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ABSTRACT 

Introduction: Asthma is associated with airway hyperresponsiveness 

correlated with variable airflow obstruction. Calcium is the second 

messenger regulating airway smooth muscle contraction. 

Abnormalities in calcium homeostasis is manifested by increase flux of 

calcium and alteration in calcium regulatory proteins playing a critical 

role in airway smooth muscle hyperactivity in asthma. Iron metabolism 

is of crucial importance in the pathophysiology of the lower respiratory 

tract. Aim: To measure the levels of serum Calcium, serum Iron in 

patients with stable asthma and exacerbating asthma and to predict the 

severity of asthma. Materials & Methods: A case control study of 120 

was conducted including 40 controls, 40 of Stable Asthma Group and 

40 of Exacerbating Asthma patients. Results: Showed significant 

increase of Calcium (p<0.0001) in asthma with exacerbation (20.89 ±  

2.32) compared to that of control group (9.618 ± 0.86). Serum Iron (p<0.0001) in patients of 

asthma with Exacerbations (201.73 ± 11.59) compared to that of control (111.8 ±12.21).No 

statistical significance was observed in Stable asthma when compared to controls. 

Conclusion: Calcium and Iron levels increased significantly in Exacerbating asthma when 

compared to Stable asthma patients. 
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INTRODUCTION 

Asthma is one of the most common chronic disease globally and affects 300 million people 

worldwide. It is a chronic reversible, inflammatory disease of the airways.It is a heterogenous 

disease with interplay between genetic and environmental factors. 

 

Calcium is an important mineral and most prevalent cation in intracellular and extracellular 

fluid.In serum, calcium exists as free and bound form.
[1,2]

 Calcium is the second messenger 

regulating airway smooth muscle contraction. Abnormalities in calcium homeostasis is 

manifested by increase flux of calcium and alteration in calcium regulatory proteins playing a 

critical role in airway smooth muscle hyperactivity in asthma.
[3,4]

 Calcium plays an important 

role in excitation and muscle contraction and stabilizes the plasma membrane influencing 

permeability and excitability.Extracellular calcium  functions as ionic chemo kinetic agents 

capable of modulating the innate immune response by direct and indirect action on 

monocytes.
[5] 

Calcium deposition may be both consequence and cause of chronic 

inflammatory changes at the site of injury and infection.
[3,5]  

 

The cell electrolyte composition changes in Bronchial asthma, impairing the c AMP 

metabolism and activating the lipid peroxidation.
[3,6]

 leading to bronchial hyperactivity. The 

abnormal intracellular homeostasis of bivalent cation in asthmatic patients may be due to 

hyperactivation of free radical oxidation of cell membrane lipids.
[6]

 Calcium in cytoplasm is 

cytotoxic, therefore necessary to regulate calcium overload. Excessively generated oxidation, 

reperfusion injury, changes mitochondrial function and cause calcium leak from organelle 

which leads to apoptosis.
[3,7] 

 

Iron is a critical element for the function of the cell,although the amount of iron required by 

individual tissues varies.
[8] 

Free iron being highly toxic generates free radicals such as singlet 

O2 or OH
-
.Asthma is a chronic inflammatory disease of airways and reactive oxygen 

species
[9] 

the presence of iron binding proteins in different lung compartments contributing to 

increased incidence of asthma.
[3,10] 

 

 

MATERIALS AND METHODS  

The study was conducted in Department of Biochemistry, Osmania General Hospital. A case 

control study of 120 divided into three groups including 40 controls, 40 cases of Stable 

Asthma Group and 40 cases of Exacerbating Asthma group. Patients with history of 

respiratory infection, pneumonia, chronic bronchitis, coronary heart disease, heart failure, 
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neuromuscular disease, renal and hepatic dysfunction were excluded.5ml of blood was taken 

in plain vaccutainer. Grossly hemolysed and lipemic samples were excluded. 

 

The data was analysed using Graph Pad Prism 5.01 software version and SPSS (Statistical 

package for social science) and  the results were expressed as Mean and Standard deviation 

of various parameters in different groups. Multiple comparisons ANOVA was used to assess 

the significance of difference of mean values of different parameters in between the groups. 

The significance of difference of mean values of different groups and within the groups is 

represented by p values and p value ˂0.05 is considered as significant. 

