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Abstract 
 

Background: Asthma is a multifactorial disease and its severity varies with the inflammatory grade. 

There are conflicting reports about the roles of trace elements in asthma. This study examined the 

effects of zinc (Zn), copper (Cu), and selenium (Se) concentrations in sera of patients with allergic 

asthma attending Ghaem Hospital, Mashhad, Iran. 

Methods: Forty-nine patients, aged 10 to 50 years, with asthma in moderate or severe stages, and 24 

healthy controls, were enrolled in this study. After demographic data collection and clinical evaluations, 

the subjects’ serum concentrations of Zn, Cu, and Se were measured via atomic absorbency.  

Results: Mean serum levels of Zn and Se in patients with allergic asthma were lower than in the 

healthy control group, but the Cu concentration in sera of patients with allergic asthma was slightly 

higher than healthy controls. 

Conclusions: Low levels of trace elements, specifically Zn, may have a role in the pathogenesis of 

allergic asthma; replacement of these elements may be an effective treatment. 
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Introduction 
Asthma is a common chronic disease with high 

morbidity and mortality rates that often lead to 

emergent visits and hospitalization (1). The reasons 

for the incidence and severity of this condition and 

its dramatic increase in prevalence over the last 20 

years are not well understood, but could be due to 

genetic susceptibilities and/or environmental, 

economic, and nutritional factors (2, 3). 

However, as allergy appears to be an important 

predictor of asthma, it is likely the factors that 

protect against allergy may be important in asthma 

prevention (4). One of a number of environmental 

factors that has been proposed as a reason for the 

escalation in asthma prevalence is a decreasing 

intake of dietary antioxidants, and some 

observational studies have shown significant 

associations between asthma and antioxidants, such 

as vitamins C and E (5, 6). 

Recently, it has been hypothesized that essential 

elements may play important roles in asthma genesis 

since they take part in oxidative stress reactions as 

cofactors of antioxidant enzymes. Antioxidant and 

trace element deficiencies seem to be important 

factors in this regard (7). 

Recent studies, according to models of 

experimental antigen challenge and clinical and 

preclinical findings, showed that asthma attacks 

correlate with immediate release of high levels of 

reactive oxygen species (ROS), including superoxide 

and hydrogen peroxide (H2O2), which as free radicals 

can affect asthma status and may intervene with the 

late asthmatic response. Recent experimental models 

and clinical studies of asthma indicate some 

mechanistic link between intermittent excessive 

oxidative processes and various inflammatory 

diseases, especially asthma (8). 
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Pathophysiology of asthma, bronchial airway, and 

lung inflammation can result from a lack of, or failure 

to, activate antioxidants, or from a lack of their 

reactivity with enzymes. Serum superoxide dismutase 

(SOD) activity is dramatically lower in people with 

asthmatic lungs than in normal people. It has been 

hypothesized that CuZnSOD activity and asthma are 

related (9). Although the cause of the greater than 

50% reduction of SOD activity in asthma is unclear, it 

is thought that alterations in MnSOD and CuZnSOD 

are involved (10, 11).  

Because asthma has been demonstrated to involve 

increased oxidative stress, trace elements, including 

copper (Cu), selenium (Se), and zinc (Zn) have been 

hypothesized to play important roles in the 

pathogenesis of asthma. However, significant 

associations between their status and the prevalence 

or severity of asthma have not been consistently 

demonstrated in human studies. Despite numerous 

investigations of trace elements and their enzymes in 

asthma, the relationship is not well understood. This 

investigation highlights both the complex etiology of 

human asthma and the inherent problems with the 

investigated trace elements. 

The aim of our work was to determine and 

compare the concentrations of the trace elements Cu, 

Se, and Zn in sera of patients with moderate and 

severe allergic asthma and healthy controls. 

 

Materials and Methods 
Study population 

The study was conducted in 2012 at the Allergy 

Research Center, Ghaem Hospital, Mashhad, Iran. 

The enrolled population included 49 allergic 

asthma patients and 24 controls between 10 and 50 

years of age. The study was approved by the Ethics 

Committee of Mashhad University of Medical 

Sciences, Mashhad, Iran, and all subjects signed 

informed consent forms. All the patients were 

examined by two allergists, underwent spirometry 

to check their asthma, and received skin prick tests 

for aero-allergens. They all fulfilled the criteria of 

persistent asthma based on the asthma guidelines. 

Asthma severity was evaluated on the basis of the 

Expert Panel Report 3 (EPR3) guidelines (12). 

