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Combination Therapy with Curcumin Alone Plus Piperine
Ameliorates Ovalbumin-Induced Chronic Asthma in Mice

Preeti S. Chauhan,1 Anju Jaiswal,1 Subhashini,1 and Rashmi Singh1,2

Abstract—Allergic asthma is an inflammatory condition accompanied by inflammation as well
as oxidative stress. Supplementation of an anti-inflammatory agent having antioxidant prop-
erties may have therapeutic effects against this disease. Over the recent decades, the interest in
combination therapy as new alternative medication has increased and it offers numerous
benefits along with noticeable lack of toxicity as well as side effects. In this study, protective
effects of curcumin alone and in combination with piperine were evaluated in mouse model of
allergic asthma. Balb/c mice were sensitized on days 0, 7, and 14 and challenged from days
16–30 on alternate days with ovalbumin (OVA). Mice were pretreated with curcumin (Cur; 10
and 20 mg/kg) and piperine (Pip; 5 mg/kg) alone and in combination via the intraperitoneal
route on days 16–30 and compared with intranasal curcumin (5 mg/kg) treatment. Blood,
bronchoalveolar lavage fluid (BALF), and lungs were collected after mice were sacrificed on
day 31st. Mice immunized with OVA have shown significant increase in airway inflammation
and oxidative stress as determined by oxidative stress markers. A significant suppression was
observedwith all the treatments, but intranasal curcumin treatment group has shownmaximum
suppression. So, among all the treatment strategies utilized, intranasal curcumin administration
was most appropriate in reducing inflammation and oxidative stress and possesses therapeutic
potential against allergic asthma. Present study may prove the possibility of development of
curcumin nasal drops towards treatment of allergic asthma.
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INTRODUCTION

Asthma is emerging as one of the most common
chronic respiratory disease affecting a large human popula-
tion. World Health Organization (WHO) estimated about
300 million people suffering from asthma and over 80% of
asthma deaths are reported from low and lower-middle
income countries creating a burden on society [1]. This

disease is characterized by a major condition of inflamma-
tion predominantly in the airways. There is increasing
evidence that inflammation is main characteristic of asthma,
which results in increased oxidative stress in the airways
[2]. Inflammatory cells in the airways such as macrophages,
neutrophils, and eosinophils release increased amounts of
reactive oxygen species in asthmatic patients [3–5]. The
increased release of reactive oxygen species can result in
direct oxidative damage to epithelial cells and lead to cell
shedding [6]. Studies have suggested that the preventive
treatment of asthma is cost-effective, especially in more
severe and uncontrolled cases [7].

Nowadays, herbal therapies have gained great area of
interest because of their versatile applications. The use of

1 Department of Zoology, MMV, Banaras Hindu University, Varana-
si, 221005, India

2 To whom correspondence should be addressed at Department of Zoolo-
gy, MMV, Banaras Hindu University, Varanasi, 221005, India. E-mail:
rashmirs98@rediffmail.com

0360-3997/18/0500-1922/0# 2018 Springer Science+Business Media, LLC, part of Springer Nature

Inflammation, Vol. 41, No. 5, October 2018 (# 2018)
DOI: 10.1007/s10753-018-0836-1

1922

http://crossmark.crossref.org/dialog/?doi=10.1007/s10753-018-0836-1&domain=pdf


traditional medicine is found to be cost-effective and could
lead to better success [8]. Natural products derived from
herbal plants have received attention for disease prevention
due to their various health benefits and noticeable lack of
toxicity as well as side effects [9]. About 80% populations
of Asian and African countries rely on traditional medi-
cines for primary health care [10]. Recently, the application
of phytochemicals and their combination therapies, to treat
various complex diseases including asthma, is emerging as
a new area of interest. Combination therapies also limit
their side effects and enhance their effectiveness. These
therapies may serve as alternative therapies that are needed
to reduce the need for continuous oral corticosteroids. The
limited efficacy of therapies and side effects associated
with conventional therapies has led to the introduction of
better safe alternative therapy and especially for those
patients in whom symptoms are not improved with current
available therapies. In an attempt to develop more effective
therapeutic strategies, the interest has been directed to-
wards application of herbal remedies and their combination
as better choice to treat asthma. In present study, curcumin
and piperine have been used alone and in combination to
examine their effects in OVA-induced chronic asthma
Figs. 1, 2, and 3.

