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Anti-inflammatory Effect of Grape Seed Extract on Bronchial Asthma Induced in Mice
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Abstract: Bronchial asthma is a growing major public health problem worldwide. Anti-inflammatory agents have
been suggested to alleviate asthma. Grape seed extract (GSE) has been reported to have a powerful antioxidant and
anti-inflammatory properties. The present study aims to determine whether GSE has a therapeutic effect on allergic
airway inflammation in mice. Airway inflammation was induced via intraperitoneal (i.p) injected with 10 ug
ovalbumin plus 2 mg aluminum hydroxide in 200 uL phosphate buffered saline (PBS). Male mice (n=50) were
divided to five equal groups. The first group; negative control received i.p. injection of PBS, the second group;
positive control; asthma-model (OVA), the third group; asthma mice treated orally with montelukast (30 mg/kg),the
fourth group; asthma treated orally with GSE at a dose level of (150 mg/kg) and the fifth group; asthma mice treated
with both GSE+ montelukast. Montelukast and GSE were given on day 27 and from day 28 to 30 1lhr before each
challenge. The inflammatory cytokines interleukin-5 &13 (IL-5& IL-13) were estimated in bronchoalveolar lavage
fluid(BALF) and immunoglobulin E(IGE) was determined in plasma. Lung levels of pro-oxidants; malondialdehyde
(MDA), nitric oxide (NO) and superoxide dismutase (SOD) were determined. Lung samples from mice in different
groups examined microscopically. There was a significant increase (p<0.001) in BALF levels of IL-5 and IL-13,
plasma IGE, as well asa significant increase (p<0.001) in the lung levels of NO and MDA with a significant
decrease (p<0.001) in SOD levels when compared with control group. Histopathological studies of lung confirmed
these results, bronchiolar and perivascular infiltrates, as well as perivascular oedema were shown in the lung tissues
of OVA mice. While mice administrated GSE either alone or with montelukast showed a significant improvement in
all the tested parameters. The treatment afforded by co-administration of GSE and montelukastwas found to be
better than that of montelukast alone. Results of the present study suggest that montelukast should be used along
with GSE for better immune-regulatory effect, as well as, to reduce drugs adverse effects. Therefore, GSE seems to
be a potential new drug to modulate inflammatory response in asthma.
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1. Introduction contribute to the magnitude of this burden, such as air

Bronchial asthma, commonly called "asthma", it pollutants, obesity, mold species and some
is one of the most common chronic lung diseases in medications such as non-steroidal anti-inflammatory
children and adults. Unfortunately it is a disease that drugs (Al-Jawad et al., 2012). Epidemiological
currently unable to prevent or cure or method of studies in Saudi Arabia revealed an increasing
prevention(Chunhua et al., 2013).Asthma is a prevalence of asthma in the past three decades, which
disorder of the conducting airways, which contract may be attributed to the rapid lifestyle changes
too much and too easily both spontaneously and in related to the modernization of the Saudi society. As
response to a wide range of exogenous and well as, changes in dietary habits and exposure to an
endogenous  stimuli.  This  airway  hyper- environmental factor such as indoor allergens, dust,
responsiveness is accompanied by enhanced sensory sand storms, tobacco smoke and indoor animals (Al-
irritability of airways and increased mucus secretion Moamary et al., 2009). In Saudi Arabia, asthma is
and an increase of T-helper cell 2 levels- (Th2) one of the most common chronic diseases, affecting
related cytokines.The different clinical expressions of more than 2 million (Al Frayh, 2006). Potent anti-
asthma involve a variety of environmental factors inflammatory corticosteroids are the most effective
that interact with the airways to cause acute and medications available for asthma treatment
chronic inflammation. Several other factors (Derendorf et al., 2006). However, medications for
contribute to this phenomenon, including smooth asthma are not completely satisfactory. Therefore,
muscle contraction, edema and remodeling of there are concerns regarding the known side effects
airways (Grainge et al., 2011). of corticosteroids, such as disturbance of adrenal

Pathogenesis of chronic bronchial asthma (CBA) functions and overall immune suppression.The
is complex. Reactive oxygen species (ROS) have chronic nature of this disease and the lack of
been shown to be directly associated with asthma and definitive, preventive and curative therapies lead up
an oxidant-antioxidant imbalance.Many factors to 60% of patients to seek alternative medical
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treatments (Bolleddula et al., 2007). Antioxidants are
important for their protection against oxidative stress
due to their ability to detoxify free radicals, such as
reactive oxygen species (ROS) (Angaji et al., 2012).

Grape seed extract (GSE) is known to have a
greater antioxidant activity (Ariga, 2004). Itsfunction
to prevent the development of many diseases such as
diabetic nephropathy, drug-induced renal toxicity,
cancer metastasis, fungal infection and ischemic
cardiomyopathy has been shown in animal
models(Mantena et al., 2006, Han, 2007, Li et al.,
2008, Guler et al, 2011 and Ulusoy, 2012).
Moreover, GSE was shown to attenuate inflammation
in collagen-induced arthritis in mice suggesting its
therapeutic role in inflammatory disorders (Cho,
2009). Many of these effects are believed to be the
result of strong free radicals scavenging activity of
GSE (Nassiri-Asl and Hosseinzadeh, 2009 and Xia,
2010). Grape seed extract also, contains many
phenolic compounds, the most bioactive compounds
present in grape seeds are proanthocyanidins. Grape
seed proanthocyanidin exhibits more powerful
antioxidant effects. It has anti-inflammatory effect on
experimental inflammation in mice (Al-Jahdali et
al., 2008). Therefore, the present study aims to
evaluate the effect of GSE as curative immune-
regulatory against ovalbumin-induced bronchial
asthma in male mice.

