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Abstract

acids of pine nut fruits and also, the effect of pine powder with different ratio
(3, 6 and 9%) on biochemical changes of hypercholesterolemic rats. Biological

evaluation of growth performance, Lipid profile, serum protein, blood sugars, liver and
kidney functions were also studied. The obtained results indicated that pine nut fruits
are considered as a good source of oils, crude fibers, ash, protein, soluble carbohydrates,
total energy polyphenols and flavonoids. Besides, it is a rich source of unsaturated fatty
acids mainly, linoleic acid (Cis:2) Which represent more than half amount of total fatty
acids. Biological evaluations showed that pine nut was significantly decreased (P <
0.05) of body weight, total lipids, triglycerides, LDL, HDL, VLDL cholesterol of serum
hypercholesterolemic rats as compared with positive group of rats Also, it caused
significant decrease (P < 0.05) in liver enzyme (AST, ALT and ALP) and kidney
parameters (urea, uric acid and creatinine, i.e. improved liver and kidney functions as
compared with positive control group. Meanwhile, both total protein and albumin were
increased.

INTRODUCTION

T his study aimed to determine chemical composition, antioxidant contents, fatty

Pine nuts are eaten raw or roasted; they are included as ingredients in
a variety of traditional dishes, such as breads, cakes, sauces, candies, as
well as vegetable and meat dishes. Pine nuts are a good source of nutrients
(Savage, 2001). In particular, nuts include plant protein, unsaturated fatty
acids, dietary fiber, plant strolls, phytochemicals and micronutrients like
tocopherols (Kris-Etherton et al., 2001).

The pine nut (Pinus koraiensis Sieb. et Zucc) as an abundant plant resource
has the capacity of anti-fatigue, anti-aging, anti-radiation etc. (Xie et al.,
2016). It contains essential and relatively complete amino acids, and fatty
acids (Noa et al., 2015). Pine nuts are easy to obtain with a reasonable
price, therefore it has many culinary uses in their own right, especially the
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oil was extracted and used widely. A report optimized the conditions of
inositols extraction from pine nuts (Ruiz-Aceituno et al., 2014).

Pine nuts (Pinus pinea, L.) have been used in European cooking for a long
time as they are highly valued as ingredients in pesto, sauces and as a
garnish in desserts. The main species consumed in Europe are Pinus pinea,
P.koraiensis, P. sibirica and P.gerardiana. As local production in Europe
is costly and not sufficient to meet current demand, most commercial
products are imported from China, Korea and Pakistan where the climate is
suitable for efficient production. It is estimated that 36,080 tonnes of pine
nut kernels were produced globally in 2011. China and the Russian
Federation are the largest producers contributing 55% and 14%,
respectively, to the world production. In 2010, New Zealand imported 22
tonnes of pine nut kernels for domestic consumption (Food and
Agriculture Organization Statistical Database, 2011).

European Food Safety Authority (EFSA), (2009) published the list of
functional health claims received from the European Commission for
assessment. Of the claims, two are specific for nuts: Eligible nuts for both
claims include almond, hazelnut, pecan, pistachio, walnut, and peanut.
These health claims are of great importance for the status of tree nuts and
peanut.

Recently, numerous epidemiological and clinical studies have provided
evidence that frequent nut consumption is associated with favourable
plasma lipid profiles (Ternus et al., 2009) and reduced risk of CHD (Kris-
Etherton et al., 2008), type-2 diabetes (Jiang et al., 2002 and Jenkins et
al., 2008), and cancer (Dauvis et al., 2008). In addition, although nuts are a
high-fat and energy-dense food and are therefore a potential threat for
weight gain, controlled clinical trials have reveal little or no weight change
with inclusion of various types of nuts in the diet over 1-6 months
(Rajaram and Sabaté, 2006 and Mattes et al., 2008).

In vitro research demonstrated that PNLA is a potent dual against for co-

activation of free fatty acid receptors 1 and 4, which could enhance

glucose-dependent insulin secretion and insulin sensitivity. PNO increased

the activity of antioxidant protective enzymes in serum and decreased the

concentration of malondialdehyde, an indicator of lipid peroxidation. Thus,

PNLA and its parent PNO could be of potential benefit to human health,
hough this requires further investigation (Kayin et al., 2016).
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Some of the reported health benefits derived from nut and seed
consumption are control of body weight and blood pressure, reduction of
coronary heart disease, and reduction of levels of blood cholesterol and
triacylglycerols. In addition, nuts and edible seeds provide antioxidant,
anti-microbial, anti-inflammatory, anti-mutagenic, anti-cancer, anti-
diabetic and glucoregulatory (Kendall, et al., 2010; Gentile et al., 2012)
properties.

