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ABSTRACT

The study was carried out to evaluate the effects of unpeeled
lentil seeds (legume), apple (fruit) and parsley (vegetable) in semi-
modified diets on lipid fraction of hyperlipidemic and
hypercholesterolemic male albino rats. These were based on those
agents contain protein and a large amount of phenols which used as
lipotropic factors and antioxidant characters. Blood lipid fractions of
hyperlipidemic animals were improved by the antioxidant and protein
lipotropic powers of diets used and protect animals from oxidation and
precipitations on the walls of the blood vessel thus alleviated
atherosclerosis. The investigation was done with semi-modified diets
of unpeeled lentil seeds, dried apple and dried parsley as well as their
mixtures (1:1:1) to evaluate their effects as hypolipidemic agents
which amounted 10% of the diets at the expense of starch.
Composition of the apple, parsley and unpeeled lentil seeds was
estimated on dry matter. The results observed that three used
lipotropic and antioxidant diets amounted good values of protein
(especially unpeeled lentil) cured fiber and phenolic compounds
(especially apple and parsley). The HPLC analysis of the three
methanolic extracts of unpeeled lentil, apple and parsley for the
phenolic compounds showed present of about 23 compounds varying
in their levels in the extracts. It was noticed that compounds such as
catechin phenol, daidzin, p — coumaric, genistein, ferulic, quercetin,
chrysin and galangin were detected in the both of apple and parsley
extracts. Rutin is detected in unpeeled lentil and apple extracts. There
are other phenolic compounds were detected in the each extract which
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differed between apple, parsley and unpeeled lentil extracts such as
pyrogallol, chlorogenic, synergic, naringinin and luteolin were
detected in unpeeled lentil extract only but P- OH benzoic, caffic and
kaempherol were detected in parsley extract only. The phenolic
compound such as salicylic, cinnamic, euganol and pinostrobin were
detected in apple extract only.

The results of the present studies of the semi-modified diet with
unpeeled lentil as well as dried apple and parsley also their mixture
observed hypocholesterolemic and hypolipidemic power which
alleviated the disease and improved function of liver and kidneys,
blood picture, lipids profile and protein profiles, lipid peroxidation
and the activities of antioxidant enzymes such as superoxide
dismutase and catalase while the present results observed insignificant
effects on the blood glucose levels of the experimental animals. The
obtained results showed that unpeeled lentil seeds as well as dried
apple and parsley semi-modified diets generally improved in the
clinical blood status. Picture of blood (RBCs, WBCs and Hb), lipid
fraction such as total lipid, cholesterol and triglycerides as well as
HDL-C, LDL-C and VLDL-C also the treatment alleviated the risk
factor of the hyperlipidemic rats. Liver function (GOT, GPT and ALP
activity as well as bilirubin) and kidneys function (uric acid, urea and
creatinine), total protein and its fractions (albumin, and globulin),
lipids peroxidation and antioxidative enzymes activity (SOD) and
catalase) were readjusted around the normal values in hyperlipidemic
and hypercholesterolemic rats by the improvements of the present
liportopic factors and antioxidative agents of unpeeled lentil, apple
and parsley by which hyperlipidemia and hypercholesterolemia were
alleviated. In connection, their semi-modified mixture diet observed
the best treatment clinical effect concerning biological studies than the
other treatments it means that mixture produced such synergetic
effects which used semi-modified diets of unpeeled lentil, apple and
parsley alone. These data of the present studies in
hypercholesterolemic and hyperlipidemic male albino rats showed that
the different diet treatments can be arranged in the following from
increasing to decreasing order as anticholesterolemic and
antilipidemic powerful:

Mixture diet > unpeeled lentil > dried parsley > dried apple.
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INTRODUCTION

For many years interest in dietary effects on serum lipids
centered on total cholesterol levels. Unfortunately, serum lipids
measurements in dietary studies generally have lagged advances in
our understanding of cholesterol transport via lipoproteins. Recently,
several investigations have begun to re-examine the influence of
various nutrients on lipid metabolism with emphasis on serum
lipoprotiens and apolipoprotiens (Katan et al., 2003).

People with elevated lipid fractions levels are more likely to
have atherosclerotic than people with low levels. Also, diabetes is at
very high risk for atherosclerosis; those with elect triglycerides may
have an increased risk as well. Atherosclerosis is a disease of large
and medium sized muscular arteries and the large elastic arteries, such
as aorta and iliac vessels which produced by hypercholesterolemia
status (Corti et al., 2003).

Oxidative stress has been implicated in diseases ranging from
cancer to cardiovascular disease to age — related macular degeneration
and even to aging process itself (Van — Lieshout et al., 2003). Many
diseases (include hyperlipidemia) related to oxidative stress have
potentially serious consequences and limited treatment research has
focused on arresting the oxidative damage that may be involved in
disease initiation or progression. Recent research has measured both
markers of oxidative stress and whole — body antioxidant capacity in
response to diet, vitamin, mineral and phytochemical. There are
hundreds of polyphenols with antioxidant activity that are potential
contributors to the antioxidant mechanisms in animals and humans in
general. These compounds are excellent candidates to explain the
health benefits of diet rich in fruits and vegetables (Houston et al.,
2005)

Legumes are inexpensive, nutrient — dense sources of plant
protein than can be substituted for dietary animal protein (Anderson et
al., 1999). Not only are legumes excellent sources of essential
minerals, they are rich in dietary fiber and other phytochemicals that
may affect health. According to the World Health Reports (2002)
about the deterioration in lipid parameters in the body which leads to
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the incidence of atherosclerosis and cardiovascular disease, more than
75% of heart diseases, the world's leading cause of premature death,
result from high blood lipid fraction and other factors such as high
blood pressure, smoking and drinking alcohol.

In the present work, the main aim was to study the
hypolipidemic effect of apple (fruit), parsley (vegetable) and unpeeled
lentil (legume) and nutritional evaluation through an animal
experiment as following studies:-

1- Chemical composition of apple, parsley and unpeeled lentil.

2- The phenolic contents in apple, parsley and unpeeled lentil
constituent compounds through analysis by HPLC techniques.

3- The biological treatments of semi-modified diets of apple parsley
and unpeeled lentil as antilipidemic agents on blood analysis, i.e.,
blood picture, glucose, lipid profile, liver function, kidneys
function, protein fractions, lipid peroxidation, superoxide
dismutase activity and catalase activity.

MATERIALS AND METHODS

Preparation of samples:

Samples of the present unpeeled lentil (Lens esculenta), apple
(Molus pumila) and parsley (Petroselimun crispum) were purchased
from the local market. For apple and parsley the samples were cut and
dried in an air oven at 50°C till complete dryness, weighted to
calculate its moisture content. The samples of dried apple, parsley and
unpeeled lentil were ground to fine powder for their analysis and used
in the experimental animals.

General chemical analysis:

The determination of moisture, crude protein, total lipids, ash
and crude fibers were done and nitrogen free extract was calculated by
difference, deducing the percentage of them 100 according to
A.O0.A.C (2000).