2. Material and Methods:
Chemical, drugs and kits:

Ova-albumin in the form of white powder was
purchased from Rockford, USA. Montelukast was
purchased from a pharmacy. Grape seeds extract by
Nature’s Way prepared from grape seeds (95%
polyphenols) in capsules was obtained from General
Nutrition Centers (GNC) in Saudi Arabia.
Immunoglobulin E (IgE) ELISA, Interleukin (IL-5)
and (IL-13) ELISA Kkits were purchased from
Cusabio Biotech Co., LTD. China. Nitric oxide (NO)
as total nitrites/nitrates colorimetric assay kits was
purchased from IBL International (Hamburg,
Germany). Superoxide dismutase (SOD) and lipid
peroxides measured as malondialdehyde (MDA)
were purchased from Cayman Chemical Company
USA. All chemicals with high analytical grade were
purchased from Sigma-Aldrich (St. Louis, MO)
Chemical Co.

Sensitization and airway challenge:

Airway inflammation was induced by using the
methods described by Oh et al. (2006).Mice were
immunized via intraperitoneal (i.p.) injection with
10 ug ovalbumin plus 2 mg aluminum hydroxide in
200 uL phosphate buffered saline (PBS)/ mouse, on
day 0 and 14. Control mice received i.p. injection of
phosphate-buffered saline (PBS) with aluminum
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hydroxide; then mice were challenged by inhalation
of 1% (w/v) OVA solution in PBS using ultrasonic
nebulizer with a regulated flow rate for 1 h/day from
day 28 to day 30 (Chunhua et al., 2013).
Experimental design:

Male mice (n=50) were divided equally to five
groups. The first group; negative control received i.p.
injection of phosphate-buffered saline (PBS) with
aluminum hydroxide. The second group; positive
control; asthma-model (OVA). The third group;
asthma treated orally with montelukast (30
mg/kg).The fourth group: asthma treated with GSE at
a dose level of (150, mg/kg/day orally). The fifth
group: asthma group treated with montelukast+ GSE
at the same used doses. Montelukastand GSE were
given on day 27 and from day 28 to 30 lhr before
each challenge.

Blood collection and plasma separation:

Mice were scarified 48 h after the last challenge
(on day 32).Blood samples were collected and
plasma samples were stored at -20° C until
biochemical analysis.

Bronchoalveolar Lavage Fluid (BALF):

On day 32 after blood collection, the BALF was
collected by placing polyethylene catheter into the
trachea. BALF was collected by washing it with
aliquots of 1mL of Hank’s balanced Salt Solution
through the trachea, then centrifuged and the BALF
supernatant stored for determination of cytokines.
Preparation of lung homogenates:

After the BALF fluid had been collected, the
lungs were removed and immediately one lung from
each mouse was homogenized in 3 mL of ice-cold
PBS buffer, then lung supernatant were utilized for
subsequent measurement of enzymatic and non-
enzymatic antioxidant levels.

Measurement of immunoglobulin E (IgE):

Plasma total immunoglobulin E(IgE) level was
determined by enzyme-linked immunosorbent assay
(ELISA) kit according to Burrows et al.(1980).
Measurement of cytokines IL-5, IL-13 in BLAF:

Cytokines concentration including interleukin-5
(IL-5) and interleukin-13 (IL-13) were measured by
enzyme-linked immunosorbent assay (ELISA) using
reagent kits in mice bronchoalveolar lavage fluid
(BALF) according to the manufacture's protocol.
Determination of antioxidant status in lung:

Nitric oxide (NO) as total nitrites/nitrates,
malondialdehyde (MDA) and superoxide dismutase
(SOD) were determined in lung tissues according to
Johnston et al.(2003), Yoshioka et al. (1979)and
Wheeler et al. (1990), respectively.

Lung tissues histopathology:

After the BALF were obtained, lung tissue was
removed: fixed with 10% (v/v) neutral buffered
formalin. Tissues were embedded in paraffin,
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sectioned at 4 pum thickness¢ and stained with
hematoxylin and eosin (H&E) (Sigma: St. Louis,
MO) according to Bancroft et al. (1996).

Statistical analysis:

The obtained results were analyzed statistically
by analysis of variance, for statistical significance (p
<0.05) using L.S.D. test, one way ANOVA and post
hoc multiple comparisons. An IBM computer with a
software system SPSS version 22was used for these
calculations.