CURCUMIN

Curcumin is a naturally occurring polyphenolic phy-
tochemical, isolated from the rhizomes of Curcuma longa
(turmeric), which has been widely used for centuries as a
potential candidate for the treatment of many diseases [11].
It has been shown to have a wide spectrum of biological
activities, including anti-inflammatory, antioxidant, anti-
proliferative, anti-carcinogenic, immunomodulatory, and
anti-mutagenic [12–15].

Pharmacokinetic properties of curcumin indicate that
following oral administration, it is poorly absorbed with
only traces appearing in blood, while most of it is excreted
in feces [16]. The absorption, biodistribution, metabolism,
and elimination studies of curcumin have confirmed its
poor absorption, rapid metabolism, and elimination of
curcumin through oral administration as major reasons
for poor bioavailability. Promises like adjuvants, which
can blockmetabolic pathways of curcumin, different routes
of administration with better absorption, complexes like
nanoparticles, liposomes, micelles, and phospholipids are
other emerging strategies, which appear to provide longer
circulation, better permeability and resistance to metabolic
pathways. However, curcumin could not achieve its

Fig.1. Structure of curcumin and piperine (commons.wikimedia.org and drugfuture.com).
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Fig. 2. Experimental design and treatment protocol of curcumin and piperine.

Fig. 3. Cytospin preparations of BALF cells after Giemsa staining. Nor group has very few number of inflammatory cells. Asth, group has large number of
inflammatory cells; Veh Asth, group has similar accumulation of cells as observed in Asth group. All treated groups have reduced number of inflammatory
cells (A-× 100 image of cytospin slide and in B-× 400 images of cytospin slide).
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expected therapeutic outcome in clinical trials due to its
poor bioavailability.

PIPERINE

Piperine is main component of Piper longum Linn.
and Piper nigrumLinn. is an alkaloid with a long history of
medicinal value. It is known to exhibit variety of biological
activities which include antipyretic, antioxidant, anti-de-
pressant, hepatoprotective, anti-metastatic, anti-thyroid,
immunomodulatory, and anti-tumor [17–20]. It is a pow-
erful inhibitor of hepatic and intestinal glucuronidation,
also increases the bioavailability of many drugs including
curcumin. It has been reported to inhibit glucuronidation
activity in rats and guinea pigs [21, 22]. Co-administration
of piperine and curcumin in humans and rats has been
shown to enhance the bioavailability of curcumin by 200
and 154%, respectively. Earlier investigations have also
reported that increased serum concentration and bioavail-
ability of curcumin in rats and men is probably due to
increased absorption and reduced metabolism [21, 23].

As curcumin and piperine both possess anti-
inflammatory and antioxidant activities, they may be ef-
fective in combination and could prove to be a better
approach for the treatment of allergic asthma where inflam-
mation and oxidative stress play important role in disease
development. So in view of the above facts, the present
study was undertaken to explore the efficacy of combined
treatment of curcumin with piperine and it is compared
with intranasal curcumin administration in mice model of
asthma. As curcumin has poor absorption rate and un-
dergoes rapid metabolism, which severely curtail its bio-
availability, thus curcumin and its combination with piper-
ine through intraperitoneal route and also intranasal admin-
istration of curcumin for comparative study have been tried
as drug strategy. In previous findings, we found that intra-
nasal administration of curcumin is effective in ameliorat-
ing asthmatic characteristics in acute as well as chronic
asthma [24–26]. So, present study was planned to investi-
gate the effects of curcumin and piperine alone and in
combination against chronic asthma model in mice.

MATERIALS AND METHODS

Animals

Four- to 6-week-old pathogen-free inbred Balb/c
mice were purchased from CDRI (Central Drug Research

Institute, India) and housed in an animal facility under
standard laboratory conditions for 1 week prior to experi-
ments, and were provided water and standard mice feed.
The study design was approved by the Institutional Animal
Ethical Committee, Banaras Hindu University, Varanasi.