MATERIALS AND METHODS
Materials:

Pine nuts (Pinus Koraiensis) were purchased from locally hyper marketing
center, Cairo, Egypt.

Animals: Adult Male Sprague — Dawely rats were obtained from the
Ophthalmology, Medical Analysis Department, Animal House Department,
Giza, Egypt.

Methods:
Analytical methods:

Chemical composition of pine nuts, moisture, protein, oils, ash, crude
fibers, carbohydrates and soluble carbohydrates and were determined
according to the method described by AOAC, (2000). Results calculated as
g/100g fresh weight. Total calories were calculated by multiplying 1.0g
protein or carbohydrate by 4.0 and 1.0g fat by 9.0. Results calculated as
K.cal/100g sample Extraction of antioxidant contents of pine nut powder as
described by Batista et al., (2011). Total phenols (mg galic acid/g) and
flavonoids catechin equivalents (CE)/g were determined as the method of
Batista et al., (2011). Also, DPPH radical assay (%) was determined
according to the method described by Hanato et al., (1988). Fatty acids %
were separated and identified by Gas Liquid Chromatography (GLC) as
described by Stahle (1967).

Biological investigation:
Diets:

Basal diet (9/100g) consisted of 12.5% protein (casin), 10% corn oil, 4.0%
salt mixture, 1.0% vitamin mixture, 5% cellulose, 0.2% choline chloride
and 67.5 corn starch as described by AIN, (1993). Salt mixture was
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prepared as described by Hegested, (1941), meanwile, vitamin mixture was
prepared as described by Campblle, (1961).

Experimental design:

Thirty mal albino rats, Sprague Dawley strain weighting (150 + 0.5). All
rats were fed on basal diet for one week to adapted. Rats were divided into
two main groups, the first group (6 rats) fed on basal diet as a negative
control. The second group (24 rats) was fed on hypercholesterolemic diet
for 4 weeks (basal diet containing 1.0% cholesterol + 10% sheep tail fat +
0.25% colic acid), according to Abdel Maksoud et al., (1996), then
divided into four subgroups as follows as: the first was fed on
hypercholesteerolemic diet as a positive control, the other three subgroup
of rats were fed on hypercholesterolemic containing 3, 6 and 9% pine nut
powder. At the end of experimental (4 weeks), blood samples of rats were
collected according to Drury and Wallington, (1980).

Biological evaluations:

Body weight gain (g) and feed efficiency ratio of hypercholesterolemic rats
were estimated as the method of Chapman et al., (1959).

Serum Lipids (mg/dL) of triglycerides according Fassati and Prencipe,
(1982), total lipids as the method of Blank et al., (1967) and triglycrides
according to Alian, (1974). Serum HDL cholesterol (mg/dL) was
determined as the method of Lopez, (1977), Serum LDL and VLDL
cholesterol (mg/dL) were determined according to Lee and Nieman,
(1996). Meanwhile, alanine transaminase activity (AST) u/L were carried
out as the method of Tietz, (1976); Asparatate transferase activity (AST)
u/L was determined as the method of Henery (1974) and yound, (1975),
alkaline phosphate (ALP) u/L was determined according to Moss, (1982).

Serum Urea (mg/da) was determined as the method of Petton and Crouch,
(1977); uric acid (mg/dL) was determined as While et al., (1970);
creatinine (mg/dL) was determined according to Henery, (1974).

