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Abstract
Objective: This study was done on 40 male wistar rats to evaluate the curative and protective effect of grape
seeds extract on oxidative damage, inflammatory and apoptotic insult on lung tissue induced by cadmium chloride
toxicity.
Materials and Methods: The rats were classified to control group (group I), cadmium chloride group (group II),
grape seeds extract group (group III) and mixture of grape seeds extract and cadmium chloride group (group IV). At
the end of the experimental period, the lungs were collected and fixed in formalin saline (10%) for histopathological
and immunohistochemical studies. Serum samples and frozen lungs were used for biochemical analyses.
Results: The rats groups treated with grape seed showed a significant attenuated oxidative stress by reducing
lung tissue malondialdehyde and improving glutathione peroxidase content as well as antioxidant enzymes activities
in lung tissues and serum total antioxidant capacity in comparison to group II. The lung tissue of the group II is
characterized by thick interalveolar septum, congested and edematous blood vessels. Diffuse and circumscribed
lymphocytic infiltration especially around the bronchioles with hyperplasia in the lining cells. Most of the lung tissue
showed normal structure as that of the control group except some blood vessels showed congestion in group IV.
The immunohistochemical results were negative immunostaining for bcl-2, positive for bax and ki67 in the cadmium
treated group, while showed positive immunostaining for bcl-2 in group IV.
Conclusion: The addition of grape seeds extract improves the hazard toxic effect of cadmium chloride in the lung
tissue through its powerful free radical scavenging property, strong antioxidant activity and effective anti-apoptotic
potential.
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Introduction
Cadmium (Cd) is a severe toxic element which is widely spread in
the environment [1]. Agricultural and industrial activities have given
rise to the entry of Cd into the soil and latterly into ground and
drinking water. Due to the highly soluble nature of Cd compounds,
they are easily taken up by plants resulting in storage in crops for food
and feed production [2]. Cadmium is a major component of tobacco
due to the hyperaccumulating features of Nicotiana tabacum, which
lead to high leaf Cd concentrations independent of the soil-Cd content
[3]. The cadmium concentrates in most of the body organs as lung,
brain, testis, kidney, liver and circulatory system [4,5]. It causes
pneumonia, respiratory emphysema, interstitial fibrosis and cancer
may develop [6].
Cd depletes glutathione and protein-bound sulfhydryl groups,
which lead to enhancement of reactive oxygen species generation
(ROS) such as superoxide ion, hydroxyl radicals and hydrogen
peroxide [7]. Cd acts via oxidative damage to cellular organelles due to
its toxicity and its capabilities to induce the generation of (ROS). Next,
the reactions of these ROS with cellular biomolecules lead to lipid
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peroxidation, membrane protein damage, altered anti-oxidant system,
DNA damage, altered gene expression and apoptosis [8]. The final
results of the cadmium toxicity on the affected cells are apoptosis or
necrosis if not balanced by the repair process [9]. Lag et al. [10]
revealed that, the Cd-induced apoptosis in the primary cultures of
epithelial cells, like alveolar type 2 cells, isolated from rat lung was Bax
and p53 dependent, but was independent of oxidative stress pathways.
BCL-2 gene family is a group of genes that regulates apoptosis [11].
Many studies proved the correlation between Cd and cancer induction
[12]. KI67 is a nuclear antigen associated with cell proliferation and is
presented during the active cell cycle but absent in resting cells [13].
Grape seed extract (GSE) is a natural extract collected from the seed
of grape [14]. Grapes and grape products are good sources of dietary
flavonoids, which are impressive antioxidant compounds [15].
Moreover, GSE is a complex mixture of polyphenols containing
dimers, trimers, and other oligomers of catechin and epicatechin and
their gallate derivatives together called the proanthocyanidins [16].
Beyond their antioxidant powers, proanthocyanidins may insulate
against atherosclerosis, gastric ulcer, large bowel cancer, cataracts, and
diabetes. GSE was also shown to demonstrate cytotoxicity towards
human breast, lung, and gastric adenocarcinoma cells [17]. The
biological, pharmacological and medicinal properties of the
bioflavonoids and proanthocyanidins have been extensively studied
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[18,19]. GSE, which is rich with polyphenolic compounds has powerful
antimicrobial properties [20-22]. GSE exhibits chemoprotective
properties against ROS [23], anti-inflammatory [24] and anti-cancer
[25]. Recently, it has been demonstrated that GSE mitigates
amiodarone (AM) induced lung injury via its anti-inflammatory and
antioxidant activity [26]. Previous studies have presented antiapoptotic effects of GSE in various tissues, including reduction of
apoptotic cell death and suppression of proapoptotic proteins [27-29].
The aim of the current study is to evaluate the protective effect of
GSE on oxidative damage, inflammatory and apoptotic insult on lung
tissue induced by cadmium.

