World Applied Sciences Journal 36 (2): 185-196, 2018
ISSN 1818-4952

© IDOSI Publications, 2018

DOI: 10.5829/idosi.wasj.2018.185.196

Protective Effect of Grape Seeds Powder Against
Lead Acetate-induced Brain Toxicity in Male Rats

"Amr A. Rezq, ‘Baz M. Sameh, *Ammar A. Attar, 'Aml F. Elgazar and “Mohamed A. Basalamah

'Departments of Clinical Nutrition, Faculty of Applied Medical Sciences,

Umm Al-Qura University, Saudi Arabia and Nutrition and Food Sciences Department,
Faculty of Home Economics, Helwan University, Cairo, Egypt
*Departments of Laboratory Medicine,

Faculty of Applied Medical Sciences, Umm Al-Qura University, Saudi Arabia
*Department of Community Medicine Clinical Laboratory,

Faculty of Applied Medical Sciences, Umm Al-Qura University, Saudi Arabia

Abstract: It is well known that lead (Pb) toxicity induces neurological damage with several disorders like
behavioral problems; nerve damage; mental retardation; Parkinson’s disease and Alzheimer’s disease.
Here, we investigated the protective effect of different levels of grape seeds against lead acetate-induced
brain toxicity in male rats. Induction of brain toxicity was achieved with intraperitoneally injection of lead
acetate (100 mg/kg b.w/day) for two weeks. Body weights gain; relative body weight gain; brain weights and
its relative weight to body weight were recorded. Brain tissue concentrations of norepinephrine (NE), dopamine
(DA) and serotonin (5-HT) as well as the serum levels of AST , ALT Gamma-Glutamyl-transferase (GGT),
alkaline phosphatase (ALP), glutathione peroxidase ( GSH-Px), superoxide dismutase (SOD), catalase (CAT)
activities, malondialdehyed (MDA) and total antioxidant activity were determined in lead acetate-induced brain
toxicity rats and their control. Histopathological examinations of brain tissues were studied. The injection of
lead acetate induced significantly reduction in body weight gain and relative body weight gain, concentration
of NE, DA and 5-HT in brain tissues, serum level of GSH-Px, SOD, CAT, malondialdehyed and total antioxidant,
while increase brain weight and its relative increase of its weight to body weight were compared to that of
normal rats. However, the improvements in all of the above parameters were showed in lead brain intoxication
rats treated with grape seeds (powder) compared with that of untreated rats. Histopathological examination of
brain tissues of untreated positive rats showed focal areas of hemorrhages, leucocytic cell infiltration, focal
proliferation of glia cells associated with gliosis and focal areas of atrophied neurons. Brain sections of treated
rats with grape seeds at level of 5% have degenerated glia cells while treated rats with 10% have large focal
hemorrhagic areas and the higher level of grape seeds have congested blood vessel in some sections and no
histopathological changes was shown in other sections of rats. In conclusion, Intake of grape seeds exhibited
protective effect against lead (Pb) toxicity, neurological damage and oxidative damage. Therefore, intake of
whole grapes with its seeds or grape seeds in food supplement may be beneficial to prevent or protect against
lead toxicity.
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INTRODUCTION and is poisonous to animals and humans throughout the

world [3]. Lead-exposure occurs mainly through the

Lead is a poisonous metal, which occurs in both respiratory and gastrointestinal systems. Lead which is
organic as tetraethyl lead and inorganic as lead acetate ingested and absorbed is stored in soft tissues and bone
and lead chloride forms in the environment [1]. It is and accumulated in the liver and transported to the
present in the environment water, soil, dust and paints [2] kidney, while a small quantity is excreted in urine and the
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reminder accumulates in various body tissues and organs,
affecting many biological activities at the molecular,
cellular and intercellular levels, which may result in
morphological alterations that can remain even after lead
levels have fallen [4]. Lead toxicity is related to its
accumulation in various tissues and organs and
interference with several physiological processes [5].
Consequently, it constitutes a significant public health
problem, despite efforts to reduce its level in the
ecosystem [6]. Neurological damage induced by lead
toxicity is a known condition that has a base for several
disorders like behavioral problems; nerve damage; mental
retardation; Parkinson’s disease and Alzheimer’s disease
[71.

A plant material in the human diet contains a large
number of natural compounds, which have beneficial
effects in protecting the body against the development of
neurotoxicity. One of these plants with constituents
reputed to possess neuron protective properties was
grape [8]. Grape is one of the world's largest fruit crops.
Grape seeds produced in large quantities by juice industry
are increasingly used to obtain functional food
ingredients [9]. Grape seed is a better source of
antioxidative constituents of grape byproducts. Its extract
is a commonly available dietary supplement taken for the
antioxidant  activity  that's  attributed to its
proanthocyanidin content [10]. It contains several active
components  including  polyphenols, flavonoids,
anthocyanins, proanthicyanidins and procyanidines [11].
The antioxidant activity of grape seed is closely
associated with activity against various cancer types,
cardiovascular diseases and several dermal disorders [12].
It also improves hepatic ischemia-reperfusion injury and
reduces the size of the infarct in cardiac ischemia in the rat
[13]. Several studies have indicated that grape seed
extract inhibit enzyme systems that are responsible for the
production of free radicals [14]. Therefore, the present
study was undertaken to assess the protective effect of
feeding on grape seeds against lead acetate-induced brain
toxicity in male rats.

MATERIALS AND METHODS

Materials

Grape Seeds: Grape seeds were purchased from a
local market of Spices, Grains and Oils, Holy Makkah,
KSA.

Rats and Diet: Seventy five male Sprague-Dawley rats
weighing 200 + 5 g were obtained from the Laboratory
Animal Colony, Medicine College, Umm Al Qura
University, KSA. Basal diet constituents were purchased
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from Baghafar Company for Pharmaceutical and Chemical,
Jedda, KSA.

Kits and Chemicals: Lead acetate [(C,H,0,),Pb*3H,0, Pb],
formalin, diethyl either and kits for biochemical analysis of
serum were purchased from Baghafar Company for
Pharmaceuticals and Chemicals, Jedda, KSA.

Methods

Preparation of Grape Seeds Powder: Dried grape seeds
were cleaned from foreign materials and washed with tap
water to remove possible potential dust. Afterwards, it
was dried by cotton cloth to remove the excess liquid
prior to drying. Then dried grape seeds were ground
using grinder mill and sieves were used to obtain a
powder particle size of less than 0.2 mm.