Their asthma was confirmed according to EPR3 

criteria for at least a six-month history of moderate 

to severe asthma. The individuals with metabolic 

diseases, malnutrition, or histories of consuming 

vitamins or mineral supplements were excluded 

from the study. Data reported in the checklist 

included age, gender, family history, and 

supplement consumption for both the healthy 

control and patient groups. Healthy individuals 

with histories atopy in their life, and patients with 

vitamin or mineral supplement consumption since 

the first asthma attacks were excluded. Because 

patients were referred from different clinics, we 

lacked accurate patient histories and based our 

information on patient statements. 

Biochemical Analysis 

Peripheral blood was obtained from the subjects and 

their sera were isolated. Serum Se, Cu, and Zn 

concentrations were determined by an atomic 

absorption spectrophotometer (Yang Lin, Korea).  

Statistical Analysis 

Data were analyzed with SPSS version 16 (New 

York, USA), and the means and standard deviations 

(Mean ± SD) were reported. The comparisons 

between the groups were performed using analysis of 

variance or Student’s t-test and χ2 test. The P value 

was considered significant below 0.05.  

 

Results 
Demography 
The mean ages and standard deviations of the 

patients and controls were 35.6 ± 10 and 37.3 ± 

11, respectively. The difference between the two 

groups’ ages was not statistically significant. 

Forty-seven % of the patients were male and 53% 

were female, while 54% of the controls were male 

and 46% were female data about the population 

who were enrolled in this investigation reported in 

table 1.  

Table1. Report of patients and healthy subject details of 

number and gender, who were enrolled in this investigation 

 Patients Healthy 

Sex Male 23 (47%) 11 (46%) 

 Female 13 (54.2%) 26 (53.1%) 

Total 49 (100.0%) 24 (100.0%) 
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Se assay 

The serum Se concentration of patients with allergic 

asthma was lower than that of the healthy control 

group, but the difference was not significant (Table 

2). The mean Se concentrations in male and female 

patients in comparison with healthy control group 

can be seen vividly in Fig 1by details; although its 

concentration in both genders was not statistically 

different. Also, no significant difference in Se serum 

concentration was found between patients with 

moderate and severe allergic asthma (121.5 ± 23.7 

µg/L and 121.3 ± 17.3 µg/L, respectively). 

Table 2. Se, Zn, and Cu concentrations in sera of allergic asthma 

patients and healthy control groups 

Trace 

elements 

Concentration in sera (mean ± SD) (µg/L) 

Patients Healthy 

Se 121.5 ± 21 127 ± 19 

Cu 998.4 ± 199.5 949.3 ± 223 

Zn 831 ± 120 910 ± 116 

Zn assay 

The serum Zn concentration was significantly lower 

in patients than in the healthy control group (Table 2). 

Both genders in the patient group had lower Zn 

concentrations than those in the control group (Fig. 2). 

Serum Zn concentrations were not significantly 

different between patients with moderate and severe 

allergic asthma (1001.9 ± 166 µg/L and 993.7 ± 241 

µg/L, respectively). 

Cu assay 

The Cu concentration in sera of patients with allergic 

asthma was higher than that of the healthy control 

group, but the difference was not significant (Table 

2). No significant difference was seen between 

males in the two groups if genders considered 

distinctly, but the Cu concentration in female 

patients was significantly higher than that of females 

in the healthy control group (Fig. 3). On the other 

hand, the serum Cu concentrations in patients with 

moderate and severe asthma were 1002 ± 166 and 

994 ± 241 µg/L, respectively. This difference was 

not significant.   

 

 
Fig. 1. Se concentrations in sera of patients with allergic asthma and healthy control groups, genders were considered distinctly. The Se 

concentration in male and females of healthy group was higher than patients both gender but not statistically was not significant. P value>.01  
 

 
Fig. 2. Zn concentrations in sera of patients with allergic asthma and healthy control groups, both genders in two groups were distinctly calculated. 

The Zn concentration in male and females of healthy group was higher than patients in both gender and it was statistically significant. P value>.01 
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Fig. 3. Cu concentrations in sera with patients with allergic asthma and healthy control groups both genders in two group were distinctly 

calculated. The Cu concentration in females of patients group was higher than healthy group and it was statistically significant. P value>.01 

 

Discussion 
Asthma is a chronic disease with airway 

inflammation characterized by reversible airflow 

obstruction. One outcome of asthma is bronchial 

hyper-responsiveness (13). Because trace elements 

play key roles in inflammation, they may affect 

asthma status (14).  

In our study, no significant differences were 

found for serum Se concentrations between healthy 

controls and patients with allergic asthma. This 

result agrees with previous reports that found no 

differences in serum Se concentrations between 

asthmatic patients and healthy individuals (15-17). 

The data also showed no difference in serum Se 

concentrations between moderate and severe 

asthmatics. These results indicate that Se has no 

effect on allergic asthma severity. 

