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ABSTRACT

The present work was conducted to study the effect of soy lecithin capsules and sumac (Rhus
coriaria L.) spices on the nutritional parameters of rats suffering from hypercholesterolemic. Thirty-six
male rats weighting approximately 160 grams were divided into six groups, each group containing six
rats. Group H1 fed on basal diet as a control negative group. Group H2 fed on diets containing 15% of
beef tallow instead of the sunflower oil proportion and the other groups H4, H5 and H6 fed on the same
diet used in group H2 and supplemented with different treatments (soy lecithin (10g/100g diet), sumac
(4g/100g diet) and mixture of (5g soy lecithin and 2g sumac / 100gm diet) for groups H4, HS, H6,
respectively. Group H3 fed on the same diet used in group H2 and supplemented with Pravachol (drug
group, H3) (10mg/ 100 g diet). After 8 weeks of rats feeding with treatments and hypercholesterolemic
diet rats significantly decreased levels of glucose. The treatments also resulted in a significant
improvement in lipid profile, liver function, and kidney function. However, a significantly increasment
in the activities of catalase (CAT), glutathione peroxidase (GSH-Px) and glutathione (GSH) were
observed in blood of hypercholesterolemic rats treated with soy lecithin and sumac powder. The treated
groups showed a significant decreasment in thiobarbituric acid reactive substances (MDA) in serum.
Since the study of induction of the redox enzymes is considered to be a reliable marker for evaluating
the anti peroxidative efficiency of the soy lecithin and sumac. Treatment with soy lecithin and sumac
powder reduces the histopathological, heart and liver abnormalities associated with
hypercholesterolemic.

Keywords: Soy lecithin, Sumac, Hypercholesterolemic, Rats, Blood glucose, Cholesterol ,
Triglycerides, liver function, kidney function , CAT, GSH-Px, GSH, MDA .

Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality worldwide and is
increasing alarmingly in developing countries (Rehan et al., 2016). Hypercholesterolemia (HC) is a
major risk factor in the development of premature atherosclerosis (Riccioni and Sblendorio, 2012).
Some studies have clearly shown that dietary factors such as continuous ingestion of high amounts of
saturated fats and cholesterol are directly related to HC (Abdelhalim, 2010 and Sethi et al., 2010).
Moreover, high cholesterol levels along with generation of reactive oxygen species (ROS) play a key
role in the development of coronary artery disease and atherosclerosis (Kamesh and Sumathi, 2012)
since they generate oxidized low-density lipoprotein (oxLDL) ( Ondrejovicova et al., 2010). These
atherogenic particles are involved in inflammatory processes and consequently in the progression of
atherosclerotic lesions (Packard and Libby, 2008). To minimize the damaging effects of free radicals,
enzymatic and non-enzymatic systems of defense are developed by the body such as superoxide
dismutase (SOD) glutathione peroxidase (GSH-Px) and catalase (CAT), which act in concert to protect
the organism from oxidative damage (Kamesh and Sumathi, 2012). Lecithin, (an important
phospholipid) is found in the major organs in our body such as the heart, the liver, and the kidneys (Raj
et al., 2010). Lecithin, which is a component of most cells, will help in transport and responsible for
overall health of the body. Though it is produced within our own bodies, we do not always consume
enough of the nutrition needed to produce it in adequate amounts (Raj et al., 2010). As a result, lecithin
supplementation is necessary for overall health and prevention of many conditions and diseases.
Lecithin is composed of phosphoric acid, choline, fatty acids, glycerol, glycolipids, triglycerides and
phospholipids (e.g., phosphatidylcholine, phosphatidylethanolamine, and phosphatidylinositol) (Raj et
al., 2010). However, lecithin is sometimes used as a synonym for pure phosphatidylcholine, a
phospholipid that is the major component of its phosphatide fraction. It may be isolated either from egg
yolk or soyabeans. Few studies have been carried out exploring different biological activities of lecithin.
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Soya-derived lecithin have significant effects on lowering cholesterol and triglyceride, while increasing
HDL levels in the blood (Raj ef al., 2010). Recent studies suggest that a lecithin enriched diet can
modify the cholesterol homeostasis and lipoprotein metabolism. Lecithin diet modifies the cholesterol
homeostasis in the liver, increasing the activity of 3-hydroxy-3 methylglutaryl coenzyme A (HMG-
CoA) reductase and cholesterol 7 alpha-hydroxylase and decreasing the microsomal ACAT activity.

One of the most spectacular properties of lecithin is its ability to reduce the excess of LDL
cholesterol. It also promotes the synthesis in the liver of great amount of HDL, the beneficial
cholesterol. Bile acid secretion with high levels of cholesterol and phospholipids is encouraged by
lecithin-rich diets when compared with diets without lecithin. Lecithin contains choline that is used in
treatment of neural disorder. Lecithin is one of the nature elements (components) that have dispersing
properties. That is why it can emulsify fat, avoiding its absorption (Mourad et al., 2010, Sreedevi et al.,
2012 and Sarah and Luma, 2018).

Sumac (Rhus coriaria L., family Anacardiaceae) is one of the most popular spices in
Mediterranean and Arabic countries, which is obtained by crushing the dried fruits. Sumac is used in
traditional medicine for its antibacterial and antioxidant effect (Aliakbarlu et al., 2013 ; Ali-Shtayeh et
al., 2013 and Kossah et al., 2013), antifungal (Onkar et al., 2011), anti-inflammatory (Panico et al.,
2009), DNA protective (Chakraborty et al., 2009), hypoglycemic (Golzadeh et al., 2012 and Anwer et
al., 2013), and hypolipidemic activities (Madihi ef al., 2013). Sumac is a rich source of tannins, phenolic
compounds, oleic and linoleic acids, vitamins, minerals, anthocyanins and organic acids (Zargham and
Zargham, 2008; Kossah et al., 2009 and Kossah, 2010).

Liver function could be detected the state of liver. Uses of Liver Function Tests (LFTS) to check
liver impairment, evaluate the development of diseases and monitor the impact of hepatotoxic drugs
and necrosis in the liver of animals. Serum aminotransferases and alkaline phosphatase, bilirubin and
albumin also the prothrombin time included in (LFTS) (Macfarlane ef al., 2000).