3. Results
Effect of GSE and/or montelukast on cytokine in
BLAE and IGE in plasma in asthmatic mice:

In the present study, after the last challenge,
there was a significant increase (p<0.001) in BALF
IL-5 and IL-13 as well as, plasma IGE of OVA group
as compared to control group. Treatment with

montelukast was significantly inhibited (p<0.001)
OVA-induced inflammation, montelukast group
showed a significant decrease (p<0.001) in BALF IL-
5 and IL-13 as well as, plasma IGE when compared
to OVA untreated group. Montelukast treatment
showed a significantly decreased in IL-5, IL-13 and
IGE as compared with OVA untreated group.
Administration of GSE was significantly decreased
(p<0.001) the level of BALF IL-5 and IL-13, as well
as plasma level of IGE as compared with OVA
untreated group. Co-administration of GSE+
montelukast significantly normalized the levels of all
analyzed cytokines, there were a significant decrease
in BALF IL-5 and IL-13 as well as plasma IGE as
compared with OVA untreated group, at the same
time the levels of tested cytokines were significantly
decreased (p<0.05) as compared with montelukast
treated group.
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Figure 1: Effect of GSE and/or montelukast on BALF IL-5 concentration in asthmatic mice

Each value represents the mean of 10 mice + SD. ? Significant difference between control and OVA group. ° Significant
difference between OVA and OVA treated groups. ° Significant difference between OVA treated with montelukast and other
treated OVA groups. ¢ Significant difference between OVA treated with GSE and treated GSE+ montelukast groups. *p< 0.05,

**p< 0.01, and ***p< 0.001.
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Figure 2: Effect of GSE and/or montelukaston BALFIL-13 concentration in asthmatic mice
Each value represents the mean of 10 mice + SD. ? Significant difference between control and OVA group. ° Significant
difference between OVA and OVA treated groups. ° Significant difference between OVA treated with montelukast and other
treated OVA groups. ¢ Significant difference between OVA treated with GSE and treated GSE+ montelukast groups. *p< 0.05,
**p< 0.01, and ***p< 0.001.
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Figure 3: Effect of GSE and/or montelukast on plasma IGE concentration in asthmatic mice
Each value represents the mean of 10 mice + SD. ? Significant difference between control and OVA group. "Significant difference
between OVA and OVA treated groups. °Significant difference between OVA treated with montelukast and other treated OVA
groups. ¢ Significant difference between OVA treated with GSE and treated GSE+ montelukast groups. *p< 0.05, **p< 0.01, and
***p< 0.001.

Effect of GSE and/or montelukast on antioxidant group, OVA group showed a significant increase
status in lungs of asthmatic mice: (p<0.001) in NO and MDA, as well as significant
The effect of GSE and /or montelukaston lung decreased (p<0.001) in SOD levels.Montelukast
levels of pro-oxidant markers and antioxidant treatment showed a significant decrease in lung levels
enzyme (No, MDA and SOD) in asthmatic mice of NO and MDA with a significant increase in SOD
shown in Table (1). When compared with normal as compared with OVA untreated group.
Table (1): Effect of GSE and/or montelukastin the lung levels of NO, MDA and SODof asthmatic mice
Experimental groups NO MDA . SOD .
(ng/ml) (nM/ mg of protein) (U/mg of protein)
Control (-ve) 57.27 +5.84 430 +0.38 7.15+0.58
OVA 184.82+6.41° 8.74+0.50% 3.15+0.28%7
Montelukast 61.14 +5.98°™ 476+ 0547 6.76 £0.65°
GSE 59.28 +5.81° 7 4.63+045°7 7.13+0.36°
GSE+ Montelukast 55.13+3.88°7 ¢ 424+036°77% 7.38+£0.62°7¢

Each value represents the mean of 10 mice + SD. 2 Significant difference between control and OVA group. "Significant difference
between OVA and OVA treated groups. °Significant difference between OVA treated with montelukast and other treated OVA
groups. ¢ Significant difference between OVA treated with GSE and treated GSE+ montelukast groups. *p< 0.05, **p< 0.01, and
*kk

p< 0.001.

Administration of GSE showed a significant (9&10), the same improvement were shown in GSE
decrease (p<0.001) in the lung NO and MDA levels, treated group. In the group treated with GSE+

accompanied with a significant increase (p<0.001) in montelukast the lung sections appeared to be normal.
lung SOD level as compared with OVA untreated s v
group. The most effective treatment was the group
treated with GSE+ montelukast was as compared
with the other treated groups.
Effect of GSE and/or montelukast on OV- induced
pathological alteration in mice lungs:

The inflammation degree and pathological
change in the lung of mice were observed. There was

no pulmonary inflammation in control mice (Figure '

4&5), but widespread per- bronchiolar and -~ v b3 F1 ey
perivascular infiltrates, as well as perivascular R g E i %) SO ot wh .\f—\"JYl.“
oedema (Figure 6-8) were shown in the lung of OVA o S J“(ﬁ - SV R S L

mice. Treatment with montelukast inhibited the

inflammatory cell infiltration as shown in Figure Figure (4): Lung of mice from control (-ve) group

showed no histopathological changes. (H & E x 100)
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Figure (6): Lung of mice from OVA group showed
perivascular oedema associated with inflammatory

cells infiltration. (H & E x 100)

Figure (5): Lung of mice from control (-ve) group
showed no histopathological changes. (H & E x 400)

Figure (7): Luf\g_bf mice from OVA group showed
perivascular oedema associated with inflammatory
. (H & E x 400) ;

cells infiltration.
N Nt n
X

Figure (8): Lung of mice from OVA group showed
perivascular inflammatory cells infiltration.
(H & E x 100)
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FigurAe (9): Lung ‘of mice from group montelkast
showed no histopathological changes. (H & E X 100)

Figure (10): Lung of mice from group montelukast
showed no histopathological changes.  (H & E X 400)

- X asd P~ '.“
Figure (11): Lung of mice from group GSE showed no
(H & E X 100)

- - ™~ - e . :
Figure (12): Lung of mice from group GSE+ montelukast
showed no histopathological changes.  (H & E X 100)
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Figure (13): Lung of mice from group GSE+
montelukast showed no histopathological changes.
(H & E X 400).