Determination of total phenols:

The determination of total phenols was done according to the
procedure described in the A.O.A.C. (2000) as tannic acid
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HPLC analysis of samples phenolic compounds:

Phenolic compounds of unpeeled lentil, apple and parsley
samples were extracted according to the method described by Duke et
al., (2003) in which a known weight of dried samples was extracted
by methanol. Each of phenolic compounds of the three extracts was
identified and performed on JASCO HPLC using hypersil Cig
reversed phase column (250 x 4.6 mm) with Su particle size. Injection
by means of Rhcodyne injection value with 50 PJ fixed loop was used.
A constant flow rate of one ml/min. was used with two mobile phases:
A 0.5% acetic acid in distilled water at pH 2.65; solvent (B) 0.5%
acetic acid in pure (99.5%) acetonitrile, the elution gradient was linear
starting with (A) and ending with (B) over 35 min. using and UV
detector set at wavelength 254 nm. Phenolic compounds of the
samples were identified by comparing their retention times with those
of the standard mixture chromatogram. The concentration of an
individual compound was calculated on the basis of peak area
measurements and then converted.

Experimental animals:-

The Sprague — Dawley albino male rats weighing 67 — 79 were
used for the present studies. The animals were obtained from
Agriculture Research Center (ARC), Giza, Egypt. The animals were
raised in the animal house and kept under normal laboratory
conditions (temperature remain 25 + 2°C) for 48 hr before the
initiation of experiment. During the period, animals were allowed free
access of water and basal diet (A.O.A.C. 2000). The control diet is
composed of as reported by Lane — Peter and Pearson (1971), 15%
casein, 10% corn oil, 5% cellulose, 4% salt mixture (Schneeman et al.,
1989), 1% vitamins mixture (Philip et al., 1993) and starch 65%. The
high fat diet was similar to the control diet but differ in more fat
content which was 20% sheep fat, 2% cholesterol and 0.25% bile salts
and starch 42.75%.

After a period of adaptation (one week), 48 of those male albino
rats were divided into two groups as following:

(Group one "first group'): Rats were fed on normal diet (8rats) as
healthy normal control animals.

(Group two '"second group') Rats were fed on high fat with
cholesterol diet for 4 weeks (40 rats). At the end of the feeding period,
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blood samples were taken from the suborbital vein to test for blood
cholesterol level. A high level of serum cholesterol was considered as
an indication to hypercholesterolemia. The hyperlipidemic rats of the
second group were subdivided into 5 subgroups (8 rats each).

Subgroup (1): Rats were fed on the high fat / high cholesterol diet
without any treatment (hyperlipidemic control).

Subgroup (2): Rats were fed on high fat / high cholesterol diet with
10% dried parsley at the expense of starch (Parsley group).

Subgroup (3): Rats were fed on high fat / high cholesterol diet with
10% dried apple at the expense of starch (Apple group).

Subgroup (4): Rats were fed on high fat / high cholesterol diet with
10% unpeeled lentil at expense of starch (Lentil group).

Subgroup (5): Rats were fed on high fat / high cholesterol diet with
10% mixture of dried parsley, dried apple and unpeeled lentil by ratio
of 1:1:1at the expense of starch (Mixture group).

At the end of 10 weeks interval, rats were fasted overnight and
then the animals were killed by decapitation. The blood samples were
collected from each rat with EDTA and subjected to centrifugation
tube at 3000 rpm to obtain the plasma which was kept at 20°C for the
subsequent investigation.

Blood biochemical analysis:

Plasma glucose levels were determined enzymatic

colorimetrically according to the method of Trinder (1969).

- For hematology analysis, blood hemoglobin (Hb %) was determined
according to the method of Dacia and Lewis (1975) and the
measurement of red blood cells (RBCs) count as well as white blood
cells (WBCs) count were carried out according to the methods of
Natt and Herrick (1952).

- For liver function, GOT (AST) and GPT (ALT) activity was
determined colorimetrically according to the method of Reitman and
Frankel (1957), also ALP activity was determined according to the
method of Weisshaar (1975). Total bilirubin levels of plasma were
determined according to the method described by Tietz (1995).

- For kidneys function, uric acid, and urea contents in plasma were
determined colorimetrically according to the methods described by
Caraway (1975) and the determination of plasma creatinine content
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was carried out colorimetrically according to the method described
by Faulkner and King (1976).

- For plasma soluble protein and its fraction, total soluble protein and
albumin contents were determined according to Bradford method
(1976) and Doumas et al., method (1971). The globulin content was
calculated by the difference between total soluble protein and
albumin of the plasma.

- For plasma lipid profile, total lipids, total triglycerides and total
cholesterol levels were determined colorimetrically according to the
methods of Knight et al., (1972), Fossati and Prencipe (1982) and
Allain et al., (1974) respectively. For lipoprotein profile in plasma,
HDL-C and LDL-C levels were determined according to Warnick et
al., (1983) and Bergmeyer (1974) respectively, but VLDL-C was
calculated by using the equations which described by Fiedewald et
al., (1972).

- For lipid peroxidation, lipid peroxide was determined according to
the method of Ohkawa et al., (1979). Also, catalase and superoxide
dismutase activities were determined according to the methods
described by Aebi (1984) and Nishikimi et al., (1972) respectively.

All data pooled through the present studies were proceeded by

General Linear Model procedures (GLM) of the statistical analysis

system described in SAS user's Guide (SAS Institute, 2000). The

significance of the differences among treatment groups were tested
using Waller — Duncan k — ratio (Waller and Duncan, 1969) All

statements of significance were based on probability of P < 0.05.

RESULTS AND DISCUSSION

Results

Hyperlipidemia is usually defined as a chronic disorder of lipids
metabolism, characterized by hypercholesterolemia. Therefore, the
present experiments were conducted to evaluate the effect of the semi-
modified diets of unpeeled lentil, apple and parsley on hyperlipidemic
rats as lipotropic factors and hypercholesterolemic agents. Several
studies pointed out the hypolipidemic influences of medicinal plants.
The chemical composition of lentil, apple and parsley are shown in
Table (1).
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Table (1) chemical composition of the fresh and dried unpeeled
lentil seeds, parsley and apple used in the experiments.

UnPeeled lentils Parsley Apple
Constituents
Fresh Dry Fresh Dry Fresh Dry
Water 11.50 £ 3.33 JR—— 84.6 +£5.19 JR—— 84.5+6.00 —_
Protein 2290+ 6.27 25.88+1.79 3.2+0.20 20.77+1.78 0.4+0.03 2.58 £0.19
Fat 0.7+0.03 0.79 +0.04 0.4+0.02 2.60+0.17 0.2+0.01 1.29+0.10
Ash 23+0.17 2.60+0.18 2.1+£0.17 13.63 £ 0.87 0.6+0.04 3.87+0.21
Fiber 2.1+£0.15 237+0.17 1.3+0.07 8.44 £0.51 0.8+0.05 5.16+0.32
Nitrogen 60.0+4.67 | 67.8+441 | 8.00+£0.56 | 51924342 | 13.3+097 | 85.79+6.16
free extract

The results showed that unpeeled lentil, dried apple and dried
parsley are rich in protein, fiber, elements and carbohydrates. Dried
parsley contains low amount of total phenols than dried apple but
more than unpeeled lentil. (Table 2) Plant antioxidant produced a
good antilipidemic and anticholesterolemic influences. For that
special interest was given to the present semi-modified diets
antioxidants in which the phenolic compounds of apple, parsley and
unpeeled lentil methanolic extract were analyzed. HPLC analysis of
the three methanolic extract for their phenolic compounds (Table 2)
showed the presence 23 compounds and 14 compounds in apple and
13 compounds parsley methanolic extract respectively which were
varied in amount between each other. The methanolic extract of
unpeeled lentil contained 8 compounds. Total known phenolic
compounds were 91.82%, 84.82% and 83.05% for apple, parsley and
unpeeled lentil respectively.

