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ABSTRACT

The present work was conducted to study the
effect of red palm oil (RPO) and super red palm
olien (SRPOL) on the nutritional parameters of rats
suffering from hypercholesterolemic. The vitamins
(E, A, D and K) and B carotene were determinate
by HPLC and indicated that RPO and SRPOL are
considered the richest vegetable oils of antioxidant
specially a- tocopherol and 8 carotene. Thirty male
rats weighting approximately 210 grams were di-
vided into five groups, each group containing six
rats. Group G1 fed on basal diet as a control nega-
tive group. Group G2 fed on basal diets containing
2% of cholesterol as a control positive group and
the other groups G3, G4 and G5 fed on the same
diet used in group G2, yet the corn oil was re-
placed by RPO in G3 and SRPOL in G4, Mean-
while, group G5 was fed on the same diet used in
group G2 and supplemented with a drug contained
Lipitor Atorvastatin (20 mg/Kg BW rat daily by
stomach tube). Concerning biological evaluation all
the studied dietary oils compared to positive con-
trol group caused an decreases in serum LDL-c
and TC and significantly increased HDL-c over the
feeding period of experimental rat groups, thereby
decreased the TC/HDL-c and LDL-c/HDL-c ratios.
Aspartate transaminase (AST), alanine transami-
nase (ALT) enzymes and albumin in rats serum
were generally decreased by RPO, SRPOL and
drug Lipitor compared to positive control group.
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Also urea, creatnine and uric acid levels in rats
serum were significantly decreased by the studied
oils and drug. However, a significant increment in
the activities of glutathione peroxidase (GPXs),
catalase and total antioxidant were observed in
blood of hypercholesterolemic rats treated with
RPO, SRPOL and drug. As such, the treated
groups showed a significant decrement in
malondialdehyde (MDA) in plasma.

INTRODUCTION

Cardiovascular diseases (CVD) including coro-
nary heart disease and stroke are the leading
cause of mortality in developing countries, ac-
counting for roughly 20% of all worldwide deaths
per year. Therefore, hypercholesterolemia and its
associated CVD represent one of the greatest
worldwide economic, social and medical challeng-
es that we are facing now. The large majority of
epidemiological studies have demonstrated that
elevated plasma triglycerides and/or reduced
plasma HDL-C concentrations are associated with
increased cardiovascular risk (Rahman et al
2012).

Red Palm oil (RPO) is a vegetable oil from the
fruit of the palm tree (Elaeis guineensis), which
originated in West Africa and is now widespread
throughout the tropical areas of America and South
East Asia. From the seeds of the palm tree, anoth-
er vegetable oil (palm kernel ail) is obtained, which
has a composition different from that of palm oil
(PO) and is mainly used for non-food applications.
(Fattore and Fanelli 2013).
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RPO has similar fatty acid composition as PO
and is obtained by modifying the processing tech-
niques of the crude palm oil which involve pre-
treatment followed by molecular distillation to pro-
duce deacidified and deodorized oil that retains as
much as 80% of the original carotenoids in addition
to a large amount of vitamin E (Sambanthamurthi
et al 2000)

Red palm oil gets its characteristics dark red
color, which comes from carotenes such as alpha-
carotene, beta-carotene and lycopene. The same
nutrient that give tomatoes, carrots and other fruits
and vegetable their rich colors. Crude palm oil is
considered to be the richest natural source of ca-
rotenoids also enhance immune function by a vari-
ety of mechanisms, and can improve cardiovascu-
lar health. Carotenoids also play an important po-
tential role by acting as biological antioxidants,
protecting cells and tissues from the damaging
effect of free radicals. Red palm oil is a form of
processed palm oil retains 80% of the original ca-
rotenoids, making it a remarkable source of Vita-
min A. (Sutapa and Analava 2009).

Mancini et al (2015) also reported that RPO
was the richest natural source of carotenoids
(500-700 ppm), tocopherols and tocotrienols
(600—1200 ppm), all contributing to its stability and
nutritional properties. Their antioxidant properties,
exerted mainly against reactive oxygen species
(ROS), play a role in aging, CVD and in cancer
prevention.

Crude palm oil contains small quantities of
ubiquinones of which coenzyme Q10 (CoQ10) is
the most common. Although it is present at rela-
tively low concentrations in crude palm oil, CoQ10
has been reported to boost the immune system,
relieve angina and offers protection against heart
disease and reduction of high blood pressure
(Nagendran et al 2000).