 

Serum Calcium is estimated by Ocresolphthalein Conaplexone (CCPC) method in 

semiautoanalyser.
[11,12,8,13,4]

 and serum iron estimated by Ferrozine method(colorimetric 

procedure).
[14,15,16]

 

 

RESULTS 

In the present study, there was statistically significant increase (p<0.0001) in the mean value 

of serum Calcium in asthma with exacerbation (20.89 ± 2.32) compared to that of  control 

group (9.618 ± 0.86). No statistical significance was observed between stable asthma patients 

(8.94 ± 1.23) and control group. 

  

There was statistically significant increase (p<0.0001) in the mean value of serum iron.No 

statistical significance was observed between stable asthma patients (101.408±10.78) and 

control group.(Table-1) 

 

Table-I. Mean, Standard Deviation and Significance of various parameters in asthma 

patients. 

Parameters Mean ± SD of Controls 
Mean ± SD of stable 

asthma cases 

Mean ± SD of 

exacerbating asthma 

cases 

Calcium 9.618 ± 0.86 8.94 ± 1.23 20.89 ± 2.32* 

Iron 111.8±12.21 101.48 ±10.78 201.73± 11.59* 

*p value less than (0.0001) 
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Fig-I:  Comparison between Serum Calcium in Stable Asthma (SA) and Exacerbating 

Asthma (EA) patients. 

 

Iron

Contro
l

SA EA

0

50

100

150

200

250

ir
on

-


g 
/d

l

 

Fig II: Comparison between Serum Iron in Stable Asthma (SA) and Exacerbating 

Asthma (EA) patients. 

 

DISCUSSION 

Asthma is a chronic inflammatory disorder of the air ways. The strongest identifiable 

predisposing factor for the development of asthma is atopy, but obesity is increasingly 

recognized as a risk factor. Exposure of sensitive patients to inhaled allergens increases 

airway inflammation, airway hyper-responsiveness, and symptoms. This airway 

inflammation underlies disease chronicity and contributes to airway hyper-responsiveness, 

airflow limitation and respiratory symptoms including recurrent episodes of wheezing, 

breathlessness, chest tightness and cough. 
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Airway Hyperresponsiveness (AHR) is the characteristic physiological abnormality of 

asthma and describes the excessive bronchoconstrictor response to multiple inhaled triggers 

that would have no effect on normal airways. The increase in AHR is linked to the frequency 

of asthma symptoms and thus, an important aim of therapy is to reduce AHR. Increased 

bronchoconstrictor responsiveness is seen with direct broncho constrictors but is 

characteristically also seen with many indirect stimuli, which release bronchoconstrictors 

from mast cells or activate sensory nerves. Most of the triggers for asthma symptoms appear 

to act indirectly, including allergens, exercise, hyperventilation, fog(via mast cell activation) 

irritant dusts and sulfur dioxide (via a cholinergic/ reflex)  

 

Pathogenic mechanism of lung injury has focused on the cellular and biochemical mediators 

to be considered as potential biological markers of lung injury. The findings in the study are 

associated with increased duration of diseases with chronic inflammation of lower airways. 

Thus the present study suggests that the existence of inflammation in the airways and 

hyperirritability of airway mucosa contributes to remission of attack when exposed to 

allergens and reduce the success rate of treatment and recovery of the patient. 

 

The parameter were analysed into three groups,40 stable asthma cases,40 exacerbating 

asthma cases and 40 non asthmatic healthy controls. These findings were associated more 

with increased inflammation of the airways, the  mucosa gets infiltered with inflammatory 

cells like mast cells, eosinophils, neutrophils,
[3,17] 

lymphocytes, macrophages and 

inflammotry mediators like histamine, leucotriene, cytokines, chemokines which leads to 

airway hyperresponsiveness and mucous secretion which leads to structural changes and 

bronchospasm. Myer and Zimmerman
[3,18]

 reported that there was alteration of surfactant 

composition and function in various inflammatory disorders that affect the airways or the 

lung parenchyma including asthma.  

 

Calcium ions (Ca
2+

) are fundamental to the process responsible for the initiation and 

maintenance of contraction of ASM cells and development in understanding of signal 

transduction mechanisms relating to intracellular Ca
2+

 release, excitation - contraction 

coupling mechanisms in ASM.
[3,19] 

Serum calcium concentration was in excess in bronchial 

asthma irrespective of asthma variant, phase severity and bronchial obstruction.
[3,6]

 These 

study findings indicate a positive relation between serum calcium levels and disease severity 

as shown by the high level during exacerbation as compared to stable asthma. 
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Calcium levels were lower in asthma patients who have been treated and this could be due to 

the hyposensitization which has regulated cytokine production inhibition of phospholipase C 

and / or modulation of oxidant activity generated by effector cells and consequently affect 

serum calcium.
[7,20]

 Calcium is the second messenger regulating airway smooth muscle 

contraction, abnormalities in calcium homeostasis manifested by increases in the flux of 

calcium or alteration in calcium regulatory proteins, may play a critical role in inducing 

airway smooth muscle hyperreactivity in asthma.The abnormalities in Iron homeostasis 

causing excessive accumulation of iron leads to generation of potentially toxic hydroxyl 

radicals which contributes to the risk of asthma attack.  