It was observed that the phenolic compounds such as catechin,
phenol, daidzin, p-coumaric, genistein, ferulic, querctin, chrysin and
galangin were detected in apple and parsley methanolic extracts. More
than these phenolic compounds, rutin, salicyhic, cinnamic, genstein,
euganol and pinostrobin were detected in apple extract but in parsley,
gallic acid, p-hydroxy benzoic, caffic and kaempherol were detected.
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Genistein was dominating which amounted about 75% and 20% of the
total phenolic compounds for parsley and apple respectively.
Cinnamic was amounted about 26% of apple total phenolic
compounds. This main that especially apple or parsley were
considered as good sources of phenolic compounds (antioxidant). For
unpeeled lentil extract pyrogallol and chlorogenic were dominating
which amounted about 52 and 34% respectively but gallic acid,
catechin and lutealin amounted about 5%, 6% and 3% respectively.
Synergic acid, rutin and naringinin amounted less than 1% of the total
phenolic compounds.

Table (2) HPLC analysis of polyphenols in Methanolic extract of
the apple, parsley and unpeeled lentil

Lentil
: Compounds Apple v Parsley 7 j y
NO-l mg0gDW | mgaoogDW. | | mgioogDw.| | mEE | %
1 _ Gallicacid | —_— | I 3 | 047 | 1534 491
2 P-OH-benzoic — — 1 0.16 — —
3 Catechin 84 5.22 48 | 7.54 17.04 5.48
4 Pyrogallol — —_— —_— | — 161.75 51.80
5 Caffic | —— — |12 [ 18 | — | —
6 Chlorogenic — — —— I— 104.68 33.52
I Phenol 54 587 31 | 487 [— ==
8 Daidzin 32 3.38 11 1.89 —_— —_—
9 Synergic acid — —_ — 248 0.79
10 Rutin 42 4.57 — E——] 0.55 0.18
11 P-Coumaric | 60 6.52 | 27 | 424 | — —
12 Genistein 182 19.77 480 | 75.35 S —
13 Salicylic 130 14.13 | —
14 Furulie . % | 1043 | 9 [ 14 | — =
15 Cinnamic [ 236 25.65 | | | —_—
16 Quercetin 22 2.39 11 1.73 e a—
17 Naringinin | 0.53 0.17
18 Kaempherol =— J— 2 | 031 J— —
19 Fuganol 2 0.22 —
20 Chrysin 4 0.43 1 0.16 — J—
21 Luteolin | 9.89 37
22 Galangin ) 0.22 1 | 016 — f—
23 Pinostrobin 10 1.09 -

* Total phenols of dried Apple are amounted of 1002mg/100g. D.W.
* Total phenols of dried parsley are amounted of 751mg/100g. D.W.
* Total phenols of unpeeled lentil are amounted of 376 mg / 100g. D.W.
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The treatments studied were, done on male hyperlipidemic
albino rats to evaluate the effects semi-modified diets of apple, parsley
and unpeeled lentil as hypolipidemic and hypercholesterolemic agents.
The results of the present evaluation were statistically analyzed and
summarized in Table (3). The data pointed out significant increases in
total lipids, cholesterol and triglycerides when rats fed on the high fat /
cholesterol diet, the values amounted 2.00, 3.50 and 3.00 fold
respectively relative to that of normal control. The results summarized
in Table (3) observed the effect of administration of 10% unpeeled
lentil, dried apple and dried parsley as well as their mixture (semi-
modified diets) on lipids profile of the hyperlipidemic and
hypercholesterolemic animals. The feeding on different treatments
(the three liportopic factors and their mixture for hyperlipidemic male
albino rats) exhibited different influences on blood fractions, that the
four treatments significantly improved and alleviated the drastic status
of hyperlipidemia, where the mixture was the most effective as
lipotropic factor (antilipidemia) then the three individual treatments
(apple, parsley and unpeeled lentil). The blood total lipids, cholesterol,
and triglycerides under the treatments of the semi-modified diets of
apple, parsley unpeeled lentil and their mixture were still higher than
that of control. These results are in agreement with those of blood
lipoproteins profile under the same conditions. Hyperlipidemia
elevated blood HDL-C, LDL-C and VLDL-C levels. The present
harmful influences of hyperlipidemia were alleviated by the four
treatments, but the highest elevations in lipoprotein contents were
detected in hyperlipidemic animal blood. In addition, LDL-C and
VLDL-C levels in hyperlipidemic rats blood were significantly
improved by the present treatments of the studied lipotropic factor, but
the values were still higher than those of healthy control animals. The
present lipotropic factors can be arranged in the following increasing
order for the semi-modified:-

Mixture > unpeeled lentil > parsley > apple.

Table (4) showed that the lipidemia was accompanied by increasing
in WBCs count. This elevation was also accompanied by a remarkable
reduction in RBCs count and Hb content relative to the normal values.
The feeding on the four treatments of the semi-modified diets induced
antiblipidemic influences which improved the drastic effects on the three
blood parameters (RBCs, WBCs and Hb). The four treatments produced
similar improvements in the same respect.



Table (3): Lipid fraction of the experimental animal plasma.

Total lipid | Total cholesterol | Total triglycerides HDL-C LDL-C VLDL-C
Treatment
mgd | % | mgdl | % | mgdl | % | megdl | % |mgdl| % | mgd %
Geagp (1) 251419° | 100 | 53+332° | 100 | 57+¢2.94" | 100 | 32¢2.10° | 100 | 9.6° | 100 | 11.40+0.67" | 100
Normal control
Growp (@) | soa.31 | 200 | 178£10.11° | 336 | 16729.12° | 293 | 614.12° | 191 | 83.6° | 350 | 33.4062.17°| 293
Hyperlipidaemic
g?sllfy@ 285421% | 114 | 824521° | 155 | 884555 | 154 | 55:352° | 172 | 94" | 98 |17.6041.01°| 154
i;‘;‘ff(‘” 3044197 | 121 | 80£497° | 151 | 89+4.97° | 156 | 48:239° | 150 | 14.2° | 148 | 17.80+1.11°| 156
Growp () | ao1um0¢ [ 128 | 76£399° | 143 | 786407 | 137 | 52:3.04% | 163 | 8.4° | 88 | 15.60£0.945| 137
Unpeeled lentil
f;;fﬁrgﬁ) 2354150 | 94 | 7084120 | 132 | 673.94° | 118 | 39:2.07° | 122 | 17.6° | 183 |13.40+0.81° | 118

* The same letters in each row represents the insignificant difference at P < 0.03.

