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A B S T R A C T

Bronchial asthma and obesity are common health problems. Obesity is already responsible for 300,000 deaths
per year.
Aims: The aim of the present study was to assess whether apocynin, alpha lipoic acid and probiotic adminis-
tration in combination with low-fat diet supplementation influences the levels of antioxidant enzymes in the
pulmonary tissues of obese asthmatic mice.
Main methods: The study was performed on male C57/BL6 mice divided into 10 groups: (I) control; (II) asthma;
(III) obesity; (IV) asthma+ obesity; (V) asthma+obesity+ apocynin p.o. 15mg/kg/day for 12 weeks; (VI)
asthma+obesity+ low-fat diet for 12weeks; (VII) asthma+ obesity+ low-fat diet for 12 weeks with apocynin
p.o. 15mg/kg/day; (VIII) asthma+obesity+ low-fat diet with probiotics for 12 weeks; (IX) asthma+ obe-
sity+ low-fat diet for 12 weeks with lipoic acid p.o. 100mg/kg/day for 12weeks; (X) asthma+ obe-
sity+ standard diet with probiotics for 12weeks. Superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) and glutathione reductase (GR) activity were examined. The administration of apocynin alone
and apocynin in combination with a low-fat diet resulted in a significant increase in SOD values (respectively
p < 0.001; p= 0.010). Application of probiotics resulted in a decrease in CAT activity (p=0.037) and an
increase in GPx activity (p < 0.001) compared to obese asthmatic mice. The administration of lipoic acid re-
sulted in an increase in GR activity (p=0.024 vs. control).
Key findings: Supplementation containing apocynin, lipoic acid and probiotics has a positive influence on the
antioxidant capacity of the pulmonary tissues of obese asthmatic mice.
Significance: These results may contribute to the development of new therapeutic approaches.

1. Introduction

The Global Initiative for Asthma (GINA) [1] reports asthma to be a
heterogeneous chronic disease of the respiratory system, affecting 300
million people all over the world [1,2]. Asthma is the most common
syndrome in children, and in 2010, 60% of children with asthma re-
ported at least one asthma attack during the previous 12months. About
250,000 people die prematurely each year from this disease [3–5].
Clinical symptoms e.g. breathing problems, shortness of breath or
wheezing, occur with particular frequency in the night/morning. Al-
though the condition is known to develop in response to environmental
factors such as smoking and air pollution, significant roles can also be
played by etiological and genetic factors [6–8].

Many researchers report an increased risk of asthma in obese

people, with the term “distinct phenotype of asthma” being used in the
literature to describe increased asthma severity and relative corticos-
teroid resistance. In addition, people suffering from asthma and obesity
tend to display significantly higher concentrations of oxidative stress
parameters. Of all the organs of the body, the lungs are the most vul-
nerable to the formation and action of reactive oxygen species (ROS),
which requires the presence of oxygen. ROS are produced mainly by the
intracellular respiratory and immune processes associated with the in-
flammatory reaction in response to pathogens [9,10]. NADPH oxidase
[11,12], myeloperoxidase (MPO) and xanthine oxidase (XO) play key
roles in the endogenous formation of ROS [13–16]. An important role is
attributed to NADPH oxidase, which is responsible for the generation of
superoxide anions [17] and is thought to function as an antimicrobial
agent.
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One line of defense against ROS is that of the enzymatic anti-
oxidants, which act by converting radicals to less harmful forms; the
most important of these are superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx) [18]. In addition, oxidation
can be inhibited by low molecular weight antioxidants known as free
radical scavengers; these can be divided into hydrophilic antioxidants,
such as ascorbate (vitamin C), glutathione, cysteine, flavonoids and
creatinine, and hydrophobic antioxidants, such as vitamin and provi-
tamin D3, carotenoids, bilirubin, coenzyme Q, tocopherols and choles-
terol [19].

The prevalence of obesity increased greatly in recent decades. High-
fat diets are known to induce a significant increase in oxidative stress
and inflammation in persons with obesity. When obesity persists for a
long time, antioxidant sources can be depleted, decreasing the activity
of enzymes such as SOD, CAT and GPx. Both radical and non-radical
forms of ROS decrease the expression of adiponectin, suggesting that
treatment with antioxidants or ROS inhibitors could restore the reg-
ulation of adipokines; thus, supplementation with antioxidants would
reduce the risk of complications related with obesity and oxidative
stress. Obesity causes systemic inflammation due to the chronic release
of proinflammatory mediators from adipose tissue. Systemic in-
flammation may lead to airway inflammation and the development of
asthma.

Recent data highlights the involvement of ROS in the pathogenesis
of bronchial asthma during obesity. Oxidative damage to cellular
components, such as lipids and DNA, results in the occurrence of pa-
thological changes in the respiratory epithelial cells, as well as mucus
overproduction or smooth muscle contraction [20–22].

This work focuses on the analysis of antioxidant enzyme activity in
the pulmonary tissue of obese asthmatic mice. The results may con-
tribute to the development of new therapeutic approaches.

2. Materials and methods

2.1. Chemicals

Albumin from chicken egg white (lyophilized powder,≥98%, grade
V), acetyl-β methylcholine chloride (≥98% TLC, powder), acet-
ovanillone ≥98%, (± )-α-lipoic acid synthetic, ≥99% (powder) were
purchased from Sigma Chemical Co. (St. Louis, MO, USA; ul.
Szelągowska 30, 61-626 Poznan, Poland). All other reagents were ob-
tained from Cayman Chemical Company, Ann Arbor, MI. (BIOKOM, ul.
Wspolna 3, 05-090 Janki, Poland) and were of analytical grade.

2.2. Animals

Mouse models of chronic asthma were created by ovalbumin (OVA)-
challenge (s.c. + aerosol), and mouse obesity models were created by
feeding with a high-fat diet for 12 weeks. The study was performed on
adult male C57/BL6 mice (n= 7 per group) weighing about 20 g before
experiment. The animals were kept in air-conditioned rooms, under
standard conditions: 12 h artificial lighting and 12 h the dark at room
temperature.

