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Abstract

Background: Asthma is a disease with chronic airway inflammation, whereby the airway hyper-reactivity increases. Oxidative stress
balance plays a critical role in asthma.
Objectives: The present study aimed to evaluate serum glutathione peroxidase (GPX) enzyme activity and selenium levels in pa-
tients with asthma.
Methods: This case-control study was conducted on 64 children aged 1 - 5 years, 32 subjects as controls, and 32 subjects with asthma
who were selected randomly. The serum GPX activity and selenium levels of the studied subjects were determined spectrophoto-
metrically.
Results: The present study showed that serum GPX activity and Selenium (Se) levels of patients with asthma were significantly lower
than those of controls (P < 0.001, P < 0.05, respectively).
Conclusions: Reduction of serum GPX activity and Se concentration in patients could have a potential role in the pathogenesis and
modulation of asthma. Micronutrient supplementation of Se may be beneficial in asthma.
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1. Background

Asthma, a disease with chronic airway inflammation,
is categorized as allergic asthma and non-allergic (intrin-
sic) asthma. Allergic asthma is more prevalent than non-
allergic asthma. In allergic asthma, both immune regula-
tory and epithelial cells work together to induce different
phenotypes of chronic airway inflammation. However, in
non-allergic asthma, which often develops later in life, nei-
ther IgE reactivity to allergens nor any clear involvement
of the adaptive immune system, such as type 2 helper T
cells (Th2 cells) appears. Shortness of breath, chest tight-
ness, and wheezing are the main clinical symptoms of al-
lergic asthma (1). Animal and clinical trial studies have re-
vealed that oxidative stress balance plays a critical role in
asthma. Increased ROS production could impair the physi-
ological conditions of cells, though physiological levels of
ROS are essential for physiological conditions (2). The ele-
vation of ROS in asthma is accompanied by an increase in

lipid peroxidation products and protein carbonyl levels. In
response to many pathophysiologic changes of several an-
tioxidants, including glutathione peroxidase (GPX), super-
oxide dismutase (SOD), catalase, glutathione, vitamin E,
and vitamin C are dedicated by lung and blood to counter
the toxicity mediated by oxidants (3). GPX is a mem-
brane of associated selenium-dependent antioxidant en-
zymes that catalyzes the degradation of organic hydroper-
oxides and directly reduces phospholipid hydroperoxides
and protects against oxidative stress in mammalian cells
(4). Selenium (Se) is an essential component of GPX en-
zyme synthesis and function. Different physiological lev-
els of Se for different populations have been attributed to
its concentration in soil, vegetable, and herbivore meat
(5). It is a cofactor required to maintain the activity of glu-
tathione peroxidase, an enzyme that catalyzes the degrada-
tion of organic hydroperoxides. In asthma, a low concen-
tration of selenium could affect the inflammatory process
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by decreasing the GPX activity, which could result in di-
minished protection against oxidative damage. Selenium
levels might have a significant role in asthma pathogene-
sis. Low selenium levels of the New Zealand population re-
flected a low consumption of selenium (6).

2. Objectives

The present study aimed to investigate the serum con-
centration of selenium and serum GPX activity of patients
with asthma disease and controls.

3. Methods

3.1. Studied Subjects

This case-control study was conducted on 64 children
aged 1 - 5 years, including 32 subjects as controls and 32
IgE-positive subjects with asthma who were selected ran-
domly, and attended at the Immunology Center of Rasoul
Akram Hospital (Tehran, Iran). Asthmatic patients were
screened according to guidelines given by a specialist on
duty, and diagnosis of asthma was established based on
measurement of IgE levels using ELISA method (data not
shown), skin prick testing with common allergens, chest
X-ray, spirometry, as well as individual and family history.

The studied groups with informed consent completed
a questionnaire, which contained medical history, smok-
ing, diet, and alcohol history. Subjects with any inflam-
matory, cardiovascular, and malignant diseases were ex-
cluded from the study. The recipients of any medication
and treatment, including selenium supplements, antiox-
idants, and glucocorticoids during at least 6-8 weeks (ex-
cept asthmatic treatment drugs) and subjects with dia-
betes, renal and hepatic diseases were excluded from our
study. The controls were characterized by a negative re-
sponse to the mentioned questions. The study was ap-
proved by the Research Ethics Committee of the Hospital
(IR.com iums.com 1395.com 28896). Subjects with positive
IgE were considered patients with asthma.