Preparation of Basal Diet: The basal diet (AIN-93M) was
formulated according to Reeves et al. [15] to meet
recommended nutrients levels for rats.

Experimental Design: A total of 75 male Sprague-Dawley
rats weighing 200 + 5 g were used in the experiment. All
animals were allowed free access to tap water and fed on
the standard basal diet and kept under normal health
laboratory conditions and adapted for one week. After
one week, rats were randomly divided into five groups of
15 rats each. The first group, rats were injected
intraperitoneally (i.p.) with saline solution, feed on the
basal diet and represented as the health control animals
(negative group). The second, third, fourth and fifth
groups were injected intraperitoneally (i.p.) with lead
acetate (100 mg/kg b.w/day). The second group was
represented as lead-intoxication rats (positive group) and
the other groups (3, 4 and 5) were feed on the formulated
basal diet with 5, 10 and 15% of grape seeds powder,
respectively.

The biological value of the different diets was
assessed by the determination of its effect on body
weight gain (BWG) at the end of the experimental period
using the following formula:

BWG = Final Body Weight - Initial Body Weight

At the end of the experimental period (6 weeks),
animals were fasted for 12-hr, except of water and
then rats sacrificed. Blood samples were collected
from the posterior vena cava into dry clean centrifuge
tubes and left at room temperature to clot and then
centrifuged for 10 minutes at 3000 rpm for serum
separation. Serum samples were frozen at -30°C for
biochemical analysis.
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The whole brain of each animal was rapidly carefully
dissected, weighed and sagitally divided into two halves.
The first half was immersed in neutral buffered formalin
10% for histopathology examination. The 2™ half was
immediately homogenized to give 10% (w/v) homogenate
in ice-cold medium containing phosphate buffer (pH 7.4).
The homogenate was centrifuged at 1800xg for 10 min in
cooling centrifuge at 4°C. The supernatant (10%) was
separated and kept at -80°C until being assayed for the
neurochemical analysis.

Neurochemical Analysis: Norepinephrine (NE), dopamine
(DA) and serotonin (5-HT) were estimated according to
the method of Chang [16] and modified by Ciarlone [17].
The fluorescence was measured in Jenway 6200
fluorometer.

Biochemical Analysis: The biochemical indices were
determined in rat serum using a UV/Vis
spectrophotometer (Humastar 200, automatic biochemistry
analyzer, Wiesbaden Germany). The levels of rat serum
bilirubin, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were done using described
methods of Bergmeyer et al., [18]. Serum level of ALP was
determined by the method of kits (Diamond Co, Hannover,
Germany) as described by Roy [19]. Gamma glutamyl
transferase (GGT) was determined according to described
method by kits (Diamond Co, Hannover, Germany) as
described by Young [20].

Oxidative Stress Parameters

Malondialdehyed (MDA): Malondialdehyde was assayed
quantitatively in serum using the MDA assay kit (by a
spectrophotometric method, ABCAM, UK) according to
manufacturer instructions as described by Draper and
Hadley [21]. The MDA in the sample reacts with
thiobarbituric acid (TBA) to generate a MDA-TBA
adduct. The MDA-TBA adduct 1is quantified
colorimetrically (OD = 532 nm). This assay detects MDA
levels as low as 1 nmol/well colorimetrically. The results
were expressed in nmol/ml.

Glutathione Peroxidase (GPX) Activity glutathione
peroxidase enzyme was assayed quantitatively in serum
using the GPX assay kit (by a spectrophotometric method,
BioAssay Systems, USA) according to the method of
Hissin and Hiff [22].

Superoxide Dismutase (SOD): Serum activity of
superoxide dismutase was assayed quantitatively in
serum using the SOD assay kit (by a spectrophotometric
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method BioAssay Systems, USA) as described by
Kakkor et al. [23]. In the assay, superoxide (O,-) is
provided by xanthine oxidase (XO) catalyzed reaction.
02- reacts with a WST-1 dye to form a colored product.
SOD scavenges the O2- thus less O,- is available for the
chromogenic reaction. The color intensity (OD440nm)
is used to determine the SOD activity in a sample. The
results were expressed in U SOD/ml.

Catalase Assay (CAT): Serum activity of catalase was
assayed quantitatively using the catalase assay kit (by a
spectrophotometric method, Bio-Assay Systems, USA)
according to method of Sinha [24], measuring catalase
degradation of H,0, was using a redox dye. The change
in color intensity at 570nm is directly proportional to the
catalase activity in the sample. The procedure involves
adding a Substrate to sample, incubation for 30 min,
followed by a Detection Reagent and reading the optical
density. The results were expressed in U Catalase/Liter.
Unit definition: one unit is the amount of catalase that
decomposes 1 pmole of H,O, per min at pH 7.0 and room
temperature.

Totals Antioxidant Capacity (TAC): Total Antioxidant
Capacity was assayed quantitatively in serum using the
catalase assay kit (by a spectrophotometric method,
BioAssay Systems, USA) as described by Woodford and
Whitehead [25]. In the assay, Cu,+ is reduced by
antioxidant to Cu+. The resulting Cu+ specifically forms
a colored complex with dye reagent. The color intensity at
570nm is proportional to TAC in the sample. The results
were expressed in uM Trolox Equivalents.

Histopathological Examination: The other halve brain of
each animals were carefully washed in an isotonic
solution, blotted on a filter paper and then putted in 10%
normal formalin. Paraffin section of 6 um thickness was
cut and stained with hematoxylin (HX) and eosin (E) for
the histological studies in order to follow up the
destruction in the tissues and cells of brain as described
by Carleton [26].

Statistical Analysis: The results were expressed as
mean + standard division for 15 rats in each group.
Differences between groups were assessed using
computerized statistical package of social sciences (SPSS)
program (SPSS. 20 software version) with one-way
analysis of variance (ANOVA) followed by Duncan's
multiple range tests. P < 0.05 values were considered to be
statistically significant.
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RESULTS

The intraperitoneal injection with lead acetate (100
mg/kg b.w/day) for two weeks significantly (p<0.05)
reduced body weight gain and increased brain weight and
its relative weight to body weight compared to that of the
normal control rats. Feeding lead-intoxicated rats on
formulated diet with different levels of grape seeds
powder significantly ameliorant the lower in body weight
and lower brain weight and it's relative to body weight
compared with that of the positive control rats feed on
basal diet only.