Sensitization and Challenge Protocol

Mice were randomly divided into ten groups contain-
ing six animals in each. They were sensitized with 200 μl
solution of OVAwith alum (50 μg OVA adsorbed in 4 mg
aluminum hydroxide) given on days 0, 7, and 14 (i.p.).
They were challenged with 2% OVA aerosol for 30 min
from days 16 to 30 alternatively (8 booster challenges).
Curcumin and other drugs to be tested were given accord-
ing to experimental protocol. Cur 10 (Curcumin 10 Mg/
Kg, bw, i.p.), Cur 20 (Curcumin 20 mg/kg, bw, i.p.), Pip 5
(Piperine 5 mg/kg, bw, i.p.), Cur 10 + Pip 5 (Curcumin
10 + Piperine 5 mg/kg, bw, i.p.), Cur 20 + Pip 5 (Curcumin
20 + Piperine 5 mg/kg, bw, i.p.), Cur i.n. (Curcumin 5 mg/
kg, bw, i.n.), and Sd (dexamethasone 1 mg/kg, bw, i.p.)
were administered from the first day of OVA challenge (1 h
prior to challenge) to last day of challenge regularly. Mice
were sacrificed on 31st day, after 24 h of last aerosol
challenge to obtain BALF (bronchoalveolar lavage fluid),
blood, and lungs. The treatment doses were selected ac-
cording to previous reports [24, 27–29]. The detailed ex-
perimental design for chronic asthma model development
is shown in Fig. 4.

Grouping of Animals

Balb/c mice were divided into ten groups (6
mice/group), Table 1.

Collection of BALF, Blood and Lungs

Lungs were lavaged with 1 ml of chilled PBS and
collected fluids were spun down at 3000 rpm for 10 min at
4 °C. BALF supernatants were stored at − 80 °C and the
cell pellet was used for total cell enumeration by trypan
blue dye exclusion test. Cytospin preparations were stained
with Giemsa for inflammatory cells count. Serum was
isolated from blood and stored at − 80 °C. Lungs were
removed, washed with chilled PBS, and stored in 10%
neutral-buffered formalin for histopathological analysis.

Histopathology

Lungs were fixed in 10% neutral-buffered formalin
and paraffin-embedded 5-μm thin sections were cut. These
sections were stained with hematoxylin and eosin (H&E)
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for inflammatory cells evaluation along with structural
alterations and Masson’s trichrome stain was used for
collagen deposition in lungs.

Determination of Eosinophil Peroxidase Activity

Eosinophil peroxidase (EPO) levels in BALF were
determined [25].Substrate solution (110 ul) containing
0.1 mM o-phenylenediaminedihydrochloride (OPD),
0.1% Triton X-100, and 1 mM hydrogen peroxide in
0.05 M Tris–HCl was added to 100 μl of BALF superna-
tant in microtiter plates and incubated for 30 min at 37 °C.
Reaction was stopped by adding 50 μl of 4 M sulfuric acid
and absorbance was taken at 492 nm.

Serum IgE Level

OVA-specific IgE was measured in serum [30]. Mi-
crotiter plates were coated with 20 μg OVA in 100 μl
coating buffer (sodium carbonate and sodium bicarbonate,
pH 9.6) and incubated at 4 °C overnight. Plate was washed
with PBST (0.05% Tween-20) and blocked with 1% BSA
at 37 °C for 2 h, followed by washing with PBST.
Immunoglobulin-containing serum (1:9) was incubated
for 2 h at 37 °C, and washed thrice with PBST. HRP-
conjugated anti-mouse IgE (1:1000) was added to the wells
and incubated for 2 h at 37 °C. OVA-specific serum IgE
was detected using TMB. Reaction was stopped by using
100 μl of 2.4 M sulfuric acid and absorbance was taken at
450 nm.

Fig. 4. Effect of curcumin, piperine, their combination, and intanasal curcumin on inflammatory cell recruitment: BALF cell count (cell pellet) was analyzed
after trypan blue dye exclusion test. The results are shown in mean ± SEM (*P < 0.05 as compared to Nor, #P < 0.05 as compared to Asth and Veh Asth).