Mamat et al (2005) reported that palm oil is a
semi-solid fat at room temperature and can be
easily separated into two fractions by partial crys-
tallization in a liquid phase. To produce a quality
edible oil, the refined product is required to under-
go fractionation to separate oil into two fractions,
namely olein (liquid fraction) and stearin (solid frac-
tion). Fractionation is based on the difference of
melting points of triacylglycerides. There are three
types of fractionation process, namely dry, solvent
and detergent fractionation. The dry fractionation is
the simplest and most economical separation
technique. In this process, the oil as such is partial-
ly crystallized by fractionating the melt in a con-
trolled manner at the desired temperature, after
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which the remaining liquid is separated from the
solid fraction by means of a vacuum filter or mem-
brane filter press.

This work was carried out to investigate the
effects of the liquid fraction red palm oil (RPO) and
super red palm olien (SRPOL) diets in hypercho-
lesterolemic rats compared to commercial drug
(Lipitor).

MATERIALS AND METHODS

Oil samples: A representative sample of red palm
oil (RPO) was imported from the Carotino SDN
BHD Company, Malaysia. Super red palm olein
(SRPOL) was obtained by dry fractionation pro-
cess; RPO was placed in a beaker and initially
heated in a thermally controlled water bath for 30
min at 70°C to melt the oil completely. The tem-
perature was then reduced to 30°C within one hour
followed by reducing temperature to 15°C within 30
min. Once the oil reached the desired temperature
(15°C), it was allowed to crystallize during 24 hr.
The oil was fractionated using vacuum filtration to
a liquid (super red palm olein) and solid fractions
(palm mid fraction) according to Prasanth Kumar
& Gopala Krishna (2014). Refined, bleached and
deodorized corn oil without antioxidants was ob-
tained from Savola Company for Edible Oils, 10"
of Ramadan City, Sharkia Governate, Egypt. Lipi-
tor Atorvastatin was purchased from pharmacy.

Animals: The animals used in this study were
adult male albino rats, weighted between 208-211
grams, which were obtained from Animal Experi-
mental House of the Res. Institute of Ophthalmol-
ogy, Giza, Egypt.

Kits: Total cholesterol, high density lipoprotein
cholesterol (HDL-c), triglycerides, aspartate trans-
aminase (AST), alanine transaminase (ALT), al-
bumin, creatinine, urea and uric acid kits were ob-
tained from Spectrum Diagnostics, Egyptian Com-
pany for Biotechnology (S.A.E) Obour city industri-
al area. Cairo. Egypt. Total antioxidant, malondial-
dehyde (MDA), glutathione peroxidase (GPXs) and
catalase were obtained from Biodiagnostic Co.,
Dokki, Giza, Egypt.

HPLC analysis

Determination of vitamins A, E, D and K: Five
grams of sample was mixed with 0.5 gm of ascor-
bic acid, 40 ml of methanol and 10 ml of potassium
hydroxide (25%) and heated at reflux with stirring
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for 30 min, the mixture was cooled in an ice bath
and quantitatively transferred to a separating fun-
nel with 50 ml water, 10 ml methanol and 50 ml
hexane. The separating funnel was shaken vigor-
ously for 2 min and the phases allowed to separat.

The aqueous phase was removed and extract-
ed twice with 20 ml portions of hexane. The hex-
ane extracts were combined, washed three times
with 100 ml of water and then made to 100 ml with
hexane. Ten ml of the hexane solution was then
transferred to a glass tube and the solvent was
removed under a flow of nitrogen at room tempera-
ture. The residue was reconstituted with 1.0 ml of
methanol and filtered through a 13 mm 0.45 pm
Teflon filter disc into vial for analysis by HPLC.

HPLC were equipped with a variable wave
length detector (330 nm for Vit. A, 292 for Vit E,
266 for Vit D and 280 nm for Vit. K) with a waters
series 2695 quaternary solvent delivery system
with a cooled auto sampler at 4°C and heated col-
umn compartment set at 30°C. The compounds
were separated on a 10 ym Bondclone 3.9 x 300
mm C18 column (phenomenex, Sydney, Australia)
fitted with a C18 guard column. The mobile phase
consisted of water: methanol (5:95), at a flow rate
of 1 ml/min. according to the method described by
Plozza et al (2012).

Determination of B carotene: 3 carotenoid ex-
tracts were saponified prior to their HPLC analysis
by method proposed by Ng and Tan (1988). The
mobile phase was a ternary mixture of acetonitrile:
methanol: 1,2-dichloroethane (60:35:5, v/viv) to
which 0.1% BHT, 0.1% triethylamine and 0.05 M of
ammonium acetate (in methanol) was added. The
compounds were separated on a C18 column
(2504.6 mm id., Vydac) with a guard-column Allti-
ma C18 5 um (7.54.6 mm id., Alltech). The column
was kept at room temperature (about 22 °C) and
the flow rate was 1 ml min™. The wavelength was
adjusted to 450 nm. The peak areas were meas-
ured using a Millennium Software v. 2.0 (Waters).