The mice were divided into the following groups: Group 1 (control)-
standard-fat diet (for 12 weeks)+ injection of saline (days: 0–7–14)
100 μg s.c+ exposure to 0.9% of NaCl with a nebulizer; Group 2 -
standard diet (for 12 weeks)+ injection of ovalbumin (days: 0–7–14)
100 μg s.c+ exposure to 1% of OVA with a nebulizer; Group 3 - high-
fat diet (for 12 weeks)+ injection of saline (days: 0–7–14) 100 μg
s.c+ exposure to 0.9% of NaCl with a nebulizer; Group 4 - high-fat diet
(for 12 weeks)+ injection of ovalbumin (days: 0–7–14) 100 μg
s.c+ exposure to 1% of OVA with a nebulizer; Group 5 - high-fat diet
(for 12 weeks)+ injection of ovalbumin (days: 0–7–14) 100 μg
s.c+ exposure to 1% of OVA with a nebulizer + apocynin 15mg/kg/
day for next 12 weeks; Group 6 - high-fat diet (for 12 weeks)+ injec-
tion of ovalbumin (days: 0–7-14) 100 μg s.c+ exposure to 1% of OVA

with a nebulizer + low-fat diet for next 12 weeks; Group 7 - high-fat
diet (for 12 weeks)+ injection of ovalbumin (days: 0–7–14) 100 μg
s.c+ exposure to 1% of OVA with a nebulizer + low-fat diet +
apocynin for next 12 weeks; Group 8 - high-fat diet (for
12 weeks)+ injection of ovalbumin (days: 0–7–14) 100 μg s.c+ ex-
posure to 1% of OVA with a nebulizer + low-fat diet with probiotics (L.
casei - 4× 108 CFU) for next 12 weeks; Group 9 - high-fat diet (for
12 weeks)+ injection of ovalbumin (days: 0–7–14) 100 μg s.c+ ex-
posure to 1% of OVA with a nebulizer + low-fat diet + lipoic acid
(100mg/kg/day p.o.) for next 12 weeks; Group 10 - high-fat diet (for
12 weeks)+ injection of ovalbumin (days: 0–7–14) 100 μg s.c+ ex-
posure to 1% of OVA with a nebulizer + standard diet with probiotics
(L. casei - 4× 108 CFU) for next 12 weeks (Table 1).

Whole-body plethysmography was performed in all mice (Buxco
Small Animal WBP; DSI; Vivari, ul. Pańska 98, 00-837 Warszawa,
Poland). At the end of the experimental period, the animals were eu-
thanized. The lungs were then surgically removed, cleaned of extra-
neous tissue (rinsed with cold isotonic saline), dried by blotting be-
tween two pieces of filter paper and weighed on an electronic balance.

The experimental procedures were approved by the Medical
University of Lodz Ethics Committee No. 26/ŁB59/2017.

2.3. Determination of SOD activity

The method uses tetrazolium salt for the detection of superoxide
radicals generated by xanthine oxidase and hypoxanthine, thus mea-
suring all three SOD types [23]. The SOD Kit (Item No. 706002) com-
prised Assay Buffer, Sample Buffer, Radical Detector, SOD Standard,
Xanthine Oxidase and HPLC-grade water [23].

Briefly, 200 μl of diluted Radical Detector and 10 μl of tissue
homogenate were added to each well on the plate; following this, 20 μl
of diluted Xanthine Oxidase was added. The 96-well plate was mixed
for a few seconds and incubated on a shaker for 30min at room tem-
perature (Thermo Scientific MaxQ 4000). Absorbance was read at
450 nm with a plate reader (TECAN Sunrise with software Magellan
Standard).

2.4. Determination of CAT activity

The method is based on the reaction of an enzyme with methanol in
the presence of H2O2. The produced formaldehyde forms a bicyclic
heterocycle with aldehydes and can be measured colorimetrically with
4-amino-3-hydrazino-5mercapto-1,2,4-triazole as chromogen [24]. The
CAT Kit (Item No. 707002) consisted of the following: Catalase Assay
Buffer, Catalase Sample Buffer, Catalase Formaldehyde Standard
(4.25M formaldehyde), Catalase – Control, Catalase Potassium Hy-
droxide, Catalase Hydrogen Peroxide, Catalase Purpald, Catalase Po-
tassium Periodate, methanol and HPLC-grade [24].

Each well on the plate was filled with diluted Assay Buffer (100 μl),
methanol (30 μl) and tissue homogenate (20 μl). Next, 20 μl of hydrogen
peroxide was added to all used wells and the plate was incubated on a
shaker for 20min at room temperature (Thermo Scientific MaxQ 4000).
Following this, 30 μl of potassium hydroxide was added. The 96-well
plate was mixed and incubated on a shaker for 10min at room tem-
perature with 30 μl of Catalase Purpald. The solution was finally

Table 1
The composition of the used diets.

Low-fat diet (4%
kcal%fat)

High-fat diet (45%
kcal%fat)

Standard-fat diet (10%
kcal%fat)

g kcal g kcal g kcal

Protein 19.9 21 25.1 21 20.3 20
Carbohydrates 74.5 75 42.1 34 71.3 70
Lipids 1.9 4 28.3 45 4.6 10
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incubated with 10 μl of potassium periodate for 5min. The absorbance
was read at 540 nm.

2.5. Determination of GPx activity

The assay works by converting glutathione disulfide to its reduced
state with GR and NADPH: oxidation of this enzyme results in a de-
crease in absorbance [25]. GPx Kit (Item No. 703102) consisted of the
following: GPx Assay Buffer, GPx Sample Buffer, Glutathione Perox-
idase - Control, GPx Co-Substarate Mixture and GPx Cumene Hydro-
peroxide [25].

Briefly, Assay Buffer (100 μl), GPx Co-Substrate Mixture (50 μl) and
sample (20 μl) were added to the sample wells. Next, GPx Cumene
Hydroperoxide (20 μl) was added and the plate was carefully mixed for
a few seconds. Absorbance was read every minute at 340 nm to obtain
readings at five time points.

2.6. Determination of GR activity

The method determines GR activity by measuring the rate of oxi-
dation of NADPH to NADP+, which is related to absorbance at 340nm
[26]. The GR Kit (Item 703202) consisted of GR Assay Buffer, GR
Sample Buffer, GR GSSG, GR glutathione reductase-Control and GR
NADPH. Briefly, Assay Buffer (100 μl), GSSG (20 μl) and sample (20 μl)
were added. Next, 50 μl of NADPH was added to all used wells. The 96-
well plate was carefully mixed for a few seconds. Absorbance was read
every minute at 340 nm at five time points [26].

2.7. Statistical analysis

The results are presented as mean ± the standard error of the mean

(SEM). The statistical significance was evaluated by ANOVA followed
by Duncan's multiple range test as a post hoc test or Dunn's test.