The of norepinephrine (NE),
dopamine (DA) and serotonin (5-HT) in brain tissues of
lead acetate-induced brain toxicity rats are shown in
Table 2. Results indicated that positive rats had
significant decrease in the concentration of NE, DA
and 5-HT in brain tissues compared to that of normal rats.
The lower concentration of NE, DA and 5-HT in brain
tissues in lead acetate-induced brain toxicity rats tended
towards the significantly increase in all feeding rats on
supplemented diet with the different level of grape seeds
compared to that of positive rats.

As shown in Table 3, intoxicated rats with lead
acetate at a dose of 100 mg/kg b.w/day had significant
increase in serum activity of aspartate aminotransferase
(AST), Alanine aminotransferase (ALT), gamma-Glutamyl
transferase (GGT) and alkaline phosphatase (ALP)
enzymes and level of TBr compared with that of the
normal rats. Feeding lead-intoxicated rats on
supplemented diet with the different levels (5, 10 and 15%)
of grape seeds powder significantly decreased
serumactivity levels of AST, ALT, GGT and ALP enzymes
and level of TBr compared to that of positive rats feed on
basal diet only.

Intraperitoneal injection of lead acetate to rats caused
a significant elevation in serum level of lipid peroxide as
indicated by malondialdehyde (MDA) and lowering the
serum activity of glutathione peroxidase (GSH-Px),
superoxide dismutase (SOD), catalase (CAT) enzymes and
total antioxidant capacity (TAC) compared with that of
negative control rats as shown in Table 4. In contrast,
feeding lead-intoxicated rats on formulated diet with
different levels of grape seeds powder had significant
decreased in serum level of MDA and increased in serum
activity of GSH-Px, SOD, CAT enzymes and level of TAC
compared with that of the positive control rats feed on
basal diet only.

concentrations
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Fig. 1: Brain section of normal rats showing apparently
healthy glia cells (H&E X 400)
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Fig. 2: Brain section of positive rats showing focal area
of hemorrhages with leucocytic cell infiltration
(H&E X 400)
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Fig. 3: Brain section of positive rats showing focal

proliferation of glia cells, gliosis. (H&E X 400)
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Fig. 4: Brain section of positive rats showing focal area
of atrophied neurons (H&E X 400)
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Table 1: Effect of feeding different levels of grape seeds powder on body weights gain and brain weight and its weight to body weight in lead acetate-induced

brain toxicity rats and their control

Groups Treated rats with grape seeds at levels of

Parameters Normal rats Positive rats 5% 10% 15%

Initial body weight (g) 246.50+3.37 247.50+3.54 246.50+4.12 246.00+3.16 246.00+3.94
Final body weight (g) 297.80+2.66° 275.30+1.34¢ 285.70+ 1.57¢ 291.60+1.65° 295.40+4.03°
Body weight gain (g) 51.50+2.07 27.8043.05¢ 39.20+3.88¢ 45.60+3.75" 49.40+3.06°
Brain weight (g) 1.4540.04¢ 1.65+0.06° 1.61£0.05% 1.55+0.06" 1.5440.12¢
Relative of brain weight to body weight (%) 0.50+0.01¢ 0.60+0.02* 0.56+0.02° 0.5340.02¢ 0.52+0.03

-Different superscript letters in the same row denotes significant differences at p<0.05

- SD: Standard Division

Table 2:  Effect of feeding grape seeds powder on the concentrations of NE, DA and 5-HT in brain tissues in lead acetate-induced brain toxicity rats and their
control

Groups Treated rats with grape seeds at levels of

Parameters Normal rats Positive rats 5% 10% 15%

NE (ng/ g tissue) 1568.50+1.35° 881.50+1.18¢ 1005.50+0.97¢ 1357.00+0.82¢ 1562.40+0.70°

DA (ng/ g tissue) 1999.30+0.82° 984.20+0.79¢ 1357.50+0.53¢ 1785.90+0.57¢ 1995.10£0.74°

5-HT (ng/ g tissue) 1799.30+0.95° 650.40+0.84¢ 1007.70+0.82¢ 1577.30+0.67¢ 1788.90:0.99°

-Different superscript letters in the same row denotes significant differences at p<0.05

- SD: Standard Division

Table 3: Serum activities of AST, ALT, GGT and ALP enzymes and levels of TBr in lead acetate-induced brain toxicity rats and their control

Groups Treated rats with grape seeds at lev

Parameters Normal rats Positive rats 5% 10% 15%

AST (U/L) 53.26+0.88¢ 92.20+0.97° 79.0440.43° 65.87+1.40° 54.88+1.45¢

ALT (U/L) 67.11+.58¢ 104.06+0.99° 92.89+1.99° 80.17+1.29¢ 68.36+1.34¢

GGT (U/L) 19.35+.61¢ 74.43+.73° 56.93+0.68° 38.83+.57¢ 19.87+0.62¢

ALP (U/L) 37.49+0.32¢ 70.64+0.33° 61.53+0.34° 54.98+.14¢ 54.98+0.28¢

TBr (mg/dL) 0.36+0.01¢ 3.10+0.03° 2.68+0.03° 1.25+0.02¢ 1.52+0.01¢

-Different superscript letters in the same row denotes significant differences at p<0.05

- SD: Standard Division

Table 4: Effect of feeding grape seeds on serum concentration of MDA, activity of GSH-Px, SOD and CAT enzymes and level of TAC in lead intoxicated

rats and their control

Groups Treated rats with grape seeds at levels of

Parameters Normal rats Positive rats 5% 10% 15%

MDA (nmol/l) 34.94+0.14¢ 72.48+0.38° 60.89+0.40° 49.5540.43¢ 35.52+0.33¢
GSH-Px (png/ml) 166.75+0.55° 39.99+0.45° 76.93+0.60¢ 114.19+0.44¢ 155.63+0.95°
SOD (p/ml) 3.3860+0.22° 2.31+0.07¢ 2.47+0.11¢ 2.70+0.06° 2.93+0.03°
CAT (mmol/min) 0.18+0.003* 0.09+.004¢ 0.11£0.01¢ 0.13+0.01°¢ 0.16£0.01°
TAC (mmol trolox/liter) 2.83+0.14° 1.59+0.09¢ 1.7740.08¢ 2.13£0.06° 2.66+0.132°

-Different superscript letters in the same row denotes significant differences at p<0.05.