0TL-569 (2) ¥ *600T 198 "uoIAUg "Wy ‘[org [

SoL
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Table (4): Hemoglobin, red blood cells and white blood cells of the
experimental animal blood

Hemoglobin Red Blood Cells White Blood Cells
Treatment (Hb%) (RBCs) (WBCs)
g/dl % | Countx10° | % | Countx 10° | %
Group (1) 13.940.03* | 100 | 4.1£029° | 100 | 6.37£0.41* | 100
Normal control
Group (2) | 153,097 | g8 3.4+0.19* | 83 | 16.3+1.01° | 256
Hyperlipidaemic
Group (3) 12.540.86° | 90 | 3.67£020° | 90 | 8.7+0.52° | 137
Parsley
Group (4) 12.240.82° | 88 | 3.48+0.18 | 85 | 9.2+0.53° | 144
Apple
Group (5) 124+074* | 89 | 37+021° | 90 | 7.74039° | 121
Lentil
Group (6) 13.14071° | 94 | 3.84+021° | 94 | 8.4+049° | 132
Mixture

* The same letters in each row represents the insignificant difference at P < 0.05.

In case of liver function, results of the studied antilipidemic
semi-modified diets influences were presented in Table (5).
Hyperlimidemia and hypercholesterolemia significantly stimulated
GOT and GPT activities and increased plasma level of bilirubin
relative to those of healthy control. The four treatments with unpeeled
lentil, apple, parsley and their mixture semi-modified diets
hyperlipidemic rats produced alleviation and improvement in the
activity of the two transaminases (GOT and GPT) and blood bilirubin
content. Alterations in GOT and GPT activity as well as bilirubin level
in plasma have been thought to be the significant in the pathogenesis
of lipidemia and cholesterolemia. Also, ALP activity observed the
same trend like that of transaminases activity under the same
conditions (Table 5). The elevations in blood bilirubin content and
stimulation in GOT, GPT and ALP activities is unlikely to be due to
damage in liver and RBCs (Chatterjea and Shinde, 2002). The
lipotropic treatments with the present antilipidemic semi-modified
diets was characterized by improvement in the three enzymes activity
and Dbilirubin content of plasma in hyperlipidemic and
hypercholesterolemic animals.
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Table (5): Liver function of the experimental animal

$.GOT SGPT | GOT/GPT | Bilirubin o

Treatment Phosphatase
UL |[% | UL | % [Ratio % | mgdl % UL | %

Group (1) [ | a [ a | a | . a |
Neapt) | 35£0.17 | 100 | 46£3.31° | 100 | 0.76" | 100| 047:0.03* | 100 | 44739 | 100

Group (2) ab 6 feb | 92 b T n ad b
Hyperpenic | 87£0-53° | 249 | 1096.66° | 237 | 0.80° |105| 1.06:0.07" | 226 | 1557x111"| 348
i 55£032° | 157 | 75£4.04° | 163 | 0.73° | 96 | 0.65:0.04™ | 138 | 695£42° | 155
o 68£0.40°| 194 | 80£5.12° | 174 | 085" | 112| 0.68+0.03° |144.68 699+50° | 156
e 71£042° | 203 | 8945.55° | 193 | 0.80°¢| 105 | 0.61£0.03° {129.79 617+39° | 138
e 62+0.33° | 177 | 78+4.17° | 170 | 0.79° |104| 0.57+0.03*" [121.28 | 578+38° | 129

* The same letters in each row represents the insignificant difference at P < 0.05.

Effects of apple, parsley, unpeeled lentil and their mixture semi-
modified diets on kidneys function, and plasma protein fractions of
hyperlipidemic and hypercholesterolemic male albino rats were
determined and the results were statistically analyzed which
summarized in Table (6). The data showed that hyperlipidemia
produced a significant elevation in uric acid, urea and creatinine
contents of plasma. These in creases were reduced by the treatments
with the present semi-modified diets and showed significant
improvements in the kidneys function. The highest treatment
influence on kidneys function was observed by the mixture semi-
modified diets.

On the other hands, the levels of plasma total soluble protein,
albumin and globulin were significantly decreased in hyperlipidemic
rats relative to those of normal healthy control. These abnormal values
of plasma proteins profile was readjusted and improved by feeding on
the four lipotropic semi-modified diets of the present studies. All
antilipidemic diets significantly had the same improvement effects on
the soluble protein profile of the experimental diseased rats. The
soluble protein profile of the experimental diseased rats.




Table (6): Kidneys function and protein fraction of the experimental animals

80L

Urea Creatinine Urie acid Total protein | Albumin (Alb) Globulin A/G ratio
T T og | % | mgd | % | mgd | % | g@ | % | gd | % | gdl | % |Rato| %
woup ) | 47311* | 100 | 0.70<0.04" | 100 | 3.520.20° | 100 | 8.820.51" | 100 | 3.60.20° | 100 | 5.220.38" | 100 | 0.69* | 100
g;‘;‘;fl};fmm 896.21" | 189 | 1.0020.06" | 143 | 6.320.41" | 180 | 5.9+0.62" | 67 | 2.820.17" | 78 | 3.1=0.21"| 60 | 0.90" | 130
3 S8£3.81° | 123 | 0.80£0.03° | 114 | 4.520.25° | 129 | 8.4£0.39" | 95 | 3.9£0.19" | 108 | 4.5:0.28° | 87 | 0.87" | 126
i;‘;‘;g"‘” 62£3.04° 132 | 0.78203° [ 111 | 4.620.24° | 131 | 8.7+0.47 | 99 | 4.120.30" | 114 | 4.6:0.31° | 88 | 0.89" | 129
Lo ) 68£4.44° | 145 | 0.8420.04° | 120 | 4.920.31° | 140 | 8.820.59" | 100 | 4.72029° | 131 | 412024 | 79 | 1.14° | 165
Group 6) 1 654.00° | 138 [ 0.7420.04" | 106 | 4220.19° | 120 | 8320.62" | 94 | 3.8+0.28" | 106 | 4.520.32° | 87 | 0.84° | 122

* The same letters in each row represents the insignificant difference at P < 0.05.

VINAAIdITIHdAH 40 LNHINHAOYdINTI ANV NOLLVIAHTTV
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The results of the present studies of Table (7) showed that
effects of hyperlipidemia on blood glucose, lipid peroxidation and
antioxidative enzymes activity (catalase and SOD) in male albino rats.
The data were statistically analyzed, which showed that
hyperlipidemia insignificantly changed the blood glucose content. The
values of blood glucose were around that of healthy normal animals.
These also were observed for all experimental treatments in
connection, the experimental data showed that SOD and catalase
activities were significantly inhibited by hyperlipidemia and
cholesterolemia. Contrary, there was a significant increase in plasma
lipid peroxide level of the hyperlipidemic rats. The results also
showed improvements in lipid peroxide was caused by feeding on
lipotropic and antioxidative semi-modified diets of the present studies.
In addition, date in Table (7) pointed out that all treatment diets
alleviated the harmful influences of hyperlipidemia on the activity of
catalase and SOD, but the activities were still lower — than those of
normal healthy control. .