3.2. Sampling

Blood samples of the studied subjects were collected
after overnight fasting of 12 - 14 hours into 5 ml vacutainer
tubes containing anticoagulant EDTA with the serum sep-
arated, aliquoted, and stored at -20ºC.

3.3. Glutathione Peroxidase Enzyme Activity Assessment

The GPx activity was determined spectrophotometri-
cally in triplicate, using a coupled assay using glutathione
peroxidase activity assay commercial kit (Abcam, USA,

Cat#ab102530) according to its protocol. Based on a col-
orimetric method with a minimum detection limit of 0.5
Mu/mL, initially, 50 µL glutathione reductase and 50 µL
glutathione were poured in 9 6 wells of the plate contain-
ing 50 µL serum and incubated at 37ºC, for 10 minutes.
Then, substrates of 50µL NADPH and50µL Butylhydroper-
oxide were added for the initiation of the reaction. After
incubation at 37ºC for 10 min, the kinetic changes of ab-
sorbance (decrease) at 340 nm were followed at 4 min The
GPX activity (U/L) was determined using a standard curve.

3.4. Selenium and IgE Determination

Selenium levels (µg/mL) were determined by a flame
atomic absorption spectrophotometer in triplicate, us-
ing a standard cure. Instrument: Agilent 200 AA se-
ries. Calibration: using standard solution Chemlab com-
pany (1000 µ/mL),4-point calibration. QC: [Accuracy: Pro-
ficiency test (Inter laboratory), Precision: Pooled serum 2
levels]. Immunoglobulin E (IgE) was estimated through
ELISA (ng/mL, Abcam Company, ab195216 No. Intra-assay;
CV%: 4.04%, Inter-assay; CV%: 3.53%).

3.5. Statistical Analysis of Data

Paired samples t-test (Wilcoxon in non-parametric dis-
tribution) was used to assess the enzyme activity and sele-
nium levels. To compare the changes between groups, ac-
cording to the Kolmogorov-Smirnov test, we applied the
independent-samples t-test (Mann-Whitney U test in case
of non-parametric distribution). Linear regression and chi-
square analysis were used for analyzing the correlation be-
tween variables. We analyzed all data with SPSS software
version 18 (SPSS, Inc., Chicago, IL, USA). P < 0.05 was consid-
ered significant. All values were reported as mean ± SD.

4. Results

As shown in Figure 1A, the GPX activity of patients was
significantly lower than that of controls (P = 0.001). The se-
lenium level of patients was also significantly lower than
that of controls (P < 0.05) (Figure 1B). The age difference
between patients and controls was significant (P < 0.001)
(Figure 1C). Linear regression analysis (Figure 2) and Pear-
son correlation coefficient (Table 1) showed no significant
correlation between age and Se levels, age, and GPX activity
of the patients with asthma.

Although there was a significant difference between
the age of controls and patients, due to lack of association
between age and every Se level and serum enzyme activity
of the patients, the effect of age as a possible confounding
factor in results has been removed.
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Figure 1. Comparison of the age (A), Se levels (B) and serum GPX enzyme activity (C) between studied groups. Case = patients with asthma disease. *P < 0.05, **P < 0.01, ***P <
0.001.

The impact of gender on serum Se concentration and
GPX enzyme activity was investigated using linear regres-
sion analysis (Figure 3) and Eta coefficient calculation (Ta-
ble 2) analysis. As shown in Figure 3 and Table 2, the gen-
der had no significant effect on the correlation between
serum Se concentration and serum GPX activity of the stud-

ied groups.