Biological experiment: Thirty male albino rats
were housed individually in air cages with screen
bottoms. The rats were adapted for seven days.
They were fed basal diet. The basal diet was for-
mulated according to AOAC (2010), it consisted of
15% protein (casein), 65% starch, 10% corn oil,
5% cellulose, 4% minerals mixture, and 1% vita-
mins mixture. The animals were then divided into
five major groups each group contained 6 rats:
Negative control group (G1), rats fed on a basal
diet until the end of experiment. The remained 24

rats were fed on high cholesterol diet supplement-
ed with 2% cholesterol for 2 weeks before the
starting of the experiment and during the 6 weeks
(the end of experiment). After hypercholesterole-
mia induction (2 weeks); 6 rats out of 24 hypercho-
lesterolemia rats were considered as positive con-
trol group (2). The remainder hypercholesterolemia
rats were subdivided randomly into three groups
(G3, G4 and G5) as treated hypercholesterolemia
groups: G3 and G4 were fed on hypercholesterol-
emia diets each contained 10% of RPO and
SRPOL instead of corn oil; respectively. Mean-
while, G5 was fed on hypercholesterolemia diet
and 20 mg Lipitor/Kg BW rat/day. Formulated diets
and water were administrated ad- libitum except
G5, the drug was administrate by stomach tube for
other 6 weeks.

Feeding was continued for 8 weeks during
which each rat was weighted at the beginning of
experimental period and after 7 days intervals.
Blood samples were taken and centrifuged at 3000
rpm for 15 min. and the obtained serum samples
were used for the biochemical analysis: total cho-
lesterol (Allain et al 1974), HDL-c (Lopez-Virella
et al 1977), LDL-c (Friedewald et al 1972), AST
and ALT (Reitman and Frankel, 1957), albumin
(Doumas et al 1971), urea (Fawcet and Scott
1960)., creatinine (Hare, 1950), and uric acid
(Barham & Trinder, 1972).. Another blood speci-
mens were taken into heparinized tubes as antico-
agulation as described by Schermer, (1967), and
kept frozen at -20°C till the following biochemical
analysis: GPXs (Paglia & Valentine, 1967), plas-
ma catalase (Aebi, 1984), malondialdehyde
(Satoh, 1978), and total antioxidant capacity
(Koracevic et al 2001). At the end of experi-
mental period, the internal organs (liver, kidney,
heart and aorta) were separated, weighted and
corresponded to their body weight.

Statistical analysis: The obtained data were ex-
posed to Statistical Analysis User's Guide (SAS,
1995). Duncan’s multiple range test at 5% level of
significance was used for comparison between
means.

RESULTS AND DISCUSSION

Identification of vitamins and B carotene: The
results in Table 1 showed that SRPOL had higher
content of vitamins E (a tocopherol), A,D, K and
carotene by quantities accounted to 643.18, 4.00,
2.54,202.43 and 981.2 ppm, respectively, than in
RPO by wide difference being 413.72, 1.88, 0.83,
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54.04 and 784.94 ppm, respectively. It was noticed
that SRPOL and RPO are considered to be the
richest natural source of antioxidants especially a
tocopherol and 3 carotene. The RPO is an uncon-
ventional oil produced from crude palm oil (CPO)
through a new process in which the deacidification
and deodorization are carried out using molecular
distillation under milder conditions. This preserves
more than 80% of each of the carotenoids, to-
copherols and tocotrienols, unlike in conventional
refining where all the carotenoids are destroyed.
RPO is therefore the first physically refined vege-
table oil rich in natural carotenoids, tocopherols
and tocotrienols (El-Hadad et al 2010).

Table 1. Vitamins and -carotene content (ppm) of
red palm oil and its fractions

Growth Performance: the effect of RPO, SRPOL
and the drug Lipitor Atorvastatin on mean body
weight (BW) and calculated gain in body weight of
normal and hypercholesterolemia rats are present
in Table 2. The data showed a gradual increase in
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body weight of all animals with advancing the ex-
perimental period. It was cleared that there was no
significant (p<0.05) difference between the mean
body weight of all groups except the group treated
with RPO (G3) which lead to significant (p<0.05)
increase in mean body weight compared to the
negative control one. However, after 6 weeks it
was noticed that the growth performance of rats
showed not significant (p< 0.05) difference. Ani-
mals growth treated with RPO (G3) were in the first
order followed by rats treaded with SRPOL (G4),
drug Lipitor (G5) then the positive and negative
control groups (G2 and G1, respectively) . These
results are in agreement with Daugan et al (2011).