3. Results

3.1. Evaluation of SOD activity

Fig. 1(a–d) shows the changes of SOD activity in lung homogenates.
Mice treated with apocynin alone displayed higher SOD activity than
the asthmatic, obese and obese+ asthmatic animals (p < 0.001). In
addition, those receiving apocynin in combination with a low-fat diet
demonstrated greater SOD activity than asthmatic, obese and
obese+ asthmatic mice (p= 0.006 vs. APO+ standard-fat diet group).

SOD activity was also insignificantly higher in the low-fat diet
group, lipoic acid + low-fat diet group, probiotics + standard diet
group and probiotics + low-fat diet group.

3.2. Evaluation of CAT activity

Mice administered α-lipoic acid displayed an insignificant increase
in CAT activity in lung tissue compared to controls. Those receiving
probiotics displayed lower CAT activity than the obese asthmatic ani-
mals (p=0.037). In the probiotics + low-fat diet group, CAT activity
also fell insignificantly. The groups treated with apocynin or apocynin
+ low-fat diet or lipoic acid exhibited insignificantly lower CAT ac-
tivity than the asthma + obesity group. The changes of CAT activity in
the pulmonary tissue of obese asthmatic mice are given in Fig. 2(a–d).

3.3. Evaluation of GR activity

Treatment with lipoic acid (plus low-fat diet) significantly increased
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Fig. 1. The influence of low-fat diet (a), apocynin (b), lipoic acid (c) and probiotics (d) on the SOD activity in all groups of animals. Mice treated with apocynin (APO)
alone displayed higher SOD activity than the obese, asthmatic and obese+ asthmatic mice. Those receiving APO+ low-fat diet demonstrated greater SOD activity
than asthmatic, obese and obese+ asthmatic mice. Data is shown as mean ± S.E.M.*p < 0.001 vs. APO group; #p= 0.006 vs. APO+ low-fat diet group; **p= 0.01
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GR activity compared with the asthma group (p=0.019), obesity
group (p=0.023) and control group (p= 0.024). The level of GR ac-
tivity increased in the low-fat diet and probiotics + standard diet
groups. However, no significant changes were observed. An insignif-
icant decrease in GR activity was observed in the apocynin and apoc-
ynin + low-fat diet groups vs. asthma + obesity (Fig. 3a–d).

3.4. Evaluation of GPx activity

The administration of probiotics resulted in increase in GPx activity
(p < 0.001). A non-significant increase in GPx activity was observed in
the apocynin and the apocynin + low-fat diet group. The level of GPx
activity increased also in the lipoic acid group and the low-fat diet
group. However, no significant changes were observed (Fig. 4a–d).

3.5. Evaluation of mouse body weight and respiratory parameters

Body weight increased in all groups during the experiment
(Fig. 5a–b). The mice fed a high-fat diet (45%kcal%fat) gained weight
more rapidly than those fed a standard diet (10%kcal%fat). The final
body weight of high-fat diet groups: obesity and asthma+ obesity was
significantly higher than mice of standard-diet groups: control and
asthma (p < 0.001). Mice fed a diet consisting of 45% fat weighed
nearly 40% more than mice fed a 10% fat diet for the same time period.

The mice fed a low-fat diet (4%kcal%fat) and those fed a standard
diet with apocynin and probiotics quickly lost body weight
(p < 0.001). Mice fed a diet consisting of 4% fat weighed nearly 25%
less than when they received a high-fat diet.

Whole-body plethysmography (WBP) was performed in all mice.
This technique avoids the use of anesthesia and restraints. The degree of
bronchoconstriction was expressed as enhanced pause (PenH). The

PenH value was significantly higher in the asthma group and
asthma+obesity group than the control group (respectively
p=0.024, p=0.006). The PenH value in APO and LA groups was
lower than the asthma+obesity group (Fig. 6).

4. Discussion

The prevalence of asthma is steadily increasing, and by 2025, the
number of cases is expected to have grown by another 100 million
(WHO). Recently, “a distinct phenotype of asthma” has been described,
which is directly related to the co-occurrence of obesity, and is char-
acterized by increased asthma severity and relative corticosteroid re-
sistance.

Increased body fat content is known to be associated with excessive
contents of oxidative stress markers (OS) in the blood. However, the
mechanism behind the effect of obesity-related OS on respiratory dis-
eases is not fully understood. It is known that the overproduction of
ROS increases the secretion of proinflammatory cytokines such as IL-6
in endothelial cells, and activates the production of TNF-α, IL-6, IL-8 in
macrophages and monocytes. ROS are generated in the lungs by
NADPH oxidase, xanthin oxidase and nitric oxide synthase pathways.
Protein kinase C (PKC) regulates the activity of NADPH oxidase.
Oxidative stress leads to excessive production of ROS, which may
participate in the pathogenesis of asthma in obese patients. It was found
that the adipose tissue of obese mice displayed elevated ROS production
accompanied by increased expression of NADPH oxidase and decreased
expression of antioxidative enzymes.

Obesity induces systemic inflammation through the chronic release
of proinflammatory mediators from adipose tissue. Systemic in-
flammation may lead to airway inflammation and the development of
asthma. Low-fat diet supplementation with antioxidants would reduce
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Fig. 2. The influence of low-fat diet (a), apocynin (b), lipoic acid (c) and probiotics (d) on the CAT activity in all groups of animals. Mice administered α-lipoic acid
(LA) displayed an insignificant increase in CAT activity in lung tissue vs. control. Those receiving probiotics displayed lower CAT activity than the obese asthmatic
animals. Data is shown as mean ± S.E.M. #p= 0.037 vs. P+ standard diet group.
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the risk of complications related with obesity and oxidative stress.
Our findings indicate that the administration of apocynin, lipoic

acid and probiotics caused a significant increase in selected antioxidant
activity of pulmonary tissues in obese asthmatic mice. The enzymatic
defense system converts radicals to less harmful forms [19]. Within this
system, the first line of defense is SOD, which acts by breaking down the
superoxide anion into hydrogen peroxide and oxygen. SOD can be as-
sociated with the cell membrane or can exist in a free form in the
plasma. It is known to exist in three forms in the body: CuZnSOD,
present in the cytoplasm, MnSOD, present in the mitochondrial matrix
and EC-SOD, present in extracellular fluids. All three types of SOD show
high expression in lung tissues [27,28].

