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ABSTRACT

Thiswork aimed to study protective effects of oral administration of wheat germ oil (WGO 500
mg/kg B.wt) on hyperlipidemia and brain oxidative stress in hypercholesterolemic (HC) and streptozotocin
(STZ) -diabetic rats. Five groups of male Sprague Dawely rats were used, group 1: control negative, group
2: HC rats, group 3: STZ- diabetic rats, group 4: HC rats treated with 500mg/kg B.wt WGO and group 5:
STZ-diabetic rats treated with 500mg/kg B.wt WGO. After 6 weeks (the end of the experimental period),
serum of all rat groups were used for lipid profile analysis to determine the levels of total cholesterol (TC),
triacylglycerol (TAG), low density lipoprotein cholesterol (LDL-C), very low density lipoprotein
cholesterol (VLDL-C), high density lipoprotein cholesterol (HDL-C), TGs/HDL-C ratio and TC /HDL-C
ratio. Brain tissue homogenates from all rat groups, were used for evaluation of malondialdehyde (MDA)
level, antioxidant enzymes activities like superoxide dismutase (SOD), catalase (CAT) and reduced
glutathione (GSH). Specimens from cerebrum were microscopically examined. HC rats (G2) and STZ-
diabetic rats (G3) showed a significant elevation of serum lipid profile, atherogenic index (Al) and brain
MDA level, while there was a significant decrease in serum HDL-C and antioxidant enzymes activities in
brain tissue homogenate when compared with control negative group (Gl1). Oral administration of
500mg/kg B.wt WGO to HC and STZ-diabetic rats, significantly (p = 0.05) reduced serum lipid profile, Al
and brain MDA, however significantly (p = 0.05) increased serum HDL-C levels and antioxidant enzymes
activities in brain tissue homogenate when compared with untreated HC and STZ- diabetic rats.
Histopathological examination of cerebral tissue revealed that WGO treatment of HC and STZ-diabetic
rats showed normal histology.

Abbreviations: WGO, wheat germ oil; B.wt, body weight; TC, Total cholesterol; STZ,
streptozotocin. TGs, Triglycerides;, LDL-C, Low density lipoprotein- cholesterol; VLDL-C, Very low
density lipoprotein- cholesterol; HDL-C, High density lipoprotein-cholesterol; Al, Atherogenic Index ;
MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase; GSH, reduced glutathione; PBS,
phosphate buffer saline; H&E, hematoxylin and eosin.

INTRODUCTION hypercholesterolemia  (Familial

combined

Hyperlipidemia 1s considered as the
primary mediator of a cascade of heart
damaging events in addition to stroke and
atherosclerosis (Balakumar et al., 2007),
pancreatitis and renal injury (Attia et al., 2002)
and metabolic syndrome (Xu et al., 2007). It
may be due to hereditary disorders (Familial
hypercholesterolemia), polygenic

hypercholesterolemia) or non-lipid diseases
such as type 2 diabetes, nephritic syndrome,
hypothyroidism and obesity (Frederick, 2009).
Poli et al, (2008) demonstrated that
hypercholesterolemia is  associated  with
elevated plasma TAGs and/or reduced HDL-C.
An abnormal ratio of TAGs to HDL-C
indicated an atherogenic lipid profile (Da Luz
et al., 2008). Cardiovascular disease including
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coronary heart disease and stroke are the cause
of mortality in both developed and developing
countries, accounting for roughly 20% of all
worldwide deaths per year (Thomas and Rich,
2007). Hypercholesterolemia induces oxidative
stress by causing a reduction in the enzymatic
antioxidant defense potential of tissues,
generation of free radicals and an imbalance
between free radicals production and
antioxidant levels leading to elevated oxidative
stress and accelerated lipid peroxidation,
cellular injury, atherosclerosis and heart
diseases (Shah et al., 2007).

Diabetes mellitus considered as one of
the most common chronic diseases worldwide
and recognized as one of the leading causes of
morbidity and mortality (American
Association of Diabetes Educators, 2010).
More than 347 million people have diabetes
(Danaei et al.,, 2011). Diabetes caused by
either reducing  insulin secretion due to
damage in beta cells of pancreas (type I) or
decreased responsiveness of the peripheral
insulin receptors in peripheral tissues (type II
diabetes) (Poitout, 2008). Diabetic people have
hyperglycemia, glucosuria, polyphagia,
polydipsia and polyuria (Moussa, 2008). Due
to the prolonged period of hyperglycemia,
diabetes leads to irreversible tissue damage
such as retinopathy, nephropathy,
arteriosclerosis and vascular damage (Luitse,
et al, 2012). Streptozotocin (STZ) is a
cytotoxic substance obtained from the soil
microbes; Streptomyces achromogenes that
induces diabetes mellitus in experimental
animals (Shrilatha and Muralidhara, 2007).
STZ penetrates the beta cells (B-cells) of
pancreas via the low affinity glucose protein 2-
transporter and breaks the DNA strand in B-
cells causing a drastic reduction in insulin
production, amendment of glucose level in the
blood (Kumar et al.,, 2011). Several studies
have shown that cytotoxic effects of STZ were
produced by the releasing of reactive oxygen
species the intracellular liberation of nitric

oxide (Szkudelski, 2001) and the imbalance
between plasma oxidant and antioxidant
content, DNA alkylation (Elsner et al., 2000).