4. Discussion:

Asthma is a chronic inflammation of the
bronchial airways and it is characterized by reversible
airway obstruction, increased mucus production and
infiltration of the airway with eosinophils,
neutrophils, mastcells and T-lymphocytes, airway
hyper-responsiveness and allergen-specific CD4"
(Houssen et al., 2010). Asthma is a growing major
public health problem worldwide. Studies have
shown that the burden of asthma might be
significantly higher than previously estimated (Rabe
et al., 2004 and Terra et al., 2009).Medications for
asthma are not completely effective and there are
concerns regarding the known side effects of
corticosteroids (Bolleddula et al., 2007). Grape seed
extract exhibits chemoprotective properties against
ROS (Rabe et al., 2004), anti-inflammatory (Terra
et al., 2009), anti-cancer (Kauret al., 2006), anti-
ulcer (Abbas and Sakr, 2013) and anti-diabetic
potentials (Pinent et al., 2004). Grape seed extract
has been found to contain phenolic compounds which
have many protective properties due to their powerful
antioxidant activity (Clouatre and Kandaswami,
2005). The focus of our interest was to investigate the
potent therapeutic role of GSE in ameliorating
inflammatory against ovalbumin-induced bronchial
asthma in male mice.

In an immune-mediated disease such as asthma,
T helper (Th) cells played a very crucial role in
induction and maintenance of disease state. Amongst
two different Th cells, Thl responsible for secretion
of interleukin (IL)-2 and interferon (IFN)-c whereas
Th2 is for IL-4, 1L-13, and IL-5. Th2 also responsible
for switching from 1gG to IgE, an important mediator
of asthma and which is present abundantly on the cell
surface of basophils. Thus, in the present
investigation, OVA-sensitized mice caused a
significant release and increase BALF levels of
cytokines as IL-5 and IL-13 along with plasma level
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of IgE in OVA untreated mice as compared with
control group. In addition, IL-5 is essential for the
maturation of eosinophils, and it accumulates in the
lung during the inflammatory process of asthma
(Uhm et al., 2012). Mucus hypersecretion is an
important characteristic of asthma, which contributes
to the exacerbation of symptoms. While 1L-13 is
considered a major stimulus for this phenomenon
(DiGiovanni et al., 2009).

However, administration of GSE significantly
inhibited these elevated levels which demonstrated
it’s Th inhibitory potential. These findings are in
consistency with AL-Hanbali et al. (2009) who
demonstrated that epicatechin (EC) from GSE
suppressed pro-inflammatory cytokines and enhanced
the production of the anti-inflammatory cytokine in
whole blood cultures which were stimulated with
phytohemeagglutinin (PHA) plus lipopolysaccharide
(LPS). This indicates that EC possesses anti-
inflammatory action and coincides with what is
known traditionally or experimentally about grape as
an anti-inflammatory plant (Terra et al., 2009).
Moreover, Kim et al. (2006) stated that catechins
suppressed the production of some proinflammatory
cytokines in microvascular endothelial cells in a
concentration dependent manner.

The release of inflammatory mediators after
allergen challenge is associated with the elevated
level of ROS, which in turn caused depletion of
intracellular antioxidant (Adil et al., 2014, Kandhare
et al., 2014, Aswar et al., 2015 and Kandhare et al.,
2015a). Superoxide dismutase is an important
enzymatic antioxidant defense. It is responsible for
detoxification of ROS via reduction of superoxide
anion to form hydrogen peroxide (Kandhare et al.,
2012 a and Visnagri et al., 2013). In corroboration
of the previous study, administration of allergen like
OVA caused a significant depletion of SOD level
(Kandhare et al., 2015b). Furthermore, elevated
level of MDA is an indicator of lipoperoxidation is
which causes rearrangement of the double bond in
the unsaturated fatty acids which then leads to lipid
cell membrane destruction (Kandhare et al., 2012 c,
Visnagri et al., 2012, Kandhare et al., 2013
andKandhare et al., 2015a).

Furthermore, elevated ROS also associated with
the release of pro-inflammatory mediators such as
nitric oxide (NO) which is an unconventional
intracellular messenger (Kandhare et al., 2012 b and
Kandhare et al., 2015a). Nitric oxide reacts with
ROS to gives rise a vicious cycle that leads to
nonspecific tissue damage (Kandhare et al., 2012 d
and Kandhare et al., 2015a). Clinically it has been
proven that elevated production of NO has been
associated with increased mucus production and
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infiltration of inflammatory (Hart, 1999 and
Ricciardolo, 2003).

