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The imbalance between Reactive Oxygen Species and anti-oxidants is called oxidative 

stress. In asthma, many cells and cellular elements are affected and play a role in the 

progression of disease and like most other chronic illnesses it may result into 

oxidant/anti-oxidant imbalance. The antioxidant profiles including  endogenous anti-

oxidant enzymes like extracellular Cu-Zn SOD and total antioxidant capacity (TAC), 

exogenous anti-oxidant vitamins C and E and antioxidant trace elements Zinc (Zn), 

Copper (Cu) and Magnesium (Mg) were measured in asthmatics. The asthma was 

proven by doing lung function variables on electronic spirometer. These included 

FEV1, FVC, FEV1/FVC and PEFR done in forty nine adult females (n-49) with mean 

age 33.98 ±11.52 SD and forty three (n-43) out of ninety two (n-92) male patients 

with mean age 35.91±12.88 SD. Thirty normal healthy subjects including nine 

females (n-9) with mean age 31.25±10.77 SD and twenty one males (n-21) with mean 

age31.05±12.95 were taken as controls. All the parameters showed significance 

except for the percentage ratio which was insignificant as expected. All the subjects 

were analyzed for extracellular Cu Zn-SOD, TAC, VIT-C and VIT-E by the methods 

of Marklund, FRAP assay, Haris and Ray and Baker and Frank respectively showed 

remarkable statistical difference with significant p-value between asthmatics and 

normal healthy subjects. Correlation between SOD and VIT-E showed direct relation, 

however, TAC and VIT-C showed inverse relationship. All the subjects were analyzed 

for Zinc (Zn), Copper (Cu) and Magnesium (Mg) on Perkin Elmer atomic absorption 

spectrophotometer showed remarkable overall statistical difference in Zn between 

asthmatics and normal healthy subjects showing direct relationship. However, Mg and 

Cu did not show any statistical difference. Several Correlations were found between 

spirometric parameters and antioxidants showed   significance between FEV1 versus 

TAC, VIT-C, Cu and Zn with R2=0.9583, R2= 0.4724, R2= 0.7682 and 

R2=0.1206 respectively, FVC versus TAC, VIT-C, Cu and Zn with R2= 0.7473, 

R2= 0.4733, R2= 0.4623 and R2= 0.5842 respectively, FEV1/ FVC versus SOD, 

TAC, VIT-C and Zn with R2= 0.1092, R2= 0.3588, R2= 0.1504, and R2= 0.6621 

respectively and PEFR versus TAC and VIT-C with R2= 0.1279 and R2= 0.7523 

respectively. In conclusion the oxidant/antioxidant imbalance contributes to the 

oxidative stress that occurs in asthma in which various exogenous antioxidants play 
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vital role including Vitamins E and C, minerals and trace elements including 

Magnesium, Copper and Zinc. Endogenous anti oxidant SOD provides most potent of 

the antioxidant defenses. TAC is a cumulative and potent marker for antioxidant status 

in bronchial asthma. The antioxidants are correlated to spirometric parameters. 

Correction of micronuitrient deficiencies in bronchial asthma management may 

provide yet another therapeutic option. A determination of the kinetics of the mutated 

version of SOD and some of its inhibitors would be beneficial to the medical 

community and the world as a whole. 
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1. ASTHMA PREVALENCE AND MORTALITY 

Asthma is a chronic inflammatory disorder of the airways, which is associated 

with excessive airway narrowing in response to stimuli that have little or no 

effect on healthy subjects. (Pelligrino 1996)
 
Airway smooth muscle hyper 

responsiveness is a characteristic feature of Asthma (Getabun et al 2005) 

which is characterized by reversible airflow obstruction. (Bethesda 1997) 

According to Catarina et al (2007) it is a complex, chronic inflammatory lung 

disease that is characterized by a specific pattern of airway inflammation, 

airway smooth muscle hypertrophy and hyperplasia and production of mucous. 