Zn concentrations were significantly lower in 

patients than in controls, although no correlation 

was found between Zn concentrations and disease 

severity. Since Zn concentrations were lower in 

patients with allergic asthma than in controls but no 

difference was seen between patients with 

moderate vs. severe asthma, we conclude that Zn 

deficiency may have a role in asthma onset but not 

progression (4, 18). Zn is an important trace 

element and its concentration is frequently used to 

evaluate inflammatory diseases (19). Furthermore, 

many studies have reported that that Zn deficiency 

can lead to a variety of complications, including 

growth retardation, delayed wound healing, 

chronic diarrhea, and increased susceptibility to 

infections (20). It can also disturb the equilibrium 

between types 1 and 2 T helper cells, which causes

 

increased inflammation; the same mechanism 

detected in allergic airway hypersensitivity (21). A 

number of clinical studies have linked an increase 

in the incidence of asthma with low dietary Zn 

intake. Significant decreases in serum, plasma, and 

hair Zn levels have also been reported in some 

asthmatic individuals (22). Therefore, it is 

suggested that the deficiency of Zn may reduce 

antioxidant function and lead to increasing risk of 

bronchial asthma. Our data indicates that allergic 

asthma may be affected by low Zn levels and is 

consistent with data for non-allergic asthma and 

other inflammatory diseases (5).  

Many previous studies have reported that the 

serum Cu concentrations in bronchial asthma 

patients tended to be higher than in healthy 

individuals (6-7). Cu/Zn-SOD is an antioxidant 

enzyme that contains Cu as an essential 

component. Our data showed that the Cu 

concentration in patients with allergic asthma was 

higher than that in the healthy control group, 

particularly in females. Some previous studies 

indicated that high Zn serum concentrations can 

lead to declines in both Cu/Zn-SoD and Cu 

concentrations, as Cu deficiency can reflect a high 

Zn concentration (23). So, the high serum Cu 

concentrations in patients in this investigation are 

further evidence of Cu Zn antagonism in the 

pathophysiology of asthma. 

In conclusion, we recommend that serum 

analysis of trace elements, especially Zn, be 

considered in the workup of intractable allergic 

asthma, and the administration of zinc supplements 

µg/mL 
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may be useful in the prevention and treatment of 

allergic asthma. Further studies conducted on 

intervention to change trace element level 

underlying structure function changes in asthma, 

and in particular in severe asthma, are needed to 

define the pathophysiology and biochemistry of 

asthma. If this paradigm holds, it will be important 

for the design of therapies. 

Acknowledgment  
This study was financially supported by the Research 

Deputy of Mashhad University of Medical Sciences 

Ethical Committee. The approval code was 

86262. The authors thank laboratory of 

Immunology colleagues Azizolah Behjati, 

Kaveh Barati pour, Sedigheh Ajorkaran, and 

Zahra Raghimi for their collaboration. The 

authors declare no conflict of interest. 
 

References 
1. Walters GI, Moore VC, Robertson AS, Burge 

CB, Vellore AD, Burge PS. An outbreak of 

occupational asthma due to chromium and cobalt. 

Occupational medicine (Oxford, England). 

2012;62(7):533-40.  

2. Busse WW, Lemanske RF, Jr. Expert Panel 

Report 3: Moving forward to improve asthma care. 

The Journal of allergy and clinical immunology. 

2007;120(5):1012-4.  

3. Zare A, Saremi A, Hajhashemi M, Kardar GA, 

Moazzeni SM, Pourpak Z, et al. Correlation 

between serum zinc levels and successful 

immunotherapy in recurrent spontaneous abortion 

patients. Journal of human reproductive sciences. 

2013;16(2)147-151. 

4. Riccioni G, D'Orazio N. The role of selenium, 

zinc and antioxidant vitamin supplementation in 

the treatment of bronchial asthma: adjuvant therapy 

or not? Expert opinion on investigational drugs. 

2005;14(9):1145-55.  

5. Hoffmann PR. Asthma in children and 

nutritional selenium get another look. Clinical and 

experimental allergy. 2012 ;42(4):488-9 

6. Lifschitz C. New actions for old nutrients. 

Technologia Alimentaria. 2012;11(2) 183-192 

7. Guo CH, Liu PJ, Lin KP, Chen PC. Nutritional 

supplement therapy improves oxidative stress, 

immune response, pulmonary function, and quality 

of life in allergic asthma patients: an open-label 

pilot study Alternative medicine review. 

2012;17(1):42-56. 

8. Urushidate S, Matsuzaka M, Okubo N, Iwasaki 

H, Hasebe T, Tsuya R, et al. Association between 

 

concentration of trace elements in serum and 

bronchial asthma among Japanese general 

population. Journal of trace elements in medicine 

and biology: organ of the Society for Minerals and 

Trace Elements. 2010;24(4):236-42.  