5. Discussion

Antioxidants Se and GPX deficiency has been widely
implicated in a variety of human diseases and their
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Figure 2. The linear regression of correlation between serum concentration of Se and age, serum GPX activity and age, and serum concentration of Se and GPX activity of the
patients with asthma.

causes. Their levels have remained unclear in Iranian chil-
dren with asthma. This study provides a comprehensive
overview of two antioxidants GPX activity and Se levels of
64 children aged 1 - 5 years, 32 subjects as controls and 32
subjects with asthma disease.

The present study identified a significant reduction in
serum glutathione peroxidase (GPX) activity and selenium
(Se) concentration of asthmatic children as compared with
controls. Se has a remarkable role in maintaining redox
homeostasis, which is essential for immune system func-
tion (7). Compared to our results, a study on 27 females
and 14 males, with the mean age 37.3 years with asthma,
conducted by Misso et al., revealed that serum Se concen-
tration was significantly lower than controls. They also
showed that platelet GPX activity of asthmatic patients
(No whole blood) was significantly lower than in non-
asthmatic subjects. The reduced activity of this enzyme
may be associated with the pathogenesis and severity of
asthma (8). A study on 38 patients with bronchial asthma
and 23 control subjects, by Nadeem et al., revealed a signif-
icant increase in oxidative stress and reduction of antiox-

idant levels. Interventions increasing therapeutic antiox-
idant defenses could be beneficial in asthma (3). Our re-
sults are consistent with the results of a study by Amber et
al., who revealed that blood selenium concentration and
GSH-PX activity of 56 asthmatic patients in New Zealand
were significantly lower than those of controls. Six-fold
and 1.9-fold increased risk of asthma incidence was found
in patients with low whole blood glutathione peroxidase
activity and serum selenium concentration, respectively as
compared with controls.

On the other hand, no significant decrease was found
for plasma levels of selenium and GHS-PX activity of pa-
tients. The decreased serum concentration of selenium
and GSH-PX activity in patients with asthma might be a
result of increased oxidative stress (6). Nadeem et al. re-
vealed an elevated concentration of serum nitrates, pro-
tein carbonyls, and lipid peroxidation products, serum
sulfhydryl proteins decrease, and an increased concen-
tration of superoxide in leukocytes of asthmatic patients
studied (3). Asthma susceptibility with a number of antiox-
idant defense enzymes (ADE) genesis gender-dependent.
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Figure 3. The linear regression of analysis of sex impact on the correlation between serum Se concentration and serum GPX activity in male and female patients with asthma.
GPX = glutathione peroxidase enzyme; Se= selenium.

The gender-specific effects of ADE genes were observed on
the risk of asthma. It was demonstrated that predisposi-
tion to allergic and no allergic asthma depends on discrep-
ancy and complications of the interplay between genes
involved in oxidative stress (9). It has been found that
NF-κB, mitogen-activated protein kinase (MAPK), activator
protein-1, and other transcription factors, will be activated
by ROS/RNS (Reactive nitrogen species) causing lung in-
flammation (10). Incorporation of Se in GPX enzyme causes
H2O2 reduction and prevents cell membranes from lipid
peroxidation and following instability (11, 12). Se consump-
tion along with other supplements, including vitamin C,
and choline chloride could reduce aryl hydrocarbon recep-
tor (AHR), inflammation, and oxidative stress through in-
ducing the interleukin-10 (IL-10) expression via FoxP3 (+)
signaling pathway (13). Prescribing organic Se (Pro Se)
without accumulation in liver and kidney and with lower
toxicity as compared with inorganic Se, to asthma patients
could increase the endogenous antioxidant enzyme levels
(14). It has been shown that giving back and repairing of
GSH and SOD activities in asthma patients plays an impor-
tant role in reducing airway inflammation and remodel-

ing through anti-oxidative stress (15, 16).

Contrary to our results, the results of a pooled-analysis
by Mao et al. on 2,108 asthma patients and 8,479 controls,
including eleven studies performed on Caucasians, five on
Asians and one on Africans., showed no marked difference
between Se levels of asthma patients and controls among
the overall populations, Caucasians, Asians, and Africans
(17). Consistent with our result, the result of a meta-
analysis study on twenty-six studies for zinc (Zn) and forty
studies for Se of relevant asthma articles in PubMed, Web of
Science, and Scopus databases up to May 2019 showed that
patients with asthma had low Se and Zn levels compared
with healthy controls (18).