Creatine metabolism by muscles produces creatinine as a major waste product of this process. In
kidneys, it's filtered by the glomerulus and excreted by the tubules. Besides free-creatinine appears in
the blood serum (Stevens ef al., 2006), urea and uric acid are the principal waste products of protein
catabolism. They synthesized in the liver from ammonia produced because of the deamination of amino
acids. The rate of production is accelerated by a high protein diet or by increased endogenous catabolism
due to starvation or tissue damage (Bequette and Sunny, 2005). Kidney function tests help to determine
if the kidney is performing their task adequately.

The aim of this work is to examine the nutritional and protective effect of soy lecithin and sumac
(Rhuscoriaria L.) on hypercholesterolemic rats.

Materials and Methods

Soy lecithin capsules [22% phospholipids (Phosphatidylethanolamine)], Pravachol sumac (Rhus
coriaria L.) spices and Beef tallow were purchased from local market and pharmacy, spectrum Kits
which used in biochemical assay, were bought from Egyptian market (El Fouad Lab supply company).

Animals: Thirty-six male Albino rats, average weight of 160 g + 0.5 g. raised in the animal house of
the Ophthalmology Research Institute, Giza, Egypt, were used in the present study. The rats were kept
in normal healthy laboratory condition; temperature was adjusted at 25 = 2 ‘C and12-hour light — dark.
Animals were adapted on free access of water, and fed for one week basal diet before the initiation
standard of the experimental .The Composition of the basal diet: Casein, 21.7%, vegetable oil, 15%,
corn starch, 58.1%; cholic acid 0.2%, salt mixture, 4% and vitamin mixture, 1% according to Zahra and
Pooya, (2012).

Experimental design: The 36 rats were equally divided into 6 groups of six rats and were kept in wire
cages in an equal room temperature of 25°C+ 2 with normal healthy conditions maintained. Food
consumption was monitored, and the weekly weight gain was determined. The rats of (H1) we fed on
basal diet and were considered a control negative group (normal control). The other five groups were
given 15% of beef tallow instead of the sunflower oil proportion. Group H2 fed on diets containing
15% of beef tallow instead of the sunflower oil proportion. Four groups were administrated, Pravachol
(drug group, H3)(10mg / 100 g diet), Soy lecithin (group, H4) (10g/ 100 g diet), sumac powder (group,
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H5) (4g / 100 g diet) and mixtures (5 gm soy lecithin and 2 gm sumac powder/ 100gm diet) (group,
Ho).

The examined parameters were chemical components, food consumption, body weight gain,
relative organs weight, some biochemical tests and histopathological examination of heart and liver in
normal and experimental rats. Their effects and constituents are recorded in tables.

Biochemical assay: when the 60 days was finished (the period of experimental), the blood samples
were collected from the eye plexuses of the animals. Then they were put into a dry clean centrifuge
glass tube without any coagulation to prepare serum. The samples were left for 15 minutes at normal
temperature, after that the tubes were centrifuged for another 15 minutes at 3000 rmp. From then until
the time of analysis the clean supernatant serum was kept frozen at -20 "C. Determination of serum
glucose level was done according to Trinder, (1969) using spectrum kits. The determination the levels
of Total cholesterol (TC) using methods according to Waston (1960), high density lipoprotein (HDL)
(Assmann (1979), low density lipoprotein (LDL) (Wieland and Seidel (1983), VLDL- cholesterol
(Wallach (1992), total lipid (TL) (Zollener and Kirsch (1962), triglycerides (TG) (Fossati and Prencipe
(1982) and atherogenic index (Kikuchi et al, 1998), respectively. Liver function: Alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) activities were using methods of
(Bergmeyer and Harder, 1986). Alkaline phosphatase (ALP) activity was measured at 405 nm of
paranitrophenol from para-nitrophenylphosphate of the formation as a substance using the method of
(Varley et al., 1980). Lactate Dehudrogenase (LDH) was measured using the method of Martinek,
(1972). Kidney function: creatinine was measured using he method of Henry (1974), urea was measured
using the method of Fawcett and Scott (1960) while uric acid was measured using the method of
Caraway, (1955). The activity of lipid peroxidation level (Malondialdehyde, MDA) was determined in
serum by the colorimetric method described by Meltzer et al. (1997).Glutathione peroxides (GSH-
Px),Glutathione reduced (GSH) and Catalase were measured calorimetrically in erythrocyte according
to the method of Rotruck ef al., (1973), Ellman (1959) and Aebi (1984), respectively.

Histopathological examination: At the end of the experiment samples from hearts and livers of the
rats of all groups were collected and fixed in a 10% neutral buffered formalin, the samples were
dehydrated in alcohol, cleared in xylol and embedded in paraffin. 4p thick Hematoxylene and eosin
stained sections were prepared (Yoon et al., 2001). These examinations were done by Prof. Dr.
Abdelhameid Kukab professor of Histopathology in faculty of Veterinary Medicine at Cairo University.

Statistical analysis: The obtained results were subjected to statistical analysis using the standard
analysis of variance as outlined by Snedecor and Cochran (1980).

Results and Discussion

Effect of soy lecithin, sumac powder and their mixture on intake of food and gain of body weight
in hypercholesterolemic rats:

Effect of feeding on hypercholesterolemic diet for 60 successive days mixed with soy lecithin
and sumac on body weight gain of rats and its results had been summarized in table (1).Data show that
the initial body weights did not significantly differ among the groups and at the end of experiment,
regardless of the diet variation, there was increased significantly differences among all the tested rat
groups except in case of the (p. control) which was significantly decreased (18.85 %) in body weight
gain comparing to non- hypercholesterolemic (N-control). Meanwhile, soy lecithin and sumac powders
with hypercholesterolemic diet increased in body weight gain comparing to hypercholesterolemic diet
(P-Control). On contrary, there were non- significant differences were found in heart, liver and kidney
on their relative weight (%) of rats except that rats feed on hypercholesterolemic diet (H2 and H3)
groups table (1).