There is growing scientific evidence of
the protective biochemical functions of
naturally occurring antioxidants in biological
systems (Ashour et al.,, 2011). Antioxidants
such as flavonoids, polyphenols, vitamin C and
E and carotenoids have been reported to protect
the body system against reactive oxygen
species (Mohamed et al., 2010). Wheat germ
oil (WGO), known to be the richest natural
source in tocopherols, contains all three alpha,
beta and gamma tocopherols, alpha and
gamma-tocotrienols, and also it contains
phytosterols, mainly camp sterol, beta-
cytosterol, and to a less extent 5- stigma sterol,
7- stigma sterol, isofucosterol and 7-
avenasterol, these compounds have strong
antioxidant activity (Hassanein and abdel-
Razek, 2009). Alhassan et al., (2006) reported
that the plant sterols inhibit cholesterol
absorption, lower serum cholesterol, confer a
healthier lipid profile and ameliorate
cardiovascular disease risk factors (Ziv et al.,
2009).

MATERIALS AND METHODS

1- MATERIALS:

1.a- Experimental animals:

The study was conducted on thirty mature
Sprague Dawely male rats weighting 130- 160
g body weight. Animals were purchased from
the animal house in Helwan- Egypt and were
housed in separate cages. All animal
procedures were performed in accordance
with the Ethics Committee of the National
Research Centre, Egypt. Registration number
(09/189).
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1.b- Diet and additives:
Normal control ration:

Normal control ration constituents were
obtained from Faculty of Agriculture,
Mansoura University. The diet was pelleted
composed of (Ground yellow corn, Wheat
bran, Soya bean meal, Corn gluten, Limestone,
Sodium chloride, Vitamins and Minerals and
Molasses). The ingredients of the basal control
diet were shown in (Table 1) to meet the
recommended nutrients requirements for
growth of laboratory rats according to National
Research Council (1995).

Cholesterol rich diet (Hypercholestrolemic
diet):

Hypercholestrolemic diet was prepared
by formulation of the basal control diet with
cholesterol 1%, cholic acid 0.5% and 5% corn
oil (Table 1) as described by Zulet et al.,
(1999). Cholesterol and cholic acid were
purchased from Beta- Scientific office for
chemicals- Egypt.

1.c- Wheat germ oil (WGO):

WGO was purchased from Sedico
Pharmaceutical Company (Extra- 1000-
Sedico)- Egypt in the form of soft gelatin
capsules. Each capsule contains WGO 1000
mg; given to the animals every day by oral
gavages using stomach tube for six weeks at
500 mg/kg B.wt.

1.d- Chemicals:

Diethyl ether for anesthesia, STZ was used
for experimental induction of diabetes type 1
in rats in the form of vial containing 1 gm STZ
powder, cold 0.1 M citrate buffer for STZ
dissolving, cold phosphate buffer saline (50
Mm potassium phosphate, pH 7.5) for brain

tissue homogenate, kits for analysis of serum
triacylglycerols (TAGs), total cholesterol (TC),
high density lipoprotein cholesterol (HDL-C)
and MDA, SOD, CAT and GSH in brain tissue
homogenate.

1.e-Equipments:

Glucometer: for measurement of blood
glucose levels in blood samples taken from tip
of tail under anesthesia and stomach tube for
oral gavages of WGO.

2-METHODS:

2-a-Induction of experimental diabetes in
rats by STZ:

For induction of type 1 DM. Rats were
fasted overnight then injected intraperitoneally
(I.P) with 50 mg STZ previously dissolved in
freshly prepared cold 0.1 M citrate buffer (0.1
M citric acid, 0.1 M trisodium citrate, PH is
4.5) according to Mohamed et al., (2013). The
animals were given 5% glucose water for 24
hours following STZ injection to prevent initial
drug induced hypoglycemic mortality. After 1.P
injection of STZ, the rats were fasted for 14
hours, lightly anaesthetized with diethyl ether
and blood samples were collected through
cutting the tip of tail. The hyperglycemia was
confirmed by measuring fasting blood glucose
levels wusing  glucometer (One  touch
technology). Animals showed symptoms of
polydipsia, polyuria and fasting blood glucose
higher than 250 mg/dl were considered diabetic
and were included in this study. Treatment with
WGO was started 3 days after the induction of
diabetes and continued for 6 weeks the duration
of experiment.

2-b-Experimental design:

Thirty rats were randomly divided into five
groups (6x5), group (1) control negative,
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groups (2) hypercholesterolemic (HC) rats,
group (3) STZ- diabetic rats, group (4) HC rats
orally gavage with WGO (500mg/kg B.wt) and
group (5) STZ-diabetic rats orally gavage with
WGO (500mg/kg B.wt).

2-c-Sampling:
2-c (1)-Blood samples:

At the end of the experimental period, the
rats were fasted overnight, and then
anaesthetized by using diethyl ether. Blood
samples were withdrawn from retro orbital
plexus of all rats, immediately collected in a
tube left in a wvertical position at room
temperature then centrifuged at 3000 rpm for
15 minutes. A clear, straw colored serum
sample aspirated by automatic pipette and
transferred into clean, dry, labeled tubes and
kept at -20°C for subsequent biochemical
analysis of serum lipid profile.

2-c¢ (2)-Tissue samples:

Rats were dissected at the end of the
experimental period. Brain samples were
collected from each rat, washed with normal
physiological saline to clean the remaining
blood. One gram of the brain tissue was used
for preparation of brain tissue homogenate. The
remaining parts of the cerebral hemispheres
were fixed i 10%  formalin  for
histopathological examination.