- SD: Standard Division

The histopathological examination of brain sections
of normal control rats (negative group) showed normal
neurons cells (Fig. 1). Brain sections of lead brain
intoxication rats (positive group) have focal area of
hemorrhages with leucocytic cell infiltration (Fig. 2) and
gliosis in the form of focal proliferation of glia cells (Fig.3)
as well as focal area of atrophied neurons (Fig. 4).
Histopathological examination of brain sections from lead
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brain intoxication rats treated with grape seeds at a level
of 5% showed degenerated glia cells as shown in Fig. 5.
While, brain sections of treated intoxicated-rats with 10%
of grape seeds have a large focal hemorrhagic area as
shown in Fig. 6. Brain sections of treated intoxicated-rats
with a higher level of grape seeds have congested blood
vessel as shown in Fig. 7, meanwhile other sections of
brain showed have no histopathological changes (Fig. 8).
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Fig. 5: Brain section of lead brain intoxication rats treated
with 5% grape seeds showing degenerated glia
cells (H&E X 400)
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Fig. 6: Brain section of lead brain intoxication rats treated
with 10% grape seeds showing large focal

400)
Fig. 7: Brain section of lead brain intoxication rats treated

with 15% grape seeds showing congested blood

Fig. 8: Brain section of lead brain intoxication rats treated

with  15% ]grape seeds showing no
histopathological changes (H&E X 400)
DISCUSSION

The current results showed a significant reduction in
body weight (g) and lower in brain weight and its relative
weight to body weight in injected rats with lead acetate
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(positive group). The present results are in accordance
with Xia et al. [27] who revealed that exposure of rats to
lead acetate causes a decrease in body weight. In addition
to, the reduction in body weight was previously observed
by Allouche et al. [28] and Ibrahim et al. [29] who
reported that final body weight of intoxicated rats with
lead was significantly lower than that of the normal rats.
The reduction in body weight may be a result of the direct
toxic effect of the lead on the gastrointestinal tract which
perhaps results in malabsorption of nutrients or by
inhibition of protein synthesis [30]. Also, Hwang and
Wang [31] revealed that the lower in body weight may be
caused by the effect of toxic lead on zinc status by
impairing it in zinc- dependent enzymes which are
necessary for many metabolic processes.

The present results showed the ability of grape seeds
powder in improving the change in body and brain
weights and compared with untreated lead-intoxicated rats
(positive group) without any significant changes
compared to normal rats. The amendments in body and
brain weights induced by administration of grape seeds
powder may be related to its effect in prevention of lead
toxicity compared to untreated lead-intoxicated rats.
However, the deficiency in body weight in lead-
intoxicated rats and treated with grape seeds powder
compared to that of normal health group may be attributed
to the inhibiting effect of grape seeds on both a-amylase
and w«-glucosidase activity, two key glucosidases required
for starch digestion [32]. Whereas, Hasseeb e al. [33]
reported that grape seed extract can also be used in the
treatment of weight loss attributed to metabolic disorders.

From the present result it is clear that
intraperitoneally administration of lead acetate induce a
significant decrease in NE, DA and 5-HT content in brain
tissues, compared to that of the normal control rats.
The present results were in accordance with that obtained
by Cory-Slechta [34] and Tang et al. [35] who showed
that intoxication with lead induces a reduction in the
metabolites of dopamine in the nigrostriatal and
mesolimbic systems. Additionally, Gill ef al. [36] showed
that lead exposure resulted in alterations in
concentrations of the brain transmitters, NE and DA.
Lead exerts its neurotoxic effects by interfering with Ca*
calmoduline mediated neurotransmitter release that is
eventually responsible for behavioral impairment. Waggas
[37] revealed that intraperitoneally administration of lead
acetate at a dose of 100 mg/kg bew/day caused a
significant decrease in NE, DA and, 5-HT content in all
tested brain regions study (cerebellum, brainstem,
striatum, cerebral cortex, hypothalamus and hippocampus)
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compared to that of the normal rats. In addition to,
Bouton et al. [38] showed that lead also disrupts the
activity of synaptotag min a protein localized in the
synaptic terminal that appears to be important for
transmitter release. On the other hand, El-Masry et al. [39]
indicated that lead actetate intoxication induces an
oxidative stress situation in rat brain that might be the
main mechanism involved in brain neurotoxicity induced
by Pb-exposure.

With regard to the effect of grape seeds powder on
the concentration of NE, DA and 5-HT in brain tissues,
the present results indicated that grape seeds powder
have a positive effect in the improvement of NE, DA and
5-HT concentrations in brain tissues, compared to
positive rats. The present results agreed with Bagchi et al.
[40] and Waggas, [37] who mentioned that grape seed
extract induce significant reduction in NE, DA and 5-HT
in brain tissues of cerebellum, brainstem, striatum, cerebral
cortex, hypothalamus and hippocampus, compared to that
of intoxicated rats with lead acetate. The effect of grape
seed may be related to its antioxidant properties as
reported by Yilmaz and Toledo [12] who reported that
grape seeds extract contains polyphenols including
proanthocyanidins and procyanidins that showed
antioxidant and free radical scavengers. Their effects
decrease capillary permeability and fragility and scavenge
oxidants and free radicals. Other studies indicated that
grape seeds extract inhibit enzyme systems that are
responsible for the production of free radicals [14]. Many
studies have provided evidence that proanthocyanidin
has potent radical scavenging ability, antioxidant
properties and significant neuroprotective as well as
cardiovascular protective effect [41, 42].

The findings of the present study showed that lead
acetate caused a significant increase in serum activities of
AST, ALT, GGT and ALP enzymes and total bilirubin
level. These results were confirmed with histopathological
study which revealed multiple focal areas of necrotic and
calcified hepatocytes encircled with fibrous connective
tissue proliferation in injected rats with lead acetate
compared with that of normal control rats. The present
results are in agreement with previous studies which
revealed that lead has hepatotoxic effect [43] and can
cause several changes in the liver structure, where it is
conjugated in the liver with glutathione and accumulate in
the hepatic tissues, leading to impaired liver functions
[44]. Elevation in serum activities of AST and ALT in
exposed rats to lead acetate was corroborative with
Sivaprasad et al. [45] and Abdel-Kader et al. [46].
Seddik et al. [47] revealed that the elevation in serum

191

activities of AST and ALT and serum level of bilirubin
were accompanied with high liver microsomal membrane
fluidity, free radical generation and alteration in the liver
tissue histogram in treated rats with lead. Ibrahim et al.
[29] showed significant rise in the serum of AST, ALT and
ALP and increased of serum bilirubin level and reduced of
serum total protein and albumin levels in lead intoxicated
rats as compared to that of control rats. Recently, Azab
[48] observed significant increase in serum Y- GT, AST,
ALT and ALP activities and showed distortion of the
arrangement of parenchyma of the liver, loss of radial
arrangement of sinusoids from the central vein of the liver
and necrosis of hepatocytes in lead acetate treated group
compared to normal control group.