Table 1. Grouping of Animals According to Sensitization, Challenge, and Treatments

S. no Groups Sensitization Challenge (aerosol) Treatment

Group I Nor OVA+alum Saline ……………
Group II Asth OVA+alum OVA ……………
Group III Veh Asth OVA+alum OVA DMSO
Group IV Cur 10 OVA+alum OVA Cur 10 (i.p.)
Group V Cur 20 OVA+alum OVA Cur 20 (i.p.)
Group VI Pip 5 OVA+alum OVA Pip 5 (i.p.)
Group VII Cur 10 + Pip 5 OVA+alum OVA Cur10 + Pip 5 (i.p.)
Group VIII Cur 20 + Pip 5 OVA+alum OVA Cur 20 + Pip 5 (i.p.)
Group IX Cur 5(in) OVA+alum OVA Cur 5 (i.n.)
Group X Sd OVA+alum OVA Dexa (i.p.)
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Measurement of Reactive Oxygen Species

Reactive oxygen species (ROS) was measured in
BALF cells isolated from different experimental groups.
Cells were washed with chilled PBS, counted for detection
of ROS. Cells (1X105) were incubated with 20 mM DCF-
DA, 100 μl for 45 min at 37 °C in the dark. After
incubation, fluorescence intensity was monitored by
using a spectrofluorometer (λex 490 nm; λem 515 nm).
Values were normalized by the fluorescence intensity of
the control cells.

Nitrite Level Estimation

Nitrite level in serum was detected as a measure of
nitric oxide [26]. Briefly, 100 μl of serum was taken in 96
well plates and VCl3 (100 μl) was added for the release of
nitric oxide. Griess reagent (100 μl) was added and plate
was incubated for 45 min until pink color appeared. Plate
was read at 540 nm in ELISA plate reader.

Statistical Analyses

All the values were expressed as mean ± SEM. Re-
sults were analyzed statistically by applying student’s t test
for comparison of two means and one way ANOVA
followed by Tukey’s test for more than two groups. Statis-
tical significance was considered at P < 0.05 by using
SPSS 16 software.

RESULTS

Development of Mice Model of Asthma

Asthmatic mice model was observed with elevated
levels of IgE, EPO, ROS, and inflammatory cell recruit-
ment in OVA-sensitized and OVA-challenged mice (Asth
and Veh Asth) as compared to normal (Nor). After histo-
logical analysis, morphological destruction of bronchioles
and alveolar region is clearly marked (Fig. 5) Large num-
ber of inflammatory cell recruitment was observed in lu-
men of asthmatic lungs (Asth and Veh Asth) with mucus
accumulation (Fig. 5). Presence of collagen deposition was
determined by Masson’s trichrome staining and blue col-
ored band was also seen in asthmatic group as marker of
collagen accumulation (Fig. 8).

Reduction in Airway Inflammation after Treatment

Total cells were counted in BALF to evaluate cellular
infiltration into lungs. Remarkable increase in the number
of leukocyte recruitments was observed in Asth and Veh
Asth groups as compared to normal group (Fig. 4). Total
number of inflammatory cells were significantly reduced in
all treated groups but any remarkable reduction was not
seen in curcumin and piperine combination (Fig. 4). Intra-
nasal administration of curcumin has shown significant
reduction in inflammatory cell accumulation, while reduc-
tion in inflammatory cell infiltration of all other groups
were significant (Figs. 3a, b and 6).

Fig. 5. Effect of curcumin, piperine, their combination, and intranasal curcumin on structural integrity and airway inflammation. Lung sections were stained
with H&E and examined under light microscope (× 400 images).
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Histological Analysis for Structural Alterations in
Lungs

H&E staining was done to reveal the structural integ-
rity as well as inflammatory cell recruitment analysis in the
lungs. Large number of inflammatory cells could be seen in
alveolar space in almost all the asthmatic groups and
epithelial layer of bronchioles appear distorted in asthmatic
groups as compared to normal. No differences were ob-
served in all the treatment groups except curcumin (i.n.),
which has shown the better structural integrity as compared
to asthmatic group (Fig. 5). In terms of mucus secretion,
bronchial lumen was filled with mucus in Asth and Veh
Asth (Vehicle) groups but less accumulation was noted
after treatments (Fig. 5). In terms of collagen deposition
also, no difference was noted in treatment groups (Fig. 8).

Effect of Different Treatments on EPO Activity

Eosinophil peroxidase (EPO) activity in BALF was
measured as marker of eosinophil recruitment to the lungs
and it was significantly elevated in asthmatic groups (Asth
and Veh Asth) as compared to normal. Elevated EPO
activity was significantly ameliorated after treatment. Pip
5 and Cur 5 (i.n.) treatments were the most effective in
inhibiting the level of EPO as compared to other treatment
strategies (Fig. 6).