2-d-Preparation of brain tissue

Homogenate:

One gram of brain tissue was homogenized
in 9 ml cold phosphate buffer saline (50 Mm
potassium  phosphate, pH 7.4). After
centrifugation at 4000 g for 15 min at 4°C,
about 3ml supernatant was aspirated, collected
into separate Eppendorf tubes and stored at -

20°C for further biochemical analysis of MDA,
SOD, CAT and GSH.

2-e-Biochemical analysis:

Serum lipid profile was estimated using
commercial kits according to Lalouschek et
al., (2003). Atherogenic index (Al) was
calculated using the logarithm of the ratio of
triacylglycerol to high density lipoprotein
(log[TAG/HDL-C]) according to  what
previously described by Dobiasova and
Frohlich (2001). Brain tissue MDA (nmol/g
tissue) was assessed by using commercial kit
according to Raquel et al., (2005). Brain tissue
SOD activity (U/g tissue) was assessed by
using commercial kit according to Nishikimi et
al., (1972). Brain tissue CAT activity (U/g
tissue) was assessed by using commercial kit
according to Aebi, (1984) and brain tissue
GSH level (mg/g tissue) was assessed by using
commercial kit according to Beutler et al.,
(1963).

2-f-Histopathological examination:

Fixed specimens were processed routinely
until embedding in paraffin wax. Paraffin
sections of Sum thickness were cut and picked
up on uncoated slides, dried, deparafinized,
rehydrated with graded alcohol, washed and
stained with H&E according to Bancroft et al.,
(1996). Histological changes were examined by
light microscopy (binocular, Olympus). Images
were taken using Digital camera (Canon 5
mega pixels, 3.2x optical zoom).

2-2-g-Statistical analysis:

All the data of the animal experiments were
expressed as means =SEM. Statistical analysis
of data was carried out by software SPSS
program package version 17 (SPSS, 2004)
using the one-way analysis of variance
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ANOVA  followed by Duncan's Multiple
Range Test (DMRT) for testing the
significance differences between variables.
Results were considered significant only at the
level of (P = 0.05) or less.

RESULTS

1-Effects of WGO (500mg/kg B.wt) on
serum lipid profile:

Significant (p<0.05) increases in serum
levels of TC, TAGs, LDL-C, VLDL-C, ratios
of TC/HDL-C and TAGs/HDL-C, Al and
significant (p<0.05) decreases in HDL-C were
shown in HC rats and STZ- diabetic rats when
compared to control rats. The treatment of HC

rats and STZ-diabetic rats with WGO
500mg/kg B.wt induced a significant
improvements in the serum lipid profile,

decreases serum levels of TC, TAGs, LDL-C,
VLDL-C, ratios of TC/HDL-C and
TAGs/HDL-C, Al and significantly (p<0.05)
increases HDL-C levels when compared to
untreated groups (Table 2).

2- Effects of WGO on MDA and antioxidant
enzymes activities in brain tissue
homogenate in different experimental
groups:

A significant (P 0.05) increases in
MDA levels (25.14+2.24 nmol/g tissue) and a
significantly (P= 0.05) decreased activities of
antioxidant enzymes, SOD activity was
(2.37£0.57 U/g tissue), CAT activity was

(0.21+ 0.12 U/g tissue) and GSH activity was
(3.81+ 0.32 mg/g tissue) were recorded in HC
rats when compared to those levels obtained for
control rats. Similarly for the diabetic rats, a
significant (P+ 0.05) increases in MDA levels
(15.31£2.64 nmol/g tissue) and a significantly
(P+ 0.05) decreased antioxidant enzymes
(SOD, CAT and GSH) were reported (8.71+
1.88 nmol/g tissue). Treatment of HC rats and
diabetic rats with WGO 500 mg/kg B.wt
significantly reduced oxidative stress in brain
tissues of rats as it significantly (P- 0.05)
decreased MDA levels and significantly
(P+ 0.05) increased activites of antioxidant
enzymes when compared to those levels
obtained for untreated groups (Table 3).

3- Histopathological finding of brain tissue
in different experimental groups:

Histopathological finding of cerebral
sections of control rats showed normal
histopathological picture (Fig.1A). Meanwhile,
brain sections of HC rats showed neuronal
degeneration with prominent satellitosis,
diffuse gliosis, particularly, around damaged
blood vessels with few  extravasated
erythrocytes (Fig.1B&C). Brain sections of
diabetic rats showed perivascular gliosis
around congested blood vessels (Fig.1D&E)
and focal perivascular hemorrhage. The
microscopic pictures of brain sections of
treated HC and diabetic rats with 500mg/kg
B.wt WGO showed normal histopathological
appearance (Fig. 1F).
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Table (1): Composition of the control and HC diets (g/ 100g).
Ingredients Control diet Hypercholesterolemic diet
Ground yellow corn 71.2% 62.7%
Wheat bran 7% 9%
Soya bean meal 5% 2.5%
Corn gluten 9% 11.5%
Lime stone 2% 2%
Di-Calcium phosphate 2% 2%
Sodium chloride 0.5% 0.5%
Premix 0.3% 0.3%
Molasses 3% 3%
Cholesterol 0 1%
Cholic acid 0 0.5%
Corn oil 0 5%
Table (2): Effects of WGO on serum lipid profile
Experimental groups
Parameters
Group (1) Group (2) Group (3) Group (4) Group (5)
TC (mg/dl) 196.33+8.60" | 338.98+22.75 254.90+4.35° 213.65£1.89" | 206.03+£5.07°
TGs (mg/dl) 147.63+20.31° | 230.97+1.46* 172.03+4.47° 148.44+0.88" | 137.90+0.93%