Materials and Methods
Chemicals
Cadmium chloride was purchased from Sigma (St. Louis, MO,
USA). While GSE was purchased from GNC standard commercial
suppliers in Jeddah Saudi Arabia. GSE (formerly Grape Seed PCO
Phytosome 50–120 tabs) was obtained from Health Genesis Corp. (Bay
Harbor Island, FL, USA).

minutes to remove debris. The supernatant was separated for
conducting further biochemical analyses (malondialdehyde, catalase,
superoxide dismutase and glutathione peroxidase).

Biochemical analyses
Lung malondialdehyde (MDA) level was quantified by colorimetric
method using lipid peroxide (MDA) assay kit purchased from
Biodiagnostic Co., Egypt, according to the method described by Satoh
[30]. Lung superoxide dismutase (SOD) activity was estimated by
colorimetric method using superoxide dismutase assay kit purchased
from Biodiagnostic Co., Egypt, following to the method described by
Nishikimi et al. [31]. Lung catalase (CAT) activity was determined by
colorimetric method using catalase assay kit purchased from
Biodiagnostic Co., Egypt, according to the method described by Aebi
[32]. Lung glutathione peroxidase (GSH-Px) activity was assayed by
spectrophotometric method using glutathione peroxidase assay kit
purchased from Biodiagnostic Co., Egypt, according to the method of
Paglia and Valentine [33]. Total antioxidant capacity (TAC) was
measured according to the method of koracevic et al. [34], using EIA
kit that was purchased from Labor Diagnostika Nord Co., Germany.

Histological techniques

Animals
Male wistar rats were purchased from King Fahd experimental
center in King Abdul Aziz University Jeddah KSA. All animal
procedures were approved by the Ethical Committee office of the
Scientific Dean of Taif University, Saudi Arabia.

Experimental design
Forty male Wistar rats, 3 months old (150–175 g) were used for this
study. For acclimatization, animals were kept under observation for 2
weeks before the onset of the experiment. The animals were kept at
12:12-h light–dark cycle and gained free access to food and water.
Healthy rats were randomly divided into four groups as follows: Group
I, fed on balanced diet and was used as a control for 3 months.
Group II was administered 5 mg cadmium chloride/kg body
weight/day dissolved in drinking water for 3 months [10].
Group III, was administered 400 mg grape seeds extracts/kg body
weight/day dissolved in drinking water for 3 months [29].
Group IV was given mixture (grape seeds extracts diluted in tap
water in addition to 5 mg cadmium chloride/day/dissolved in drinking
water for 3 months.

Different pieces from the left and right lung lobes were collected and
processed for general histological stain and masson trichrome. This
technique was done according to Bancroft and Stevens [35].

Immunohistochemical techniques
Sections were deparaffinized in xylene and rehydrated through
graded concentrations of ethanol. Incubated in antigen retrieval buffer
(boiling the sections at 98°C for 20 min in 10 mmol/L sodium citrate
buffer), treated with 3% H2O2 to block endogenous peroxidase. The
slides were allowed to cool to room temperature. The sections were
further incubated with the primary antibody against bax (Mouse
monoclonal, Clone 2D2, Neomarkers, USA), bcl-2 (Mouse monoclonal
Clone 8C8, Neomarkers, USA), ki67 (monoclonal antibody, DAKO
Corp.) were applied for 30 minutes. Biotinylated polyvalent secondary
antibody (Cat. No. 32230, Thermo Scientific Co., UK) was applied to
tissue sections and co-incubated for 30 min. The slides were washed
three times for 3 min each with wash buffer. The reaction was
visualized by adding Metal Enhanced DAB Substrate Working Solution
to the tissue and incubated 10 min. Finally all sections were
counterstained with Mayer’s hematoxylin [36].

Statistical analysis

At the end of the experimental period, the rats were fasted
overnight, subjected to diethyl anaesthesia. The lungs were collected
and fixed in formalin saline (10%) for histopathological and
immunohistochemical studies.

Results are expressed as means±SEM of 10 different rats per each
group. Statistical analysis was done using ANOVA and Fisher’s post
hoc test, with p<0.05 being considered as statistically significant.