Effect of Different Treatments on IgE Level

Immunoglobulin E (IgE) levels in serum were de-
tected and found significantly higher in asthmatic groups
(Asth and Veh Asth) as compared to normal. IgE level
was enhanced in OVA and vehicle asthmatic group but
was significantly inhibited in all treatment groups ex-
cluding Curcumin 10 (10 mg/kg, i.p.) group. Intranasal
curcumin was found better in significantly suppressing
the enhanced IgE level as compared to other treatment
groups (Fig. 7).

Effect on Oxidative Stress Parameters After
Treatments

The ROS and NO levels were measured to evaluate
the oxidative stress. Significant increase in the level of
ROS in asthmatic groups (Asth and Veh Asth) was ob-
served as compared to normal. There was marked decrease
in ROS level in the groups including the dexamethsone
group (Fig. 8). The cur (i.n.) group has shown the maxi-
mum treatment reduction in ROS level (Fig. 9). All treat-
ment groups have shown almost similar levels of ROS. No
significant change was noted in nitrite level in serum after
treatments, only cur (i.n.) group has shown some effect in
reducing the level (Fig. 10).

Fig. 6. Effect of curcumin, piperin, their combination, and intranasal curcumin on EPO level. EPO activity was found significantly higher in Asth and Veh
asth groups while all treatments except cur10 decreased the level of EPO in BALF as compared to Asth group. The results are shown in mean ± SEM
(*P < 0.05 as compared to Nor, #P < 0.05 as compared to Asth and Veh Asth).
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DISCUSSION

In the present study, an attempt was made to explore
the effects of curcumin, piperine, their combination, and
comparison with intranasal curcumin to find out better

treatment strategy in mice model of asthma. On the basis
of the results of all parameters employed in this study, the
asthma model was successfully developed.

Inflammation and oxidative stress are two important
aspects of allergic asthma as both are involved in the

Fig. 7. Effect of curcumin, piperine, their combination, and intranasal curcumin on IgE level. Maximum reduction in IgE level was seen in Cur (i.n.), whereas
Cur 10 (i.p.) has shown least reduction. The results are shown in mean ± SEM (*P < 0.05 as compared to Nor, #P < 0.05 as compared to Asth and Veh Asth).

Fig. 8. Effect of curcumin, piperine, their combination, and intranasal curcumin on collagen deposition. Lung sections were stained with Masson’s trichome
and examined under light microscope (× 400 images).
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progression of the disease [31, 32]. Thus, some parameters
of inflammation and oxidative stress are selected for anal-
ysis. Since bioavailability of curcumin is very low; there-
fore, intranasal route has been selected to compare its effect
with other treatment strategies. So, presently designed

study is helpful to assess the possible therapeutic effects
of piperine and curcumin alone and in combination against
murine model of chronic asthma.

It has been reported earlier that curcumin and piperine
both phytochemicals are able to attenuate inflammation. In

Fig. 9. Effect of curcumin, piperine, their combination, and intranasal curcumin on ROS level. BALF was centrifuged and the pellet was assessed for total
cell count followed by measurement of ROS which was done through spectroflurometric analysis. The results are shown in mean ± SEM (*P < 0.05 as
compared to Nor, #P < 0.05 as compared to Asth and Veh Asth).

Fig. 10. Effect of treatments on nitric oxide level. NO level was measured by Griess reagent in serum. No significant differences were observed in all the
treatment groups while only intranasal curcumin administration has inhibited the nitrite level. The results are shown in mean ± SEM (*P < 0.05 as compared
to Nor, #P < 0.05 as compared to Asth and Veh Asth).

1930 Chauhan, Jaiswal, Subhashini, and Singh



the present study, asthmatic mice showed characteristic
features of asthma and all treatment groups have shown
inhibition in inflammatory parameters, whereas curcumin
through intranasal route has shown the most promising
effects in attenuating allergic asthma parameters at lower
doses as compared to the intraperitoneal route of adminis-
tration and combination therapy.