LDL-C (mg/dl)

119.06+11.43°

246.72+22.86"

197.41+6.81°

122.33+2.93"

119.27+8.57°

HDL-C (mg/dl) 47.73+1.52° 46.07+1.39" 23.09+1.67 61.62+1.01* 59.19+3.94°
VLDL-C (mg/dl) | 29.53+4.15™ 46.19+0.29" 34.4140.89° 29.69+0.18™ 27.58+0.18%
TGs/HDL-C ratio | 3.09+0.43" 5.02+0.15° 7.51£0.39 2.38+0.01"¢ 2.34+0.15%
TC/HDL-C ratio 4.13+0.31" 7.38+0.57" 11.19+1.05° 3.47+0.09" 3.51+0.29°
Al 0.48+0.16" 0.70+0.01* 0.88+0.02° 0.38+0.01" 0.37+0.03¢

- Values are means £S.E.
- Values with different letters in the same row are significant at (P= 0.05).
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Table (3): Effects of WGO on MDA and antioxidant enzymes levels in brain tissue homogenate

Experimental groups

Parameters

Group (1) Group (2) Group (3) Group (4) Group (5)
MDA (nmol/g tissue) | 8.71+£1.88° | 25.14+2.24* | 15.31£2.64" | 14.58+1.43" | 8.47+0.33"
SOD (U/g tissue) 14.73+2.25% | 3.37+£0.57°¢ 1.61+0.25¢ 13.41+1.25" | 10.25+1.65"
CAT (U/g tissue) 1.03+0.08"™ | 0.21+0.12¢ 0.25+0.12¢ 0.64+0.02" 0.71+0.19"
GSH (mg/g tissue) 7.82+1.13" | 3.81+£0.32° 4.01+0.85" 7.48+0.21* 8.77+0.44*

Values are mean +SE.

Values with different letters in the same row are significant at (P+ 0.05).

Fig. 1 (A-F): Histopathological finding of brain sections shows (A): Normal histological picture in (control

group, H&E, X: 200). (B): Neuronal degeneration with prominent satellitosis (arrows) in (HC
group, H&E, X: 200). (C): Diffuse gliosis (arrows) in (HC group, H&E, X: 100). (D):
Perivascular gliosis (thin arrows) around congested blood vessels (thick arrows) in (diabetic
group, H&E, X: 200). (E): Focal perivascular hemorrhage (arrow) (diabetic group, H&E, X:
100). (F): Normal histological picture in (treated groups, H&E, X: 100).
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DISCUSSION

Antioxidants such as flavonoids, polyphenols,
vitamin C and E and carotenoids have been
reported to protect the body system against
reactive oxygen species (Mohamed et al.,
2010). The present study aimed to evaluate the
effect of oral administration of WGO 500
mg/kg B.wt of rat as a natural antioxidant
(ameliorating agent) on serum lipid profile,
lipid peroxidation and antioxidant enzymes in
brain tissues of HC and STZ-diabetic rats.
Hypercholesterolemia, high-cholesterol diet,
elevated serum TC and LDL-C levels and
oxidative stress resulting in increased risk for
atherosclerosis development (Hakimoglu et
al., 2007). Cell membranes contain
unsaturated fatty acids and due to this property
are a target for free radicals that resulted in
peroxidation of lipid membranes and
generation of MDA (Migliore and Coppede,
2009). Also hypercholesterolemia is the major
cause for ischemic brain damage (ischemic
stroke), that caused by occlusion of a major
cerebral artery, resulted 1in significant
reduction in regional cerebral blood flow,
causes deprivation of oxygen and glucose and
resulted in brain damage (Hai et al., 2011).
There is a link between exposure to high
dietary fat and/or cholesterols and oxidative
stress in brains of mice and rats that reflected
by an up regulation of reactive oxygen species
production, oxidized nucleotides and proteins
and markers of lipid peroxidation (Zhang et
al., 2005).

In this study HC rats demonstrated a
significant elevation of serum TC, TAGs,
LDL-C, VLDL-C, TC/HDL-C, TAGs/HDL-C,
Al and a significant reduction in the serum
HDL-C as compared with control negative
group fed cholesterol-free, this result in
agreement with that reported by (Yang et al.,
2008; Ma et al., 2011). Feeding rats a diet rich

in cholesterol evoked an increase in risk
factors for atherosclerosis and cardiovascular
disease such as dyslipidemia (high TAG, TC,
LDL-C, and Ilow HDL-C) and Ilipid
peroxidation (increased MDA levels). This
general profile elicited by an unhealthy dietary
pattern (atherogenic diet) (Mohamed and
Doha, 2009). Also results obtained from the
present study revealed the elevation of
oxidative stress in the brain of HC rats which
was reflected by a reduction in the levels of
antioxidant enzymes including superoxide
dismutase, catalase and reduced glutathione
and a by elevation of MDA levels, which is the
indicator of lipid peroxidation that induced by
free radicals damaging the cell membrane.
These results are similar to that reported by
Zhang et al. (2005) and Chen et al., (2009)
who reported that cerebral ischemia can cause
a significant amount of MDA formation in
ischemic hemisphere. Also it was reported by
Montilla et al., (2006) that a high cholesterol
diet reduced activity of several antioxidant
enzymes such as catalase and superoxide
dismutase in rat's brain. An imbalance between
free radicals production and antioxidant levels
leads to oxidative stress in the brain (Mena et
al.,, 2009). Also cholesterol may initiate
amyloid- 8 (4/3) formation, which mentioned
as a neuron toxic, a potent source of oxidative
stress and irreversible protein aggregation
(Betul and Nesrin, 2011).

