizarad et al. (1998) found that 7-ketocholesterol-induced apoptosis depends on the cellular GSH level and is associated with ROS production. The involvement of ROS species in apoptosis induced by different agents has been suggested by some experiments: induction of apoptosis by hydrogen peroxide (Lizarad et al., 1998), and oxygen radicals (Lizarad et al., 1998). Potentiation of apoptosis by molecules decreases intracellular stores of GSH; causing down regulation of antioxidant defenses; lipid peroxidation; ROS usually react with cellular macromolecule either damaging them directly or setting in motion a chain reaction wherein the free radical is passed from one macromolecule to another, resulting in extensive damages to cellular structures such as membranes (Lizarad et al., 1998). 

The administrated green tea polyphenol increased the activities of SOD and catalase (Yokozawa et al., 2003). ROS, such as hydroxyl radicals and O2- , as well as uremic toxins are also mainly responsible for reneal failure (Yokozawa et al., 2003). Polyphenol increased the activities of SOD and catalase. Furthermore, green tea polyphenol has also been reported to exert a potent scavenging effect through the inhibition of oxidativestres-induced apoptosis in cell culture system (Yokozawa et al., 2003).
Carotenoids have been found to inhibit free radical induced lipid peroxidation, and β-carotene is one of the most efficient quenchers of singlet oxygen. Because carotenoids feature is a conjugated double-bond system they are highly efficient quenchers of singlet oxygen. A single β-carotene molecule is believed to eliminate up to 1000 singlet oxygen by physical mechanisms involving energy transfer, before it is oxidized and loses its antioxidant properties (Burton, 1989). β-carotene may also prevent lipid peroxidation through specific enzyme inhibition (Yang et al., 2004). However, the present study demonstrated that β-carotene improved the CAT activity as well as the SOD level when it was administrated (Table 5). The present results suggest that β-carotene administrated might reduce H2O2 production and indirectly improve CAT and SOD activity. Yang et al., (2004) reported that β-carotene inhibited MDA production and also concluded that ethanol-induced oxidative stress was improved only by high dosage β-carotene supplementation. They also suggested that higher GSH levels due to β-carotene treatment might reduce H2O2 production and indirectly improve CAT activity. Furthermore, the lipid peroxide content was slightly decreased without statistical significance in the hepatocytes treated with β-carotene. Free radical generation by polymorphonuclear leukocytes enhanced production of radical species and oxidants by endothelium and smooth muscle cells (SMC). Cellular oxidative modification of cholesterol is thought to involve endothelial and macrophage derived ROS (Hodis et al., 2000). 

Finally, the significant effect of partially inhibiting cholesterol oxide formation with antioxidant administration during induction of hypercholesterolemia raises the question of whether antioxidants may be used to prevent hypercholesterolemia and arterial wall changes.  Antioxidants have proven ameliorating effects in atherosclerosis arterial wall changes in experimental animals in which β-carotene has been shown to decrease the organs content of cholesterol oxides along with cholesterol content during induction of hypercholesterolemia. Antioxidant, anthocyanins, green tea, and selenium also have been shown to prevent cholesterol deposition and oxysterol production in hypercholesteremic rats independent of cholesterol-lowering effects, suggesting that modulation of oxidative stress has a significant impact on factors that influence vascular function. Further studies to determine the utility of antioxidants in altering the pathogenesis of hypercholesterolemia changes will be required. 
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تأثير بعض مضادات الاكسده الطبيعيه على الاوكسيستيرول المتكونة داخليا في الفئران مرتفعة الكولستيرول

للسادة الدكاترة
عبير محمد ناصر هارون الدقاق1- منى حنفي محمود احمد1- سميرعبد المنعم اسماعيل2
مـــــــن
1قسم الاغذيه الخاصه والتغذية - معهد بحوث تكنولوجيا الاغذيه- مركز البحوث الزراعيه- الجيزه- مصر

2 قسم الكيمياء الحيويه - كلية الزراعه- جامعة القاهره- الجيزة- مصر

اهتم البحث بدراسة تأثير السيلينيوم ( 15 ميكروجرام/ 100 جم من وزن الفأر/ يوم) ، ومستخلص الشاي الاخضر المجفد (0.12 جرام /100 جم من وزن الفأر/ يوم) ، وصبغة الانثوسيانين المجفده من مستخلص تفل العنب الأحمر(0.71 ملجم /100 جم من وزن الفأر/ يوم)  والبيتاكاروتين المجفده من مستخلص مخلف الجزر الاصفر بعد العصر (5 ملجم /100 جم من وزن الفأر/ يوم)  كمضادات أكسده  علي مركبات الاوكسيستيرول المتكونة داخليا في  البلازما وأنسجة المخ و الكبد في الفئران المصابة بارتفاع نسبة الكولستيرول ومعرضة لفوق أكسيد الهيدروجين بتركيز (1 %). و بتغذية الفئران علي عليقه مرتفعة في الكولستيرول  مع استخدام H2O2 (1%) في مياه الشرب كماده محفزه للأكسده لمدة 9 أسابيع. كانت أهم النتائج المتحصل عليها: حدوث ارتفاع معنوي في نسبة الكولستيرول وكذلك مركبات الكولستيرول المؤكسده في البلازما والأعضاء ( المخ والكبد) وصاحب هذا الارتفاع زياده في تركيز المالون داي الدهيد (MDA) وارتفاع في نشاط  إنزيم اللاكتيك أسد ديهيدروجينيز (LDH ) المعبر عن تحطم جدر الخلايا، كذلك كان من الملاحظ حدوث  انخفاض في نشاط انزيمات الاكسده والاختزال الكتاليز((catalase والسوبر اكسيد ديسميوتيز (SOD) في الفئران المصابة بارتفاع نسبة الكولستيرول . وباستخدام  مضادات الاكسده الطبيعية المختلفة أدى ذلك  لعودة هذه القيم إلي المستوي الطبيعي أو قريبة منها.
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