Statistical analysis of the obtained data were calculated by SPSS Version
10 Software SPSS, (1998). Results expressed as means + standard
deviations (SD). Values of P < 0.05 were significant difference.

o 5 1 ¥l B 501 o

(Ll psle 3 4345) 2019 a5 228 Liial) daala — 4o 5il) Ay i) 408
ISSN-1687-3424/2001 bl il o) Aay A g g_;}m H‘hﬂ\ _ u_,'m‘ u-bﬂ‘ _algal)




Effect of pine fruits on some biological
changes in hypercholesterolemia

rats induced
Omar Ahmed Emam, Ahmed Mohamed Gaafer

, Ghada Mahmoud Elbassiony and Mashael Mobard Ahmed El-Fadly

RESULTS AND DISCUSSION
1-  Chemical composition of pine nuts

Table (1) shows chemical composition of fresh pine nut fruits (g/100g on
fresh weight basis). The obtained results illustrated that total protein was
13.45%, ash 2.52%, crude fiber 8.6%, oil 55.38% moisture content 3.57%,
total carbohydrates 25.08% and total soluble carbohydrate 16.48%. These
results are in agreement with those found by Savage, (2001); Cevdet and
Iclal, (2003) United States Department of Agriculture USAD, (2016). The
chemical composition of pine nuts showed variation among species
depending on both climate conditions and geographical area (Zadernowski
et al., 2009). It is obvious from the results that total energy of pine nut
fruits was 652.4 k.cal /100g on fresh weight basis). This results are in
agreement with those noticed by Mattes et al., (2008) who reported that
nuts are a highly energy. In addition, Venkatachalam and Sathe, (2006)
mentioned that oils of the most nuts are the main constituents and has a rich
source of plant oil.

Table (1): Chemical composition of pine nut fruits

* * I
* * * Qil * * Total Tota ** Total
Moi . Crude soluble
oisture | Protein | content fi Ash | carbohydrates energy
ibers sugars
3.57 13.45 55.38 8.6 2.52 25.08 16.48 652.4
* g/100g on dry weight basis ** total calories (k.cal/100g).

2- Antioxidant contents

Total phenols, flavonoids and DPPH radical scavenging activity of pine nut
fruits are illustrated in table (2). The obtained data showed that total
phenols was 0.95 (gallic acid equivalent /g, and total flavonoids 1.91 mg/g
as quercetin equivalent /g). These results are in agreement with those
noticed by Shahidi and Naczk, (2004); Tripoli et al., (2005) and Dogan
et al., (2010). They reported that tree nuts contain several types of
antioxidants (Sang et al., 2002; Wu et al., 2004 and Blomhoff et al.,
2006).

It is evident from the results that DPPH radical scavenging activity was
89.17%. The same trend of results are in agreement with those obtained by
veral studies (Durmaz et al., 2010; Chandrasekara and Shahidi, 2011)
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who reported that microconstituents of free nut oils exhibited good
antioxidant activity. Moreover, tree nuts contain phenolics which has
stronger antioxidant activities (Shahidi and Naczk, 2004; Tripoli et al.,
2005 and Dogan et al., 2010).

Generally, it could concluded that pine nut fruits is considered as a good
source of natural antioxidants such as phenols and flavonoids. Moreover, it
has an antioxidant activity.

Table (2): Antioxidant contents and DPP radical scavenging activity of pine nuts.

*Total phenols mg/g **Total flavonolids mg/g DPPH %
0.95 1.91 89.17
*mg/g as gallic acid ** mg/g as quercetin

3- Fatty acids of pine nut

Data in table (3) illustrates fatty acid composition of oils in white pine nut fruit powder.
Results indicated that there are 12 fatty acids could be identified by Gas liquied
Chromatography (GLC) analysis. These fatty acids are six saturated fatty acids;
myristic (Ci4:.0), palmatic (Cis:0), margaric (Ci7:), stearic (Cis:), arachidonic (Cyo0), and
behenic (Cz2) and six unsaturated fatty acids (UFASs), palmateoleic (Ci6:1), (C17:0), oleic
(Cis:1), linoleic (Cys:2), linolenic (Cis:3),and gadoleic (Czo:1).

It is evident from the results that, the predominant fatty acids were linoleic (Cig:)
51.81% and oleic (Cig:1) 38.62% of the total fatty acids these results showed that pine
nut fruit is a rich source of unsaturated fatty acids. On the other hand, palmatic acids
(C16:0) 5.09% and was the predominant of saturated fatty acids (SFs). Moreover, total
unsaturated fatty acids was 91.97 %, meanwhile, total saturated fatty acids was 7.35%.
These results are in agreement with those obtained by Zadernowski et al., (2009) and
USAD, (2016). In addition, Destalittas et al., (2010) reported that linoleic and oleic
acid in species of pine nuts are the major fatty acids.