Treatments of HC rats by oral
administration of WGO 500 mgkg B.wt
produced an improvement in the serum lipid
profile of rats and ameliorated brain oxidative
stress and improved the microscopic picture of
brain as the therapeutics targeting
hypercholesterolemia decreases the risk of
ischemic stroke in high risk individuals or in
patients with transient ischemic attack
(Amareco and Labreuche, 2009).
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STZ induced diabetic rats had
hyperlipidemia with significant elevation of
TC, TAGs, LDL-C, VLDL-C and Al and
significantly decreased HDL-C. Kumar et al.,
(2013) reported that levels of serum lipids
elevated 2 times more in STZ induced diabetic
rats when compared to normal control rats.
The hypercholesterolemia and
hypertriglyceridemia are mostly found in
diabetes mellitus due to lipid abnormalities
(Shepherd, 2005). The level of TAGs
increased due to insulin deficiency result in
failure to activate lipoprotein lipase thereby
causing hypertriglyceridemia (Shirwaikar et
al., 2005). Significant increase in MDA levels
and significant decrease in antioxidant
enzymes activities in brain tissue revealed that
DM induced brain oxidative stress as
mentioned by Maritim et al. (2003) and
Mohammadi et al. (2013). Hence,
histopathological lesions were detected only in
HC and diabetic rats including neuronal
degeneration with prominent satellitosis,
gliosis, congestion and focal perivascular
hemorrhage. Neuronal degeneration has been
reported to occur in diabetic retinopathy
(Lecleire-Collet et al., 2005) which may be
due to microvascular abnormalities.

The oral administration of high dose of
WGO induced a significant improvement
(p<0.05) in lipid profile in STZ induced
diabetic rats and reduced brain oxidative stress
biomarker, MDA and increased antioxidant
enzymes activities. Histopathological finding
of brain sections from treated rats came to
confirm the biochemical results where normal
histological picture was shown in treated
groups. This result may be attributed to
vitamin E content of WGO that gives a
powerful antioxidant protection to any organ
(Field et al., 2008).

In addition to tocopherols that are the
abundantly found structural components of
WGO (Liu et al., 2008), carotenoids, phenolic

compounds (Zhu et al., 2011), essential fatty
acids (Hassanein and Abdel-Razek, 2009)
and certain phytosterols (Alessandri et al.,
2011) were also found in the structure of
WGO and all have antioxidant effects.

CONCLUSION

The present investigation indicated that
WGO (500 mg/kg B.wt) has a protective effect
against hypercholesterolemia and diabetes-
induced hyperlipidemia and brain oxidative
stress, it produced improvements in
biochemical assays and relieved the
histopathological changes in HC and diabetic
rats.

Acknowledgements:

This research was supported by
Physiology and Pathology Departments;
Faculty of Veterinary Medicine, Mansoura
University.

REFERENCES

Aebi, H. (1984): Methods Enzymol. 105: 121-
126.

Alessandri, J. M; Exiter, A; Al-Gubory, K.
H; Harbeby, E; Lallemand, M. S;
Linard, A; Lavialle, M. and Guesnet,
P. (2011): Influence of gender on DHA
synthesis: The response of rat liver to
low dietary linolenic acid evidences
higher omega- 3 A4- desaturation index
in female. Eur. J. Nutr. 51 (2): 199-
2009.

Alhassan, S; Reese, K. A; Mahurin, J;
Plaisance, E. P. Hilson, B. D, Garner,
J. C; Wee, S. O. and Grandjean,
P.W. (2006): Blood lipid responses to
plant stanol ester supplementation and

Mansoura Vet. Med. J.

Yol. XVIII, No. 1, 2017



Basma M. Hamed. et al...

328

aerobic exercise training. Metab-Clin
Exp, 55: 541-9.

Amarenco, P. and Labreuche, J. (2009):
Lipid management in the prevention of
stroke: review and updated meta-
analysis of statins for  stroke
prevention. Lancet Neurol 8: 453- 463.

American Diabetes Association (2010):
Diagnosis and classification of diabetes
mellitus. J. Diabetes Care. 33: S62-
S69.

Ashour MN, Megahed HA, Eltoukhy SI,
Youness ER, Habib DF and Wafai
HA (2011): Antioxidant and radical
scavenging properities of garlic oil in
streptozotocin induced diabetic rats.
Aust J Basic Appl Sci, 5: 280- 286.

Attia DM, Ni ZN, Boer P and Attia MA,
Goldschmeding R, Koomans HA,
Vaziri ND and Joles JA (2002):
Prpteinuria is preceded by decreased
nitric oxide synthesis and prevented by
a NO donor in cholesterol- fat rats.
Kidney Int, 61: 1776- 1787.