Internal organ: The results in Table (3) show the
average of internal organ weight and their relative
values, expressed on body weight basis of rats fed

Vitamins oil for six weeks on hypercholesterolemia diet and

diets treated with RPO, SRPOL and drug Lipitor

RPOL | SRPOL compared to those of rats fed on corn oil (negative

Vitamin E (a tocopherol) | 413.72 | 643.18 control) and fed on hypercholesterolemia diet only
L (positive control). Data showed that all rats fed on

Vitamin A 1.88 4.00 any diet had the same statistically (p< 0.05) mean
Vitamin D 0.83 2.54 weight of their kidney and heart as well as their
Vitamin K 54.04 202.43 relative weight to body weight being similar to

those of rat groups fed on negative and positive

B-Carotene 84,94 2812 control diets. Meanwhile, the relative weight of liver

was significantly (p< 0.05) decreased of all groups
compared to positive control group. The high
weight of liver appeared in positive control group
due to the accumulation of cholesterol whereas,
feeding cholesterol disturbed hepatic lipid metabo-
lism in rats.

Table 2. Mean body weight (BW) and body weight gain (BWG) of hypercholesterolemia rats fed for 6

weeks on diets containing 10% of studied oil

BW (g) after period in weeks BWG
Treatment
0 1 2 3 4 5 6 7 8 (@)

N- control G 1|208.75%| 207.52° | 213.28" | 219.00° | 234.75" | 240.50° | 246.00° | 255.07° | 271.75° |63.00%
P- control G 2(210.15%|218.65%|224.00%|237.15%|249.69%°|254.53%°|260.05°°| 278.25% |279.57%°|69.42%
G3 211.26%| 241.25% | 247.00% | 254.50° | 265.77% | 270.25° | 276.24° | 287.01% | 296.70% |85.44%

G4 208.00%|221.917°(228.41%(237.54%|250.78%°|256.54%° | 262.21%°| 270.25%°| 285.25%°| 77.252

G5 211.67%238.67%| 244.50% | 252.60% | 262.80% | 267.66° |270.32%°|276.087°|283.75%|72.08%

Means with the same letters in the same vertical column are not significantly different at 5 % level
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Table 3. Mean internal organs weights (g) and their relative weights (%) of hypercholesterolemia rats fed

for 6 weeks on diets containing 10% of studied oils

Final body weight Liver Kidney Heart
Treatment
(9) (9) % (9) % (9) %
N- control G 1 271.75° 6.75" 248> | 1.42* | 052 | 1.05% | 0.39%
P- control G 2 279.57% 8.72% | 3.13* | 1.40® | 050 | 1.20° | 0.43?
G3 296.70% 7.12° 238" | 1.45° | 0.49° | 1.35° | 0.45°
G4 285.25% 7.27° 2.65° | 1.37° | 048 | 1.50° | 0.52°
G5 283.75% 7.60* | 2.65° | 1.35% | 048 | 1.23% | 0432

Means with the same letters in the same vertical column are not significantly different at 5 % level

Lipid profile: Data presented in Table 4 revealed
that serum total cholesterol level of the negative
control group (G1) which fed only on a control ba-
sal diet at the beginning of the experimental was
84.09 mg/dl. At the end of the experiment, the TC
level received to 87.35 mg/dl with increasing ratio
by 3.88%. The TC levels at the beginning of the
experiment of the hypercholesterolemia rats
groups (G2, G3, G4 and G5) had values ranging
between 141.03 and 143.25 mg/dl with no signifi-
cant difference. At the end of the experiment (after
6 weeks), the TC concentration was elevated in
the serum of the positive control group (G2) which
fed on high cholesterol diet from 142.59 to 181.84
mg/dl. On the other hand, the TC levels of all the
treated group which fed on RPO (G3), SRPOL
(G4) and the drug (Lipitor) group (G5) were de-
creased compered to positive and negative control

groups (G2 and G1) by different percentage. The
final levels of serum TC were lower than the start
levels descendingly by 21.56, 17.98 and 15.46%
in rats fed on drug, super red palm olein and red
palm oil, respectively, compared to 27.53% in-
crease in positive control rats group.

The lowest cholesterol levels in both RPO and
SRPOL (G3 and G4) dietary groups may be there-
fore as a result of tocotrienols and antioxidant con-
tent in there oils, potentially making RPO a good
dietary oil for both human and animal health. To-
cotrienols, which are found in abundance in RPO
influence  cholesterol  synthesis by  post-
transcriptional suppression of hydroxy methyl glu-
taryl-coenzyme A reductase (HMG-CoA), the rate
limiting step in endogenous cholesterol synthesis,
suppressing liver cholesterol synthesis as found by
Jeger and Dieterle, (2012).