Table (3): Fatty acids composition of pine nuts.

Saturated fatty acids (RAP%0) Un saturated fatty acids (PAR%0)
Myristic Cia0 0.03 Palmetoleic Ci61 0.06
Palmatic acid Cie0 5.09 Ci71 0.04
Margaric Ci70 0.04 Oleic Ciga 38.62
Stearic acid Ciso 2.0 Linoleic Cigo 51.81
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Arachedonic Coo0 0.50 Linoleic Cigs 0.35
Behenic Ci0:0 0.14 Gadoleic Coo1 0.79
Total saturated F.A. 7.35 Total unsaturated F.A. 91.67

(RAP%) Relative area percent

4- Biological parameters
Body weight

Table (4) illustrates the influence of white pine fruit powder on growth performance as
body weight gain (BWG), food intake (FI) and feed efficiency ratio (FER) of
hypocholesterolemic rats. The obtained results showed that body weight gain of positive
control group was significantly increased (p< 0.05) than negative control group. BWG
of positive control was recorded 189.8+3.19, meanwhile negative control was
185.5+3.23g. On the other hand, rats fed on experimental diet containing pine nut with
the ratio 3, 6 and 9% were recorded 185.8+3.28, 184.2+2.97 and 183.6+3.08g,
respectively. There were no significant difference (p<0.05) between negative control
and groups of rats fed on diet supplemented by pine nut powder.

It is worthy to mention that, body weight gain of rats which fed on diet containing pine
nut powder was decreased. This decrease may be attributed that pine nut has a rich
source of crude fibers as shown in the previously results in table (1). Diets
supplemented by various types of nuts controlled clinical trials have reveal little or no
weight changes (Rajaram and Stbate 2006 and Mattes et al., 2008). Park et al.,
(2013) they found that mice fed on high fat diet containing PNO reduced adipose tissue
deposition.

It is obvious from the results that food intake of positive control (hypocholesterolimic
rats was recorded 17.8+ 2.04g, then decreased to 16.4+1.74, 14.6+1.53 and 14.8+1.77¢g
for rats fed on diet supplemented by 3, 6 and 9%, respectively. There was significant
difference (P<0.05) between negative and positive control group of rats.

On the other hand, feed efficiency ratio was recorded 2.36+0.19 of negative control and
decreased to 1.98+0.11 in positive control (hypocholesterolemic rats). There were
significant decrease (P<0.05) in FER of positive than negative control group of rats.
Hypocholesterolimic rats which fed on diet supplemented by 3, 6 and 9% pine nut
powder were recorded 1.97+0.16, 1.98 + 0.21 and 2.02 + 0.17, respectively.

Table (4): Effect of white pine nuts powder on growth performance of hypercholesterolemic rats.

Parameter | |njtial body Final body Food intake | Body weight Feed
- - - Efficiency
Groups weight (g) weight(g) © 9ain @) | ratio (FER)
control (—Ve) 152.3% +3.25 185.5" + 3.23 14.1° + 1.54 33.2+1.87 2.36°+0.19
trol (+Ve) 154.6% +3.49 189.8%+3.19 17.8% +2.04 35.2%+1.93 1.98°+0.11
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Hyp. rats with 3%white pine | 1535%+3.28 | 185.8°+3.28 | 16.4°+1.74 | 32.3°+167 | 1.97°+0.16

Hyp. rats with 6%white pine | 155.3+3.41 | 184.2°+297 | 14.6°+153 | 28.9°+185 | 1.98°+0.21

Hyp. rats with 9%white pine | 153.7°+3.57 | 183.6°+3.08 | 14.8°+1.77 | 29.9°+1.79 | 2.022+0.17

L.SD (p<0.05) 3.48 3.27 1.89 1.75 0.18

Each value in a column followed by the same letter are not significantly at (P<0.05).