However, administration of GSE caused a
significant increase in the lung level of SOD along
with a decrease in both NO and MDA levels in the
lung tissues suggesting its potential antioxidant
properties. In accordance with these findings,
experimental studies have shown that oral
administration of GSE lowered ROS generation and
enhanced the activity of the endogenous antioxidant
system (Busserolles et al., 2006). In particular,
proanthocyanidins (PC) the active constituent of GSE
have been reported to be able to scavenge free
radicals and NO and reduction of their levels (Bagchi
et al., 2003). Kim et al. (2004) demonstrated that the
pre-treatment of rats with epicatechin (EC), the
second active component of GSE, inhibited both IL-
1B induced nitrite production and iINOS gene
expression via the inhibition of nuclear factor kB
inhibitor protein. Mantena and Katiyar (2006)
reported that the antioxidant property of GSE
contributed to the inhibition of phosphorylation of
mitogen-activated protein kinase (MAPK) through
inhibition of H202 production and inhibition of the
depletion of antioxidant defense  enzymes.
Consequently, the inhibition of the H202-mediated
phosphorylation of MAPK in NHEK by GSE
indicates that GSEs have the ability to neutralize the
effect of H202.

Several studies have shown that ROS and RNS,
produced by the inflammatory and immune cells
(Chapple, 1996), have a specific role in tissue
destruction associated with inflammatory diseases
(Waddington et al., 2000). In the present study, lung
of OVA untreated mice showed widespread per-
bronchiolar, perivascular infiltrates, and oedema.
This result is in accordance with that of Kumar and
Shah (2015) who found the presence of intense
inflammatory cell infiltration in the peribronchiolar
region compared with normal mice, while
montelukast treatment attenuated the inflammatory
cell infiltration in lung tissue after OVA challenge.
Treatment with GSE caused a significant inhibition in
the OVA-induced pathological alteration in lung
tissues. These findings are in agreement with
Hemmati et al. (2006) who attributed the protective
effect of grape seed extract to its ability to inhibit the
formation of the inflammatory cytokines. Ahmed et
al. (2015) who suggested that GSE could inhibit
apoptotic cells death induced by formaldehyde
inhalation through increasing the anti-apoptotic
capacity in concomitant with decreasing the pro-
apoptotic activity of the lung cells.

In conclusion, results of the present study reveal
that the administration of GSE in an animal model of
asthma could blunt the cytokine response to OVA in
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sensitized animals via down-regulation of nitroso-
oxidative stress, cytokine and IgE release which
decreases the airway resistance thus supporting its
anti-inflammatory as well as bronchodilator role
during the allergic response in the lung. These effects
suggest a potential for a new asthma treatment since
GSE controls the exaggerated inflammatory response
observed in this model.

Acknowledgement

The author takes this opportunity to express her
gratitude to Chair Yusuf Abdul- Lateef Jameel of
Prophetic Medicine for their generous support and
contribution in this research.

References
1. Abbas, A.M. and Sakr, H.F. (2013). Effect of
selenium and grape seed extract on

indomethacin-induced gastric ulcers in rats. J.
Physiol. Biochem., 69(3): 527-537.
2. Adil, M., Visnagri, A., Kumar, V.S., Kandhare,

A.D., Ghosh, P. and Bodhankar, S.L.
(2014). Protective effect of naringin on sodium
arsenite  induced testicular  toxicity via

modulation of biochemical perturbations in
experimental rats. Pharmacologia, 5: 222-234

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

4. Al-Hanbali, M., Ali, D., Bustami, M., Abdel-
Malek, S., Al-Hanbali, R., Alhussainy, T.,
Qadan, F. and Matalka, K.Z. (2009). Epicatechin
suppresses IL-6, IL-8 and enhances IL-10
production with NF-kappaB nuclear
translocation in whole blood stimulated system.
Neuro. Endocrinol. Lett., 30(1):131-138.

5. Al-Jahdali, H.H., Al-Hajjaj, M.S., Alanezi,
M.O., Zeitoni, M.O. and Al- Tasan, T.H. (2008).
Asthma control assessment using asthma control
test among patients attending 5 tertiary care
hospitals in Saudi Arabia. Saudi Med. J.,
(29):714-717.

6. Al-Jawad, F., Al-Razzugi, A.M., R., Hashim, M.
H. and Al-Bayati, N. (2012). Glycyrrhizaglabra
versus Boswelliacarterii in chronic bronchial
asthma: A comparative study of efficacy. Indian
J. of Allergy, Asthma and Immunol., 26 (1):6-8.

7. Al Frayh, A.R. (2006). Asthma patterns in Saudi
Arabian children. J. R. Soc. Health,110 (3):98-
100.

8. Al-Moamary, M. S., Al-Hajjaj,M.S.,
Idrees,M.M., Zeitouni,M.O., Alanezi,M.O., Al-
Jahdal,H.H. and Al Dabbagh,M. (2009). The


http://www.lifesciencesite.com/
http://dx.doi.org/10.5567/pharmacologia.2014.222.234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Idrees%20MM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeitouni%20MO%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alanezi%20MO%5Bauth%5D

Life Science Journal 2016;13 (6)

http://www.lifesciencesite.com

Saudi Initiative for Asthma. Ann. Thorac. Med.,
4(4): 216-232.

9. Angaji, S.A., Mousavi, S. F. and Babapour, E.
(2012). Antioxidants: A few key points. Annals
of Biological Research, 3(8): 3968-3977.

10.Ariga, T. (2004). The antioxidative function,
preventive action on disease and utilization of
proanthocyanidins. Biofactors., 21(1-4):197-201.