Thus asthma is a chronic inflammatory disorder of the airways in which many 

cells and cellular elements are affected and play a role in the progression of 

disease. The chronic inflammation is associated with airway hyper 

responsiveness that leads to recurrent episodes of dyspnoea, cough and wheeze, 

particularly at night or in the early morning. (Murray et al 2007) These 

episodes are usually associated with widespread but variable airflow 

obstruction within the lung that is often reversible either spontaneously or with 

treatment. (Eric et al- GINA 2006) 

Asthma is a problem worldwide, with an estimated 300 million affected 

individuals and its prevalence increases by 50% every decade. (Sidney et al 

2006, Masoli et al 2004, Beasley et al 2004) There is good evidence that 

asthma prevalence has been increasing in some countries (Yan et al 2005, 

Wang et al 2005)
 
but may have stabilized in others. (Teeratakulpisam et al 

2004, Gracia-Marcos et al 2004) The prevalence of asthma in adults varies 

between 2% and 12% all over the world. (European Respiratory Health survey-

ECRHS 1996)
 
according to a European survey; however a global and more 

recent survey reveals that asthma affects 5-8% of population. (Dodge and 

Burrows 1980) General surveys of random samples of adult population in 

Britain, the U.S and other westernized countries in 1980 indicated the 

prevalence of diagnosed asthma may be around 2-6% and cumulative 

prevalence around 3-9%.Thus an overall increase in the disease is noted in past 

three decades. (Murray et al 2007) The prevalence and incidence of asthma 
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remains unacceptably high especially in the developing countries. (Waseem 

2008) Air pollution is associated with prevalence of asthma which was 

estimated as 12% in highly polluted areas and 5% in less polluted one with 

positive association between asthma and degree of pollution. (Thamer2005) 

Asthma is an increasingly common disorder responsible for considerable 

morbidity and mortality. (Johnson et al 2007) The World Health Organization 

has estimated that 15 million disability-adjusted life years (DALYs) are lost 

annually due to asthma, representing 1% of the total decease burden. (Beasley 

2004) Annual worldwide deaths from asthma have been estimated at 250,000 

however; lower mortality does not appear to correlate well with prevalence. 

(Masoli 2004)     

Mortality data are of limited value because they are available for relatively few 

countries, and they are rarely available for different population within the 

countries.  When making international comparison of asthma mortality, asthma 

prevalence rates in the countries being compared must also be considered. 

(Austin 1999, Burney 1994, Asher 1995) 

Table-1 shows a comparison of asthma mortality rates with prevalence rates of 

severe asthma in 12 countries. (Beasley 1998) Severe asthma was defined as 

self reported episodes of wheezing sufficient to limit speech in previous 12 

months. 
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Table – 1:  

Comparison of Asthma Mortality rates with Prevalence of severe 

Asthma in 12 countries  

Countries Asthma Mortality 

Rates 

Prevalence of 

Severe Asthma 

Ratio 

Australia  0.86 8.3 0.10 

Canada  0.25 8.0 0.03 

England n Wales 0.52 8.7 0.06 

Finland  0.21 3.1 0.07 

France  0.40 2.8 0.14 

Italy  0.23 2.0 0.12 

Japan  0.73 2.1 0.35 

New Zealand  0.50 8.0 0.06 

Sweden  0.12 2.0 0.06 

U.S.A. 0.47 10.0 0.05 

West Germany  0.44 5.0 0.08 

 

Source: Beasley 1998 
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This data was obtained in persons aged 5 – 34 in 1993 – 1995. Mortality and 

prevalence data were not available in same age group. 

Studies of asthma mortality since 1960 show that mortality rates in the United 

States and Canada are lower than in other countries, though there are wide 

variations in mortality rates within the United States. (Wennergen 1996) In the 

1990s asthma death increased in selected populations in the United States, 

primarily among blacks in the inner city areas with atmospheric pollution. 