Table 4. Serum TC (mg/dl), HDL - ¢ (mg/dl) and LDL- ¢ (mg/dl) in hypercholesterolemia rats fed for

6 weeks on diets containing 10% of studied oils

TC (mg/dl) HDL — ¢ (mg/dl) LDL- c (mg/dl)
Feeding period Feeding period
Treatments Feeding period (weeks)
(weeks) (weeks)
Zero 6 Zero 6 Zero 6
N- control G 1 84.09" 87.35° 43.96 44.70° 24.00° 26.04°
P- control G 2 142.59° | 181.84° 32.51° 27.16° 65.85% 137.62°
G3 143.25% | 121.10° 32.58° 35.15° 66.98° 67.95°
G4 141.03% | 115.67° 32.03" 39.46" 65.18° 58.61°
G5 142.70* | 111.93° 32.89" 33.84° 66.49° 61.08°

Means with the same letters in the same column are not significantly different at 5 % level.
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A strong inverse relation between HDL- ¢ and
risk of CHD has been advocated. HDL particles
control the lipid metabolism by taking free choles-
terol from the peripheral tissue cells, etherifying it
and deposit it in the liver for catabolism and from
which a portion of cholesterol is put back into circu-
lation and another portion is excreted after conver-
sion to bile acids. This is important to reduce risk
for CVD and hypertension. The obtained results
illustrated in Table 4 revealed that the serum HDL-
cholesterol level of the negative control group (G1)
which fed only on a control basal diet was 43.96
mg/dl which slightly increased at the end of the
experiment to be 44.70 mg/dl by 1.68%. The levels
of plasma HDL-c in hypercholesterolemia rat
groups at the beginning were statistically (p<0.05)
equal being in the range between 32.03 mg/dl and
32.89 mg/dl. At the final of the experiment after 6
weeks, the HDL-c level in serum of the positive
control group (G2) which fed on high cholesterol
diet significantly decreased by percentage of
16.46%. while, the understudying oils and the
drug, significantly (p<0.05) increased the serum
HDL-c levels of rat groups G3, G4 and G5. SRPOL
was the most effective oil on improving the serum
HDL- c level followed by RPO and the drug (Lipi-
tor) by percentages of 23.20%, 7.89 and 2.89%,
respectively at the end of the experiment.

From the same Table 4 it could be noticed that
the calculated plasma LDL-c of rats fed diets con-
tained 10% of the tested oils and the drug or posi-
tive and negative control diets followed the same
trend that did the TC. The results showed, a signif-
icant (p< 0.05) changes in LDL-C concentration
between G1 and other group at the beginning of
the experiment. It was 24.00 mg/dl meanwhile; it
was 65.85, 66.98, 65.18 and 66.49 mg/dl
,respectively. These concentrations strongly and
significantly increased in positive control group by
109.00% at the end of the experiment, while the
investigated oils and the drug, significantly im-
proved the levels of serum LDL-c as compared to
the positive control group (G2). Animals fed on
SRPOL and the drug were in the first order with no
significant difference between them followed by
rats fed on RPO.

High levels of low-density lipoprotein cholester-
ol LDL-c are a risk factor for the onset of CVDs, as
the presence of oxidized LDL-c is also involved as
an early event in the pathogenesis of atherosclero-
sis, a condition where plaque inside the arteries
may impair the blood flow and increase the risk of
coronary heart disease (Shahidi & De Camargo,
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2016). Therefore, these oils had hypocholester-
olemic effect, it seems probably resulting from that
SRPOL and RPO are rich in natural antioxidants
such as tocopherols and tocotrienols. However,
the unbleached palm oil, so-called red palm olein
is rich in a- and B-carotenes and tocotrienols which
have been shown to exhibit good antioxidant prop-
erties.

Risk ratios: The previous studies revealed that an
increase in plasma TC level which is usually due to
an increase in the level of LDL-c ; and a decrease
in HDL-c level have been independently attributed
to be associated with increased risk of atherosce-
lerosis and CHD. However, recent reports indicat-
ed that the TC/HDL-c and LDL/HDL ratios are
stronger indices of atherogenicity of lipoproteins
rather than the lipid profile of the individual lipopro-
tein fraction (Ngondi et al 2005). The calculated
ratios in Table 5 followed the same trend of those
of serum TC and LDL-c during the feeding period
of rat groups. At the beginning of the experiment,
the TC/HDL-c and LDL-c/HDL-c risk ratios of the
negative control group (G1) which fed only on a
control basal diet were 1.92 and 0.55mg/dl , re-
spectively which slightly changes throughout the
experimental period being 1.95 and 0.58mg/dl at
the end of experiment. In the other groups (G2,
G3, G4 and G5), each of TC/HDL-c and LDL/HDL
ratios were the same (high value) at the beginning
of the experiment. With advancing the period those
ratios decreased in G3, G4 and G5 compared to
G2 which increased. It was noticed that feeding on
SRPOL was the most effective oil on lowering the
TC/HDL-c and LDL/HDL ratios in rats serum (G4)
followed by those treated by drug Lipitor (G5),
while the risk ratios in rats fed on RPO (G3) were
the least values. It was noticed from the calculated
ratios that the consumption fed on SRPOL and
RPO decreasing and protecting of the risk of CVD
and atherosclerosis.