11.Aswar, U.M., Kandhare, A.D., Mohan, V. and
Thakurdesai, P.A. (2015). Anti-allergic effect of
intranasal administration of type-a procyanidin
polyphenols based standardized extract of
cinnamon bark in ovalbumin sensitized BALB/c
mice. Phytother. Res., 29: 423-433.

12.Bagchi, D., Sen, C.K. and Ray, S.D. (2003).
Molecular mechanisms of cardioprotection by a
novel grape seed proanthocyanidin extract.
Mutat Res., 523: 87-97.

13.Bancroft, D., Stevens, A. and Turmer, R. (1996).
Theory and practice of histological technique, 4™
ed., Churchill Living Stone, Edinburgh, London,
Melbourne. p: 47-67.

14.Bolleddula, J., Goldfarb, J., Wang, R., Sampson,
H. and Li, X.M. (2007). Synergistic modulation
of eotaxin and IL-4 secretion by constituents of
an anti-asthma herbal formula (ASHMI) in vitro
.J. Allergy Clin. Immunol .,119 (suppl 1):S172.

15.Burrows, B., Hasan, F.M., Barbee, R.A,
Halonen, M. and Lebowitz, M.D. (1980).
Epidemiologic observations on eosinophilia and
its relation to respiratory disorders. Am Rev
Respir Dis., 122 (5):709-719.

16.Busserolles, J., Gueux, E., Balasinska, B., Piriou,
Y., Rock, E., Rayssiguier, Y. and Mazur, A.
(2006). In vivo antioxidant activity of
procyanidin-rich extracts from grape seed and
pine (Pinusmaritima) bark in rats. Int. J. Vitam.
Nutr. Res., 76:22-27.

17.Chapple 1.L.C. (1996). Role of free radicals and
antioxidants in the pathogenesis of the
inflammatory periodontal diseases. J. Clin.
Pathol. Mol. Pathol., 49(5):247-255.

18.Cho, M.L. (2009). Grape seed proanthocyanidin
extract (GSPE) attenuates collagen-induced
arthritis. Immunol Lett.,124 (2):102-110.

19.Chunhua, M., Zhangiang, M., Xiao-lin, L.,
Jiping, L., Qiang, F. and Shiping, M. (2013).
Immunoregulatory effects of glycyrrhizic acid
exerts anti-asthmatic effects via modulation of
Th1/Th2 cytokines and enhancement of
CD4+CD25+Foxp3+ regulatory T-cells in
ovalbumin-sensitized mice. J. of
Ethnopharm.,30(148):755-762.

20.Clouatre, D.L. and Kandaswami, C. (2005). In:
P. Coates, M. Blackman, G. Cragg, M. Levine, J.
Moss, J. White (Ed.), Encyclopedia of Dietary

19

Supplements (Marcel Dekker, New York, 309-
325.

21.Derendorf, H., Nave, R., Drollmann, A,
Cerasoli, F. and Wurst, W. (2006). Relevance of
pharmacokinetics and pharmacodynamics of
inhaled corticosteroids to asthma. Eur. Respir. J.,
28(5):1042-1050.

22.DiGiovanni, F.A., Ellis, R., Wattie, J., Hirota,
J.A., Southam, D. S. and Inman, M. D. (2009).
Concurrent dual allergen exposure and its effects
on airway hyperresponsiveness, inflammation
and remodeling in mice. DMM Disease Models
and Mechanisms, 2(5-6): 275-282.

23.Grainge, C.L., Lau, L.C., Ward, J.A., Dulay, V.,
Lahiff, G., Wilson, S., Holgate, S., Daviesm D.E.
and Howarth, P.H. (2011). Effect of
bronchoconstriction on airway remodeling in
asthma. N Engl J Med 364: 2006-2015.

24.Guler, A., Sahin,M.A., Yucel,O., Yokusoglu,M.,
Gamsizkan,M., Ozal,E., Deminkilic,U. and
Arslan, M. (2011). Proanthocyanidin prevents
myocardial ischemic injury in adult rats. Med.
Sci. Monit., 17(11):BR326-BR331.

25.Han, Y. (2007). Synergic effect of grape seed
extract with amphotericin B against disseminated
candidiasis due to Candida albicans.
Phytomedicine., 14(11):733-738

26.Hart, C.M. (1999). Nitric oxide in adult lung
disease. Chest.,115(5):1407-1417.

27.Hemmati, A.A., Aghelb, N., Nazaria, Z,
Mohammadianb, B. and Hasanvanda, N. (2006).
Protective effect of grape seed extract against the
fibrogenic effect of bleomycin in rat lung. Iran.
J. Pharm. Sci., 2(3): 143-150.

28.Houssen, M. , Ragab, A., Mesbah, A., El-
Samanoudy, A., Othman, G., Moustafa, A. and
Farid, B. (2010) Natural anti-inflammatory
products and leukotriene inhibitors as
complementary therapy for bronchial asthma.
Clin. Biochem., 43(10-11):887-890.