Balakumar P, Jindal S, Shah DI and Singh
M (2007): Experimental models for
vascular  endothelial  dysfunction.
Trends Med Res, 2: 12- 20.

Bancroft, J.D. ., Steven, A. and Turner,
D.R. (1996). Theory and Practice of
Histological ~ Techniques.  4"Ed.
Churchil Livingstone. New York,
London, San Francisco, Tokyo.

Betul, C. and Nesrin, K. O. (2011):
Protective effects of vitamin E against
hypercholesterolemia-induced age-
related diseases. Genes Nutr. 10: 1- 8.

Beutler, E; Duron, O. and Kelly, M. B.
(1963): J. Lab. Clin. Med. 61: 882.

Chen, H; Song, Y. S. and Chan, P. H.
(2009): Inhibition of NADPH oxidase

is neuroprotective after ischemic —
reperfusion. J. Cereb. Blood Flow.
Metab. 29: 1262- 1272.

Da Luz PL, Favarato D, Faria-Neto JR,
Lemos P and Chagas AC (2008):
High ratio of triglycerides to

HDLcholesterol predicts extensive
coronary disease. Clinics (Sao Paulo),
63:427- 32.

Danaei, G., Finucane, M.M., Lu, Y., Singh,
G.M., Cowan, M.J. and Paciorek,
C.J. (2011). National, regional and
global trends in fasting plasma glucose
and diabetes prevalence since 1980:

Systematic analysis of  health
examination surveys and
epidemiological studies with 370

country- years and 2.7 million
participants. Lancet. 378: 31- 40.

Dobiasova, M. and Frohlich, J. (2001). The
plasma parameter log (TG/HDL-C) as
an atherogenic index: correlation with
lipoprotein  particle size and
esterification rate in apoB-lipoprotein-
depleted plasma (FERHDL). Clin.
Biochem. 34: 583- 588.

Elsner, M., Guldbakke, B., Tiedge, M.,
Munday, R. and Lenzen, S. (2000).
Relative importance of transport and
alkylation for pancreatic beta cells
toxicity of streptozotocin action in beta
cells. Diabetologia 43: 1528- 1533.

Field, R; Verghese, M; Walker, L. T. and
Boateng, J. (2008): Feeding wheat
germ meal and wheat germ oil induced
azoxymethane- induced aberrant crypt

foci in fisher 344 male rats. Int. J.
Cancer Res., 4: 127- 136.

Field, R; Verghese, M; Walker, L. T. and
Boateng, J. (2008): Feeding wheat
germ meal and wheat germ oil induced
azoxymethane- induced aberrant crypt

Mansoura Vet. Med. J.

Yol. XVIII, No. 1, 2017



Basma M. Hamed. et al...

329

foci in fisher 344 male rats. Int. J.
Cancer Res., 4: 127- 136.

Frederick JR (2009): Hypercholesterolemia
in children and young adults- Current
management. JEMDSA, 14: 9- 12.

Hai, C; Hideyuki, Y; Gab, S. K; Joo, E. J;
Nobuya, O; Hirooyuki, S; Carolina,
M. M; Purnima, N; Christina, E. G.
and Pak, H.C. (2011): Oxidative
stress i ischemic brain damage:
Mechanisms of cell death and potential
molecular targets for neuroprotection.
Antioxidants& Redox Sgnaling. 14(8):
1505- 1517.

Hakimoglu, F; Kizil, G; Kanay, Z; Kizil,
M. and lisi, H. (2007): The effect of
ethanol  extract of  Hypericum
lysimachioides on lipid profile in
hypercholesterolemic rabbits and it's in
vitro antioxidant activity,
Atherosclerosis. 192: 113- 122.

Hassanein, M. M. M. and Abdel- Razek, E.
(2009): Chromatographic quantitation
of some bioactive minor components in
oils of wheat germ and grape seeds
produced as by-products. J. Oleo Sci.
58:227-233.

Kumar, V., Yadav, P.K.S., Singh, U.P.,
Bhat, H.R., Rana, A. and Zaman, K.
(2011). Pharmacognostical evaluation

of Cuscuta reflexa Roxb. Pharmcog. J.
2(6): 74- 82.

Kumar, V; Ahmed, D; Anwar, F; Ali, M.
and Mujeeb, M. (2013): Enhanced

glycemic control, pancreas
protective«antioxidant and
hepatoprotective effects by

umbelliferon- a - D- glucopyranosyl-
(2I- 1I)- o- Dglucopyranoside in
streptozotocin induced diabetic rats.
Springer plus (Springer open J.). 2:
639.

Lalouschek W., Lang W., Greisenegger S.
and Miillner M.  (2003). Vienna
Stroke Study Group Determination of
lipid profiles and use of statins in
patients with ischemic stroke or
transient ischemic attack. Stroke.
34(1):105-110.

Lecleire-Collet, Al; Tessier, L.H., Massin,
P., Forster, V., Brasseur, G., Sahel,
J.A., Picaud, S. 2005. Advanced
glycation end products can induce glial
reaction and neuronal degeneration in
retinal explants. Br J Ophthalmol.
89(12):1631-3.

Liu, D.; Shi, J., Ibarra, A.C., Kakuda, Y.
and Xue, S. J. (2008): The scavenging
capacity and synergistic effects of
lycopene, vitamin E, vitamin C and b-
carotene mixtures on DPPH free
radical. LWT- Food Sci. Technol. 41:
1344- 1349.