5- Lipid profile

Table (4) illustrates the influence of white pine nut fruits powder on lipid profile of total
lipids (TL), total cholesterol (TC) and total triglyceride (TG) (mg/dL) on
hypercholesterolemic rats. Total lipids values of negative and positive control group of
rats were 195.32+3.32 and 354.44+5.62 mg/dL, respectively. Meanwhile, total lipids
values of hypercholesterolemic rats fed on diet supplemented by 3, 6 and 9% pine nut
powder were 274+3.95, 270.41+3.85 and 246.06+4.02 mg/dL, respectively. Results
showed that high significant difference (p<0.05) of total lipids between positive and
negative control group of rats. Also, there are significant differences of total lipids
within group of rats fed on different percentage of pine nut powder.

Moreover, total lipids of hypercholesterolemic rats was decreased due to the addition
pine nut powder to the diet. The higher percentage of pine nuts, the lower values of total
lipids of rats was observed.

On the other hand, total cholesterol values of negative and positive control group were
94.07+2.61 and 194.43 + 3.19 mg/dL, respectively. Total cholesterol values of
hypercholesterolemic rats fed on diet supplemented by 3, 6 and 9% pine nut powder
were 152.58 + 3.05, 134.2 + 2.84 and 121.8+3.03, respectively.

Results revealed that high significant difference (p<0.05) of total cholesterol between
negative and positive control and also within group of rats fed on pine nut powder. Total
cholesterol of hpercholestertemic rats was decreased as the addition of pine nut powder
increased. This results are in agreement with those obtained by Ramadan and Morsel,
(2002). They reported that nuts are rich source of linoleic acids which lowering serum
cholesterol due to metabolism and produces the hormone-like prostaglandins.

It is evident from the results that total triglyceride values of negative and positive
control group of rats were 85.61+2.85 and 170.02 + 4.02 mg/dL, respectively. Total
triglyceride values of hypercholesterolemic rats fed on diet supplemented by 3, 6 and
9% pine nut powder were 112.99+3.14, 114.56+3.86 and 92.74+3.59 mg/dL,
respectively. It is worthy to mention that total triglyceride was decreased as the level of
pine nut powder increased. It is obvious from the results that total lipids, total
cholesterol and total triglyceride values of hypercholesterolemic rats were decreased as
the addition of pine nuts powder increased. This decrease may be attributed that pine
nut is a good source of polyphenols and flavonoids as illustrated in the previously
results in table (5). Several studies showed that nut oils is a rich source of antioxidant
tents and also have an antioxidant activity (Durmaz et al., 2010; Chandrasekara
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and Shahidi, 2011). In addition, nuts also contained tochopherols, phytosterols and
pinoleic acid (Zadernowski et al, 2009). On the other hand, nut polyphenols enhanced
the antioxidant potential in plasma and lowered total cholesterol. Kaviarasan et al,
(2005) showed that a significant increase in the levels of total cholesterol (TC),
triglycerides (TG), lipid peroxidation, glycoprotein components and glucose in
hypercholesterolemic patient with/ without diabetic.

Table (5): Effect of white pine nuts powder on TC, TG and TL of hypercholesterolemic rats.

Lipid profile | Total cholesterol (TC) | Total Lipids (TL) | Total triglyceride

Groups mg/dL mg/dL (TG) mg/dL
control (-Ve) 94.07° +2.61 195.32%+ 3.32 85.61%+2.85
control (+Ve) 194.43%+3.19 345.44% + 5.62 170.02% + 4.02
Hyp. rats with 3%white pine 152.58" +3.05 274.32° +3.95 112.99° + 3.14
Hyp. rats with 6%white pine 134.20° £ 2.84 270.41" +3.85 114.56" + 3.86
Hyp. rats with 9%white pine 121.80° + 3.03 246.06° £ 4.02 92.74° + 3.59
L.SD (p<0.05) 2.89 4.15 3.96

Each value in a column followed by the same letter are not significantly at (P<0.05).