29.Johnston, G., Kaiser, H., Hecht, T. and
Oellermann, L. (2003). Effect of ration size and
feeding frequency on growth, size distribution
and  survival of juvenile  clownfish,
Amphiprionpercula. J. Appl. Ichthyol., 19(1):40-
43,

30.Kandhare, A.D., Bodhankar, S.L. Mohan, V. and
Thakurdesai, P.A. (2015a). Prophylactic efficacy
and possible mechanisms of oligosaccharides
based standardized fenugreek seed extract on
high-fat diet-induced insulin resistance in
C57BL/6 mice. J. Applied Pharma. Sci., 5: 35-45

31.Kandhare, A.D., Ghosh, P. and Bodhankar, S.L.
(2014). Naringin, a flavanone glycoside,
promotes angiogenesis and inhibits endothelial
apoptosis through modulation of inflammatory


http://www.lifesciencesite.com/
http://dx.doi.org/10.1002/ptr.5269
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hart%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=10334161
http://www.ncbi.nlm.nih.gov/pubmed/10334161

Life Science Journal 2016;13 (6)

http://www.lifesciencesite.com

and growth factor expression in diabetic foot
ulcer in rats. Chem. Biol. Interact. ,219:101-112.

32.Kandhare, A.D., Ghosh, P., Ghule, AE.,
Zambare  G.N. and Bodhankar, S.L.
(2013). Protective effect of phyllanthusamarusby
modulation of endogenous biomarkers and DNA
damage in acetic acid induced ulcerative colitis:
Role of phyllanthin and hypophyllanthin. Apollo
Med., 10: 87-97.

33.Kandhare, A.D., Kumar, V.S, Adil, M,
Rajmane, A.R., Ghosh, P. and Bodhankar, S.L.
(2012 a). Investigation of gastro protective
activity  of Xanthium  strumarium L. by
modulation of cellular and biochemical
marker. Orient. Pharmacy Exp. Med., 12: 287-
299

34.Kandhare, A.D., Patil, M.V. and Bodhankar, S.L.
(2015b). L-arginine  attenuates the ethylene
glycol induced urolithiasis in ininephrectomized
hypertensive rats: Role of KIM-1, NGAL and
NOs. Renal Fail., 37: 709-721.

35.Kandhare, A.D., Raygude, K.S., Ghosh, P,
Ghule, A.E., Gosavi, T.P., Badole S.L. and
Bodhankar, S.L. (2012b). Effect of
hydroalcoholic extract of Hibiscus
rosasinensis Linn. leaves in experimental colitis
in rats. Asian Pac. J. Trop. Biomed., 2: 337-344.

36.Kandhare, A.D., Raygude, K.S., Ghosh, P.,
Ghule, AE. and Bodhankar, S.L.
(2012c). Therapeutic role of curcumin in
prevention of biochemical and behavioral
aberration induced by alcoholic neuropathy in
laboratory animals. Neurosci. Lett., 511: 18-22.

37.Kandhare, A.D., Raygude, K.S., Kumar, V.S,
Rajmane, AR. and Visnagri , A
(2012d). Ameliorative effects quercetin against
impaired motor nerve function, inflammatory
mediators and  apoptosis in  neonatal
streptozotocin-induced diabetic neuropathy in
rats. Biomed. Aging Pathol., 2: 173-186.

38.Kaur, M., Singh, R.P., Gu, M., Agarwal, R. and
Agarwal, C. (2006). Grape seed extract inhibits
in vitro and in vivo growth of human colorectal
carcinoma cells. Clin. Cancer Res., 12: 6194-
6202.

39.Kim, 1.B., Kim, D.Y., Lee, S.J., Sun, M.J,, Lee,
M.S., Li, H., Cho, J.J. and Park, C.S. (2006).
Inhibition of IL-8 production by green tea
polyphenols in human nasal fibroblasts and a549
epithelial cells. Biol& Pharm Bull., 29: 1120-
1125.

40.Kim, M.J. , Ryu, G.R. , Kang, J.H., Sim, S.S.,
Min, D.S., Rhie, D.J., Yoon, S.H., Hahn, S.J.,
Jeong, LK. , Hong, K.J., Kim, M.S. and Jo,
Y.H. (2004). Inhibitory effects of epicatechin on
interleukin-1beta-induced inducible nitric oxide

20

synthase expression in RINm5F cells and rat
pancreatic islets by down-regulation of NF-
kappaB activation. Biochem. Pharmacol., 68,
1775-1785.

41.Kumar, A. and Shah, G. (2015). Attenuated
Escherichia coli ameliorate airway hyper
responsiveness in a mouse model of ovalbumin
induced asthma: Role of TNF-a, IL's, IgE and
1gG. Der Pharmacia Lettre, 7 (8):181-192.

42.Li, B.Y., Cheng, M., Gao, H.Q., Ma, Y.B., Xu,
L., Li, X.H. Li, X.L. andYou,BA. (2008).
Back-regulation of six oxidative stress proteins
with grape seed proanthocyanidin extracts in rat
diabetic nephropathy. J. Cell Biochem.,
104(2):668-679.

43.Mantena, S.K, Baliga, M.S. and Katiyar, S.K.
(2006). Grape seed proanthocyanidins induce
apoptosis and inhibit metastasis of highly
metastatic breast carcinoma cells.
Carcinogenesis, 27(8):1682-1691.

44.Mantena, S.K. and Katiyar, S.K. (2006). Grape
seed proanthocyanidins inhibit UV-radiation-
induced oxidative stress and activation of MAPK
and NF-kappaB signaling in human epidermal
keratinocytes. Free Radic. Biol. Med., 40: 1603-
1614,

45.Nassiri-Asl, M. and Hosseinzadeh, H. (2009).
Review of the pharmacological effects of
Vitisvinifera  (Grape) and its bioactive
compounds. Phytother. Res., 23(9):1197-1204.