Regarding to the physiological and histopathological
effect of grape seeds on lead-intoxicated rats, the most
important result drawn from the current study is the
powerful ability of grape seeds in induces significant
amelioration in liver functions as well as the improvement
in histopathological structure of liver, compared with
untreated lead-intoxicated rats (positive group). These
amendments were more detectable in treated rats with
higher level of grape seeds. These results were in
accordance with several results reported that grape seed
extract exhibit multi-organ protective properties against
drug and chemical-induced toxicity and long-term safety
[49] and may be favorable as a therapeutic option in
RTx-induced oxidative stress in the rat liver [50].
Grape seed extract is a useful herbal remedy, especially
for controlling oxidative damages and is considered
as a potent protective agent against hepatotoxicity
El-Ashmawy et al. [51]. Several other lines of evidence
revealed that, grape seed proanthocyanidins exhibite in
vivo hepatoprotective and anti-fibrogenic effects against
liver injury and act as free radicals scavengers and
protective liver damage [52] and significantly reduce
serum AST, ALT and ALP activities and bilirubin level
and increased serum total protein and albumin levels in
dimethylnitrosamine-induced hepatic cirrhosis rats [53].
Grape seeds produce significant hepatoprotective effects
by decreasing serum ALT, AST and ALP activities, serum
bilirubin and MDA levels and increase albumin level and
liver SOD, CAT and GPx activities with amelioration of
structural changes induced in liver of diabetic rats [54].
Oral treatment with grape seeds extract significantly
ameliorates the indices of hepatotoxicity and lipid
peroxidation induced by benzene [55]. The use of high
dosage was shown to exert relevant beneficial health
effects [56, 57] whereas lower dosages were less effective
[58].
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The result of the present study clearly showed
significant increase in serum MDA level and decrease in
serum GSH and total antioxidant levels and activities of
GPx, SOD and CAT enzymes in treated rats with lead
acetate, compared to normal rats. The significant
increased in serum MDA level of lead- intoxicated rats
confirmed previous studies [59, 60]. Effect of lead on the
activities of SOD and GSH-Px enzymes was previously
noticed and in accordance with Sivaprasad et al. [61] that
showed significant decrease of SOD and GSH-Px activities
in lead exposed rats. Also, Abdel-Kader et al. [46]
observed that rats given lead acetate in drinking water for
4 weeks have significant increase in serum MDA
concentrations and decrease in SOD and GSH-Px levels.
The observed increase in serum level of lipid peroxidation
(MDA), decrease in circulating antioxidant enzymes and
decrease of serum total antioxidants level confirm that the
lead acetate induced depletion of antioxidants system.
The mechanism of lead-induced oxidative stress involves
an imbalance between generation and removal of reactive
oxygen species (ROS) in tissues and cellular components
causing damage to membranes, DNA and proteins [62].
Lead was reported to cause oxidative stress by generating
the release of ROS such as superoxide radicals, hydrogen
peroxide and hydroxyl radicals and lipids peroxides [63]
and enhance lipid peroxidation and nitric oxide production
in serum with concomitant reduction in antioxidant
enzymes as GPX, SOD and CAT [64].

The present results showed that grape seeds powder
have the ability to improve antioxidant defense through
increasing the activity of antioxidant enzyme and total
antioxidant and decreased lipid peroxidation as indicated
by serum level of MDA. These results confirm the reason
for the improvement in liver and brain functions and
protect it from damage caused by lead toxicity. The action
mechanism of grape seeds may be related to its
antioxidant and anti-inflammatory properties [65] and its
powerful free radical scavenger [66]. These results are in
agreement with Sehirli et al. [67] who reported that grape
seeds extract could reduce organ injury through its ability
to balance the oxidant-antioxidant status and to regulate
the release of inflammatory mediators. Grape seeds are
rich source of proanthocyanidins, which are mainly
composed of dimers, trimers and oligomers of monomeric
catechins [68]. Proanthocyanidins are potent natural
antioxidants of various polyphenolic components [69].
These compounds posses a broad spectrum of
antioxidative properties with greater potency than vitamin
E and C, that protects the organs against free radicals and
oxidative stress, both in vitro and in vivo [70]. Many data
have shown that the ability of grape seed
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proanthocyanidins to improve antioxidant defenses for
protecting the main organ function, such as preventing
liver injury in the carbon tetrachloride- induced and
ischemia/reperfusion-induced [71]. In addition, grape seed
proanthocyanidin  significantly increase antioxidant
enzymes activity such as SOD, GPx and CAT and
ameliorate biochemical abnormalities and antioxidant
system status in streptozotocin- induced diabetic rats
[72]. Thus, grape seeds could prevent toxicity induced of
lead by scavengering ROS and/or by induction of cellular
antioxidant enzymes. This means that grape seeds could
protect against the harmful effect of ROS through its
antioxidant activity and by this mean it may be beneficial
in protecting the organism against oxidative stress.
This is confirmed by findings of Ahmed et al. [73] who
showed that grape seed extract has antioxidant,
anti-inflammatory and antitumor activities and to mediate
resistance to free radicals.

CONCLUSION

In conclusion, Grape seed powder (GSPE) has natural
antioxidants composed of various polyphenolic
compounds generally believed to protect against reactive
oxygen species (ROS)-mediated brain degenerative
diseases. Intake of grape seeds exhibited protective effect
against lead (Pb) toxicity, oxidative damage and
neurological damage. Therefore, intake of whole grapes
with its seeds or grape seeds in food supplement may be
beneficial to prevent or protect against lead toxicity.
We recommend eating grapes with their seeds and
including the grape seeds in recommended doses in
various food products especially in susceptible patients
with degenerative neurological disorders. Also more
research on Grape seed powder with various degenerative
and immunological diseases and more research to explore
the various mechanisms of its protective effects

ACKNOWLEDGEMENTS

The authors would like to thank Institute of
Scientific Research and Revival of Islamic Heritage at
Umm Al-Qura University (project # 43409040) for the

financial support.
REFERENCES

Shalan, M.G., M.S. Mostafa, M.M. Hassouna,
S.E. Nabi and A. Rafie, 2005. Amelioration of lead
toxicity on rat liver with vitamin C and silymarin
supplements. Toxicology, 206: 1-15.