Liver enzymes: Aspartate transaminase AST and
alanine transaminase ALT are enzymes catalyze
the transfer of an amino group from amino acid to
keto acid, one of the important general reactions of
protein metabolism; a new amino and keto acids
are formed in the process. These two transami-
nases are of clinical interest that reflect liver func-
tion. They occur in most of organs and tissues; the
liver is very rich in these two enzymes. Serum
transaminases levels in normal subjects are low,
but after extensive tissues destruction, particularly
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in liver, these enzymes are liporated into the se-
rum. Thus, their appearance in serum is a marker
to tissue damage. They are found in the serum at
very high levels during liver infection with hepato-
cytes (liver cirrhosis), hemorrhage and inactive
hepatitis.

From Table 6 the serum AST of normal rats
(G1) was 35.03 mg/dl at the beginning of experi-
ment which was nearly the same at the end of the
experimental period after 6 weeks by concentra-
tions accounted to 39.07mg/dl. While the average
levels of serum AST in hypercholesterolemia rats
at the beginning of the experiment ranged between
57.11 to 58.45U/L. It was clearly noticed that feed-
ing on the tested oil diets and drug for 6 weeks
caused significant (p<0.05) decreases in levels of

the AST enzyme in plasma of the treated animals
reaching an average levels ranging between
49.35and 54.43 U/L compared to 76.10 U/L in rats
serum fed on hypercholesterolemia diet only (posi-
tive control group G2). It could be noticed that
SRPOL diet and drug (Lipitor) showed the lowest
serum AST concentration with no significantly
(p<0.05) difference between them followed by
RPO diets. It was noticed that rats group fed on
SRPOL diet take the first order in decreasing the
level of AST enzyme followed RPO. These de-
creases were by 15.57, 12.56 and 6.53% from the
baseline levels of the serum drug group (G5),
SRPOL group (G4) and RPO group (G3) respec-
tively. Meanwhile, AST increased by 33.25 % in
positive control serum rats group (G2).

Table 5. TC/HDL-c and LDL-c/HDL-c Risk ratios in hypercholesterolemia rats fed for 6 weeks

on diets containing 10% of studied oils:

Risk ratios in rats fed on diets containing 10% oils
Period - N
wooke) N CcSTrOl P ccc;n;trol G3 G4 G5
A B A B A B A B A B
0 1.92 0.55 4.17 1.93 4.17 1.96 4.12 191 4.17 | 1.96
6 1.95 0.58 6.73 5.10 3.44 1.93 2.94 1.49 331 | 181

A: TC/HDL-c - B: LDL-c/HDL-c

On the same trend the levels of serum ALT of
hypercholesterolemia rat groups fed on the studied
oils and drug (Table 6) showed a decreases from
46.26 to 38.45 U/L, 46.60 to 31.88 U/L and 46.97
to 33.27 U/L in RPO, SRPOL and drug groups,
respectively. These decreases were by 16.88,
34.40 and 29.17% for the corresponding values.
On contrary, there was a significant (p<0.05)

increase in its level in plasma of rats fed only on
hypercholesterolemia diet from 46.84 to 56.92 U/L
while the level of ALT enzyme of the normal rats
was 25.03 U/L at the beginning of the experiment
which was nearly the same (26.82 U/L) after 6
weeks. These results provide that SRPOL and
drug Lipitor were the most effective on improving
serum ALT followed by the RPO.

Table 6. Serum aspartate aminotransferase (AST) enzyme (U/L), alanine aminotransferase (ALT) enzyme
(U/L) and albumin (g/dl) of hypercholesterolemia rats fed for 6 weeks on diets containing 10% of studied

oils
AST (U/L) ALT (U/L) Albumin (g/dl)
Treatments Feeding period (weeks) | Feeding period (weeks) | Feeding period (weeks)

Zero 6 Zero 6 Zero 6

N- control G 1 35.03" 39.07° 25.03° 26.82° 3.26% 3.23"