(Wennergen 1996) In the 1960s there was an increase in New Zealand, 

Australia, and the United Kingdom, and a decade later a second epidemic of 

death was observed in New Zealand. The increase in asthma death in New 

Zealand has primarily been observed among the Maori. (Jonasson 2000) 

Death rates in Japan have been relatively stable since the 1960s. In most 

countries asthma death occurs predominantly outside hospital. (Buist 1989) 

The press release issued on world asthma day by health department, 

Government of Pakistan stated 'More than 20% children below the age of 15 

and around 10% of adults are estimated to be suffering from asthma.(Press 

release 2009 Govt. of Pakistan) The parents in south Punjab reported nocturnal 

asthma in 6% of the children without any gender predominance. (Ghulam 

Mustafa et al 2008) Diagnosed cases of asthma stood at 15.8% in children 3-16 

years of age in the city of Karachi. (Hasnain et al 2009)
 
The prevalence of 

perceived work related asthma in tannery workers was 5.8% and the overall 

adult asthma was 10.8% according to a survey in Karachi. (Shahzad2006) 

Morbidity refers to the impact of a disease and the degree to which it impairs a 

person’s quality of life. The factors under lying increased morbidity may 

include increased severity of the disease under treatment of patients with anti-

inflammatory therapy, over reliance on bronchodilators, and delay in seeking 

medical help during an exacerbation. (David et al 1998)
 
 

Asthma is a chronic disorder that can place considerable restrictions on the 

physical, emotional and social aspects of the lives of patients and may effect on 

their careers and profound impact on society. Asthmatics may have 

considerable absence from school or work. (Rabe et al 2000, Juniper 1997and 
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Lenney 1997) It is also important to note that changes in patients’ attitudes or in 

health care practices may influence the rate of hospital admissions, and this 

may explain some reports of declining hospitalization rates. In Finland, asthma 

has been more frequently treated in outpatient clinics since 1985, leading to a 

decrease in hospital admissions. In Sweden, although the prevalence of asthma 

in school children increased between 1985 and 1993, hospital admissions 

decreased 45 percent in children aged 2 to 18, and a decreasing trend in the 

total number of hospital days has also been recorded. Increased use of anti-

inflammatory medications, largely in the form of inhaled glucocorticosteroids 

is thought to be the major reason for these decreased hospitalization rates. 

(Wennergen 1996) Data from Norway indicated a significant decrease in 

readmission rates for children with asthma between 1980 and 1995, also 

attributed to increased use of anti-inflammatory medications. (Jonasson 2000) 
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2.NATURAL HISTORY OF ASTHMA 

A-Infancy: 

Asthma may develop during the first few months of life. There is correlation of 

early wheeze with reduced lung function before the development of symptoms 

suggesting that small lungs maybe responsible for some infant wheezing that 

resolves with the child‘s growth. Atopy appears to predispose the airways to 

sensitization by environmental allergens or irritants, and thus the infant may 

experience recurrent episodes of wheezing. Some episodes of asthma appear to 

be mainly allergens-related; others appear to be virus-related and some 

interplay of these causes. (Papadopoulos 2000) Asthma in infancy can result in 

a decrease in lung function of approximately 20 percent in adulthood, 

indicating the possible deleterious effect of asthma on the development of the 

lung. (Martin 1980, Gerritsen 1989) The Childhood Asthma Management 

Program (CAMP) study showed that forced expiratory volume in first second 

(FEV1), was well maintained  between the ages of 5-15.However, diminishing 

FEV1 was associated with greater duration of asthma before the age of 5.( 

Zeiger 1999) 

B-Childhood: 

The Predominant feature associated with asthma in children is allergy and 

sensitivity. Exposure to domestic mites represents the Major Predictor of 

asthma. (Van Asperen 1990) In atopic children, viral infections are clearly 

important in asthma exacerbations, but there are few data that suggest they 

directly cause the onset of asthma. By age 8, a proportion of children develop 

airway hyper responsiveness and the associated symptoms of moderate to 

severe persistent asthma, while others continue to have mild intermittent 

asthma. (Sherrill 1992) Many children with asthma also suffer from allergic 

rhinitis. (Austin 1998) Lung growth appears to be relatively normal in most 

children with asthma, but it can be reduced throughout childhood and 

adolescence in those with severe and persistent symptoms. A longitudinal study 

of children in New Zealand concluded that growth as measured by spirometric 
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tests of lung function was impaired among those children with airway hyper 

responsiveness and/or allergy to domestic mite or cat allergen. (Xuan 2000) 