A birth cohort study was conducted by Wei Choo et
al. on 132 newborn infants who were followed up for sev-
eral childhood atopic diseases, including eczema, aller-
gic rhinitis, and asthma. Atopic diseases eczema, aller-
gic rhinitis, and asthma alone were predominantly diag-
nosed in 9, 59, and 10 children, respectively, at 7 years of
age. They revealed that a decrease in the activity of GPX
and myeloperoxidase (MPO) levels correlated with an in-
crease in allergen-specific IgE levels. They also showed that

Mod Care J. 2020; 17(2):e102396. 5
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Table 1. Pearson Correlation Coefficient Between Serum GPX Activity, Se Levels, and
Age of Studied Groups

Group
Correlations

Age GPX Selenium

Control

Age

Pearson Correlation 1 0.031 -0.112

Sig. (2-tailed) 0.855 0.516

N 36 36 36

GPX

Pearson Correlation 1 -0.032

Sig. (2-tailed) 0.852

N 36

Case

Year

Pearson Correlation 1 -0.234 -0.089

Sig. (2-tailed) 0.170 0.606

N 36 36

GPX

Pearson Correlation -0.234 1 -0.132

Sig. (2-tailed) 0.170 0.443

N 36 36 36

a decline in urinary 8-OHdG levels correlated with an in-
crease in FeNO levels. Total IgE levels and the prevalence of
sensitization to house dust mites were significantly higher
in children with atopic diseases compared to the healthy
controls. It was concluded that decreased TAC levels cor-
related with reduced pulmonary function tests. Oxidative
stress potentially plays a role in the modulation of aller-
gic responses contributing to atopic diseases (19). Asthma
is associated with an increased oxidant burden and a de-
creased antioxidant defense in the systemic circulation
and locally in the airway. A study by Celik et al. on 28 chil-
dren aged 6 - 18 years with asthma, 17 with allergic rhinitis,
100 asthma and allergic rhinitis, and 74 healthy controls
showed lower malondialdehyde levels and higher GSH lev-
els in both nasal and oral exhaled breath condensates (EBC)
samples of all patient groups compared to healthy con-
trols. There was no difference between the different pa-
tient groups (18). A study on Nigerian children with asthma
showed low levels of Zn, Se, and total antioxidants com-
pared to controls. Also, Se levels of patients with moder-
ate/severe disease were lower than those of patients with
mild disease (20). The effect of the Mediterranean diet on
various outcomes of asthma (wheeze) and severity in chil-
dren was investigated in a systematic review. The results

showed that the Mediterranean diet could decrease the in-
cidence of the flowing wheeze, flowing severe wheeze, and
asthma ever. A systematic review revealed that vitamin A
intake in patients with asthma was lower than in controls.
The risk of asthma occurrence in patients with the lowest
vitamin C was 12% higher than in other patients. Although
vitamin E intake was found to be unrelated to asthma, in
patients with severe asthma, it was significantly lower than
in mild asthma. Many studies reported a correlation be-
tween maternal antioxidant status and asthma onset dur-
ing childhood. Despite some epidemiological studies in
which patients with low dietary intake of antioxidants, in-
cluding Se, as well as antioxidant vitamins C, E, had usually
more symptoms of the disease, so far no compound has
proven to be clinically useful in the modulation or recov-
ery of the disease (21).

5.1. Conclusion

These findings suggest that aberrant decrease in
serum GSH-PX activity and selenium concentration could
have a potential role in the pathogenesis and modulation
of asthma and other allergic disorders in Iranian children
with asthma. Micronutrient supplementation such as Se
might be beneficial in Iranian children with asthma as they
have relatively lower antioxidants Se and GPX than con-
trols.

5.2. Study Limitations

In this study, the small sample size was investigated,
and these observations should be confirmed in a larger
sample of patients with further analysis. The impact of
social and economic conditions of studied groups was
not negligible. We analyzed only two independent vari-
ables; other probable variables involved in the incidence
of asthma should be considered in future studies.
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