P- control G 2 57.11% 76.10% 46.84° 56.92% 2.72° 2.12°

G3 58.30° 54.35° 46.26° 38.45° 2.62° 3.34°

G4 58.35% 51.02° 46.60° 31.88° 2.76° 3.88%

G5 58.45% 49.35° 46.97% 33.27° 2.66" 3.96%

Means with the same letters in the same column are not significantly different at 5 % level
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Evaluation of albumin status may be helpful in
the assessment of disease progression. Albumin is
an important component of plasma antioxidant
activity that primarily binds free fatty acids, divalent
cations and hydrogen oxychloride (HOCI) as found
by Olorunnisola et al (2012). From the same Ta-
ble 6, serum albumin level of normal rats (G1) was
3.26 g/dI at the beginning of the experiment which
was similar to that after six weeks (3.23 g/dl), while
it was significantly decreased in the positive control
group (G2) fed on hypercholesterolemia diet by
percentage of 22.06 % after six weeks. While, the
investigated oils and the drug significantly im-
proved (increase) the levels of serum albumin. It
could be noted that SRPOL and drug diets showed
the highest serum albumin concentration with not
significant (p<0.05) difference followed by RPO
(G3) which showed an increase in serum albumin
level not significantly (p<0.05) difference with its
level in G1. These increases were by 48.87, 40.57
and 27.48% from the baseline levels in serum rats
of drug group (G5), SRPOL group (G4) and RPO
group (G3), respectively, compared to 22.06 % of
albumin decrease in positive control serum rats
group (G2).

In conclusion, the obtained results showed that
the treated rats with the investigated oils and drug
statistically improved serum AST, ALT and albumin
levels as compared to the positive control group.
This hepatoprotective role of the investigated oils
may be due to its membrane stabilizing effect of
hepatic cells by the valuable antioxidants, as well
as anti-inflammatory effects of their polyphenolic
compounds, tocotrinols and [ carotene against
liver diseases associated with oxidative stress and
hypercholesterolemia. These compounds may
delay the rate of oxidation by directing the break-

down of peroxides into stable substances that do
not promote further oxidation or by sweeping free
radicals away.

Kidney functions: Urea and uric acid are the prin-
cipal waste products of protein catabolism. They
synthesized in the liver from ammonia produced as
a result of the deamination of amino acids. The
rate of production is accelerated by a high protein
diet or by increasing endogenous catabolism due
to starvation or tissue damage. Creatinine is the
major waste product of creatine metabolism by
muscle. In the kidney, it is filtered by the glomeru-
lus and actively excreted by the tubules. (Stevens
et al 2006).

From Table 7 it was cleared that at the begin-
ning of the experiment, the hypercholesterolemia
diet produced significant adverse effects on the
urea concentration compared to negative control
group (G1). The data demonstrate that serum urea
level of the normal rats (G1) was 35.47 mg/dl at
the beginning of experiment which was slightly
increased to 36.89 mg/dl at the end of the experi-
mental period. While these concentrations strongly
and significantly (p<0.05) increased in the positive
control group (G2) by 32.00% at the end of the
experiment. The investigated oils significantly
(p<0.05) decreased the urea levels for G3 and G4,
meanwhile the drug Lipitor group slightly increased
its level. It was noticed that the group fed on RPO
(G3) was the most effective in decreasing the urea
level with no significant (p<0.05) difference with
negative control group (G1) followed by group fed
on SRPOL (G4). These decreases were by
11.24% and 7.41% for RPO and SRPOL, respec-
tively meanwhile, the serum urea level of the group
treated with Lipitor drug (G5) was slightly in-
creased by 4.89%.

Table 7. Serum urea, creatinine and uric acid (mg/dl) of hypercholesterolemia rats fed for 6 weeks on diets

containing 10% of studied oils

Urea (mg/dl) Creatinine (mg/dl) Uric acid (mg/dl)
Treatments Feeding period (weeks) Feeding period (weeks) Feeding period (weeks)
Zero 6 Zero 6 Zero 6
N- control G 1 35.47" 36.89° 0.48" 0.50° 1.15° 1.19°
P- control G 2 45.21°% 60.10% 1.07° 1.19° 1.96% 3.09°
G3 45.64° 40.51% 1.07 0.80° 2.10% 1.35°
G4 46.01° 42.60° 1.03% 0.82" 2.16% 1.45°
G5 46.66° 48.94° 1.02° 0.86" 1.99° 1.63"

Means with the same letters in the same column are not s

ignificantly different at 5 % level.
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The same Table 7 showed an increases in
serum creatinine level in rat group fed on hyper-
cholesterolemia diet only (G2) by 11.21% at the
end of the experiment compared to rats group fed
on basal diet (G1) which was 0.48 mg/dl at the
beginning of the experiment nearly equal to the
mean level after 6 weeks (0.50 mg/dl). The other
groups (G3, G4 and G5) showed decremental pat-
tern with small significant (p<0.05) variation in cre-
atinine levels which were by 25.23, 20.39 and
15.69%, respectively at the end of experiment. No
significant (p<0.05) difference was noticed in se-
rum level between RPO and SRPOL and also be-
tween SRPOL and the drug groups.