9. Norton RL, Hoffmann PR. Selenium and 

asthma. Molecular aspects of medicine. 

2012;33(1):98-106.  

10.  Khanbabaee G, Omidian A, Imanzadeh F, 

Adibeshgh F, Ashayeripanah M, Rezaei N. Serum 

level of zinc in asthmatic patients: a case-control 

study. Allergologia et immunopathologia. 

2014;42(1):19-21.  

11.  Kocyigit A, Armutcu F, Gurel A, Ermis B. 

Alterations in plasma essential trace elements 

selenium, manganese, zinc, copper, and iron 

concentrations and the possible role of these 

elements on oxidative status in patients with 

childhood asthma. Biological trace element 

research. 2004;97(1):31-41.  

12.  National Asthma E, Prevention P. Expert Panel 

Report 3 (EPR-3): Guidelines for the Diagnosis 

and Management of Asthma-Summary Report 

2007. The Journal of allergy and clinical 

immunology. 2007;120(5 Suppl):S94-138.  

13.  Ekmekci OB, Donma O, Ekmekci H, Yildirim 

N, Uysal O, Sardogan E, et al. Plasma paraoxonase 

activities, lipoprotein oxidation, and trace element 

interaction in asthmatic patients. Biological trace 

element research. 2006;111(1-3):41-52.  

14.  Gray RD, Duncan A, Noble D, Imrie M, 

O'Reilly DS, Innes JA, et al. Sputum trace metals 

http://www.food.actapol.net/volume11/issue2
http://www.food.actapol.net/volume11/issue2


Ariaee N et al. 

     Rep. Biochem. Mol. Biol, Vol. 5, No. 1, Oct 2016    25 

are biomarkers of inflammatory and suppurative 

lung disease. Chest. 2010;137(3):635-41.  

15.  Bakkeheim E, Mowinckel P, Carlsen KH, 

Burney P, Carlsen KC. Altered oxidative state in 

schoolchildren with asthma and allergic rhinitis. 

Pediatric allergy and immunology: official 

publication of the European Society of Pediatric 

Allergy and Immunology. 2011;22(2):178-85.  

16.  Ghaffari J, Khalilian A, Salehifar E, Khorasani 

E, Rezaii MS. Effect of zinc supplementation in 

children with asthma: a randomized, placebo-

controlled trial in northern Islamic Republic of Iran. 

Eastern Mediterranean health journal. 

2014;20(6):391-6.  

17.  Vodounon CA, Abramova ZI, Aikou N, Sezan 

A, Kotchoni SO, Akpona SA. The particularities of 

protein fraction in the apoptosis of lymphocytes of 

patients with asthma. Pakistan journal of biological 

sciences: PJBS. 2013;16(24):1873-83.  

18.  Gent JF, Koutrakis P, Belanger K, Triche E, 

Holford TR, Bracken MB, et al. Symptoms and 

medication use in children with asthma and traffic-

related sources of fine particle pollution. 

Environmental health perspectives. 

2009;117(7):1168-74.  

19.  Vural H, Uzun K, Uz E, Kocyigit A, Cigli A, 

Akyol O. Concentrations of copper, zinc and 

various elements in serum of patients with 

bronchial asthma. Journal of trace elements in 

medicine and biology: organ of the Society for  

Minerals and Trace Elements. 2000;14(2):88-91.  

20.  el-Kholy MS, Gas Allah MA, el-Shimi S, el-Baz 

F, el-Tayeb H, Abdel-Hamid MS. Zinc and copper 

status in children with bronchial asthma and atopic 

dermatitis. The Journal of the Egyptian Public Health 

Association. 1990;65(5-6):657-68.  

21.  Guo CH, Liu PJ, Hsia S, Chuang CJ, Chen PC. 

Role of certain trace minerals in oxidative stress, 

inflammation, CD4/CD8 lymphocyte ratios and 

lung function in asthmatic patients. Annals of 

clinical biochemistry. 2011;48(Pt 4):344-51.  

22.  Kadrabova J, Mad'aric A, Podivinsky F, 

Gazdik F, Ginter F. Plasma zinc, copper and 

copper/zinc ratio in intrinsic asthma. Journal of 

trace elements in medicine and biology : organ of 

the Society for Minerals and Trace Elements. 

1996;10(1):50-3.  

23.  Moresco MB, Fleck Ada S, Carneiro MF, 

Barbosa Junior F, Amantea SL, Rhoden CR. Trace 

elements concentration in nails and association 

with airway inflammation in adolescents. 

Biological trace element research. 

2014;161(2):161-6. 