Table (7): Blood glucose, lipid peroxidation as well as the activity
of superoxid dismutase and catalase

Blood glucose Lipid peroxide SOD activity Catalase activity

Treatment
mg/dl % pmol/ml % U/ml % U/ml %

Group (1)

96+6" 100 1.86+0.08° 100 481+32.01° 100 9.28+0.66" 100
Normal control

Group (2)

) . 225+14° | 234 | 5.01x031° | 269 | 122+10.00° 25 2.00+0.12° | 22
Hyper Lipidaemic

Group (3) 177411° | 184 | 2.49+0.09° | 134 | 316£17.11° | 66 | 7.51x0.52° | 81
Parsley

i;‘;‘llg @ 159£12° | 166 | 2.29+0.07° | 123 | 301£18.00° | 63 | 8.69+0.56" | 94
Group (3) 1674135 | 174 | 2.1940.07 | 118 | 32120.00° | 67 | 8.88:0.49° | 96
Lentil

Group (6) 170£12¢ | 177 | 2.02£0.06° | 109 | 341£21.01° | 71 | 891:051° | 96
Mixture

* The same letters in each row represents the insignificant difference at P < 0.05.
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Discussion

Apple, parsley and unpeeled lentil considered from the famous
fruit, vegetable and legume in Egyptian consumption which play an
important role in the Egyptian nutrition. These diets are rich in
protein, fibers, minerals, vitamins and antioxidative compounds.
Recently, a special interest was given to legumes protein as well as
antioxidants of fruits and vegetables as a good antilipidemic
anticholesterolemic and antiatherosclerosis agents. The levels of total
cholesterol in blood especially lipoprotein LDL-C fraction are the
most crucial health factor which are correlated with many health
disorders. Liver expectancy may represents an integral response to its
values too (Niu et al., 2008) Dietary therapy includes several nutrients
and antioxidants in the present experimental diets showed evaluated
for health promotion.

Certain compounds such as pectin, phytochemicals, protein,
fibers and vitamin A and C attributed the health benefits of apple.
Fibers and phenolic compounds seem to be most contributing. Fibers
produced a good capacity to absorb dietary fat, thus avoid its hazard
on health, but the antioxidant capacity is due to the phenolic
compounds of apple, which contained 1002 mg phenolic compounds/
100 g dry weight. The analysis of them detected 23 compounds, the
most abundant of which is cinnamic acid, genistein, salicylic acid,
ferulic and others. These results are in agreement with those of Wolfe
et al., (2003), who reported the presence of several polyphenols in
apple. Several articles showed a good correlation between phenolic
compounds consumption and antilipidemia (Aprikian et al., 2001 and
Schafers et al., 2004, Gosse et al., 2005).

In case of parsley, this vegetable contains many natural
compounds such as protein, fiber, vitamin A, B-carotene, vitamin C
and folic acid as well as several phenolic compounds and others.
HPLC analysis of parsley methanolic extract detected 14 phenolic
compounds, the most one is genestin, then catechin and followed by
small amount of phenol and p-coumaric. Parsley is rich in vitamin-C
and B-carotene, the both had good power as antioxidant (Pattson et al.,
2004). Parsley reduced plasma lipid peroxides of hyperlipidemic rats
and improved liver and kidneys function as well as blood picture. The
enzymatic antioxidant activity and lipids profile of the diseased rats
were improved. It mains that the compound present in parsley



J. Biol. Chem. Environ. Sci., 2009, 4 (2), 695-720 711

specially vitamin-C, B-carotene and phenolic compounds are of value
and act to protect against diseases due to oxidative stress or disturbed
lipid metabolism.

Regarding unpeeled lentil, it contains a good amount of protein 3
-carotene, fiber, carbohydrate as well as phenolic compounds and
others. Results showed that hyperlipidemic and hypercholesterolemic
animals fed on diet containing 10% unpeeled lentil (semi-modified
diet) had relatively better values for parameters expressing oxidative
stress (lipid proxide, enzymatic antioxidant activity, soluble protein
fractions and lipid profile), liver and kidneys functions and blood
picture (Hb, WBCs and RBCs). It can be reported that lentil used as
therapy food against hyperlipidemia and atherosclerosis.

Analysis of phenolic compounds by HPLC showed the presence
of 23 compounds. These compounds present included gallic acid
catechin, chlorogenic, synergic acid, pyrogallol, rutin, naringinin,
lutedin, caffic, phenol, daidzin, genistein, ferulic, cinnamic, salicylic
acid, quercetin and others. The most dominate compound is pyrogallol
of (52%) and chlorogenic (34%) for unpeeled lentil and genistein
(20%), salicylic (14%) and cinnamic (25%) for apple but for parsley
genistein (75%) catechin (8%) and phenol (5%). It is clear that these
phenolic compounds detected in the unpeeled lentil with antioxidative
vitamins and B-carotene are responsible for the antioxidative effect
and cholesterol lowering action. These effects may be either due to
retarding effect on lipids absorption or the increase in LDL — receptor
— mediated cholesterol removal (Kapiotis et al., 1997).

The mechanism of action especially those of the mixture
(unpeeled lentil, apple and parsley) semi-modified diet may be main
activity responsible for hypolipidemic activity of protein and
antioxidant although other target organs (blood, liver and kidneys)
cannot be discarded. The more pronounced effect of the mixture semi-
modified diet than the other may be due to the synergetic effects of the
three ingredients (unpeeled lentil, apple and parsley) each other which
gave more effect and alleviated the hyperlipidemic drastic also
improved the harmful parameter values. These may be due to that
mixture was consisted of different lipotropic factors. The present
suggestions are supported by the results which showed that the
biological activity has been attributed to the both factors (lipotropic
and antioxidative factors) either alone or synergistically. The present
results are in harmony with each other. (liver and kidneys function,
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blood picture, lipid and protein profiles and enzymatic antioxidant
activity). The stimulation of GPT activity indicated slight liver cell
necrosis and the magnitude of increase correlated with the extent
necrosis (Murray et al., 2006).

The increases in plasma bilirubin and stimulation in trans-
aminases activity is unlikely to be due to damage in liver and RBCs
which produced under the hyperlipidemic disease (Chatterjea and
Shinde, 2002). These influenced on the kidneys function by elevation
blood content of uric acid, urea and creatinine. These may be due to
stimulate protein metabolism which was paralleled with the
decreasing in protein fractions content of blood (albumin and
globulin) and inhibition in catalase and SOD activity (enzymatic
antioxidant). The studied antioxidant and protein semi-modified diets
alleviated the harmful influences of hyperlipidemia on these
parameters. The diets protein is considered as lipotropic factors used
in the protein biosynthesis including plasma enzymes which
stimulated the antioxidative power. Also, antioxidant compounds that
are believed to possess strong antioxidative property, including its
capability to scavenge or prevent several reactive oxygen species and
inhibited lipid peroxidation (Kaplan et al., 2001 and Li et al., 2006).