Luitse, M.J., Biessels, G.J., Rutten, G.E.
and Kappelle, L.J. (2012). Diabetes,
hyperglycemia, and acute ischemic
stroke. Lancet Neurol. 11: 261- 271.

Ma, J; Qiao, Z. and Xiang, X. (2011):
Aqueous  extract of  Astragalus
mongholicus ameliorates high
cholesterol diet induced oxidative
injury in experimental rats models. J.
Med. Plants Res. 5: 855-858.

Maritim, A. C; Sanders, R. A. and Watkins,
J. B. (2003): Diabetes, oxidative stress,
and antioxidants: a review. J. Biochem.
Mol. Toxicol. 17: 24- 38.

Mena, S; Ortega, A. and Estrela, J. M.
(2009): Oxidative stress n
environmental- induced

carcinogenesis. Mutat. Res. 674: 36-
44,

Migliore, L. and Coppede, F. (2009):
Environmental- Induced  oxidative

Mansoura Vet. Med. J.

Yol. XVIII, No. 1, 2017



Basma M. Hamed. et al...

330

stress in neurodegenerative disorders
and aging. Mutat. Res. 674: 73- 84.

Mohamed HA and Doha AM (2009): The
protective effect of processed cheese
against hyperlipidemia in rats. Dairy
Sci, 89: 437-447.

Mohamed, D.A., Hamed, T.E. and Al-Okbi,
S.Y. (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. Grasa y aceites.
61:378- 389.

Mohamed, N. E. and Anwar, M. M. (2010):
Efficacy of wheat germ oil in
counteracting of some biochemical
hazards induced by sodium nitrate in
rats. Isotope and Rad. Res. 42 (1): 211-
227.

Mohammadi, A; Sahebkar, A; Iranshahi,
M; Amini, M; Khojasteh, R. and
Ghayour-Mobarhan, M. (2013):
Effects of swimming exercise on
oxidative stress in the hippocampus of
male diabetic rats. Medical Journal of
Tabriz University of Medical Sciences,
30(2): 111-118.

Montilla, P; Barcos, M; Munoz, M. C;
Bujalance, I; Munoz-Castaneda, J.
R. and Tunez, 1. (2006): Protective
effect of red wine on oxidative stress
and antioxidant enzymes activities in
the brain and kidney induced by
feeding high cholesterol in rats. Clin.
Nutr. 25(1): 146- 153.

Moussa, S.A. (2008). Oxidative stress in
diabetes  mellitus. Romanian J.
Biophys. 18 (3): 225- 236.

National Research Council Committee on
Animal Nutrition (1995). Nutrient

requirements of the laboratory rat. In:
Nutrient Requirements of Laboratory.

Nishikimi, M; Roa, N. A. and Yogi, k.

(1972): Biochem. Bioph. Res.
Common. 46: 849- 854.
Poitout, V. (2008). Glucolipotoxicity of

pancreatic beta- cell: myth or reality
Biochem Soc Trans 36: 901- 904.

Poli A, Marangoni F, Paoletti R, Mannarino
E, Lupattelli G, Notarbartolo A,
Aureli P, Bernini F, Cicero A, Gaddi
A, Catapano A, Cricelli C, Gattone
M, Marrocco W, Porrini M, Stella R,
Vanotti A, Volpe M, Volpe R,
Cannella C, Pinto A, Del Toma E, La
Vecchia C, Tavani A, Manzato E,
Riccardi G, Sirtori C and Zambon A
(2008): Non-pharmacological control
of plasma cholesterol levels. Nutr
Metab Cardiovasc Dis, 18: 1- 16.

Raquel M., Elena L., Sonia R., Luis G.,
Laura B. (2005). Determination of
malondialdehyde (MDA) by high-
performance liquid chromatography in
serum and liver as a biomarker for
oxidative stress: Application to a rat
model for hypercholesterolemia and
evaluation of the effect of diets rich in
phenolic antioxidants from fruits. J
Chroma. B, 827 (1): 76-82.

Shah, S; Iqbal, M; Karam, J; Salifu, M. and
Mcfarlane, S. 1. (2007): Oxidative
stress, glucose metabolism and the

prevention of type 2 diabetes.
Pathophysiological insights.
Antioxidants and redox signaling. 9:
911- 929.

Shepherd, J. (2005): Does statin monotherapy
address the multiple lipid abnormalities
in type-2 diabetes. Atherosclerosis
supplements. 6: 15- 19.

Mansoura Vet. Med. J.

Yol. XVIII, No. 1, 2017



Basma M. Hamed. et al...

Shirwaikar, A; Rajendran, K. and Punitha,
I. S. R. (2005): Antidiabetic activity of
alcoholic stem extract of Coscinium
fenestratum n streptozotocin
nicotinamide induced type-2 diabetic
rats. J. Ethnopharmacol. 97: 369- 374.

Shrilatha, B. and Muralidhara (2007). Early
oxidative  stress in  testis and
epididymal sperm in streptozotocin-
induced diabetic mice: its progression
and genotoxic consequences. J.
Reprod. Toxicol. 23: 578- 587.

SPSS, P.C. (2004). SPSS for windows release
17 SPSS. Inc. USA.

Szkudelski, T. (2001): The mechanism of
alloxan and streptozotocin action in

beta cells of the rat pancreas. Physiol.
Res. 50: 537- 546.