6- Lipid profile

Table (6) shows the effect of white pine nuts powder on high density lipoproteins
(HDL), Low density lipoproteins (LDL) and very low density lipoprotein (VLDL)
(mg/dL) of hypercholesterolemic rats. Results indicated that LDL values of negative
and positive control group of rats were 28.85+2.17 and 109.06+4.19 mg/dL,
respectively. While, LDL values of hypercholesterolemic rats fed on diet containing 3, 6
and 9% pine nut powder were 84.11+2.54, 65.58 + 2.66 and 56.36+2.38 mg/dL,
respectively. Positive control group showed highly significant increase (p<0.05) as
compared to either negative group or rats fed on diet supplemented by pine nut powder.
Results indicated that LDL values of hypercholesterolemic rats were decreased as the
addition level of pine nut increased. Moreover, supplementing with 9% pine nut powder
showed that the best results than the other levels of 3 and 6%. Such decrease may be
attributed that pine nut is a rich source of antioxidant contents such as phenols and
flavonoids as shown in the previously results in table (1). Also, pine nut is a rich source
in polyunsatrurated. Fatty acids, especially linoleic acid which caused a decreased in
LDL cholesterol (Destaillates et al., 2010). In addition, nut polyphenols enhanced that
antioxidant potential in plasma and lowered LDL-cholesterol (Durak et al., 1999).

Various polyphenols have the ability to protect LDL from oxidation. However, a very
small proportion of plasma polyphenols are associated with the LDL fraction after
nsumption of nutritional dose of these compounds (Jimenez et al., 2004). Also,
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flavonoids as an antioxidants may inhibit the oxidation of LDL cholesterol and reduced
platelet aggregation or reduced ischemic damage (Buring et al., 2003).

It is evident from the results that HDL values of negative and positive control group of
rats were 48.10+1.46 and 42.17+2.19 mg/dL, respectively. While, HDL values of
hypercholesterolemic rats which fed on diet containing 3, 6 and 9% of pine nut were
46.28+2.07; 45.71+1.47 and 46.89+2.49, respectively.

Results showed that there are significant difference (P<0.05) among all group of rats in
LDL-colesterol.

Also, very low density lipoprotein VLDL showed that same trend of results in LDLC.
Very Low density lipoprotein cholesterol values of negative and positive control were
17.12 and 34.0 mg/dL, respectively. While, VLDL values of hypercholesterolemic rats
fed on diet containing 3, 6 and 9% pine nut powder were 22.60; 22.91 and 18.55 mg/dL,
respectively. There are significant increased (P<0.05) in positive than negative control
group. VLDL cholesterol values of hypercholesterolemic rats was decreased as the level
of pine nut increased.

Clinical and epidemiological studies revealed that nut consumption is associated with
flavourable plasma lipid profiles (Griel and Kris-Etherton, 2006 and Ternus et al.,
2009) and also reduced chronic heart disease (John and Shahidi, 2010).

Table (6): Effect of white pine nuts powder on HDL, LDL and VLDL of
hypercholesterolemic rats.
. . . Very Low
Lipid profile I—_hgh denglty L.OW Dens_lty Density
lipoproteins lipoproteins I .
Groups Ipoproteins
(HDL) mg/dL (LDL) mg/dL (VLDL)mg/dL
control (-Ve) 48.10%+ 1.46 28.85°+2.17 17.12
control (+Ve) 42.17°+2.19 109.06° + 4.19 34.0
Hyp. rats with 3%white pine 46.28%+2.07 84.11° + 2.54 22.60
Hyp. rats with 6%white pine 45.71° +1.47 65.58° + 2.66 22.91
Hyp. rats with 9%white pine 46.89%+2.49 56.36" + 2.38 18.55
L.SD (p<0.05) 2.05 3.16 -

Each value in a column followed by the same letter are not significantly at (P<0.05).

7- Liver functions

Table (7) shows the influence of pine nut powder on liver functions of aspartate
aminotransferase (AST), alanine aminotransferase (ALT) of hypercholesterolemic rats.
Results showed that AST values of negative and positive control group of rats were
42+1.94 and 98.52+4.26 /L, respectively. Meanwhile, AST values of
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hypercholesterolemic rats which fed on diet supplemented by 3, 6 and 9% pine nut
powder were 79.76+3.05, 76.82+2.86 and 72.39+2.79 W/L, respectively.

AST of positive group control showed highly significant increase p<0.05 than negative
control group of rats. Beside, ALT enzyme activity showed the same trend of AST
results. On the other hand, ALT values of negative and positive control group were
23.53+£1.86 and 49.84+3.15 p/L, respectively. Diets supplemented by 3, 6 and 9% pine
were decreased ALT enzyme activity in serum rats to 31.96+£2.69, 28.29+2.74 and
24.56+2.55 p/L, respectively, the higher level of pine nut, the lower value of ALT was
observed.