CAT is found in the cytoplasm, where it breaks down harmful H2O2

into oxygen and water. The enzyme is expressed by type II follicular
cells and macrophages [29,30]. GPx decomposes H2O2 to water, and
reduced glutathione (GSH) to glutathione disulfide (GSSG). Glutathione
reductase (GR) is responsible for maintaining an adequate level of re-
duced glutathione and acts by reducing GSSG to GSH [31]. Glutathione
is one of the most common thiol compounds in nature. It is synthesized
in the cytoplasm from cysteine, glycine and glutamic acid. It exists in
several redox forms, the most important of these being reduced glu-
tathione and oxidized glutathione, with the ratio of reduced to oxidized
glutathione being an indicator of oxidative stress.

GSH plays a role in electrophile and oxidant detoxification through
enzymatic reactions involving glutathione peroxidase and glutathione-S
transferase (GST). Moreover, GSH plays a key role in the regulation of
subcellular and cellular redox state or vitamin C or E regeneration.
However, its main function is maintaining protein thiol groups in a
reduced state to ensure their activity. Glutathione also enables the ex-
cretion of xenobiotics (GSX) by binding to them and increasing their
hydrophilic properties [32,33].

Overproduction of ROS has been found to reduce the antioxidant
activity of SOD, CAT, GR and GPx in asthmatic patients [34]. Two re-
cent works [35,36] describe the rapid loss of activity of SOD during
antigen-induced asthmatic response. Enzyme activity was lower in the
serum of asthmatic subjects vs. control, and activity loss was related to
airflow limitation. In addition, CAT and SOD activity have been re-
ported to be significantly lower in the blood of children suffering from
asthma, even during resting conditions [37]. Several studies [38] con-
firm that SOD activity is lower among asthmatic patients compared to
controls. Tekin et al. report no significant difference in GPx and CAT
activities between controls and asthmatic patients [38]. Increased SOD
activity and decreased GPx activity has been reported in the RBCs and
leukocytes of patients; however, the CAT activity in RBCs was not al-
tered [39]. Other researchers [40] report no differences between any of
the study groups with regard to SOD and GPx activity.

Many recent studies have examined the effects of oxidative stress
(OS) on the development of bronchial asthma [41–45]. It has been
found that overproduction of ROS results in increased total oxidant
status as well as reduced SOD, CAT, GPx activity and total antioxidant
status in asthmatic patients [34]. Other OS parameters identified in the
course of asthma in recent years were malondialdehyde (MDA) and
isoprostane (IsoP) concentrations, total oxidant concentration and
myeloperoxidase level [46]. The concentrations of H2O2 and NO in
exhaled breath condensate of asthmatic patients have also been de-
termined [47–49].

Oxidative stress can also be reduced by exogenous antioxidants,
such as vitamins C and E, or phenolic substances such as tocopherols
and flavonoids. Administration of α-tocopherol at a dose of 0.1mg/dl
has been found to result in a 5% decrease in the risk of asthma [42].
SOD activity has also been found to protect against asthma develop-
ment. It has also been found that asthma patients demonstrated lower
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Fig. 3. The influence of low-fat diet (a), apocynin (b), lipoic acid (c) and probiotics (d) on the GR activity in all groups of animals. Treatment with LA+ low-fat diet
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plasma α-tocopherol levels than controls [50].
Many researchers have examined the concentrations of antioxidant

vitamins in asthmatic patients. Among children, vitamin A deficiency
may have etiological implications in asthma [51], as well as low vi-
tamin C level [52]. A meta-analysis by Allen et al. [53] confirmed that
low dietary intakes of vitamins C and A are associated with a sig-
nificantly higher chance of asthma and wheezing.

The aim of the present study was to determine the influence of
apocynin treatment, with or without a low-fat diet, on the levels of
antioxidant enzymes in the pulmonary tissues of obese asthmatic mice.
NADPH oxidase is the major enzyme responsible for ROS generation in

the lungs. This enzyme generates superoxide anions by transferring
electrons from NADPH inside the cell across the membrane and cou-
pling these to molecular oxygen to produce superoxide anion. Apocynin
possesses powerful antioxidant and anti-inflammatory properties, as-
sociated with its ability to block the activity of NADPH oxidase; this is
achieved by interfering with the binding of cytosolic NADPH oxidase
components to its membrane components. Apocynin is known to be one
of the most important scavengers of H2O2, and recent studies suggest it
may also have neuroprotective properties [54].

In our study, the administration of apocynin alone and apocynin in
combination with a low-fat diet resulted in a significant increase in SOD
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values. Nesi et al. [55] noted that apocynin ameliorated airway hy-
perresponsiveness; it also reduced IL-4 and IL-13 concentrations, as
well as eosinophil peroxidase activity. It has also been demonstrated
that apocynin significantly attenuates ovalbumin (OVA)-induced AHR
and inflammation. It is known to act as a NADPH inhibitor, and may
attenuate the influx into bronchoalveolar lavage fluid of inflammatory
cells and soluble products, such as IL-4, IL-5, IL-12, IL-13, macrophages,
eosinophils and TNF-α. Apocynin may be useful in the treatment of
inflammatory diseases induced by OS through NOX activity; it has been
found to increase IL-1β secretion and abrogate leukocyte peribronch-
iolar infiltrate [54]. Administration of apocynin, during intermittent
hypoxia (IH) exposure has also been found to attenuate IH-induced
increases in hepatic MDA [56]. Peters et al. [57] report that apocynin
reduced ozone-induced AHR in mild asthmatics. Further studies on the
effect of apocynin on asthma exacerbations in regions with high levels
of ambient summer air pollution are needed.

Our results show that administration of α-lipoic acid (LA) resulted
in an insignificant increase in the CAT activity of mouse lung tissue vs.
control. Treatment with lipoic acid (together with a low-fat diet) sig-
nificantly increased GR activity compared with the control, asthma and
obesity groups. LA has strong antioxidant properties and is known to
possess therapeutic potential; in fact, it is also known as “an antioxidant
of antioxidants”. Its reduced form, dihydrolipoic acid (DHLA), can ea-
sily quench radicals and chelate metals; in addition, it also has an
amphiphilic character and does not exhibit any serious side effects. It
has been applied in the treatment of many diseases [58,59]. The present
study aims to assess the effectiveness of LA in the treatment of asthma.

Several studies confirm that LA can play a role in asthma pretreat-
ment. Park et al. note that α-lipoic acid (LA) inhibits the activation of
Nrf2 and NF-κB, resulting in the attenuation of allergen-induced airway
remodeling [60]. Another study [61] examining the effect of choline
and alpha-lipoic acid on oxidative stress in a mouse model of airway
disease found that LA treatment suppressed TNF-alpha level sig-
nificantly vs. ovalbumin-challenged mice.