Preparation of blood and tissue homogenate

Results

The blood samples were immediately collected from the overnight
fasted rats at the end of the study from the retro orbital venous plexus
in the tubes free from any anticoagulant agent for separation of serum
samples for biochemical analysis (total antioxidant capacity). The lungs
of the rats were homogenized in a four volumes of ice-cold Tris-HCl
buffer (50 millimolar, pH 7.4) containing 0.50 ml/L Triton X-100 with
a homogenizer (IKA Ultra–Turrax T 25 Basic, Germany) for 2 minutes
at 13000 rpm. The homogenate was then centrifuged at 5000 × g for 20
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Biochemical analyses
The data in Table 1 showed the effect of grape seed extract on lung
level of pro-oxidant markers and antioxidant enzymes in Cdchallenged rats. The present data revealed that administration of Cd
induced oxidative stress that manifested by a significant increase in
lipid peroxidation product MDA in lung with respect to control group.
Meanwhile, marked depletion in tissue levels of CAT, SOD and GPx
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activity as well as serum TAC was observed in Cd administered rats as
compared to control ones. However, the groups of rats treated with
grape seed significantly attenuated oxidative stress by reducing lung
tissue MDA and improving Gpx content as well as antioxidant
enzymes activities in lung tissues and serum TAC in comparison to
group II.
Parameter

Control

Cd

GSE

Cd + GSE

MDA(nmol/mg
protein)

3.1 ± .13

8.6 ± 0.29a

2.9 ± 0.07

4.5 ± 0.17b

CAT(U/mg
protein)

6.13 ± 0.94

4.15 ±0.67a

5.81 ± 0.36

5.64 ± 0.34b

SOD(U/mg
protein)

3.36 ± 0.89

2.24 ± 0.67a

3.24 ±0.79

3.05 ± 0.71b

GPx(U/mg
protein)

91.6 ±1.68

47.4 ±1.11a

89.4 ± 1.29

74.4 ± 1.57b

TAC(μmol/L)

0.79 ±0.05

0.05 ± 0.02a

0.75 ± 0.06

0.55 ± 0.08b

blood vessels (Figure 4A) and circumscribed areas of lymphocytic
infiltration (Figure 4B). Most of the lung tissue showed normal
structure as that of the control group except some blood vessels
showed congestion (Figure 4C). Some cells of the alveolar tissue
showed positive immunostaing for bcl-2 (Figure 4D), while few cells
showed positive immunostaining reaction for bax and ki67 (Figure 4E
and 4F).

Table 1: Effect of grape seed extract (GSE) on pro-oxidant markers and
antioxidant enzymes levels in lung of Cd challenged rats. Results are
expressed as mean ± SD for 10 rats/group. a: Value significantly
different from control group (p<0.05). b: Value significantly different
from Cd group (p<0.05). MDA: malondialdehyde; CAT: catalase; SOD:
superoxide dismutase; GPx: glutathione peroxidase; TAC: total
antioxidant capacity.

Histopathology and immunohistochemistry
The lung tissue of the control group consisted of bronchioles;
primary, secondary and terminal bronchioles and alveoli. The alveoli
lined by alveolar cells and connected together by inter-alveolar septum.
The alveolar duct was lined by cuboidal epithelium while the alveolar
sac consisted of 3-4 alveoli (Figure 1A-1C).
Positive immunohistochemical staining for bcl-2 was demonstrated
in the cells of the lung tissue (Figure 1D). Positive
immunohistochemical staining for bax was demonstrated in the cells
of the alveoli and lining epithelium of the secondary bronchiole
(Figure 1E). Positive immunohistochemical staining for ki67 was
demonstrated in single cells of the lining epithelium of the alveoli
(Figure 1F).
The lung tissue of the second group showed thickened interalveolar
septum with sparsely infiltrated lymphocytic cells. The blood vessels
were congested and edematous. Fibrous CT was increased around the
wall of the bronchioles with hyperplasia of the lining cells. Diffuse and
circumscribed areas of lymphocytic infiltration were spread between
the lung tissue (Figure 2A-2C). Negative immunostaining for Bcl-2
(Figure 2D). Strong immunostaining reactions were detected in the
lung cells for bax and ki67 (Figure 2E and 2F).
The lung tissue of the third group showed the same histological
structure as that of the first control group (Figure 3A). Positive
immunostainig for bcl-2 (Figure 3B) and weak immunostainig for bax
and ki67 (Figure 3C and 3D).
The lung tissue of the fourth group showed some patches of the lung
tissue still consisted of thickened interalveolar septum and edematous
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Figure 1: Photomicrographs of the male albino rats lung of the
control group showing in (A), the alveoli (a) and interalveolar
septum (arrow) H&E X400. In (B), the alveolar sac (s) and the
alveoli (a) Masson trichrome X400. In (C), the alveolar duct (d)
H&E X100. In (D), immunostaining for bcl-2 (arrows) X400. In (E),
positive immunostaining for bax (arrow) X400. In (F), positive
immunostaining for ki67 (arrow) X400.