Generally, among the factors effected on LDL-C and HDL-C are
proteins and antioxidants. The LDL-C value was around 4 times that
of normal in hyperlipidemic rats. This may be due to a lack in total
cholesterol distribution upon higher dietary level of fats. Also, the
whole — body sterol (cholesterol and xenosterol) balance is delicately
regulated by the gastrointestinal tract and liver, which controls sterol
absorption and excretion in contribution to the cholesterol pool by
whole — body cholesterol synthesis (Kidambi and Patel, 2008). The
atherogenic ratio (risk factor) had been elevated in diseased rats to
more than 3 times at that of control, but in the feeding on treatment
semi-modified diets, the elevated value was decreased to around that
of control. These may be due to the most variable food source
combination of antioxidant and protein as semi-modified foods, the
results showed that dietary cholesterol is a risk factor for the
progression to hepatic inflammation (Weuters et al., 2008).

Enzyme diagnosis is frequently used for liver function
assessment. In general hyperlipidemia and hypercholesterolemia
significantly stimulated especially GOT, GPT and ALP (Table 5). All
semi-modified diets reduced this reverse effect with much more power
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effect for the mixture diet which contained protein with anti oxidative
compounds included vitamins A and C as well as B-carotene and
others. Yet, vitamin C fulfills both anti oxidative functions and
metabolic as ones as it helps in the formation of collagen structure
(Biesalski and Tinz 2008). Lin et al., (2005) reported that
antioxidative compounds role is most respect among all other
protective factors. In another wards, feeding systems containing a
particular substance is vital, a single nutrient may not work alone.
This may suggests that the oxidant defense mechanisms in which
these antioxidant nutrients function are sometimes independent of one
another despite fighting in different arcas (Burk et al., 2008). The
present results might add that protein and vitamin C, A and B-carotene
needed a parallel phenolic compounds supplementation to perform
their action as antioxidative system. It is a matter of dietary interaction
that enhances the targeting of potential nutrient and medical elements
(Villaverde et al., 2008). The antioxidant fractions may control some
specific enzymes or moreover do some up regulatory role. For
example, anti oxidants significantly down — regulated the mRNA of
HMG-CoA reductase (the key enzyme for cholesterol biosynthesis)
and up-regulated the mRNA of cholesterol-7-alpha—hydroxylase (the
key enzyme for cholesterol metabolism) in primary rat hepatocytes.
These indicated that potential of antioxidant in reducing the risk of
atherosclerosis through multi-mechanisms.

Accordingly, dietary therapy may act up regulatory, a result
suggests that the expression of cholesterol 7 — alpha- hydroxylase
gene may be directly regulated by catechins at the transcriptional level
(Lee et al., 2008). In case of proteins application, the packaging had to
resist gastric digestion and the body must be able to absorb the
particles through the intestinal mucosa without hydrolyzing the
proteins in order for them to reach the systemic circulation (Biesalski
and Tinz. 2008). Some proteins can promote the action of antioxidant
system or even act itself as specific hormonal balancer (Ahmed et al.,
2003).

Liver in a special antagonistic cooperation of these hormones
may mediate this control of fat homeostasis. Hepatic calls seemed to
be the biological machine that control fat metabolism. When these
cells are supported with special dietary antioxidant or protein of
functional role, cholesterol homeostasis may obtain. Thus, the
accumulation of vitamins or storage of vitamin micronutrients in
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single tissues is not limited to a pure storage process like the storage
of vitamin A in the liver, but is often connected with important and
tissue — specific metabolic functions (Ahmed et al.,, 2005). In
addition, the protein moiety devoid of isoflavone compounds is likely
to be responsible for this major biochemical effect of protein. Data
obtained in the present studies shows a possible metabolic cross road
for both antioxidant and protein in controlling cholesterolemia and
liver compression of pathological disorder as well (Ahmed et al.,
2007).

Therefore the present studies pointed out that such food items
can be used for healing of symptom due to dietary regimen that
induced hyperlipidemia and hypercholesterolemia as well as
atherosclerosis Also, eating semi-modified food such as apple, parsley
and unpeeled lentil could protect to a certain extent against the
occurrence of atherosclerosis. More studies are required to understand
the interaction mechanism between protein lipotropic factors and
antioxidants as hypolipidemic and anti atherosclerosis agents.

REFERENCES

Aebi, H. (1984). Catalase in vitro. Method Enzymol. 105: 121 — 126.

Ahmed, A.LS; Abo—Zeid, F.K. and El-Bagoury, A.A. (2003).
Hormonal oxidative balance of modified diets uncontrollable
cholesterol. Egyptian J. Biomed. Sci. 13:106 — 115.

Ahmed, A.LS; El-Deeb, F. and El-Nahal, D.M. (2007). Homeostatic
role of food bioactive protein in hypercholesterolemic rat. Ann
Agric. Sci. Mostohor, 45 (1): 197 —209.

Ahmed, A.L.S; Habbib, G.M; Hammed, A.A. and El-Deeb, F. (2005).
Effect of natural plant protein digest on hyperlipidemia and
hyperglycemia in some animal models Egyptian J. Bio med. Sci.
17: 85 —94.

Allain, C.C; Poon, L.S; Chan, C.S; Richamand, W. and Fu; P.C.
(1974). Enzymatic determination of total serum cholesterol. Clin.
Chem. 20 (4): 470 — 473.

Anderson, J. W; Smith, B.M. and Washnock, C. S. (1999).
Cardiovascular and renal benefits of dry beans and soybean intake.
Am. J. Clin. Nutr. 70:4645 — 4745.

A.0.A.C. (2000). Official Methods of Analysis of Association of
Official Analytical Chemists. 17" ed. Washington D.C., USA.



J. Biol. Chem. Environ. Sci., 2009, 4 (2), 695-720 715

Aprikian, O; Levart — Verny, M; Besson, C; Busserolles, J; Remesy J.
and Demigne, C. (2001). Apple favorably affects parameters of
cholesterol metabolism and antioxidative protection in cholesterol
fed rats. Food Chem., 75:445 — 452.

Bergmeyer, H.V. (1974). Methods of Enzymatic Analysis. Val. VIII
3", 154 - 160.

Bradford, M.M. (1976). A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein dye binding Anal. Biochem. 72: 548 — 252.

Burk, R.F; Hill, K.E; Nakayama, A; Mostert, V; Levander, X.A;
Motley, A.K; Johnson, D.A; Johnson, J.A; Freeman. M.L. and
Austin, L.M. (2008). Selenium deficiency activities mouse liver
Nrf 2 — ARE but vitamin E deficiency does not. Free Radic. Boil.
Med. 44(8): 1617 — 1623.

Caraway, W.T. (1975). Standard methods of clinical chemistry.
Academic press. New York and London. 4:239 — 245.