Increased ROS generation by bronchoalveolar lavage (BAL) fluid
cells has been observed in an ovalbumin-induced murine model of
asthma [62]. Increased expression of IL-18, both protein and mRNA,
bronchial hyperresponsiveness, airway inflammation and ROS levels
were reduced by administration of alpha-lipoic acid: IL-18 expression
may also be regulated by ROS, while it may be reduced by antioxidants
in asthma through the inhibition of NF-kB [62]. Cho et al. [63] confirm
that OS plays an important role in asthmatic airway inflammation and
that LA may be useful as adjuvant therapy for bronchial asthma. Ani-
mals treated with LA had significantly reduced AHR and smaller

proportions of eosinophils (BAL cells). LA treatment also reduced IL-4
and IL-5 concentrations in BAL fluid, lowered serum OVA-specific IgE
concentrations and decreased the DNA-binding activity of NF-kB.

The potential effects of probiotics on the lung microbiome are un-
known. In this work, 12-week supplementation of probiotics with or
without a low-fat diet might was found to potentially have a positive
influence on the antioxidant capacity of pulmonary tissues of obese
asthmatic mice. Several studies discuss the application of probiotics in
asthma pretreatment, with OS protection being another potential ben-
eficial effect of probiotic supplementation. The most widely studied
strain is Lactobacillus. Probiotics may act directly on the neutralization
of oxidants by the expression of antioxidant enzymes.

Probiotic administration increased the activity of SOD and GPx in
obese asthmatic mice. These findings are consistent with recent studies.
Nunes et al. confirm that probiotic pretreatment during neonatal age
provides protection against asthma through the modulation of micro-
biota and T cells: the authors describe correlations between qualitative
features inherent to neonatal cells, healthy microbiota and T cells [64].
One-year long-term perinatal probiotics administration demonstrated a
beneficial effect on the development of eczema up to the age of two
years [65]. Other authors [66,67] note that B. lactis, B. bifidum and L.
lactis have good IL-10-inducing capacity and may significantly inhibit
the activity of the Th2-related cytokines IL-5 and IL-13. Selected pro-
biotics reduced the development of eczema up to the age of two years;
however, these beneficial effects extend to preventing the development
of primary asthma. Moreover, Lactobacillus GG was found to reduce the
concentration of exhaled NO among 4- to 7-year-olds [68].

In contrast to these findings, Krzych-Fałta et al. [69] suggest that
probiotics have no protective effect on allergy development; however,
supplements such as kefir and yogurts administered several times a
week in late adolescence showed health-promoting effects in allergic
diseases. Another study reports that no tested probiotic products (L.
rhamnosus, L. helveticus) demonstrated any preventive effects against
any allergic disorders in early childhood [64]. Other studies [65,70,71]
found that early administration of probiotics (L. reuteri, L. rhamnosus
HN019 or L. paracasei spp. F19) to infants did not result in a lower
prevalence of allergic disease; however, the probiotic L. rhamnosus
HN001 may have potential value in preventing the development of
eczema [72], suggesting that benefits may be species specific. Further
studies are needed to assess the effectiveness of potential probiotics
with regard to their potential to prevent allergic diseases.

ROS induce a variety of pathologic changes in the airways, one of
which is increased reactivity. Increased oxidative stress, either systemic
or restricted to the airway, may be a potential mechanism by which
obesity can exacerbate asthma. However, more research is needed to
confirm this thesis.

5. Conclusion

OS develops when there is an imbalance between production and
the elimination of ROS. Our present findings indicate a significant de-
crease in the activity of antioxidant enzymes (SOD, GPx) among asth-
matic mice, suggesting that the presence of asthma is associated with
excessive levels of oxidative stress markers in the blood. The adminis-
tration of apocynin, either alone, in combination with a low-fat diet,
with probiotic supplementation, or with both probiotics and a low-fat
diet, resulted in a significant increase in SOD, GPx and GR values
compared to controls. Supplementation containing apocynin, lipoic
acid and probiotics might have a positive influence on antioxidant ca-
pacity of pulmonary tissues in obese asthmatic mice. It is likely that
ROS are mainly generated in the lungs though the NADPH oxidase
pathway.

Declaration of competing interest

There is no conflict of interest.

0 0.5 1 1.5 2

Control
Asthma
Obesity

Asthma+obesity
APO+standard diet

Low-fat diet
APO+low-fat diet

P+low-fat diet
LA+low-fat diet

P+standard diet

PenH values

A�er
treatment

Before
treatment

#

*

^

^

^

Fig. 6. Whole-body plethysmography was performed in all mice. The PenH
value was significantly increased in the asthma group and the asthma+ obesity
group compared with controls. The PenH value in APO and LA groups was
significantly lower than the asthma+ obesity group. Data is shown as
mean ± S.E.M. #p= 0.024; *p= 0.006; ^p < 0.05.

P. Kleniewska and R. Pawliczak Life Sciences 234 (2019) 116780

7



This work was funded by the National Science Centre, Poland (grant
awarded to Medical University of Lodz; Principal investigator; Principal
investigator: Paulina Kleniewska PhD no. 2016/21/D/NZ5/01414; an
internal number of grant 507/0-149-03/507-00-054).

References

[1] GINA REPORT, Global Strategy for Asthma Management and Prevention, (2018)
(Available online: file:///C:/Users/user/Documents/Downloads/wms-GINA-2018-
report-V1.3-002.pdf).

[2] J.W. Mims, Asthma: definitions and pathophysiology, Int. Forum Allergy Rhinol. 5
(Suppl. 1) (2015) S2–S6, https://doi.org/10.1002/alr.21609 Sep.

[3] Federal Interagency Forum on Child and Family Statistics, America’s Children in
Brief: Key National Indicators of Well-being, (2012) (Washington, DC: U.S).

[4] Centers for Disease Control and Prevention, National Vital Statistics Reports, 61
(2013) No. 4, May 8.

[5] World Health Organization, Global Surveillance, Prevention and Control of Chronic
Respiratory Diseases: A Comprehensive Approach, (2007).

[6] O. Löwhagen, Diagnosis of asthma - new theories, J. Asthma 52 (6) (2015)
538–544. Aug.

[7] R. Beasley, A. Semprini, E.A. Mitchell, Risk factors for asthma: is prevention pos-
sible? Lancet 386 (9998) (2015) 1075–1085 Sep 12.