10.

11.

12.

World Appl. Sci. J., 36 (2)

Garaza, A., R. Vega and E. Soto, 2006. Cellular
mechanisms of lead neurotoxicity. Med. Sci.
Monitor., 12(3): 57-65.

Khan, M.H., M. Mostofa, M.S. Jahan, M.A. Sayed
and M.A. Hossain, 2008. Effect of garlic and vitamin
B-complex in lead acetate induced toxicities in mice.
Bangl. J. Vet. Med., 6(2): 203-210.

S.J., GJ. Flora and G. Saxena, 2006.
Environmental Occurrence, Health Effects and
Management of Lead Poisoning. In: Casas, S.B. and
J. Sordo (Eds.), Lead: Chemistry, Analytical Aspects,
Environmental Impact and Health Effects. Elsevier,
The Netherlands, pp: 158-228.

Berrahal, A.A., A. Nehdi, N. Hajjaji, N. Gharbi and
S. El-Fazaa, 2007. Antioxidant enzymes activities and
bilirubin level in adult rat treated with lead. C. R. Biol.,
330(8): 581-588.

Rojas-Castafieda, J.C., R.M. Vigueras-Villasefior,
P. Rojas, M. Chavez-Saldafia, O. Gutiérrez-Pérez,
S. Montes and C. Rios, 2011. Alterations induced by
chronic lead exposure on the cells of circadian

Flora,

pacemaker of developing rats. Int. J. Exp. Pathol.,
4:243-50.

Liu, J., D. Han, Y.Li, L. Zheng, C. Gu, Z. Piao, W. Au,
Z.Xu and X.Huo, 2010. Lead Affects Apoptosis and
Related Gene XIAP and Smac Expression in the
Hippocampus of Developing Rats. Neurochem Res.,
35(3): 473- 479.

Gruenwald, J., B.A. Brendler and C. Jaenicke, 2004.
PDR for Herbal Medicines, 3* Edition, Thomson PDR,
Mont- vale.

Yilmaz, Y. and R. Toledo, 2006. Oxygen radical
absorbance of grape/wine industry
byproducts and effect of solvent type on extraction
of grape seed polyphenols. J. Food Compos. Anal.,
19(1): 41-48.

Kim, H., J. Deshane, S. Barnes and S. Meleth, 2006.
Proteomics analysis of the actions of grape seed

capacities

extract in rat brain: technological and biological
implications for the study of the actions of
psychoactive compounds. Life Sci., 78(18): 2060-2065.
Jia, Z., Z. Song, Y. Zhao, X. Wang and P. Liu, 2011.
Grape Seed Proanthocyanidin Extract Protects Human
Lens Epithelial Cells from Oxidative Stress via
Reducing NF- kB and MAPK Protein Expression.
Molecular Vision, 17: 210-217.

Yilmaz, Y. and R. Toledo, 2004. Health aspects of
functional grape seed constituents. Trends Food Sci.
Tech., 15(9): 422-433.

193

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2 185-196, 2018

Sehirli, O., Y. Ozel, E. Dulundu, U. Topaloglu, F. Ercan
and G. Sener, 2008. Grape seed extract treatment
reduces hepatic ischemia-reperfusion injury in rats.
Phytother Res., 22(1): 43-48.

Li, W.G,, X. Zhang, Y. Wu and X. Tian, 2001.
Anti-inflammatory effect and mechanism of
proanthocyanidins from grape seeds. Acta

Pharmacol. Sin., 22(12): 1117-207.

Reeves, P.G., F.H. Nielson and G.C.Fahmy, 1993.
Reports of the american institute of nutrition, adhoc
Willing Committee on Reformulation of the AIN 93
Rodent diets. J. Nutri., 123: 1939-1951.

Chang, C.C., 1964. A
spectrofluorometric assay of catechol amines. Intern.
J. Neuropharmacol., 3(6): 643-649.

Ciarlone, A.E., 1978. Further modification of a
fluoremetric method for analyzing brain amines.
Microchemical J., 23(1): 9-12.

Bergmeyer, H.U., P. Schreiber and A.W. Wahlefeld,
1978. Optimization of methods for aspartate and
alanine aminotransferase. Clin. Chem., 24(1): 58-61.
Roy, S.E., 1970. Colorimetric determination of serum
alkaline phosphatase. Clin. Chem., 16: 431-432.
Young, D.S., 1995. Effects of Drugs on Clinical
Laboratory Tests, 4" ed. Washington, DC: AACC
Press, 3-500-3-506.

Draper, H. and M. Hadley, 1990. Malondialdehyde
determination as index of lipid peroxidation. Methods
Enzymol., 186: 421-431.

Hissin, P.L. and R. Hiff, 1976. A fluorometric method
for determination of oxidized and reduced glutathione
in tissues. Anal. Biochem., 74(1): 214-226.

Kakkor, P., B. Das and P.N. Viswanathan, 1984.
A modified spectrophotometric assay  of
superoxide dismutase. Ind. J. Biochem. Biophyso.,
21: 131-133.

Sinha, K.A., 1972. Colorimetric assay of catalase
enzyme. Anal, Biochem., 47(2): 389-394.
Woodford, F.P. and T.P. Whitehead, 1998. Is
measuring serum antioxidant capacity clinically
useful? Ann Clin Biochem., 35: 48-56.

Carleton, H., 1979. Histological techniques. 4™ Edn.,
London, Oxford University Press, New York, USA,
Toronto, pp: 267.

Xia, D., X. Yu, S. Liao, Q. Shao, H. Mou and W. Ma,
2010. Protective effect of Smilax glabra extract
against lead-induced oxidative stress in rats. J.
Ethnopharmacol., 130(2): 414-420.

sensitive method for



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

World Appl. Sci. J., 36 (2)

Allouche, L., M. Hamadouche, A. Touabti and
S. Khennouf, 2011. Effect of long-term exposure to
low or moderate lead concentrations on growth, lipid
profile and liver function in albino rats. Adv. Biol.
Res., 5(6): 339-347.