It is obvious from the results that ALP values of negative and positive control group of
rats were 70.13+2.74 and 102.35%+3.86 /L, respectively. Meanwhile, ALP values of
hypercholesterolemic rats which fed on diet containing 3, 6 and 9% pine nuts were
91.53+3.06, 89.67+3.07 and 102.35+3.86 /L, respectively. On the other hand, ALP
values of hypercholesterolemic rats which fed on diet containing 3, 6 and 9% were
91.53+3.06, 89.67+3.07 and 87.42+2.86 /L, respectively.

It is evident from the results that positive group was highly significant (P<0.05) than
negative group. It is worthy to mention that diets containing pine nut powder showed
significant decrease (P<0.05) in AST, ALT and ALP values of serum rats. Diet
contained 9% pine nut showed the best results of liver enzymes and improved liver
functions.

Such decrease in liver enzymes of serum rats as the result of the addition of pine to the
diets of rats may be attributed that pine nut is a good source of antioxidant contents as
shown in the previously results in table (1). Also, several studies proved that pinenut is
considered as a good source of antioxidant content (Blomhoff et al., 2006 and Dogan
et al, 2010).

Table (7): Effect of white pine nuts powder on AST, ALT and ALP of hypercholesterolemic rats.

Liver functions Aspartate Alanine Alkaline
Groups aminotransferase | Aminotransferase | Phosphatase
(AST) (1U/L) (ALT) (IU/L) (ALP) (1U/L)
control (—Ve) 63.43" + 1.94 23.53" +1.86 70.13° + 2.74
control (+Ve) 98.52% + 4.26 49.84% + 3.15 102.35" + 3.86
Hyp. rats with 3%white pine 79.76" + 3.05 31.96" + 2.69 91.53" + 3.06
Hyp. rats with 6%white pine 76.82° + 2.86 28.29° + 2.74 89.67" + 3.07
Hyp. rats with 9%white pine 72.39°+2.79 24.56"+ 2.55 87.42°+ 2.86
L.SD (p<0.05) 2.75 2.19 3.19

Each value in a column followed by the same letter are not significantly at (P<0.05).

Biological antioxidants included enzymatic antioxidants a such as superoxide dismutase
D, catalase, glutathione peroxidase (GPx) and nonenzymatic antioxidants such as
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antioxidant enzyme factors, oxidative enzyme inhibitors reactive oxygen nitrogen
species (ROs/ RNS) scavengers and transition metal cheaters a dietary antioxidant can
scavenge ROS/RNS ratio to stop radical chain reactions or inhibit the reactive oxidants
(Huang et al., 2005).

8- Kidney functions

Table (8) shows the influence of white pine fruits powder on kidney functions of urea,
uric acid and creatinine (mg/dL) of hypercholesterolemic rats. Urea is formed as the end
of protein metabolism. Results indicated that serum urea content values of negative and
positive control group of rats were 17.52+2.07 and 24.39+2.54 (mg/dL), respectively.
Meanwhile, serum urea of hyperccholesterolimic rats fed on diet supplemented by 3,6
and 9% pine nut powder were 21.18+1.76, 20.79+1.85 and 20.53+1.97 (mg/dL),
respectively. There are significant increase (P<0.05) in positive than negative control
group of rats. Also, hypercholesterolimic rats showed significant increase as (p<0.05)
compared with negative control. Serum urea of rats fed on diet containing pine nut
powder showed significant decrease (P<0.05) as compared with positive control group
of rats. On the other hand, serum uric acid values of negative and positive control group
were 31.86+2.15 and 52.62+3.21 (mg/dL), respectively. Serum uric acid of
hypercholesterolemic rats fed on diet containing 3,6 and 9% pine nut powder were
41.04+3.17, 38.02+2.15 and 31.86+2.12 (mg/dL) respectively. Results indicated that
there are significant increase (P<0.05) in positive than negative control. Also, there are
significant decrease (P<0.05) in serum urea in hypercholesterolemic rats fed on pine nut
powder as compared with positive control group.