Hypercholesterolemic diet for 60 successive days was increasing the weight gains and feed
intake significantly this data agreement with Maha, (2015). The present results revealed that
hypercholesterolemic diet significantly reduce food intake, compared to standard diet. These results
may be attributed to higher caloric content of hypercholesterolemic diet compared to standard diet. High
fat diet in the present study was responsible for increasing satiety and total calories. This result agreed
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with Sheyla et al., (2005) who explained that high fat diet induce hypercholesterolemic, leads to lower
ingestion by the animals and cause malnutrition. The beneficial effect of antioxidant administration
against hypercholesterolemic poisoning with respect to body weight observed in the present study
confirms previous results obtained by Manal et al., (2012) who concluded that feeding rats with
antioxidants could play an important role as a prophylactic against the toxic effects of high fat.

The relation between organs weight (liver and heart) and body weight might be based on fat
accumulation in liver and heart cells. When organ weight was compared with final body weight, fat
increased the hepatosomatic index causes liver damage. Uthandi and Ramasamy, (2011) reported that
higher ingestion of potentially toxic components by the rat fed high fat lead to higher hepatosomatic
index. These results were confirmed by histopathological examination (fatty changes of hepatocytes
and granularity of the sarcoplasm focal cardiac myocytes), accordance with Sheyla et al., (2005), and
the accumulation of intracellular lipid in cardiomyocytes in response to cholesterol diet (Puskas et al.,
2004). Meanwhile, there was no difference in relative organs weight in rats feed on
hypercholesterolemic diet with soy lecithin, sumac powders and mixture (soy lecithin and sumac).
While rats feed on high fat (H2 and H3) showed increased in relative organs weight (heart, liver and
kidney). The obtained data are agreements with Rezq and El-Khamisy, (2011) which reported that
relative organs weight was significantly increased after rats feed on high fat diets.

Effect of soy lecithin, sumac powder and their mixture on serum glucose levels and lipid profile
levels of hypercholesterolemic rats:

Table (2) display the level of serum glucose in normal and experimental animals. The data
revealed a significant increased elevation (44.68%) in blood glucose in H2 (P. control) rats compared
to H1 (N. control) normal rats. Supplemented provision of soy lecithin, sumac and their mixture (soy
lecithin and sumac) with hypercholesterolemic diet significantly decreased (19.85, 20.95and 24.63 %,
respectively) the level of blood glucose compared to H2 (P. control) group. On the other hand, there
were no significant variances in glucose among rats feed on soy lecithin and sumac groups throughout
the feeding periods (60 days). The present results revealed that was non- significant in concentrations
of serum glucose of rats given soy lecithin and sumac powder for 60 days while serum glucose
significantly high in hypercholesterolemic rats H2 (P- Control) which agreement with (Labban et al.,
2014 and Sarah and Luma, 2018).

The hypercholesterolemic diet significantly increased elevation (89.28; 92.38 ;50 ; 50; 30.86 and
202.73 %, respectively) in serum total cholesterol; low- density lipoprotein- cholesterol; triglyceride;
very low- density lipoprotein- cholesterol, total lipid and atherogenic index in H2 (P. control) rats
compared to H1(N. control) normal rats. While, HDL- cholesterol was significantly declined (40. 23%)
in H2 (P. control) rats compared to H1 (N. control) normal rats as shown in Table (2). Administration
of the tested soy lecithin, sumac and its mixture (soy lecithin and sumac) improved or returned these
values to the normal ones. On contrary, there were non-significant differences in serum total cholesterol,
HDL- cholesterol, low density lipoprotein- cholesterol, triglyceride; very low-density lipoprotein-
cholesterol and total lipid in among rats feed on soy lecithin and sumac groups throughout the feeding
periods (60 days) but its mixture has significant improved results.

These results agree with that (Nagib, 2017). P-control (H2) diet increase oxidative stress and the
presence of oxidized LDL-cholesterol and other lipoproteins. Oxidation converts LDL-cholesterol to a
form that is rapidly taken up and degraded by macrophages and increased degradation of unoxidized
LDL-cholesterol. Antioxidants are inhibiting metabolism of LDL-cholesterol and reduce toxicity of
oxidized LDL-cholesterol. Oxidized lipoproteins may lead to development of atherosclerosis
(Shafaeizade et al. 2011).

The increase in HDL-C may be a consequence of protection mechanism against the oxidative
stress caused by the diet containing hypercholesterolemic and a mechanism to avoid oxidative changes
in another lipoprotein such as LDL (Kareem et al., 2009). HDL - C as mention in Table (2) showed
that the rats of H4,HS and H6 groups had lower concentrations of (HDL -C) compared with the H1
group rats but higher than H2 and H3 groups. Mohammadi and Oshaghi, (2014) found that antioxidant
rich foods increased the response to the oxidative damage in the pathogenesis of many diseases and
increased HDL-C.

Rats fed on hypercholesterolemic diet showed that the concentration of TC, LDL , LDL , VLDL,
TG and TL increased significantly than non hypercholesterolemic diet . Meanwhile, the groups (H3,
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Table 1: Effect of soy lecithin and sumac on net gain and % (liver, kidney and heart) organs in experimental of hypercholesterolemic rats.

Treatments Initial Final Net gain Net gain F00(.i Liover Kidney Heart
® ® o (% consumption (g) % o %

N. control (H1) 1602+ 1 340.332+1.52 180.332+0.57 112.71 11753+ 5 2.511¢+0.0046 0.3657°+0.0017 0.591°+0.0012
P. control (H2) 159.67%+ 0.57 305.67F+1.52 146.33°+1.53 91.84 961.67 = 7.64 2.779°+£0.0104 0.7362£0.0034 0.9163+0.0025
Drug (H3) 159.67%+ 0.57 321+ 2 161.33%4+1.53 101.04 995+ 5 2.472+0.0092 0.5823%+0.0023 0.736°+0.0012
Lecithin (H4) 160.672+1.15 320.67°+1.15 1609+ 0.57 99.79 1091.67 9+ 7.63 2.5723+0.0103 0.4987°+0.0029 0.699°+0.0012
Sumac (H5) 160.672+1.15 324.33¢+0.57 163.66¢°+1.52 101.86 1108.33°+7.63 2.5618°+0.0095 0.4967°+0.0012 0.696°+0.0012
Lecithin+Sumac (H6) 160.672+1.15 3280+] 167.33%+2.08 104.14 1125%5 2.47239+0.0085 0.37174+0.0025 0.6559+0.0015
LSD 1.9215 1.7288 2.4807 11.4833 0.0138 0.0022 0.0042

Means, within the same column, followed by the same letter are not significantly different at <0.05.
Means are followed by the corresponding standard deviation.