It is clear that airway inflammation is a fundamental
characteristic of asthma, and persistent inflammation may
lead to airway remodeling. Following sensitization and
challenges, the numbers of total leukocytes in the broncho-
alveolar lavage fluid (BALF) in asthmatics were apparent-
ly increased as compared to the control (Fig. 4). The BALF
of the asthmatic animals showed increased number of total
inflammatory cells, which is considered to be the main
marker of inflammation. Higher dose of curcumin
(20 mg/ kg, i.p.) has reduced the total inflammatory cell
count by 38% as compared to asthmatic (P < 0.05) in dose-
dependent manner. However, the combination therapy
(Curcumin 10 + Piperine 5 and Curcumin 20 + Piperine
5 mg/kg, i.p.) did not show significant difference. Piperine
alone (5 mg/kg, i.p.) has also decreased the total inflam-
matory cell count by 35%, whereas intranasal curcumin
administration was found effective as 40% inhibition was
noted.

Haematoxyline and eosin-stained lung sections re-
vealed structural alterations in airways. Asthmatic lungs
which have undergone changes like airway narrowing,
mucus plug formation, thickened airway wall, shedding,
and inflammatory cell infiltration into submucosa of bron-
chioles. However, all above changes were reduced in in-
tranasal curcumin treatment groups as compared to other
treatment groups which proved better effective route of
administration because of its ability to maintain the struc-
tural integrity of lungs. Subepithelial extracellular matrix
thickness was lower in Cur and dexamethasone groups as
compared to asthmatic mice. Higher matrix deposition in
Masson’s trichome-stained lung sections revealed structur-
al changes in the lungs.

EPO released from the eosinophils being one of the
important mediators, involved in the allergic reactions, are
responsible for initiation leading to bronchoconstriction
and difficulty in breathing [33]. Curcumin (i.p.) has
inhibited EPO release in dose-dependent manner which
was equivalent to intranasal administration (5 mg/kg, i.n.)
and piperine (5 mg/kg, i.p.).

A key feature of bronchial asthma is elevated level of
IgE [34]. After OVA sensitization and challenge, the level
of OVA-specific IgE in serum gets significantly elevated
both in the Asth and Veh Asth groups as compared to the

Nor by 5.85 folds and 5.83 folds, respectively; whereas,
this elevation was abolished in all treatment groups to some
extent (Fig. 7). Cur 20, Pip 5, and Cur 5 (i.n.) treatments
have decreased IgE level by 1.53, 1.64, and 1.95 folds as
compared to Asth group. Elevated level of IgE in serum
correlates with the severity of asthma and is the common
inducer of AHR, which plays a crucial role in the patho-
genesis of atopic asthma. Reducing IgE synthesis or its
actions may be a key goal of asthma therapy. Intranasal
curcumin has inhibited the production of IgE in the serum
significantly as compared to other treatment groups.

Oxidative stress has been suggested to play an impor-
tant role in the pathophysiology of asthma [35]. Allergens
cause the recruitment and activation of inflammatory cells
in asthmatic airways. The activated inflammatory cells
generate ROS and release them into surrounding cells.
When ROS levels overwhelm host antioxidant defenses,
oxidative stress causes many detrimental effects on airway
functions, including airway smooth muscle contraction,
induction of AHR, mucus hypersecretion, epithelial shed-
ding, and vascular exudation [36]. Our findings also dem-
onstrate that higher dose of Cur 20, Pip 5, and lower dose
of intranasal curcumin attenuated OVA-induced produc-
tion of ROS by 60, 59, and 70%, respectively, as compared
to Asth group. These results suggest that protective effects
of these phytochemicals are related to oxidative stress
inhibition, while enhanced nitrite level shows only effec-
tiveness of intranasal curcumin (i.n.) (inhibition by 15% as
compared to Asth).

DMSO was used as vehicle (curcumin solvent) and
did not show anti-inflammatory effects in any of the ob-
servations including histology. So, we can suggest that
curcumin itself is effective in inhibiting allergic airway
inflammation. Standard drug (Sd) dexamethasone treat-
ment has also significantly attenuated all the parameters
studied except nitrite level and found effective in murine
model of chronic asthma.

Intraperitoneal administration of curcumin was
found effective in dose-dependent manner while its com-
bination with piperine is not much effective. Piperine
(alone) was also found effective except in suppressing
nitrite level. Intranasal administration of curcumin was
better at lower dose (5 mg/kg) which is equivalent to
curcumin (20 mg/kg) administered through intraperito-
neal route.

So, the present study suggests that intranasal treat-
ment of curcumin has therapeutic potential to treat allergic
asthma by regulating inflammation and oxidative stress via
inhibiting inflammation, ROS, IgE, EPO, and nitrite levels
in murine model of asthma.
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