Ibrahim, N.M., E.A. Eweis, H.S. El-Beltagi and
Y.E. Abdel-Mobdy, 2012. Effect of lead acetate
toxicity on experimental male albino rat. Asian Pacific
J. Tropical Biomed., 2(1): 41-46.

Minnema, D.J. and P.B. Hammond, 1994. Effect of
lead exposure on patterns of food intake in weanling
rats. Neurotoxicol. Teratol., 16(6): 623-629.

Hwang, D.F. and L.C. Wang, 2001. Effect of
taurine on toxicity of cadmium in rats. Toxicology,
167(3): 173-180.

Yilmazer-Musa, M., A.M. Griffith, A.J. Michels,
E. Schneider and B. Frei, 2012. Grape seed and tea
extracts and catechin 3-gallates are potent inhibitors
of alpha-amylase and alpha-glucosidase activity. J.
Agric. Food Chem., 60(36): 8924-8929.

Hasseeb, M.M., F.A. Al-Hizab and Y.A. Hussein,
2011. A histopathologic study of the protective effect
of grape seed extract against experimental aluminum
toxicosis in male rat. Scien. J. King Faisal Univ.
(Basic and Applied Sciences), 12: 1432—-1440.
Cory-Slechta, D.A., 1995. Relationships between
Lead-induced Learning Impairments and changes in
Dopaminergic, Cholinergic and Glutamatergic
Neurotransmitter System Functions. Annu. Rev.
Pharmacol. Toxicol., 35: 391-415.

Tang, HW., Y.X. Liang, X. Hu and H.G. Yang, 1995.
Alterations of monoamine metabolites and
neurobehavioral function in lead- exposed workers.
Biomed Environ Sci., 8(1): 23-9.

Gill, K.D., V. Gupta and R. Sandhair, 2003. Ca */
calmodulin-mediated neurotransmitter release and
neurobehavioural deficits following lead exposure.
Cell Biochemistry and Function, 21(4): 345-353.
Waggas, A.M., 2012. Grape seed extract (Vitis
vinifera) alleviate neurotoxicity and hepatotoxicity
induced by lead acetate in male albino rats. J. Behavi.
Brain Science, 2(2): 176-184.

Bouton, C.M., L.P. Frelin, C.E. Forde, H.A. Godwin
and J. Pevsner, 2001. Synaptotagmin I is a molecular
target for lead. J. Neurochemistry, 76(6): 1724-1735.
El-Masry, T., A.M. Emara and N.A. El-Shitany, 2011.
Possible protective effect of propolis against
lead-induced neurotoxicity in animal model. J.
Evolutionary Biology Res., 3(1): 4-11.

194

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

2 185-196, 2018

Bagchi, D., M. Bagchi, S.J. Stohs, D.K. Das, S.D. Ray,
C.A. Kuszynski, S.S. Joshi and H.G. Pruess, 2000.
Free radicals and grape seed proanthocyanidin
extract: Importance in human health and disease
prevention. Toxicology., 148(2-3): 187-197.

Natella, F., F. Belelli and V. Gentili, 2002. Grape seed
proanthocyanidins prevent plasma postprandial
oxidative stress in human. J. Agric. and Food Chem.,
50 (26): 7720-7725.

Zahang, F.L., H. Gao and J.M. Wu, 2006. Selective
inhibition by grape seed proanthocyanidin extract of
cell adhesion molecule expression induced evidenced
glycation end Products in endolhelial cell. J. Cardio.
Pharmacology., 48(2): 47-53.

Abdou, Z.A., M.H. Attia and M.A. Raafat, 2007.
Protective effect of citric acid and thiol compounds
against cadmium and lead toxicity in experimental
animals. J Biol. Chem. Environ. Sci., 2(1): 481-497.
Jarrar, B.M. and N.T. Taib, 2012. Histological
and histochemical alteration in the liver induced
by lead chronic toxicity. Saudi J. of Biolo. Scien.,
19(2): 203-210.

Sivaprasad, R., M. Nagaral and P. Varalakshml, 2003.
Combined efficacies of lipoic acid and meso- 2, 3-
dimercaptosuccinic acid on lead- induced erythrocyte
membrane lipid peroxidation and antioxidant status in
rats. Hum. Exp. Toxicot., 22: 183-192.

Abdel-Kader, M M., A.A. Abeer and A.M. Hegazy,
2011. Roles of N-acetylcysteine, Methionine, vitamin
C and vitamin E as antioxidants against Lead Toxicity
in Rats. Australian J. Basic and Appl. Scien.,
5(5): 1178-1183.

Seddik, L., T.M. Bah, A. Aoues, M. Brnderdour and
M. Silmani, 2010. Dried leaf extract protects against
lead-induced neurotoxicity in Wistar rats. Eur. J. Sci.
Res., 42(1): 139-151.

Azab, E.A., 2014. Hepatoprotective effect of sesame
oil against lead induced liver damage in albino mice:
Histological and biochemical studies. American J. of
Bio. Sci., 2(6-2): 1-11.

Khanal, R.C., L.R. Howard and R.L. Prior, 2009.
Procyanidin content of grape seed and pomace and
total anthocyanin content of grape pomace as
affected by extrusion processing. J. Food Sci.,
74: H174-H182.

Cetin, A., L. Kaynar, I. Kogyigit, S.K. Hacioglu,
R. Saraymen, A. Oztiirk, O. Orhan and O. Sagdig,
2008. The effect of grape seed extract on radiation-
induced oxidative stress in the rat liver. The Turkish
J. Gastroen., 19(2): 92-98.



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

World Appl. Sci. J., 36 (2)

El-Ashmawy, I.M., S.B. Gad and O.M. Salama, 2010.
Grape seed extract prevents a zathioprine toxicity in
rats. Phylotherapy Res., 24(11): 1710-1715.

Shin, M.O., S. Yoon and J.O. Moon, 2010. The
Proanthocyanidins Inhibit Dimethylnitrosamine-
Induced Liver Damage in Rats. Archives of
Pharmacal. Res., 33(1): 167-173.

Shin, M. and J. Moon, 2010. Effect of dietary
supplementation of grape skin and seeds on liver
fibrosis induced by dimethylnitrosamine in rats. Nutr.
Res. Pract., 4(5): 369-374.