Table 2: Effect of soy lecithin and sumac on glucose, total cholesterol, HDL-C, LDL-C, VLDL-C, triglycerides, total lipid and Atherogenicindex levels in experimental
of hypercholesterolemic rats.

Treatments Glucose TC HDL LDL VLDL TG TL Atherogenic
mg/dl mg/dl mg/dl mg/dl mg/dl mg/dl mg/dl Index
N. control (H1) 125.33%1 105.66°+1.53 30.67 2+0.58 65.70°1 24.13°+1.21 120.66°+2.08 2832 2.93°+0.008
P. control (H2) 181.332£1.15 200%+2 18.33°+1.53 126.40%+1.5 36.284+0.72 18121 370.332+4.5 8.87°+0.010
Drug (H3) 152.66°+1.52 150.335+1.53 2191 101.60°+1.5 30.67°+0.51 153.33+1.53 316°+3 6.30°+0.010
Lecithin (H4) 145.33¢+1.15 147.33°+1.53 23.8°+1 87.80°+1.53 27.93°+1 139.66°+1.53 310.66°1.15 4.86°¢0.009
Sumac (H5) 143.33°+0.58 145°+1 251 84.50°+1 27.514+1.01 137.53°+0.58 306.66°+0.58 4.48°+0.009
Lecithin+Sumac (H6) 136.66%+1.53 14191 28+] 74.5 %41 25.81%9+0.53 129 41 30041 3.584+0.008
LSD 2.1380 2.6186 1.8752 2.2828 1.5486 2.4449 4.3576 0.8247

Means, within the same column, followed by the same letter are not significantly different at < 0.05.
Means are followed by the corresponding standard deviation.
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H4, H5 and H6) fed on hypercholesterolemic diet and supplemented with different of treatments had
lower value compared with H2 group (table 2) . These results are in agreement with (Doha et al., 2010)
and (Li et al ., 2016).

Effect of soy lecithin and sumac powders and their mixture on liver functions of
hypercholesterolemic rats:

Administration of hypercholesterolemic diet produced significant adverse effects on the liver
functions of the rats, which is evidenced by a significant increase elevation (47.15,31.70, 78.48 ; 84.93,
56.99 and 76.84 % respectively) in the actions of AST; ALT and ALP in H2 (P. control) and H3 (drug)
compared to H1(N. control) normal. Treatment of hypercholesterolemic rats with soy lecithin and
sumac exhibited improvement in the actions of AST, ALT and ALP compared to H2 ( P. control) rats.
On the other hand, there were non- significant variances in the actions of AST, ALT and ALP among
rats feed on soy lecithin and sumac groups throughout the feeding periods (60 days) Table (3) but H6
has better improvement .

The Concentration of intracellular hepatic enzymes that have leaked into the circulation measured
by alanine aminotransferase (ALT) and aspartate aminotrasferase (AST). Moreover, normal functioning
of liver indicated by normal levels of ALT and AST . When the enzymes leak from the liver cytosol
into the blood stream that lead to higher level of ALP in serum (Daugan et a/ ., 2012), which is indicative
of hepatotoxic of hypercholesterolemic rats. Also, one of the advantages of administration of soy
lecithin and sumac to hypercholesterolemic rats was a reduction in ALP activity to its regular levels.
High levels of ALP in serum indicate liver damage. In the present study, the decrease in ALP activity
in hypercholesterolemic rats given soy lecithin and sumac shows that presented liver damage, as a result
of metabolic changes such as administration of toxin, liver cirrhosis, hepatitis, and cancer of the liver,
when the serum ALT, AST and ALP increased (Nagib, 2017) . Thus, they can be used as markers to
estimate the extent of liver damage. In this concern, it was reported that oxidative stress mediates many
of the effects caused by oxidized fats (Kunwar and Priyadarsini, 2011). The formation of reactive
oxygen species (ROS) may increase the dietary oxidized fats and may cause an increased damage of
proteins in the liver by enhancing lipid per oxidation of the cell membrane and increasing the generation
of (ROS) which can lead to calcium homeostasis disturbances, increase membrane fluidity and cell
death. On the other hand, (Abbass et a/ ., 2012 and Nagib, (2017) found that some natural substances
that can delay the rate of oxidation by directing the breakdown of peroxides into stable substances that
do not promote further oxidation or by sweeping free radicals away. Histopathological study of liver
showed kuffer cells activation, vacuolar degeneration of hepatocytes and fatty degeneration of centro-
lobular hepatocytes in the liver of hypercholesterolemic rats. Damaged membranes were recovered by
the treatment with spices through enhancing antioxidants' status and decreasing lipid peroxidation
(Labban et al., 2014).

Effect of soy lecithin and sumac powder and their mixture on Kkidney functions of
hypercholesterolemic rats:

It was clear from table (3) hypercholesterolemic diet produced significant adverse effects on the
kidney functions of the rats, which is evidenced by a significant increase elevation (57.38,40.98; 63.33,
50 and 29.45,18.91%, respectively) in creatinine; urea and uric in H2 (P. control) and group drug
compared to H1 (N. control) normal. Treatment of hypercholesterolemic rats with soy lecithin and
sumac exhibited improvement in kidney functions compared to H2 (P. control) rats. Meanwhile, there
were non- significant differences in creatinine, urea and uric in among rats feed on soy lecithin and
sumac groups throughout the feeding periods (60 days).