Thomas, S. and Rich, M. W. (2007):
Epidemiolgy, pathophysiology, and
prognosis of heart failure in the elderly.
Clin. Geriatr Med. 23: 1- 10.

Xu Y, Wei Y, Zhang Y, Gu J, Ma J, Zheng
L and Hu D (2007): The
characteristics of living and behaviour
factors i Chinese patients metabolic
syndrome. J Health Sci, 53: 84- 91.

Yang, R. L; Shi, Y. H; Hao, G; Li, W. and
Le, G. W. (2008): Increasing oxidative
stress with progressive hyperlipidemia

331
n human: Relation between
malondialdehyde  and  atherogenic

index. J. Clin. Biochem. Nutr. 43: 154-
158.

Zhang, X; Chen, Y; Jenkins, L. W;
Kochanek, P. M. and Clark, R. S.
(2005): High dietary fat induces
NADPH oxidase. Associated oxidative
stress and inflammation in rat cerebral
cortex. EXP. Neurol. 191(2): 318- 325.

Zhu, K. K; Lian, C. X; Guo, X. N; Peng, W.
and Zhou, H. M. (2011): Antioxidant
activities and total phenolic contents of

various extracts from defatted wheat
germ. Food Chem. 126: 112- 1126.

Ziv, E; Patlas, N; Kalman, R; Pelled, D;
Herzog, Y; Dror, T. and Cohen, T.
(2009): A high oleic sunflower oil fatty
acid esters of plant sterols mixed with
with dietary diacylglycerol reduces
plasma isulin and body fat
accumulation in Psammomys obesus.
Lipid in health and disease. 8: 42.

Zulet MA, MJ Macarulla MT, Portillo MP,
Noel- Suberville C, Higueret P and
Matinez JA (1999): Lipid and glucose
utilization in hypercholesterolemic rats
fed a diet containing heated chickpea.
A potential functional food. Int J Vitam
Nutr Res, 69: 403- 409.

Mansoura Vet. Med. J.

Yol. XVIII, No. 1, 2017



Basma M. Hamed. et al... 332

) yakdl
1 501 g Bt 3013 1 ol pl B0 s g il (i i (it AN Bglacell 53
5 55l oy Pl 55319 ! b g sl gl o £ b bl

ke | s S 5] b (196 (6 550 59 9 Skl | ton gl ¢ % 34 ML o)
Haa b palal) daala ¢ sl QH\@S‘QAJSM\M*
Haa b palal) daala g bl &,\H\@S‘Qajﬁu\ﬁé**

o O3 A gL ) Ao anS/ana 00+ A4S o el (s ) Bl e a1 Al Al B8 Ciags
Cad) B o gaad) dpd P L ddlaa A9V (Gl (e e ganal frall ! sl gl Eigan e g aall
ad ool G 0Bl aae ey al g bl Ala Baad A jal) B3 Copaia) |, Sl (e Aliaa ALY
;&w&&uwﬁ&jﬂou‘gouﬁuu.aiu&u.bﬁ.ﬁwdéwgﬁuwm@)%&
o o rinud oSl A £ L L Llaall ¢l ) de gana) Al Ao ganall (Aailial) ds ganall) A gY) As gannall
G Sl i s dlaall o)) o) Ao gaga) AENEL de gageall (J i sSIL Apie Bale o o35 L3N g aall
(5ol sLiad) B Ol guall (59 G paS/ana 0+ Ao oy (g s AuY) Bala s (3 5k (e Aaa) o
@xbﬁéﬁigﬂb?ﬂ\gid‘gM‘gﬁiM&mJQ;\ew\Q\jﬁ\hw)be\j‘g_ﬁ}a@d\
de gana) Aualdl) Ao ganall Bamal) dq gl Adai) o eall) Gaian oy Ga (O3l (108 (e S /a2a® 0 1)
) G ) g (Ol (109 G paS /aal s ) dragy Ao AL Al g Sad) ol pa dlaal) 0 3l
Q.aaa.abla'i‘dbbﬁbcuﬁu‘&&‘gmﬂ?ﬁ!dmgéwmSJ}@M‘J, Banall 4y gl ddal g
¢ ppanid daeai  gaad) g 3) LS caaall (608 ¢ llall 38 5 (il Jalatia Jslae A agaua g Al g frall e
Jddan (b Fall gt (e Aiall g Jad) il ot a5 30800 ¢ 98U glad) ag 35) Jana Lyl g SYUSY oy 33) Jalii
G 28 g Lilaa) il Jadad a% | ol il giagd) paadll lgeLady dllig 04 « 5uS i Calla ) gill Jalaia
SoasUil) gl Jolii L g ¢ (9ol B ) gua b B gala a3 93 g (A il 30 ) Al ;1 ) o gl
A e (O AN pasSl) 1aall 513 G gllall s gl (B (5 gina pall 392 g (e gty M) g fall g B
Jomaad) ad Al ilisl) Ja giag 45 J8a (0¢8) ad ) Ao gaal) B 3o Baliaal) cilay 35Y) JaLES B 4y gina
‘aﬁ‘;gﬁnwuﬁ&q\guﬂ\jt_&@mﬂ%ﬂ!Qb.ﬁ."d\uiﬁ‘ga.huaﬁ@a(\‘ V) i ganall Lgule
7ol Cpia Cu o el Al AN (FCY)

Mansoura Vet. Med. J. Vol. XVIII, No. 1, 2017



	28