Chatterjea, M.N. and Shinde, R. (2002). Text book of medical
biochemistry. Jaypee Brathers Medical Publishers. New Delhi.
Cort, R; Fuster, V. and Abdomen, J.J (2003). Pathogentic concepts of

acute coronary syndromes. J. Am. Coll. Cardio, 41:54-145.

Dacia, J.V. and Lewis, S.M. (1975). Practical hematology. 5™ ed.
page. 32 — 34. Churchill Livingston. Edin — gurgth. London and
New York.

Doumas, B. T; Waston, W.A. and biggs, M.G. (1971). Albumin
standard and measurement of serum albumin and bromo cresol
green. Clin. Chem. Acta. 31: 87 —91.

Duke, S.O; Rimando, A.M; Pace, P. F; Reddy, K. N. and smeda, R. J.
(2003). Isoflavone, glyphosate and aminomethylphosphonic acid
levels in seeds of glyphosate — treated, glyphosate — resistant
soybean. J. Agric. Food chem. 5 (1): 340 — 344.

Faulkner, N.R. and King, J.W. (1976). Fundamental of clinical
chemistry 2™ ed. Tietz editor. Saunders Philadelphia. 994 — 998.

Fiedewald, W.T; Levy, L.I. and Fredrickson, D.S. (1972). Estimation
of concentration of low density lipoprotein cholesterol in plasma
without use of the preparative ultracentrifuge. Clin. Chem. 18: 499
—502.

Fossati, P. and Prencipe, I. (1982). The determination of triglyceride
using enzymatic methods. Clin. Chem. 28: 2077 — 2080.



716  ALLEVIATION AND IMPROVEMENT OF HYPERLIPIDEMIA

Gosse, F; Guyot, S; Roussi, S; Lobstein, A; Fishcher, B; Seiler, N. and
Raul, F. (2005). Chemoproventive properties of apple
procyanidins on human and in rat model of atherosclerosis.
Carcinogenesis, 26: 1291 — 1295.

Houston, D. K; Steven, J; Cai, J. and Haines, P. (2005). Dairy fruit,
vegetable intakes and functional limitation and disability in
biracial cohort: the atherosclerosis risk in communities study. Am.
J. Clin. Nutr. 80: 515 — 522.

Kapiotis, S; Hermann, M; Held, I; Seelos, C; Ehringer, H. and
Gmeiner, B.M. (1997). Genistein the dietary — derived
angiogenesis inhibitor prevents LDL oxidation and protects
endothelial cells from damage the atherogenic LDL. Arterioscler.
Thromb. Vasc. Biol. 17: 2868 — 2874.

Kaplan, M; Hayek, T; Razz, A; Coleman, R; Dornfeld, L; Vaya, J. and
Aviram, M. (2001). Pomegranate juice supplementation to
atherosclerotic mice reduces macrophage lipid peroxidation,
cellular  cholesterol accumulation and development of
antherosclerosis. J. Nutr. 131:2082 — 2089.

Katan, M.B; Grundy, S.M; Jones, P; Law, M; Miettinen, T. and
Paoletti R. (2003). Efficacy and safety of plant flavonoids in the
management of blood cholesterol levels. Cir. Proc., 78:965-978.

Kidambi, S. and Patel, S.B. (2008). Cholesterol and non- cholesterol
sterol transporters: ABCGS5, ABCG8 and NPCILI1: a review.
Xenobiotica 38(7): 1119 — 1139.

Knight, J.A; Anderson, S.J. and Rawle, J.M. (1972). Chemical basis
of the sulfophosphovanillin reaction for estimating serum total
lipids. Clin. Chem. 18 (3): 723 — 725.

Lane — Peter, W. and Pearson, A.E. (1971). Dietary require. In: "The
laboratory animal principles and practice". Academic Press
London and New York.

Lee, M.S; Park, J.Y; Freake, H; Kwun, [.S. and Kim, Y. (2008). Green
tea catechin enhances cholesterol 7 — alpha — hydroxylase gene
expression in Hep. G;. Cells. Br. J. Nutr. 99 (6): 1182 — 1185.

Li, Y; Guo, G; Yang, J; Wei, J; Xu, J. and Cheng, C. (2006).
Evaluation of antioxidant properties of pomegranate peel extract in
comparison on with pomegranate pulp extract. Food chem. 96:
254 — 260.



J. Biol. Chem. Environ. Sci., 2009, 4 (2), 695-720 717

Lin, C.Y; Tsai, C.Y. and Lin, S.H. (2005). Effects of soy components
on blood and liver lipids in rats fed high — cholesterol diets. World
J. Gastroenteral. 11(35)5549-5552.

Murray, R.K; Granner, D.K. and Rodwell. V.W. (2006). Harper's
illustrated biochemistry, 27" ed. Mc Graw — Hill Education. Casia.

Natt, M.P. and Herrick, C.A. (1952). A new blood count diluent for
counting erythrocytes and leukocytes of chicken. Poult. Sci 31:
735 -738.

Nishikimi, M; Rao, N.A. and Yagi, K. (1972). The occurrence of
superoxide anion in the reaction of reduced phenazine
methosulfate and molecular oxygen. Biochem. Biophys. Res.
Commun. 46: 849 — 854.

Niu, J; Liu, Y.J; Tian, L.X; Mai, K.S; Yang, H.J, Ye, C.X. and Zhu,
Y. (2008). Effects of dietary phospholipids level in cobia
(Rachycentron Canadum) larvae: growth, survival, plasma lipids
and enzymes of lipid metabolism. Fish Physiol Biochem. 34 (1): 9
-17.

Ohkawa, H; Ohnishi, N. and Yagi, K. (1979). Assay for lipid
peroxides in animal tissue by thiobarbituric acid reaction. Anal.
Biochem. 95: 351 — 358.

Pattson, D.J; Silman, A.J; Goodson, N.J; Lunt, M; Bunn, D; Luben, R;
Welch, A; Binghan, S; Khaw, K.T; Day, N. and Symmons, D.P.
(2004). Parsley and the risk of developing inflammatory
polyarthritis: prospective nested case — control study — Ann.
Rheum Dis, 63: 843 — 874.

Philip, G.R; Forrest, H. N. and George. C.F. (1993). AIN — 76A
rodent diet J. Nutr. 123: 1935 — 1951.

Reitman, S. and Frankel, S. (1957). A colorimetric method for the
determination of serum glutamic oxaloacetic and glutamic pyruvic
transaminases. Anal. J. Clin. Path. 28(56):56-60.

SAS Institute (2000). SAS/STAT User's Guide. SAS Institute Inc.,
Cary and New York.

Schafers, M; Bull, U. and Bengel, F. (2004). Comparing apples with
added pears. The need to optimize study protocol to compare
imaging modalities for assessing myocardial perfusion.
Nukeamedizin,43:105-106

Schneeman, B. O; Rice, R. and Richter, B. D. (1989). Reduction of
plasma and hepatic triacylglycerides with whole milk containing
diets in rats. J. Nutr. 119: 965 — 970.



718 ALLEVIATION AND IMPROVEMENT OF HYPERLIPIDEMIA

Tietz, N.W. (1995). Clinical gaide to laboratory tests 3" ed.
Philadelphia: WB Saunders. 268 — 273.