 

In the present study it was observed that there is statistically significant increase (p < 0.0001) 

in the mean value of serum Calcium in patients of Asthma  with exacerbation(20.89 ± 2.32) 

compared to that of control group (9.618 ± 0.86).However no statistically  significant 

difference has been observed between stable asthma patients (8.94± 1.23) and control 

group.The present study suggests that the  serum calcium concentration in exacerbating 

asthma is higher than that of stable asthma patients.  In an initial study Gugger et al reported 

that in bronchial asthma an alteration of calcium metabolism may be important.
[3,19]

 

 

Iron metabolism is of a crucial importance in the biology and pathophysiology of the lower 

respiratory tract.
[3,24] 

As with many other factors involved in inflammation,it is very important 

that an appropriate iron balance is maintained. Local deficiency could impair growth and 

proliferation of cells responsible for the inflammatory response and tissue repair and the 

synthesis of mediators. In contrast, excessive accumulation of iron, especially in free form 

that is not bound to one of the specific iron-binding proteins facilitates the generation of 

potentially toxic  hydroxyl radicals.
[3,25]

 

 

From the present study it was observed that there is statistically significant increase (P< 

0.0001) in the mean value of serum Iron in patients of Asthma  with exacerbation (201.73 ± 

11.59) compared to that of control group (111.08 ± 12.21).However no statistically 

significant difference has been observed between Stable asthma patients (101.48 ±10.78) and 

control group.  The present study suggests that the serum Iron concentration in exacerbating 

asthma is higher than that of stable asthma patients.
[21,22]

 Vural et al reported that serum iron 

level in asthmatics were  not significantly different from control group.
[3,23]
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In the present study there was a statistically significant increase in the serum levels of 

Calcium & Iron in Exacerbating asthma compared to that of controls and Stable asthma 

patients. Hence the evaluation of these parameters can be of benefit in the  prognosis of the  

disease and are helpful to guide clinicians regarding the treatment. 

 

CONCLUSION 

Asthma is a chronic inflammatory disease of airways. It is a heterogenous disease with 

several different phenotypes and it is generally triggered by multiple gene and environment 

interactions. Asthmatics develop a special type of inflammation in the airways that makes 

them more responsive than non-asthmatics to a wide range of triggers leading to limitation of 

airflow due to bronchoconstriction, but airway edema, vascular congestion, and luminal 

occlusion with exudate also contributes to it. The various triggers involved in asthma are 

atopy, indoor allergens, outdoor allergens, airway hyper responsiveness, occupational 

sensitizers, passive smoking, gender, obesity, ethnicity, respiratory tract viral infections, 

exercise and hyperventilation. Inhaled allergens are common triggers of asthma symptoms in 

allergic sensitization. Exposure to house dust mites in early childhood is a risk factor for 

allergic sensitization and asthma. 

 

In the present study the above parameters were evaluated to distinguish between Stable 

asthma and Exacerbating asthma cases. The Exacerbating asthma cases are those who 

showed significant increase in Serum Calcium and Iron whereas Stable asthma cases are 

those who showed normal levels of Calcium and Iron. 

  

To conclude from the present study, Serum Calcium and Iron were measured in Exacerbating 

asthma and Stable asthma cases to correlate these levels and predict the risk of severity of 

asthma to help the clinician in diagnosis and implementation of appropriate treatment and 

prevent the risk of sudden and severe airway obstruction in those with hyperirritability of 

airways and other allergic diseases who are at high risk for development of fatal asthma.  

 

REFERENCES 

1. Farrell C.E.,Electrolytes,In Clinical Chemistry ;Theory,Analysis and 

Correlation,L.A.Kaplan and A.J.Pesce, Eds C.V.Mosby,Toronto.1994; 1044-1079. 