Our study, demonstrated that hypercholesterolemic rats had a renal modification such as
accumulation of fat in cells¢ increased kidney weight gain, glomerular sclerosis and inflammatory
infiltrates, along with elevated levels of blood glucose, reinforce the idea that glycosylation of proteins,
increased the release of pro inflammatory cytokines, oxidative stress, and the accumulation of lipid
peroxidation products may be caused kidney damage (De Castro, 2013).Deterioration of the tissues
and enlarged the kidneys of hypercholesterolemic rats (Amin et al.,2014) .
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Effect of soy lecithin and sumac powder and their mixture on malonaldehyde , enzymatic
antioxidants and non- enzymatic antioxidants activity in experimental of hypercholesterolemic
rats:

Table (4) show the activity levels of Lactate dehydrogenase (LDH) enzyme malonaldehyde
(MDA) enzyme in serum, enzymatic antioxidants, Catales , (GSH-Px) and non- enzymatic
antioxidants(GSH) in blood, respectively, in normal and experimental rat groups. The activity of serum
LDH enzyme was significantly increased (68.80 %) in H2 (P. control) hypercholesterolemic compared
to H1 (N. control) normal (44.38 ) and also maloaldehyde (MDA) activity was significantly increased
(474.38 %) in H2 (P. control) hypercholesterolemic compared to HI (N. control) normal. While the
activities of blood enzymatic antioxidants catales, (GSH-Px) and non- enzymatic antioxidants (GSH)
were significantly decreased (52.55, 59.19 and 70.46 %, respectively) in H2 (P. control) compared to
HI1 (N. control) normal. Supplemented hypercholesterolemic rats groups with soy lecithin and sumac
decreased the levels of LDH, malonaldehyde (MDA) and increased activities of enzymatic antioxidant,
catales, GSH-Px and non-enzymatic antioxidants (GSH) . On contrary, there were non-significant
differences in LDH, MDA, catales, (GSH-Px) and non- enzymatic antioxidants (GSH) among rats feed
on soy lecithin and sumac groups but its mixture makes good improvement throughout the feeding
periods (60 days).

A stressful condition leads to the excessive production of free radicals which results in oxidative
stress an imbalance in the oxidant per antioxidant system. Generation of free radicals is an integral
feature of normal cellular functions in contrast to excessive generation and/or inadequate removal of
free radical results in destructive and irreversible damage to the cell (Sarah and Luma, 2018). Under
normal conditions, there is a natural defense system provided by several enzymes such as Catalase
(CAT), Glutathione Peroxidase (GSH-Px) and non- enzymatic antioxidants Glutathione reduced (GSH)
which performs a vital role for detoxification of free radicals. The use of antioxidant rich food or
antioxidant food supplements became immensely popular since many diseases have been associated
with oxidative stress (Colares et al., 2016, Nagib, 2017 and Sarah and Luma, 2018).

Pathological effects of different organs: Figure (1) shows the microscopic examination of the heart
of the experimental rat groups. Microscopical examination of heart of rat from group H1 revealed the
normal histological structure of cardiac myocytes (slide 1). In contrary, examined sections from H 2 (
P. control) group showed vacuolation of the sarcoplasm of cardiac myocytes (slide 2), inter myocardial
oedema (slide 3) and focal necrosis of cardiac myocytes (slide 4). However, heart of rats from drug
group (H 3) revealed congestion of myocardial blood vessels (slide 5), slight inter myocardial oedema
with few inflammatory cell’s infiltration (slide 6) andvacuolation of the sarcoplasm of cardiac myocytes
(slide 7). Meanwhile, heart of rats from group (H4) revealed no histopathological changes (slide 8).
Heart of rats from group (H5) showed no histopathological changes (slide 9). On the other hand, heart
of rats from group (H6) revealed no histopathological changes (slide 10).

Meanwhile, Figure (2) shows the microscopic examination of the liver of the experimental rat
groups. Microscopical examination of liver of rat from group (H 1) revealed the normal histological
structure of hepatic lobule (slide 1). On the other hand, liver of rats from P. control group (H 2) revealed
steatosis of hepatocytes (vacuolar degeneration of hepatocytes) (slide 2) and oval cells proliferation in
the portal triad (slide 3).

However, liver of rats from drug group (H3) revealed vacuolar degeneration of some hepatocytes
(slide 4) and binucleation of hepatocytes (slide 5). Meanwhile, liver of rats from group (H 4) from
revealed steatosis of some hepatocytes (vacuolar degeneration of hepatocytes) (slide 6). Liver of rats
from group (H 5) showed steatosis of hepatocytes (vacuolar degeneration of hepatocytes) (slide 7). On
the other hand, liver of rats from group (H6) revealed no histopathological changes (slide 8).
The present study cleared that the addition concentration of soy lecithin, sumac powders or
their mixture in high fat diets could be declined the levels of lipid peroxidation, reducing the formation
of atherogenic index which prevent tissue damage.

636



Middle East J. Appl. Sci., 9(3): 630-643, 2019
ISSN 2077-4613

Table 3: Effect of soy lecithin and sumac on liver function and kidney function levels in experimental of hypercholesterolemic rats.

Treatments AST ALT Creatinine Urea Uric acid
U/L U/L mg/dl mg/dl mg/dl
N. control (H1) 41°£1 31+ 1.07 150.33°+5.4 0.61°+0.01 301 2.75°+0.05
P. control (H2) 60.33°+1.53 55.33%+1.47 278*£10 0.962+0.01 492+1 3.563+0.058
Drug (H3) 544+ 1.32 52.33b+1.41 236+8.5 0.86°+0.01 45441 3.27°+0.025
Lecithin (H4) 51 1.25 38°+1.35 214.06°£7.3 0.78 °+0.006 38.57°£0.58 3.04 °+0.04
Sumac (H5) 49.5°¢1.21 36.96°+1.28 217.33°£7.8 0.77 +0.006 37.07 °+0.58 3.11°+£0.058
LecithintSumac (H6) 45.339+1.17 34.3391.19 204339+ 6 0.69 ¢+0.01 34.669+0.58 2.874+0.058
LSD 1.8752 1.3259 0.0156 1.4525 0.0883

Means, within the same column, followed by the same letter are not significantly different at <0.05.