[8] E. Toskala, D.W. Kennedy, Asthma risk factors, Int. Forum Allergy Rhinol. 5 (Suppl.
1) (2015) S11–S16 Sep.

[9] A. Phaniendra, D.B. Jestadi, L. Periyasamy, Free radicals: properties, sources, tar-
gets, and their implication in various diseases, Indian J. Clin. Biochem. 30 (1)
(2015) 11–26.

[10] V.I. Lushchak, Free radicals, reactive oxygen species, oxidative stress and its clas-
sification, Chem. Biol. Interact. 224C (2014 Oct 28) 164–175.

[11] G. Bartosz, Reactive oxygen species: destroyers or messengers? Biochem.
Pharmacol. 77 (8) (2009) 1303–1315.

[12] E. Niki, Y. Yosida, Y. Saito, N. Noguchi, Lipid peroxidation: mechanisms, inhibition,
and biological effects, Biochem. Biophys. Res. Commun. 338 (2005) 668–676.

[13] B. Lipinski, Hydroxyl radical and its scavengers in health and disease, Oxidative
Med. Cell. Longev. 2011 (2011) 809696.

[14] M. Gutowski, S. Kowalczyk, A study of free radical chemistry: their role and pa-
thophysiological significance, Acta Biochim. Pol. 60 (2013) 1–16.

[15] D.L. Lefkowitz, J. Moné, S.S. Lefkowitz, Myeloperoxidase: the good, the bad, and
the ugly, Curr. Immunol. Rev. 6 (2010) 123–129.

[16] C.C. Winterbourn, M.C. Vissers, A.J. Kettle, Myeloperoxidase, Curr. Opin. Hematol.
7 (2000) 53–58.

[17] K. Bedard, K.H. Krause, The NOX family of ROS-generating NADPH oxidases:
physiology and pathophysiology, Physiol. Rev. 87 (1) (2007) 245–313 Jan.

[18] A. Delaunay-Moisan, C. Appenzeller-Herzog, The antioxidant machinery of the
endoplasmic reticulum: protection and signaling, Free Radic. Biol. Med. 83 (2015)
341–351.

[19] M. Valko, D. Leibfritz, J. Moncol, M.T. Cronin, M. Mazur, J. Telser, Free radicals
and antioxidants in normal physiological functions and human disease, Int. J.
Biochem. Cell Biol. 39 (1) (2007) 44–84.

[20] B.N. Lambrecht, H. Hammad, The airway epithelium in asthma, Nat. Med. 18
(2012) 684–692.

[21] S. Hall, D.K. Agrawal, Key mediators in the immunopathogenesis of allergic asthma,
Int. Immunopharmacol. 23 (1) (2014) 316–329 Nov.

[22] R.K. Ruprai, Plasma oxidant-antioxidants status in asthma and its correlation with
pulmonary function tests, Indian J. Physiol. Pharmacol. 55 (3) (2011) 281–287 Jul-
Sep.

[23] https://www.caymanchem.com/pdfs/706002.pdf.
[24] https://www.caymanchem.com/pdfs/707002.pdf.
[25] https://www.caymanchem.com/pdfs/703102.pdf.
[26] https://www.caymanchem.com/pdfs/703202.pdf.
[27] J.J. Perry, D.S. Shin, E.D. Getzoff, J.A. Tainer, The structural biochemistry of the

superoxide dismutases, Biochim. Biophys. Acta 1804 (2) (2010) 245–262 Feb.
[28] G.R. Buettner, Superoxide dismutase in redox biology: the roles of superoxide and

hydrogen peroxide, Anti Cancer Agents Med. Chem. 11 (4) (2011) 341–346.
[29] P. Nicholls, Classical catalase: ancient and modern, Arch. Biochem. Biophys. 525 (2)

(2012) 95–101 Sep 15,.
[30] M.E. Percy, Catalase: an old enzyme with a new role, Can. J. Biochem. Cell Biol. 62

(10) (1984) 1006–1014.
[31] R. Brigelius-Flohé, Glutathione peroxidases and redox-regulated transcription fac-

tors, Biol. Chem. 387 (10−11) (2006) 1329–1335 Oct-Nov.
[32] Lushchak V. Glutathione homeostasis and functions: potential targets for medical

interventions. J. Amino Acids. 2012; ID 736837: 1–26.
[33] D. Townsend, K.D. Tew, H. Tapiero, The importance of glutathione in human dis-

ease, Biomed. Pharmacother. 57 (2003) 145–155.
[34] A. Nadeem, N. Siddiqui, N.O. Alharbi, M.M. Alharbi, Airway and systemic oxidant-

antioxidant dysregulation in asthma: a possible scenario of oxidants spill over from
lung into blood, Pulm. Pharmacol. Ther. 29 (1) (2014) 31–40.

[35] S.A. Comhair, P.R. Bhathena, R.A. Dweik, M. Kavuru, S.C. Erzurum, Rapid loss of
superoxide dismutase activity during antigen - induced asthmatic response, Lancet
355 (9204) (2000) 624.

[36] S.A. Comhair, K.S. Ricci, M. Arroliga, A.R. Lara, R.A. Dweik, W. Song, S.L. Hazen,
E.R. Bleecker, W.W. Busse, K.F. Chung, B. Gaston, A. Hastie, M. Hew, N. Jarjour,
W. Moore, S. Peters, W.G. Teague, S.E. Wenzel, S.C. Erzurum, Correlation of sys-
temic superoxide dismutase deficiency to airflow obstruction in asthma, Am. J.

Respir. Crit. Care Med. 172 (3) (2005) 306–313.
[37] K.R. Shanmugasundaram, S.S. Kumar, S. Rajajee, Excessive free radical generation

in the blood of children suffering from asthma, Clin. Chim. Acta 305 (1–2) (2001)
107–114.

[38] D. Tekin, B.A. Sin, D. Mungan, Z. Misirligil, S. Yavuzer, The antioxidant defense in
asthma, J. Asthma 37 (1) (2000) 59–63.

[39] A. Nadeem, S.K. Chhabra, A. Masood, H.G. Raj, Increased oxidative stress and al-
tered levels of antioxidants in asthma, J. Allergy Clin. Immunol. 111 (1) (2003)
72–78.

[40] L.G. Wood, D.A. Fitzgerald, P.G. Gibson, D.M. Cooper, M.L. Garg, Lipid peroxida-
tion as determined by plasma isoprostanes is related to disease severity in mild
asthma, Lipids 35 (9) (2000) 967–974.