Discussion
Due to the progress in industry and agricultural activities, the
people who lived adjacent to these cities are mostly subjected to
pneumonia, digestive disorders including diarrhea, stomach pains and
possibly DNA damage or cancer development [37]. Cd accumulates
and is proved to cause severe damages to a variety of organs such as
lung, brain, testis, kidney, liver and circulatory system [5]. In the
present work, Cd led to the production of free radicals, as reported by
Stohs and Bagchi [38], who showed that cadmium toxicity led to
generation of free radicals, which led to oxidative deterioration of
lipids, proteins, DNA, activation of procarcinogens, inhibition of
cellular and antioxidant defense systems.
The results of this study showed that the lung tissue of the Cd group
exhibited thickened interalveolar septum with sparsely infiltrated
lymphocytic and fibrous CT was increased around the wall of the
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bronchioles with hyperplasia of the lining cells, in consonance with
Kundu et al. [39], El-Sokkary and Awadalla [40], Shin et al. [41], ElRefaiy and Eissa [42] and Ahmed et al. [43]. These studies found that
the chronic exposure of cadmium compound induces lung cell
proliferation which may be independent of lung inflammation, edema
and congestion are sincere results of vascular system inflammation of
the lung and bronchioles.

In the present study, the rats groups treated with grape seed
significantly diminished oxidative stress by reducing lung tissue MDA
and improving antioxidant enzymes activities in lung tissues and
serum TAC, this is confirmed by findings of Cheng et al. [48], Li et al
[49].

Diffuse and circumscribed lymphocytic infiltration in the lung
tissue of the Cd group then the severity decreased in the fourth group.
These results were conforming to results of Yamada et al. [44], Driscoll
et al. [45], Bell et al. [46], El-Refaiy and Eissa [42] and Ahmed et al.
[43].

Figure 3: Photomicrographs of the male albino rats lung of the third
group showing in (A), the alveoli (a) and interalveolar septum
(arrow) and alveolar sac (s) Masson trichrome X400. In (B), positive
immunostaining for bcl-2 (arrows) X400. In (C), weak
immunostaining for bax X400. In (D), weak immunostaining for
ki67 (arrow) X400.

and Ahmed et al. [43], who showed that GSE has antioxidant, antiinflammatory and antitumor activities, and to mediate resistance to
free radicals. GSE is a powerful free radical scavenger [50-52]. These
findings were in accordance with our results and support it in the same
way.

Figure 2: Photomicrographs of the male albino rats lung of the Cd
group showing in (A), the lymphocytic infiltrations (ly) around the
bronchioles (b) and edematous blood vessels (o) H&E X400. In (B),
thickening in the interalveolar septum (arrow), degeneration of the
bronchioles epithelium (d), lymphocytic infiltration (ly) and
edematous blood vessels (o) H&E X400. In (C),increased fibrous Ct
(f) around the bronchioles (b) with lymphocytic infiltrations (ly)
and edematous blood vessels (o) Masson trichrome X400. In (D),
negative immunostaining for bcl-2 X400. In (E), positive
immunostaining for bax (arrows) X400. In (F), positive
immunostaining for ki67 (arrows) X400.

Grapes are considered as one of the most widely eats up fruits. The
grape seed proanthocyanidins (GSPs) have killing effect on the tumor
cells without hurting the normal cells [47].
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Grape seeds have phenolic acids and flavonoids [53]. Lago et al. [54]
reported that the anti-inflammatory effects of phenolic compounds are
related to their ability to regulate the expression of pro-inflammatory
genes, such as cyclooxygenase, lipoxygenase and also by acting around
NF-κB signaling and MAPK [55]. Flavonoids exert their antiinflammatory effects by regulating the inflammatory cells, suppress the
T lymphocyte proliferation, inhibiting pro-inflammatory cytokines
[56].
The anti-apoptotic protein Bcl-2 has been associated with inhibition
of apoptosis whereas the increased expression of the pro-apoptotic
protein, Bax, has been associated with the induction of apoptosis
[57,58]. These findings were in accordance with our results and
support it in the same way. GSE has a powerful cytotoxicity towards
breast cancer, lung and gastric adenocarcinoma cells, while enhancing
the growth and viability of normal cells [47]. It has been recognized
that intracellular movement of pro-apoptotic proteins, such as Bax,
depolarizes mitochondria and induces the release of cytochrome c
through openings in the outer membrane formed as a consequence of
permeability transition and loss of mitochondrial membrane potential
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[59]. The antiapoptotic effects of GSE in various tissues, including
reduction of apoptotic cell death and
suppression of proapoptotic proteins [27-29,60]. So these findings
are in concordance with our results, where the level of Bcl-2 was
increased while levels of Bax and Ki67 were decreased in the lung cells
groups treated by GSE compared to group II.
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