Mansouri, E., L. Khorsandi and H.A. Abedi, 2014.
Antioxidant effects of proanthocyanidin from grape
seed on hepatic tissue injury in diabetic rats Iran.
J. Basic. Med. Sci., 17(6): 460-464.

Cavupoglu, K., E. Yal¢in, K. Yapar, E. Orug, B. Giir
and F. Cicek, 2015. The effects of grape seed extract
against toxicity of benzene on liver and kidney
tissues of albino mice: biochemical evaluation/Albino
farelerde benzenin bébrek ve karaciger dokularinda
toksisitesine karpi liziim ¢ekirdegi ekstraktinin etkisi:
biyokimyasal degerlendirme. Turkish J. of Bioch.,
40(1): 1 66-73.

Yang, H., Z.Xu, W. Liu, Y.Wei, Y. Deng and B. Xu,
2012. Effect of grape seed proanthocyanidin extracts
on methylmercury-induced neurotoxicity in rats. Biol.
Trace. Elem. Res., 147(1-3): 156-64.

Jhun,J.Y.,S.J. Moon, B.Y. Yoon, J.LK. Byun, E.K. Kim,
E.J. Yang, J.H. Ju, Y.S. Hong, J.K. Min, S.H. Park,
HY. Kim and M.L. Cho, 2013. Grape seed
proanthocyanidin extract mediated regulation of
STAT3 proteins contributes to Treg differentiation
and attenuates inflammation in a murine model of
obesity-associated arthritis. PLoS One, 8: e78843.
Goey, AK., I. Meijerman, J.H. Beijnen and J.H.
Schellens, 2013. The effect of grape seed extract on
the pharmacokinetics of dextromethorphan in healthy
volunteers. Eur. J. Clin. Pharmacol., 69(11): 1883-1890.
Kedziora-Kornatowska, K., S. Szram, T. Kornatwski,
L. Szadujkis-Szadurski, J. Kedziora and G. Bartosz,
2003. Effect
supplementation on antioxidative state and renal
glomerular basement membrane thickness in diabetic
kidney. Nephron Exp. Nephrol., 95(4): 134-143.
Caylak, E., M. Aytekin and I. Halifeoglu, 2008.
Antioxidant effects of methionine, a-lipoic and
Nacetylcysteine and homocysteine on lead- induced
oxidative stress to erythrocytes in rats. Exp. Toxcol.
Pathol., 60(4-5): 289-294.

of vitamin E and vitamin C

195

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

2 185-196, 2018

Sivaprasad, R., M. Nagaraj and P. Varalakshmi, 2004.
Combined efficacies of lipoic acid and 2, 3-
dimercaptosuccinic a gainst lead-induced
lipid peroxidation in rat liver. J. Nutr. Biochem.,
15(1): 18-23.

Patra, R.C., A.K. Rautray and D. Swarup, 2011.
Oxidative stress in lead and cadmium toxicity and its
amelioration.Vet. Med. Inter., 2011: 1-9.
El-Nekeety, A.A., A.A. El-Kady, M.S. Soliman,
N.S. Hassan and M.A. Abdel-Wahhab, 2009.
Protective effect of Aquilegia vulgaris (L.) against
lead acetate-induced oxidative stress in rats, Food
Chem. Toxicol., 47(9): 2209-2215.

Abdel-Moniem, A.E., M.A. Dkhil and S. Al-Quraishy,
2010. Protective role of flaxseed oil against lead
acetate induced oxidative stress in testes of adult
rats. Afr. J. Biotechnol., 9(4): 7216-7223.

Turki, K., K. Charradi, H. Boukhalfa, M. Belhaj,
F.Limam and E. Aouani, 2016. Grape seed powder
improves renal failure of chronic kidney disease
patients. EXCLI J., 15: 424-433.

Lu, M,, L. Xu, B. Li, W. Zhang, C. Zhang, H. Feng,
X. Cui and H. Gao, 2010. Protective effects of grape
seed proanthocyanidin extracts on cerebral cortex of
streptozotocin-induced ~ diabetic  rats  through
modulating AGEs/RAGE/NF-kappaB pathway. J.
Nutriti. Scie. and Vitaminology, 56(2): 87-97.
Sehirli, O., Y. Ozel, E. Dulundu, U. Topaloglu, F. Ercan
and G. Sener, 2008. Grape seed extract treatment
reduces hepatic ischemia-reperfusion injury in rats.
Phytother. Res., 22(1): 43-48.

Agarwal, C., R. Veluri, M. Kaur, S.C. Chou,
J.A. Thompson and R. Agarwal, 2007. Fractionation
of high molecular weight tannins in grape seed
extract and identification of procyanidin B2-3, 3'-di-O-
gallate as a major active constituent causing
growth inhibition and apoptotic death of DU145
human prostate carcinoma cells. Carcinogenesis,
28(7): 1478-1484.

Shi, J., J. Yu, J.E. Pohorly and Y. Kakuda, 2003.
Polyphenolics in grape seeds - biochemistry and
functionality. J. Medic. Food, 6(4): 291-299.

Aldini, G., M. Carini, A. Piccoli, G. Rossoni and
R.M. Facino, 2003. Procyanidins from grape seeds
protect endothelial cells from peroxynitrite damage
and enhance endothelium-dependent relaxation in
human artery: New evidences for cardio-protection.
Life Sci., 73(22): 2883-2898.

acid



71.

72.

World Appl. Sci. J., 36 (2): 185-196, 2018

Dai, N., Y. Zou, L. Zhu, H.F. Wang and M.G. Dai,
2014. Antioxidant properties of proanthocyanidins
attenuate tetrachloride (CCl4)-induced
steatosis and liver injury in rats via CYP2El
regulation. J. Med. Food, 17(6): 663-669.

Mansouri, E., L. Khorsandi and M.Z. Moaiedi, 2015.
Grape Seed Proanthocyanidin Extract Improved some
of Biochemical Parameters and Antioxidant
Disturbances of Red Blood Cells in Diabetic Rats
Iran. J. Pharm. Res., 14(1): 329-334.

carbon

196

73. Ahmed, H.H., S.M. Abd-El-Dayem, F.M. Metwally

and N.M. Foad, 2015. Biological significance of grape
seed extract against lung injury induced by
formaldehyde inhalation in rats. Der. Pharma.
Chemica., 7(3): 64-78.