Trinder, P. (1969). Determination of blood glucose using an oxidation
peroxides system with a non carcinogenic chromogene. Ann. Clin.
Biochem. 6: 24 — 28.

Van — Lieshout, M; West, C. E. and Van-Breemen, R.B. (2003).
Isotope traces techniques for study the bioavailiabity and
inefficacy of dietary corotenoids, particularly. B. Am. J. Clin.
Nutr. 7:12 - 28.

Villaverde, C; Baucells, M.D., Manzanilla, E.G and Barroeta, A.C.
(2008). High levels of dietary unsaturated fat decrease alpha —
tocopherol content of whole body, liver and plasma of chickens
without variations in intestinal apparent absorption. Poult. Sci.
87(3): 497 — 505.

Waller, R.A. and Duncan, D.B. (1969). A Bayes rule for symmetric
multiple comparisons problems. J. Am. Stati. Assoc. 64: 1484-
1503.

Warnick, G.R; Benderson, J. and Albers, J.J. (1983). Selected
Methods. Clin. Chem. 10: 91 — 99.

Weisshaar, H.D. (1975). Norm bereiche van alpha — HBDH, LDH,
ALP und LAP bei messing mit substrate optimierten testanstse.
Med. Welt, 26: 387 — 390.

Wolfe, K; Wu, X. and Liu, R.H. (2003). Antioxidant of apple peel. J.
Agric. Food. Chem. 29: 609 — 614.

World Health Reports (2002). Reducing risks. Promoting healthy like.
1-239.



J. Biol. Chem. Environ. Sci., 2009, 4 (2), 695-720 719

J.M f,.ujg Uaxa ;\.1“&\ gé u-ul\g-\;m\g CMU Cudnd) e\éﬁu‘
Lol il g il S0 5 sl B3 g Al s

T paall ae G 8 - Al sa ) abua — Tl ae gasal) e ol
e 4 ) 188 -

5 alall Aadla Aol ) 31 A A al) el i *
3 yalal) Adadll agma ¥

528l g (A4S ) Ll g (Js ) uand) o il s il ) o2 gl

ol elall ol 55l & gl U e e 0 e Aaeall 406 Y) 8 (_uad)
Gl s e B2V o3a ( gina o alaie Wl @l g J s yind o< 5 clanll) 3305 (2 e
Gl 852 S CilaliaaS y il Aca 8 Jal gaS s il 5 430 538 LSy
laall LSl saall oda o Clagull) ¢l e (mless) Jan g1 085 Aliaall Ll sl
s34 Clall) ladla 5 30uSY1 Cilabiae Jad daii Lgie adll (5 sine Cpn] ALYl
Cagiail 505 Laa de o815 LAAD) jas 30ui 5 ada (e ) guad) dlea GllXS 5 2300 Y)
(28 05 ) ALK sl 5 alafialy sl 138 o) ya) &5 38yl Qlat Alls
DN 450 ) 02 (e o glaad ASLaYl Chdaall G sl GlAS 5 daiadl) FLat) lads
O (e auaal) (5 sina Bl ) Baliaall Lt il apil T Aaeae 43018 11111 Ay
S G e lAal) (5 s Sl (e Ol ) 2132 e %10 dands a g J s il Sl
o pelal Crm 5al8 sy Guaall 5 i gaiil) 5 Ll el CuS Al Al o3 aalally g
G5 [ peaad) Lo sead ] o5l e Al das o s siad 36 Y1 o2a o) il
HPLC plasiads 4 jal) o LaS (G 5281 5 Ll Lm gum ) 4 giadll LS all 5 ol
Sl a5 yelal 4l sl LS Hall (e DN 22 V) 03ed Jilisall J 5o paliiiual
Lo a4 Y1 oda o iny Laa (s sinall 5 £ 5l Aali (4o Lagin Lasd CRlIAS (S 50 25
28 5 [0SV Claliae ] A0 giadll LS yall sagall pabeadl) (e iad (i saiill 5 ~ L)
Oy (misay s L s geae YA Claliiual (839 s palill oS ja of Jas gl
GVl Gy SS9 (s 0S5 Ll sl 5 Giaaad) g &l jla oS 5 0 ol 5 J sl
Caliiie (33 s s 05 S e el (3801 5 il Y silipall aliiosal) 35 5



720  ALLEVIATION AND IMPROVEMENT OF HYPERLIPIDEMIA

sia e Galitie JS 8 laaal 5 daa o (5 a0 4 yid S e llia 5 2Ll 5 sl
Jslla sl dfie [ Guaadl 5 Qi g2l 5 Ll aliion o] Lgin Load Lgian (o Tias
ol paliiine (8 oaal gidaa ol Cu Gl sall) 5 Gy U 5 s il 5 el 5 ) SU1
ERPERI R ATNEN P SO FE PRT N PR I (NI PRE PP N PR L R RN A
288 G g yies sial) 5 J silag¥) s clialinead) g il lld) (mdla 40 50l LS jal) Lol Jasé
A2V ol Al ol oha il & jelal 5 Jadd Hlall gl Galiivall 8 las) 53 das ol
lagulll 3aly W saliae 5 48 4 Cadaall (i g2l g Cadaall ~Lall g uaall G ja ddaal)
Aladl AUl gl pun Als Gty (el Cabds Lils (e J gl S 5
O ol sina (e Aopdall an ) Adla puead Lo sae G g Aanall 536 Y1 02 (o LS
Slaplll e andl (5 sina A s ola gangl) (o o) gina g elall g o) jaall aall ) )<
AN Al (e i gy snalll il 5Sa A DN iy pudall 5 J 5 jind oI 20
e Caidd L dall i elaall ok o UAS FEUKH jmlids) sa,0ll o ZEUSH dadiiall 5

X

Ol a1 LaS aadl J g il o€ g cilagd 3l 3 Abaall ol 538l 35 ) shall Jolas dagd
Oma) J85 ey 33 ) 2SI Jalis 5o LS (e Cpuand G 3 Alanall 30320 028 e A3l
oasla s L sall e padl (5 sima ) (il Lol AN (G s bl e a5 sima
Oz sl g (S G gl ) aadh el 5 g0 il sSal Adlaal (il S5 Lyl sl
AWK RSN [RERIURS {5 & JW PRGH RUTH| b P11 B WK EACPY QN PR N ()
O 8 LBl (e g S8 LS Al jall Cand ol a8l 038 e dad () Jas o) G
Ol elal G satill 5 L) 5 Guaall Ja gliay 30all Jad ol elldy Ualis ) 5 il
Gl sSa oY @iy (ean Ao g58e JS ) Blabaall Bl 43 lie ddeld o STy il
83 8alaas (anal) Leamy U Sl Janlii (e g 95 pedad G Ja Jamall o132l Lo slaa
Lty Llad Caen T o Aol 00 ) Gl Jad o 55 Sy J s €115 il
~resh LS 4y L3l

Caiaal) ) < Caiaall i sl < JalSI) Gl < 436V L slie