It is obvious from the results that serum creatinine values of negative and positive
control group were 0. 63£0.10, 1.83+0.13, respectively. Meanwhile, serum creatinine
values of hypercholesterolemic rats were 0.87+0.11, 0.70+0.13 and 0.16 and 0.65+0.15
(mg/dL) for rats fed on diet supplemented by pine nut powder with the percentage 3,6
and 9%, respectively. The results indicated that there are significant difference (P<0.05)
among all groups of rats. Serum creatinine of hypercholesterolimic was significant
decreased as the addition levels of pine nut powder increased. Such decrease in serum
urea, uric acid and creatinine due to the addition of pine nut powder may be attributed
that pine is a rich source of phenols and flavonoids as shown in the previously results in
table (1). Polyphenols improved serum concentration of both urea and creatinine, as
well as increased the activity of superoxide dismutase in the kidney (El-Nashar, 2007).
Moreover, flavonoids lowered plasma, urea and cratinine levels (Van Hoorn et al.,
2006).

9- Serum proteins

Table (9) illustrates the effect of pine nut fruits on total protein (TP), aloumin (AL) and
bilirubin (Bil) of hypocholesterolemic rats. The obtained results showed that total
protein values of negative and positive control group of rats were 10.96+£1.36 and
7.54+0.79 mg/dL, respectively. Total protein of hypocholesterolimic rats was
ificantly decreased (P<0.05) as compared with negative group. Moreover, diet
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containing pine nuts with the levels of 3, 6 and 9% increased total protein in serum rats

t0 9.29+0.98, 9.83+0.85 and 10.42+1.02 mg/dL, respectively.

Table (8): Effect of white pine nuts powder on urea, uric and creatinine of hypercholesterolemic

rats.
Kidney functions Uric Urea Creatinine

Groups (mg/dl) (mg/dI) (mg/dl)
control (-Ve) 31.86°+ 2.15 17.52° + 2.07 0.63"+0.10
control (+Ve) 52.62° + 3.21 2439 + 2.54 1.38%+0.13
Hyp. rats with 3%white pine 41.04" +3.17 21.18"+1.76 0.87°+0.11
Hyp. rats with 6%white pine 38.02" + 2.15 20.79" + 1.85 0.70°+0.13
Hyp. rats with 9%white pine 31.86°+ 2.12 20.53" +1.97 0.65° + 0.15
L.SD (p<0.05) 3.18 2.01 0.134

Each value in a column followed by the same letter are not significantly at (P<0.05).

On the other hand, albumin values of negative and positive group of rats were
5.98+0.35 and 3.75+0.29 mg/dL, respectively. Meanwhile, alsbumin, values of rats fed
on 3, 6 and 9% pine nut were 4.56+0.41, 4.92+0.38 and 5.82+0.36 mg/dL, respectively.
It is worthy to mention that albumin value was increase as the level of pine nut
increased.

It is evident from the results that Bilirubin (Bil) values of negative and positive group of
rats were 1.01+0.23 and 2.18+0.34 mg/dL, respectively. Bilirubin of
hypercholesterolemic rats (Positive control) was significantly increased than negative
control group of rats. Meanwhile, pine nut powder showed significant increase in
bilirubin of serum rats as compared with positive control. It was found that total
proteins and albumin of hypercholesterolemic rats showed that there were significant
difference (p<0.05) with in treatments.

It is worthy to mentioned that both total serum protein and albumin were increased as
the level of pine nut increased. Such increase may be due to that pine nuts are a good
source of phenols and flavonoids as shown in the previously results in Table (9).

Table (9): Effect of white pine nuts powder on total protein (TP), aloumin (AL) and bilirubin
Bil)of hypercholesterolemic rats.
Parameters Total protein Albumin Bilirubin
Groups (TP) mg /dI (AL) mg /dI (Bil) mg /dI
control (-Ve) 10.96% +1.36 5.98% +0.35 1.01°+0.23
control (+Ve) 7.54° +0.79 3.75°+0.29 2.18%+0.34
yp. rats with 3%white pine 9.29" +0.98 456°+ 0.41 1.56° +0.21
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Hyp. rats with 6%white pine 9.83" +0.85 4.92" +0.38 1.37™+0.19
Hyp. rats with 9%white pine 10.42% + 1.02 5.82% + 0.36 1.18°+0.21
L.SD (p<0.05) 1.08 0.34 0.26

Each value in a column followed by the same letter are not significantly at (P<0.05).

Finally, it could be concluded that pine nut fruit caused an increase in either serum total
protein or albumin, as well as improved the level of blood proteins.
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