Means are followed by the corresponding standard deviation

Table 4: Effect of soy lecithin and sumac on serum(MDA) and erythrocytes (Catalase, GSH-Px and GSH) levels experimental of hypercholesterolemic rats.

Treatments Catalase GSH-Px GSH LDH MDA
(U/ml) (U/ml) (mg/dl) U/L (nmol/ml)
N. control (H1) 175.82+ 8.2 167.5+ 7.4 37.54°£1.02 827.66°+10.4 449+ 0.4
P. control (H2) 83.41°+6.5 68.35°+4.2 11.09°+0.42 1463.66£15.8 25.79°+0.84
Drug (H3) 127.51% 6.4 114.52+4.8 27.244+0.72 1195°+ 14.1 11.85°+0.71
Lecithin (H4) 145.34°+ 7.2 120.35°+5.6 29.15°+£0.85 980+ 13.5 9.86°+0.67
Sumac (H5) 148.51°+7.4 124.59°+5.9 28.54°+£0.93 962.66°+12.9 9.23+£0.62
Lecithin+Sumac (H6) 151.28%+7.9 131.27%+6.4 31.92°+0.97 879.669+12.5 8.179+0.6
LSD 3.8547 5.3854 1.0574 23.7050 1.2187

Means, within the same column, followed by the same letter are not significantly different at <0.05.

Means are followed by the corresponding standard deviation.
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Fig. 1: Histopathological changes in tissue sections of heart.
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Fig. 2: Histopathological changes in tissue sections of liver.

Acknowledgment
The author acknowledges Prof. Dr. Naglaa Hasaneen for her support and deep advices .

639



Middle East J. Appl. Sci., 9(3): 630-643, 2019
ISSN 2077-4613

References

Abbass, M.M., A.H. Mahmoud, M.M.A. Hussein, and S.A. Gabr, 2012. Assessment of Antioxidant
Changes of Aged Rats Treated With Sumac Extract . J. of Amer. Sci., 8(4): 553- 558.

Abdelhalim M.A., 2010. The potential influence of high cholesterol diet induced oxidative stress on
composition and properties of red blood cells in rabbits. Aft. J. Microbiol Res., 4:836-43.

Aebi, H., 1984. Catalase in vitro. Methods Enzymol .,105:121-136.

Aliakbarlu, J., S. Mohammad and S. Khalili, 2013. A Study on antioxidant potency and antibacterial
activity of water extracts of some spices widely consumed in Iranian diet. J Food Biochem ., 38:
159-166.

Ali-Shtayeh, M.S., A.A. Al-Assali and R.M. Jamous, 2013. Antimicrobial activity of Palestinian
medicinal plants against acne inducing bacteria. African J Microbiol Res., 7: 2560-2573.

Amin K. A., S. R. Galaly, W.G. Hozayen and S.M. Ramadan, 2014. Effects of Orlistat and Herbal
Mixture Extract on Renal Function and Oxidative Stress Biomarkers in a Rat Model of High Fat
Diet. International Journal of Biochemistry Research & Review,4 (2): 173-192.

Anwer T., M. Sharma, G. Khan, M. Igbal, M.S. Ali, M.S. Alam, M.M. Safhi and N. Gupta, 2013. RAus
coriaria ameliorates insulin resistance in noninsulin-dependent diabetes mellitus(NIDDM) rats.
Acta Pol. Pharm - Drug Research,70: 861-867.

Assmann, G., 1979. A fully enzymatic colorimetric determination of HDL-cholesterol in the serum.
Internist, 20: 559-565.

Badimon L., G. Vilahur and T. Padro, 2010. Nutraceuticals and atherosclerosis Human trials.
Cardiovasc Ther., 28:202-15.

Bergmeyer, H.U. and M. Harder, 1986. A colorimeteric method of determination of serum glutamic
oxaloacetic and glutamic pyruvic transaminase. Clin. Biochem., 24: 28 - 34.

Bequette, B.J. and N.E.Sunny, 2005. Reading nitrogenexcretion in ruminants : the potential to increase
urea recycling. Proc. of the 3™ Mild- Atlantic Nutrition Confefence, Timonium, Maryland, 22-
24 March,123-133.

Caraway, W. T., 1955. Determination of uric acid in serum by a carbonate method. American Journal
of Clinical Pathology, 25: 840-845.

Chakraborty, A., F. Ferk, T. Simi¢, A. Brantner, M. Dusinska, M. Kundi, C. Hoelzl, A. Nersesyan
S. Knasmiiller, 2009. DNA-protective effects of sumach (Rhus coriaria L.), a common spice:
results of human and animal studies. 10; 661(1-2):10-7. (doi: 10.1016/j.mrfmmm.2008.10.009.
Epub 2008 Oct 30).

Colares, J.R., E. G. Schemitt, R.M. Hartmann, R. M. Mourae, M. 1. Morgan-Martins, H.S. Fillmannc,
F.L. Fillmannf and N. P. Marroni, 2016. Effect of lecithin on oxidative stress in an experimental
model of rats colitis induced by acetic acid. Journal of Coloproctology,36(2):97-103.

Daugan E., M.A., A. Abdullah and H. A. Sani, 2012. Lipid profile and antioxidant enzymes innormal
and stressed rat fed with palm olein. American Journal of Applied Sciences, 9 (7): 1071-1078.

De Castro, U., S.R. Silva, M. Lima, W. Campagnole-Santos, and M.A. Alzamora, 2013. Age-dependent
effect of highfructose and high-fat diets on lipid metabolism and lipid accumulation in liver and
kidney of rats. Lipids in Health and Disease; 12:136.

Doha A. M., E. H. Thanaa and Y. A. Sahar, 2010. Reduction in hypercholesterolemia and risk of
cardiovascular diseases by mixtures of plant food extracts: a study on plasma lipid profile,
oxidative stress and testosterone in rats. Grasas Y Aceites, 61 (4): 378-389.

Golzadeh M, Farhoom P, and Daneshyar M. (2012). Dietary Rhus coriaria L. powder reduces the blood
cholesterol, VLDL-c and glucose, but increases abdominal fat in broilers. South African J.
Animal Sci., 42: 398-405

Ellman, G.L., 1959. Tissue sulfhydrl groups. Archieves of Biochem. and Biophys., 82: 70-77.