[41] K.R. Raju, M.N. Kumar, S. Gupta, 5-Aminosalicylic acid attenuates allergen-induced
airway inflammation and oxidative stress in asthma, Pulm. Pharmacol. Ther. 29 (2)
(2014) 209–216.

[42] E.K. Larkin, Y.T. Gao, T. Gebretsadik, T.J. Hartman, P. Wu, W. Wen, G. Yang, C. Bai,
M. Jin, L.J. Roberts, M. Gross, X.O. Shu, T.V. Hartert, New risk factors for adult-
onset incident asthma. A nested case-control study of host antioxidant defense, Am.
J. Respir. Crit. Care Med. 191 (1) (2015) 45–53.

[43] X. Chen, Y. Huang, J. Feng, X.F. Jiang, W.F. Xiao, X.X. Chen, Antioxidant and anti-
inflammatory effects of Schisandra and Paeonia extracts in the treatment of asthma,
Exp. Ther. Med. 8 (5) (2014) 1479–1483.

[44] Al-Harbi NO, Nadeem A, Al-Harbi MM, Imam F, Al-Shabanah OA, Ahmad SF,
Sayed-Ahmed MM1, Bahashwan SA. Oxidative airway inflammation leads to sys-
temic and vascular oxidative stress in a murine model of allergic asthma. Int.
Immunopharmacol. 2015; 26 (1): 237–245.

[45] O. Emin, A. Hasan, D.M. Rusen, Plasma paraoxonase, oxidative status level, and
their relationship with asthma control test in children with asthma, Allergol
Immunopathol (Madr) 43 (4) (2015) 346–352 Jul-Aug.

[46] S. Argüelles, S. García, M. Maldonado, A. Machado, A. Ayala, Do the serum oxi-
dative stress biomarkers provide a reasonable index of the general oxidative stress
status? Biochim. Biophys. Acta 1674 (2004) 254–259.

[47] A. Ozier, P.O. Girodet, I. Bara, J.M. Tunon de Lara, R. Marthan, P. Berger, Control
maintenance can be predicted by exhaled NO monitoring in asthmatic patients,
Respir. Med. 105 (7) (2011) 989–996, https://doi.org/10.1016/j.rmed.2011.01.
006 Jul.

[48] A.H. Al Obaidi, A.M. Al Samarai, Biochemical markers as a response guide for
steroid therapy in asthma, Asthma 45 (5) (2008) 425–428.

[49] S.A. Kharitonov, P.J. Barnes, Exhaled markers of pulmonary disease, Am. J. Respir.
Crit. Care Med. 163 (7) (2001) 1693–1722.

[50] L.G. Wood, M.L. Garg, R.J. Blake, J.L. Simpson, P.G. Gibson, Oxidized vitamin E and
glutathione as markers of clinical status in asthma, Clin. Nutr. 27 (4) (2008)
579–586.

[51] A.M. Al Senaidy, Serum vitamin A and beta-carotene levels in children with asthma,
J. Asthma 46 (7) (2009) 699–702.

[52] R.I. Harik-Khan, D.C. Muller, R.A. Wise, Serum vitamin levels and the risk of asthma
in children, Am. J. Epidemiol. 159 (4) (2004) 351–357.

[53] S. Allen, J.R. Britton, J.A. Leonardi-Bee, Association between antioxidant vitamins
and asthma outcome measures: systematic review and meta-analysis, Thorax 64 (7)
(2009) 610–619.

[54] S.Y. Kim, K.A. Moon, H.Y. Jo, S. Jeong, S.H. Seon, E. Jung, Y.S. Cho, E. Chun,
K.Y. Lee, Anti-inflammatory effects of apocynin, an inhibitor of NADPH oxidase, in
airway inflammation, Immunol. Cell Biol. 90 (4) (2012) 441–448. Apr.

[55] R.T. Nesi, M.V. Barroso, V. Souza Muniz, A.C. de Arantes, M.A. Martins, L. Brito
Gitirana, J.S. Neves, C.F. Benjamim, M. Lanzetti, S.S. Valenca, Pharmacological
modulation of reactive oxygen species (ROS) improves the airway hyperrespon-
siveness by shifting the Th1 response in allergic inflammation induced by oval-
bumin, Free Radic. Res. 51 (7–8) (2017) 708–722, https://doi.org/10.1080/
10715762.2017.1364377 Jul-Aug. (Epub 2017 Aug 24).

[56] J. Jun, V. Savransky, A. Nanayakkara, S. Bevans, J. Li, P.L. Smith, V.Y. Polotsky,
Intermittent hypoxia has organ-specific effects on oxidative stress, Am. J. Phys.
Regul. Integr. Comp. Phys. 295 (4) (2008) R1274–R1281 Oct.

[57] E.A. Peters, J.T. Hiltermann, J. Stolk, Effect of apocynin on ozone-induced airway
hyperresponsiveness to methacholine in asthmatics, Free Radic. Biol. Med. 31 (11)
(2001) 1442–1447 Dec 1.

[58] A. Gorąca, H. Huk-Kolega, A. Piechota, P. Kleniewska, E. Ciejka, B. Skibska, Lipoic
acid - biological activity and therapeutic potential, Pharmacol. Rep. 63 (4) (2011)
849–858.

[59] A. Goraca, H. Huk-Kolega, A. Kowalczyk, B. Skibska, Anti-oxidative and anti-in-
flammatory effects of lipoic acid in rat liver, Postepy Hig. Med. Dosw. (Online) 69
(2015) 270–276 Mar 4.

[60] S.J. Park, K.S. Lee, S.J. Lee, S.R. Kim, S.Y. Park, M.S. Jeon, H.B. Lee, Y.C. Lee, L-2-
oxothiazolidine-4-carboxylic acid or α-lipoic acid attenuates airway remodeling:
involvement of nuclear factor-κB (NF-κB), nuclear factor erythroid 2p45-related
factor-2 (Nrf2), and hypoxia-inducible factor (HIF), Int. J. Mol. Sci. 13 (7) (2012)
7915–7937.

[61] A.K. Mehta, N. Arora, S.N. Gaur, B.P. Singh, Choline supplementation reduces
oxidative stress in mouse model of allergic airway disease, Eur. J. Clin. Investig. 39
(10) (2009) 934–941 Oct.

[62] K.S. Lee, S.R. Kim, S.J. Park, K.H. Min, K.Y. Lee, S.M. Jin, W.H. Yoo, Y.C. Lee,
Antioxidant down-regulates interleukin-18 expression in asthma, Mol. Pharmacol.
70 (4) (2006) 1184–1193 Oct.