2. Kaplan A.,Lavernel,L.S.,Mineral Metabolism,In Clinical Chemistry.Interpretation and 

Techniques, 2
nd

 ed.,Lea and Febiger,Philadelphia,1983; 347-363. 



www.wjpr.net                                   Vol 4, Issue 08, 2015.                                            

            

1594 

Kareti et al.                                                           World Journal of Pharmaceutical Research 

3. AL Obaidi A H A, Jawad A K Y,Al Janabi J M.Biochemical changes in patients with 

asthma ,Journal of Clinical and Diagnostic Reasearch (serial online) 2007 October(cited 

2007 Oct 1); 5: 396-403. 

4. Amrani Y,Panettieri Jr RA.Modulation of calcium homeostasis as a mechanism for 

altering smooth muscle responsiveness in asthma.Curr Opin Allergy Clin Immunol 2002; 

2: 39-45. 

5. Olszak IT,Poznansky MC,Evans R,et al.Extracellular calcium elicits a chemokinetic 

response from monocytes in vitro and in vivo.J Clin Invest 2000; 105: 1299-1305 

6. Fedoseev GB,Emelianov AV, Neskoromnyi AF;et al .Role of magnesium and calcium 

ions in the pathogenesis of bronchial asthma.Klin Med 1994; 72: 47-51. 

7. Bowler RP.Oxidative stress in the pathogenesis of asthma.Current Allergy Asthma 

reports 2004; 4: 116-122. 

8. Miller G.W.,Mineral and Bone metabolism.In Teitz Textbook of Clinical Chemistry, 3
rd

 

ed.,C.A.Burtis and E.R.Ashwood.Eds.W.B.Saunders, Philadelphia, 1994; 1395-1457. 

9. Jiang J, Malavia N, Suresh V,George SC.Nitric oxide gas phase release in human small 

airway epithelial cells. Respir Res. 2009; 10: 3[PMC free article] [ PubMed] 

10. Barnes PJ, Chung KF, Page CP, inflammatory mediators in asthma:an update,Pharmacol 

Rev1998; 50: 515-96. 

11. Gindler EM & King JD 1972 Am J Clin Pathol 58: 376. 

12. Bernell R.N.,et.at,Amer .J.Clin.Path., 1973; 59: 836. 

13. Barnes PJ.Pharmacology of airway smooth muscle.Am J Respir Crit Care Med 1998; 

158: S 123-S132. 

14. CaO G and Prior R.L.Clinical Chemistry Anthocyanins and iron metabolism in human 

serum 1999b; 574-76 

15. National Committee for Clinical laboratory Standards.User evaluation of precision 

performance of Clinical Chemistry Devices. NCCLS, 1984 NCCLS publication EP-T. 

16. Teitz N w.,textbook of Clinical Chemistry 2
nd

 ed.,Teitz n W.,(Ed) WB Saunders 

Company Philadelphia 1994; 2059. 

17. Wark PA,Johnston SL,Moric I,Simpson JL,Hensley MJ,GidsonPG.Neutrophil 

degranulation and cell lysis is associated with clinical severity in virus induced asthma. 

Eur respire J 2002; 19: 68-75. 

18. Myer KC,Zimmerman JJ.Inflammation and surfactant.Paeditar Respir Rev 2002; 3: 308-

314 



www.wjpr.net                                   Vol 4, Issue 08, 2015.                                            

            

1595 

Kareti et al.                                                           World Journal of Pharmaceutical Research 

19. Gugger M,Staubli E, Peheim E,Bachofen H.Low plasma concentrations of ionized 

calcium in patients with asthma .J Appl Physiol 1988; 64: 1354 -1358. 

20. Moritani C,Ishioka S, Haruta Y, Kambe M, Yamakido M.Activation of platelets in 

bronchial asthma.Chest 1998; 113: 452-458 

21. Ekmecki OB, Donna O, Sardogan E,et al.Iron ,nitric oxide and myeloperoxidase in 

asthmatic patients Biochemistry 2004; 69:462: 467. 

22. Kocyigit A,Arnutcu 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 2003; 96: 1-11. 

23. Burstein M. ScholnikH.P and Morfin. R (1970) Cholesterol in high density lipoprotein 

using Mg++/PTA; J.J.Lipid Res.19.583. 

24. Mateos F,Brock JH,Arellano Jl,Iron metabolism in lower respiratory tract.Thirsak 1998; 

113: 452-458. 

25. Olakanmi O, McGowan SE. Hayek MB, et al. iron sequestration by macrophages 

decreases the potential for extracellular hydroxyl radical formation.J Clin Invest 1993; 91: 

889-899. 