Fawcett, J. K. and J. E. Scott, 1960. Enzymatic colorimetric method for determination urea in serum,
plasma and urine. J. Clin. Path., 13,156-162.

Fossati, P. and L. Prencipe, 1982. The determination of triglycerdes using enzymatic methods. Clin.
Chem., 28: 2077-2081.

Henry, R. J., 1974. Clinical Chemistry, Principles and Techniques, 2" Edition, Harper and Raw, p. 525.

Kamesh, V., T. Sumathi, 2012. Antihypercholesterolemic effect of Bacopa monmnieralinn on high
cholesterol diet induced hypercholesterolemia in rats. Asian Pac J Trop Med ,5:949-55.

640



Middle East J. Appl. Sci., 9(3): 630-643, 2019
ISSN 2077-4613

Kareem M. A., G. S. Krushna, S. A. Hussain and K. L.Devi, 2009. Effect of Aqueous Extract of Nutmeg
on Hyperglycaemia, Hyperlipidaemia and Cardiac Histology Associated with Isoproterenol-
induced Myocardial Infarction in Rats. Tropical Journal of Pharmaceutical Research, 8 (4): 337-
344.

Kikuchi, H.H., N. Onodera, S. Mastubara, E. Yasuda, O. Chonan, R. Takahashi and F. Ishikawa, 1998.
Effects of soy milk and bifidobacterium fermented soy milk on lipid metabolism in aged
ovariectomized rats. Bioscience, Biotechnology and Biochemistry, 62, (9): 1688-1692.

Kossah, R., C. Nsabimana, J.X. Zhao, H.Q. Chen, F.W. Tian, H. Zhang and W. Chen, 2009.
Comparative study on the chemical composition of Syrian sumac (Rhus coriaria L.) and Chinese
sumac (Rhustyphina L.) fruits Pak. J. Nutr, 8: 1570-1574.

Kossah, R., 2010.Optimization ofextraction ofpolyphenols from Syrian Sumac (Rhus coriaria L.)and
Chinese Sumac (Rhus typhina L.) fruitsres. J. of phytochemistery, 4: p.146-153.

Kossah, R., C. Nsabimana, H. Zhang and W. Chen, 2013. Evaluation of antimicrobial and antioxidant
activities of Syrian Sumac fruitextract. J Natural Products, 6: 96-102.

Kumar V., A. A. Khan, A. Tripathi, P. K. Dixit and U.K. Bajaj, 2015. Role of oxidative stress in
various diseases: Relevance of dietary antioxidants. The Journal of Phytopharmacology , 4(2):
126-132.

Kunwar Amit and K.I. Priyadarsini, 2011. Free radicals, oxidative stress and importance of antioxidants
in human health. Journal of Medical & Allied Sciences ,1 (2):53-60.

Labban L., U. E. Mustafa and Y. M. Ibrahim, 2014. The Effects of Rosemary (Rosmarinus officinalis)
Leaves Powder on Glucose Level, Lipid Profile and Lipid Perodoxation. International Journal of
Clinical Medicine, 5, 297-304.

Li, Y. C.G. Zhang, X.H. Wang, and D.H. Liu, 2016. Progression of atherosclerosis in Apo E-
knockoutmice fed on a high-fat diet. European Review for Medical and Pharmacological
Sciences, 20:3863-3867.

Macfarlane, 1., A. Bomford and R.A. Sherwood, 2000. Liver diseases and Laboratory Medicine. ACB
Ventures Publications London

Madihi, Y., A. Merrikhi, A. Baradaran, M. Rafieiankopaei, N. Shahinfard and R. Ansari 2013. Impact
of Sumac onpostprandial high-fatoxidative stress.Pak ] Med Sci ,29(1):340-345.

Maha Ahmed Al-Ahdab, 2015. Effect of sesame oil, nigella sativa L oil and their mixtures on lipid
profile and liver enzymes in hypercholesterolemic rats. Journal of American Science,11(12):66-
73.

Manal, A. H., H. A. Soha, and A. A. Ashraf, 2012. Effect of Water Extract Prepared from Green Tea,
Black Tea and Cinnamon on Obese Rats Suffering from Diabetes. World Applied Sciences
Journal 20 (7): 976-987.

Martinek, R.G., 1972. A rapid ultraviolet spectrophotometric lactic dehydrogenase assay. Clin Chim
Acta ,40-:91-99.

Meltzer, HM., M. Folmer, S. Wang, Q. Lie, A. Maage, and H.H. Mundal, 1997. Supplementary
selenium influences the response to fatty acid induced oxidative stress in humans. Biological
Trace Element Research, 60: 51-67.

Mohammadi, A. and E. Oshaghi, 2014. Effect of garlic on lipid profile and expression of LXR alpha in
intestine and liver of hypercholesterolemic mice. Journal of Diabetes & Metabolic Disorders;
13:20 .

Mourad, A. M., Pincinato, E. de Carvalho, P.G. Mazzola, M. Sabha, and P. Moriel, 2010. Influence of
Soy Lecithin Administration on Hypercholesterolemia. Hindawi Publishing Corporation
Cholesterol, Article ID 824813, 4 pages, Volume 2010.

Nagib, R.M., 2017. Hypolipidemic Effect of Sumac (Rhus coriaria L) Fruit Powder and Extract on Rats
Fed High Cholesterol Diet.Bulletin of the National Nutrition Institute of the Arab Republic of
Egypt. December ,(50)74-98.

Ondrejovicova L., J. Muchova, C. Mislanova, Z. Nagyova, Z. Durackova, 2010. Hypercholesterolemia,
oxidative stress and gender dependence in children. Prague Med Rep ,111:300-12.

Onkar, S., A. Mohammed and A. Nida, 2011. New antifungal aromatic compounds from the seeds of
Rhuscoriaria L.Inter Res J Pharmacy, 2:188-194.

641



Middle East J. Appl. Sci., 9(3): 630-643, 2019
ISSN 2077-4613

Packard, R.R. and P. Libby (2008). Inflammation in atherosclerosis: From vascular biology to
biomarker discovery and risk prediction. Clin Chem., 54:24-38.