[63] Y.S. Cho, J. Lee, T.H. Lee, E.Y. Lee, K.U. Lee, J.Y. Park, H.B. Moon, Alpha-lipoic acid
inhibits airway inflammation and hyperresponsiveness in a mouse model of asthma,
J. Allergy Clin. Immunol. 114 (2) (2004) 429–435. Aug.

[64] C.F. Nunes, J.S. Nogueira, P.H.O. Vianna, B.T. Ciambarella, P.M. Rodrigues,

P. Kleniewska and R. Pawliczak Life Sciences 234 (2019) 116780

8

http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0005
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0005
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0005
https://doi.org/10.1002/alr.21609
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0015
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0015
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0020
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0020
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0025
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0025
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0030
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0030
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0035
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0035
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0040
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0040
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0045
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0045
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0045
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0050
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0050
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0055
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0055
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0060
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0060
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0065
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0065
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0070
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0070
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0075
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0075
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0080
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0080
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0085
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0085
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0090
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0090
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0090
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0095
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0095
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0095
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0100
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0100
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0105
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0105
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0110
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0110
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0110
https://www.caymanchem.com/pdfs/706002.pdf
https://www.caymanchem.com/pdfs/707002.pdf
https://www.caymanchem.com/pdfs/703102.pdf
https://www.caymanchem.com/pdfs/703202.pdf
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0135
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0135
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0140
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0140
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0145
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0145
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0150
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0150
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0155
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0155
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0160
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0160
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0165
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0165
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0165
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0170
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0170
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0170
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0175
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0175
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0175
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0175
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0175
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0180
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0180
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0180
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0185
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0185
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0190
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0190
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0190
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0195
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0195
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0195
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0200
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0200
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0200
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0205
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0205
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0205
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0205
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0210
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0210
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0210
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0215
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0215
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0215
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0220
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0220
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0220
https://doi.org/10.1016/j.rmed.2011.01.006
https://doi.org/10.1016/j.rmed.2011.01.006
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0230
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0230
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0235
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0235
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0240
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0240
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0240
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0245
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0245
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0250
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0250
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0255
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0255
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0255
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0260
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0260
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0260
https://doi.org/10.1080/10715762.2017.1364377
https://doi.org/10.1080/10715762.2017.1364377
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0270
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0270
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0270
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0275
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0275
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0275
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0280
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0280
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0280
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0285
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0285
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0285
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0290
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0290
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0290
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0290
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0290
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0295
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0295
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0295
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0300
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0300
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0300
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0305
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0305
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0305
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0310


K.R. Miranda, L.A. Lobo, R.M.C.P. Domingues, M. Busch, G.C. Atella, A.M. Vale,
M. Bellio, A. Nóbrega, F.B. Canto, R. Fucs, Probiotic treatment during neonatal age
provides optimal protection against experimental asthma through the modulation
of microbiota and T cells, Int. Immunol. 30 (4) (2018) 155–169. Apr 3.

[65] D.M. Gorissen, N.B. Rutten, C.M. Oostermeijer, L.E. Niers, M.O. Hoekstra,
G.T. Rijkers, et al., Preventive effects of selected probiotic strains on the develop-
ment of asthma and allergic rhinitis in childhood. The panda study, Clin. Exp.
Allergy 44 (11) (2014) 1431–1433.

[66] L.E. Niers, H.M. Timmerman, G.T. Rijkers, G.M. van Bleek, N.O. van Uden,
E.F. Knol, et al., Identification of strong interleukin-10 inducing lactic acid bacteria
which down-regulate T helper type 2 cytokines, Clin. Exp. Allergy 35 (2005)
1481–1489.

[67] L.E. Niers, M.O. Hoekstra, H.M. Timmerman, N.O. van Uden, P.M. de Graaf,
H.H. Smits, et al., Selection of probiotic bacteria for prevention of allergic diseases:
immunomodulation of neonatal dendritic cells, Clin. Exp. Immunol. 149 (2007)
344–352.

[68] M. Kalliomäki, S. Salminen, T. Poussa, H. Arvilommi, E. Isolauri, Probiotics and
prevention of atopic disease: 4-year follow-up of a randomised placebo-controlled
trial, Lancet 31 (361) (2003) 1869–1871.

[69] E. Krzych-Fałta, K. Furmańczyk, A. Tomaszewska, D. Olejniczak, B. Samoliński,
U. Samolińska-Zawisza, Probiotics: myths or facts about their role in allergy pre-
vention, Adv. Clin. Exp. Med. 27 (1) (2018) 119–124 Jan.

[70] T.R. Abrahamsson, T. Jakobsson, B. Björkstén, G. Oldaeus, M.C. Jenmalm, No effect
of probiotics on respiratory allergies: a seven-year follow-up of a randomized
controlled trial in infancy, Pediatr. Allergy Immunol. 24 (6) (2013) 556–561.

[71] K. Wickens, T.V. Stanley, E.A. Mitchell, C. Barthow, P. Fitzharris, G. Purdie, et al.,
Early supplementation with Lactobacillus rhamnosus HN001 reduces eczema pre-
valence to 6 years: does it also reduce atopic sensitization? Clin. Exp. Allergy 43
(2013) 1048–1057.

[72] C.E. West, M.L. Hammarström, O. Hernell, Probiotics in primary prevention of al-
lergic disease – follow-up at 8-9 years of age, Allergy 68 (8) (2013) 1015–1020.

P. Kleniewska and R. Pawliczak Life Sciences 234 (2019) 116780

9

http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0310
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0310
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0310
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0310
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0315
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0315
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0315
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0315
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0320
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0320
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0320
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0320
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0325
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0325
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0325
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0325
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0330
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0330
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0330
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0335
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0335
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0335
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0340
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0340
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0340
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0345
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0345
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0345
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0345
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0350
http://refhub.elsevier.com/S0024-3205(19)30707-6/rf0350

	The influence of apocynin, lipoic acid and probiotics on antioxidant enzyme levels in the pulmonary tissues of obese asthmatic mice
	Introduction
	Materials and methods
	Chemicals
	Animals
	Determination of SOD activity
	Determination of CAT activity
	Determination of GPx activity
	Determination of GR activity
	Statistical analysis

	Results
	Evaluation of SOD activity
	Evaluation of CAT activity
	Evaluation of GR activity
	Evaluation of GPx activity
	Evaluation of mouse body weight and respiratory parameters

	Discussion
	Conclusion
	mk:H1_18
	References