46.0h, S.R., Lee, M.Y., Ahn, K., Park, B.Y., Kwon,
0O.K. and Joung, H. (2006) Suppressive effect of
verproside isolated from
Pseudolysimachionlongifolium on airway
inflammation in a mouse model of allergic
asthma. Int. Immunopharm., 6(6):978-986.

47.Pinent, M., Blay, M., Bladé, M.C., Salvado,
M.J., Arola, L. and Ardévol, A. (2004). Grape
seed-derived procyanidins have an
antihyperglycemic effect in streptozotocin-
induced diabetic rats and insulinomimetic
activity in  insulin-sensitive  cell  lines.
Endocrinology, 145(11): 4985-4990.

48.Rabe, K.F., Adachi, M., Lai, C.K., Soriano, J.B.,
Vermeire, P.A. and Weiss, K.B. (2004).
Worldwide severity and control of asthma in
children and adults: The global asthma insights
and reality surveys. J. Allergy Clin. Immunol.,
114(1):40-47.

49.Ricciardolo, F.L. (2003). Multiple roles of nitric
oxide in the airways. Thorax. ,58(2):175-182.

50.Terra, X., Montagut, G., Bustos, M., Llopiz,
N., Ardévol, A., Bladé, C., Ferndndez-Larrea, J.,
Pujadas, G., Salvado, J., Arola, L. and Blay, M.
(2009). Grape-seed procyanidins prevent low-
grade inflammation by modulating cytokine


http://www.lifesciencesite.com/
http://dx.doi.org/10.1016/j.apme.2013.01.006
http://dx.doi.org/10.1016/j.apme.2013.01.006
http://dx.doi.org/10.1007/s13596-012-0090-2
http://dx.doi.org/10.1007/s13596-012-0090-2
http://dx.doi.org/10.3109/0886022X.2015.1011967
http://dx.doi.org/10.1016/S2221-1691(12)60053-7
http://dx.doi.org/10.1016/j.neulet.2012.01.019
http://www.sciencedirect.com/science/article/pii/S2210522012000330
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18181157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20HQ%5BAuthor%5D&cauthor=true&cauthor_uid=18181157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20YB%5BAuthor%5D&cauthor=true&cauthor_uid=18181157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18181157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18181157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20XH%5BAuthor%5D&cauthor=true&cauthor_uid=18181157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20XL%5BAuthor%5D&cauthor=true&cauthor_uid=18181157
http://www.ncbi.nlm.nih.gov/pubmed/?term=You%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=18181157
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ricciardolo%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=12554905

Life Science Journal 2016;13 (6)

http://www.lifesciencesite.com

expression in rats fed a high-fat diet. J. Nutr.
Biochem., 20(3): 210-218.

51.Uhm, T. G., Kim, B. S. and Chung, Y. S. (2012).
Eosinophil ~ development,  regulation  of
eosinophil-specific genes, and role of eosinophils
in the pathogenesis of asthma,” Allergy, Asthma
and Immunology Research, 4(2): 68-79.

52.Ulusoy, S. (2012). Anti-apoptotic and anti-
oxidant effects of grape seed proanthocyanidin
extract in preventing cyclosporine Ainduced
nephropathy. Nephrol (Carlton), 17(4):372-379.

53.Visnagri, A., Kandhare, A.D., Ghosh P. and
Bodhankar, S.L. (2013). Endothelin receptor
blocker bosentan inhibits hypertensive cardiac
fibrosis in pressure overload-induced cardiac
hypertrophy in rats. Cardiovasc. Endocrinol., 2:
85-97.

54.Visnagri, A., Kandhare, A.D., Kumar, V.S,
Rajmane AR and Mohammad , A.
(2012). Elucidation of ameliorative effect of co-
enzyme Q10 in streptozotocin-induced diabetic
neuropathic perturbation by modulation of

21

electrophysiological, biochemical and behavioral
markers. Biomed. Aging Pathol., 2: 157-172.

55.Waddington, R.J., Moseley, R. and Embery, G.
(2000). Periodontal disease mechanisms: reactive
oxygen species: a potential role in the
pathogenesis of periodontal diseases. Oral Dis.,
6(3): 138-151.

56.Wheeler, C. R., Salzman, J. A. and Elysayed, N.
M. (1990). Automated assays for superoxide
dismutase, catalase, glutathione peroxidase and
glutathione reductase activity. Anal. Biochem.,
184: 193-199.

57.Xia, E.Q. (2010). Biological activities of
polyphenols from grapes. Int. J. Mol. Sci., 11
(2):622-646.

58.Yoshioka, T., Kawada, K., Shimada, T. and
Mori, M. (1979). Lipid peroxidation in maternal
and cord blood and protective mechanism
against activated- oxygen toxicity in the blood.
Am. J. Obstet. Gynecol., 135: 372-376.


http://www.lifesciencesite.com/
http://journals.lww.com/cardiovascularendocrinology/pages/articleviewer.aspx?year=2013&issue=12000&article=00003&type=abstract
http://journals.lww.com/cardiovascularendocrinology/pages/articleviewer.aspx?year=2013&issue=12000&article=00003&type=abstract