In the same trend the Table 7 demonstrated
that the investigated oils and drug significantly
(p<0.05) improved the level of serum uric acid in
rats by percentages of 35.71, 32.87 and 18.1% for
RPO, SRPOL and the drug groups, respectively at
the end of the experiment, meanwhile positive con-
trol group showed strong significant increase in the
level of uric acid which was by 57.65% at the end
of the experiment. The increasing in uric acid may
be caused by renal urate reabsorption which can
be induced from decreased renal blood flow due to
the decrease of glomerular filtration rate results in
a slight increase of serum uric acid . Or may be
attributed to impaired renal excretion of uric acid
rather than uric acid overproduction (Mossa &
Abbassy 2012). However, Hyperuricemia can also
be derived from increased cell apoptosis and ne-
crosis due to inflammations.

In conclusion, the biochemical renal markers
(serum urea, uric acid and creatinine) in hypercho-
lesterolemia rats were significantly decreased as
treated by the RPO, SRPOL and the drug.

In the present study, the improvement of this
renal dysfunction may be attributed to the effect of
antioxidants compounds present in red palm oil
such as tocopherol , tocotrienol and Q10 however,
the kidneys contain the highest endogenous levels
of CoQ10 compared with all other organs. This is
likely due to the reliance of the kidney on aerobic

metabolism and high density of mitochondria. It is
imperative that endogenous CoQ10 levels are
maintained to ensure mitochondrial health, and this
form the rationale for CoQ10 therapy. The major
direct antioxidant role of CoQ10 is prevention of
lipid peroxidation, and it also acts indirectly through
its interactions with a-tocopherol. (Small et al
2012).

Antioxidant activity: It was noticed from Table (8)
that the level of plasma malondialdehyde (MDA)
was significantly (p<0.05) increased in positive
control group (G2) by 44.10 % and slightly in-
creased in G5. On the other hand, the levels of
MDA rats plasma fed on the investigated oils (G3
and G4) were significantly (p<0.05) decreased to
be 10.01 nmol/ml and 9.99nmol/ml, respectively.
While the activities of blood enzymatic antioxidants
(Catalase, GPXs) and non- enzymatic antioxidants
(total antioxidant) were significantly (p<0.05) de-
creased in blood of the positive control rats group
(G2), meanwhile, supplemented the experimental
hypercholesterolemic rat groups with RPO, SRPOL
and drug Lipitor significantly (p<0.05) increased
enzymatic antioxidants and non- enzymatic antiox-
idants.

It was noticed that RPO and SRPOL were
more active than the drug (Lipitor) in the improve-
ment the antioxidant activity in rats blood. These
increases in antioxidant activity may be due to vit-
amin E or a-tocopherol and tocotrienol function as
important antioxidants by taking unpaired electrons
from the body’s excess free radicals, even though
in the above reactions vitamins C and E them-
selves become free radicals by gaining an un-
paired electron. Due to their chemical structure
they become weaker free radicals than the ones
they have earlier reacted or oxidized.. The benefi-
cial effects of these compounds are attributed to
the antioxidant and free radical scavenging proper-
ties of their various components such as polyphe-
nols and flavonoids. (Bolarin et al 2016).
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Table 8. Blood catalase, GPXs, MDA and total antioxidant of hypercholesterolemia rats fed for 6 weeks on

diets containing 10% of studied oils

Total
Catalase GPXs MDA (nmol/ml) antioxidant
(U/ml) (U/ml) (MMIL)
Treatments Feeding period Feeding period Feeding period Feeding period
(weeks) (weeks) (weeks) (weeks)
0 6 0 6 0 6 0 6
N- control G 1 | 158.47% | 150.85% | 128.05° | 131.27 | 7.44° 7.09¢ 1.72% | 1.76°
P-control G 2 | 120.54° | 96.51° | 105.96° | 85.49° 11.94% | 17.19* | 0.97° | 0.88°
G3 122.05° | 131.07° | 103.89° | 135.18"° | 12.99* | 10.01° | 098" | 1.47°
G4 120.89° | 133.34° | 104.89" | 141.74% | 11.49% 9.99° 0.97° | 1.54°
G5 119.87° | 127.99° | 104.27° | 127.61° | 11.42* | 12.43° | 1.00° 1.11°

Means with the same letters in the same column are not significantly different at 5 % level

These results are in agreement with Badrian et
al (2006), they found that dietary RPO supplemen-
tation was able to increase GPX and other antioxi-
dant enzyme activity in myocardial tissue. They
suggested that this increase was followed by re-
duced oxidative stress in an ischaemia/reperfusion
model. Dietary RPO supplementation increases
the expression of GPX 4 mRNA. The increasing of
GPXs activity was due to up regulation of the GPX
4 gene by RPO supplementation. This may be due
to the increased amount of antioxidants provided in
the diet by RPO supplementation, which should
lead to improvement of intracellular oxidative
stress status.
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