Panico A., V. Cardile, N.A. Santagati and R. Messina, 2009. Antioxidant and protective effects
ofSumac Leaves onchondrocytes. J] Medicinal Plants Res.,3:855-861.

Puskas, L.G., Z.B. Nagy, Z. Giricz, A. Onody, C. Csonka, K. Kitajka, L. Hackler, A. Zvara and P.
Ferdinandy, 2004. Cholesterol diet-induced hyperlipidemia influences gene expression pattern
of rat hearts: a DNA microarray study, FEBS Lett., 562: 99-104.

Raj, P. V., K. Nitesh, H. R. Chandrashekhar, C. Rao, Mallikarjuna, J.V. Rao, and N. Udupa, 2010.
Effect of lecithin and silymarin on d-galactosamine induced toxicity in isolated hepatocytes and
rats. Indian Journal of Clinical Biochemistry, 25 (2) 169-174.

Rehan, F., A. Qadeer, 1. Bashir and M. Jamshaid, 2016. Risk Factors of Cardiovascular Disease in
Developing Countries.International Current Pharmaceutical Journal, 5(8): 69-72.

Rezq, Amr, A. and E. El-KhamisyAbeer, 2011. Hypolipideimic and Hypocholestermic Effect of Pine
Nuts in Rats Fed High Fat, Cholesterol-Diet. World Applied Sciences Journal,15 (12): 1667-
1677.

Riccioni, G. and V. Sblendorio, 2012. Atherosclerosis: From biology to pharmacological treatment. J
Geriatr Cardiol ,9:305-17.

Rotruck, J.J., A. L. Pope, H.E. Ganther and A.B. Swanson, 1973. Selenium: biochemical role as a
component of glutathione peroxidase. Science, 179: 588-590.

Sarah, M.A. and W.K. Luma, 2018. Protective role of soybean lecithin in reducing
hypercholesterolemia and DNA fragmentation inducing by high cholesterol in adult male rats.
Kufa Journal For Veterinary Medical Sciences ,Vol. (9) No. (1):35-45.

Sethi J., M. Yadav, K. Dahiya, S. Sood, V. Singh and S.B. Bhattacharya, 2010. Antioxidant effect of
Triticum aestivium (wheat grass) in high-fat diet induced oxidative stress in rabbits. Methods
Find Exp Clinical Pharmacol, 32:233

Shafaeizadeh, S., J. Jalal, O. A. Akbare, A. Leila, R. Roghayeh, K. Narges and R. A. T. Negar, 2011.
The effect of consuming oxidized oil supplemented with fiber on lipid profiles in rat model. J
Res Med Sci., 16(12): 1541-1549.

Sheyla, L.M., H. De Paula, L.P. Maria, C. Rinaldo, E. Santosand L. Deoclécio, 2005. Dietary models
for inducing hypercholesterolemia in rats. Brazilian Archives of Biology and Tech.; 48: P.203-
2009.

Snedecor, G.W. and W.G. Cochran, 1980. Statistical methods. 7"Ed, p. 420. Iowa Stat. Univ. Press,
Ames, Iowa, USA .

Sreedevi, T., J. Joseph, D.R. Devi and B.N.V Hari, 2012. Isolation and characterization of lecithin from
emu egg as novel pharmaceutical excipient. Rasayan J. Chem, Vol. 5, No.3, pp 414-419

Stevens, L. A., J. Coresh, T. Greene and S. L. Andrew, 2006. Assessing kidney function - measured
and estimated glomerular filtration rate. N. England Journal of Medicine, 354:2473-2483.

Trinder, P., 1969. Determination of glucose in blood using glucose oxidase with an altemative oxygen
acceptor. Am. Clin. Biochem., 6:24-27.

Varley, H., A. Gewenlock, and M. Bell, 1980. Practical Clinical Biochemistry. vol. 1. 5th*d pp. 741,
897. London: William Heinemen Medical. Books, Ltd.

Wallach, J., 1992. Interpretation of Diagnostic Tests. A synopsis of aboratory medicine, 5 ®54, A little
brown hand- book, Boston.

Waston, D.A., 1960. Simple method for the determination of serum cholesterol. Clin. Chem. Acta.,
5:589-596.

Wieland, H. and D. Seidel, 1983. A fully enzymatic colorimetric determination of HDL-cholesterol in
the serum. J. Nutr., 109: 760 - 766.

Yoon, B.I,, Y.K. Choi, D.Y. Kim, B.H. Hyun, K.H. Joo, H.J. Rim, and J.H. Lee, 2001. Infectivity and
pathological changes in murine clonorchiasis: Comparison in immunocompetent and
immunodeficient mice. J. Vet. Med. Sci., 63(4): 421-425.

Uthandi A. and K. Ramasamy, 2011. Hepatoprotective activity of sesame meal on high fat fed wistar
rats. International Journal of Pharma Sciences and Research ,Vol.2(12),205-211..

642



Middle East J. Appl. Sci., 9(3): 630-643, 2019
ISSN 2077-4613

Zahra Salemi, and Pooya, Samaneh Kamali, 2012. Toxicity of Margarine on liver Enzymes (Aspartate
amino transferas and Alanine amino transferase) in Rats. Iranian Journal of Toxicology, 6 (17):
655-659.

Zargham, H. and R. Zargham, 2008. Tannin extracted fromSumac inhibits vascular smooth muscle
cellmigration. Medical JMalaysia, 11: 119-123.

Zollener, N. and K. Z. Kirsch, 1962. Determination of total lipids by enzymatic colourimetric method.
Ges. Exp. Med., 135:545.

643



	Chakraborty, A., F. Ferk, T. Simić, A. Brantner, M. Dusinská, M. Kundi, C. Hoelzl, A. Nersesyan  S. Knasmüller, 2009.  DNA-protective effects of sumach (Rhus coriaria L.), a common spice: results of human and animal studies.  10; 661(1-2):10-7. (doi: 10.1016/j.mrfmmm.2008.10.009. Epub 2008 Oct 30).