Similar studies in Australian showed that airway hyper responsiveness in 

children resulted in reduced lung function as measured by spirometry at the age 

of 18. (Peat and Woolcock 1991) 

The long-term prognosis of childhood asthma is now of major concern. It has 

often been suggested that childhood asthma will “disappear” when the patient 

reaches adulthood. Epidemiological evidence gives less cause for 

optimism.(Kelly 1988) It   has been estimated that asthma disappears in 30 to 

50 percent of children (especially males) at puberty, but often reappears in 

adult life .Up to two-thirds of children with asthma continue to suffer from the 

disorder through puberty and adulthood. Moreover, even when asthma has 

clinically disappeared, the lung function of the patient frequently remains 

altered, or airway hyper responsiveness or cough persists. The prognosis of 

asthma appears to be worse when the child has eczema or a family history of 

eczema. (Martin et al 1982) Children with mild asthma are likely to have a 

good prognosis, but children with moderate or severe asthma probably continue 

to have some degree of airway hype responsiveness and will be at risks for the 

long term effects of asthma throughout their life. Asthma is a treatable disease 

with preventable morbidity. (Groban 1998) Although the cost of Preventive 

asthma treatment seems high, the cost of not treating asthma correctly is even 

higher, (Groban 1998, Rutten-van Molken 1992, Neville 1998 and Weiss and 

Sullivan 2001) because emergency treatment expenditures are much higher. 

Proper treatment of the disease poses a challenge for individuals, health care 

professionals, health care organizations and governments. 
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3.PATHO-PHYSIOLOGY OF ASTHMA-THE AIRWAY SMOOTH 

MUSCLES (ASM) 

The primary function of smooth muscle cells is to change, by contracting and 

relaxing, the shape and stiffness of hollow organs. By relaxing or contracting, 

smooth muscle regulates blood flow through the vasculature, airflow in the 

lungs, movement of food and waste through the gut, and uterine delivery of 

neonates. (William  2002) As far as pathophysiology of asthma is concerned it 

includes airway smooth muscle cells (ASM), the main effector cells of airway 

narrowing. (Zuyderuyn et al 2008) Although other factors, such as swelling of 

airway wall compartments and mucous plugging may amplify the airway 

narrowing. (Brown et al 1997, Dunnill et al 1969)
 
ASM from asthmatics is 

thought to generate more force and, therefore, contract to a greater extent, 

(Jiang et al 1992) or to have increased maximum shortening velocity and 

capacity. (Ma 2002) Sensitization of airways result in increased quantity and 

activity of myosin light chain kinase (MLCK) which phosphorylates myosin 

light chain leading to contraction. (Ammit 2000) MLCK mRNA transcript was 

shown to be increased in asthmatic ASM compared with normal ASM.(Ma 

2002) An increase in ASM mass and altered load on ASM by the surrounding 

tissue are other possible causes of increased airway narrowing in 

asthma.(Lambert et al 1993, Brown  et al 1995, Ding  et al 1987) 

Airway hyperresponsiveness (AHR) is defined as exaggerated airway 

narrowing due to
 
nonspecific irritants or pharmacological agonists, which is

 

reversible by bronchodilators that relax ASM. (Zuyderuyn et al 2008) The 

ASM cells contribute to AHR, remodeling and inflammation by virtue of their 

increased sensitivity to bronchoconstrictor stimuli, increased proliferation and 

secretion of mediators. (Figure-1)
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FIGURE-1 

 

 

Schematic representation of the novel view of the role of airway smooth 

muscle (ASM) in asthma.ASM cells are involved in: airway hyper 

responsiveness (AHR) by an exaggerated response to bronchoconstrictor 

stimuli; remodeling due to an increase in ASM mass and altered deposition of 

extracellular matrix; and inflammation by secreting cytokines, chemokines and 

growth factors. These three features will lead to symptoms of asthma. 

Likewise, remodeling and inflammation can also affect ASM function.  

Source: Zuyderuyn et al 2008 
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Historically, the contractile function of ASM cells was seen to be the most 

important function of these cells. However, studies with synthetic proliferative 

cells have shown that ASM cells are a source of a wide variety of inflammatory 

mediators. (Hirst 2003, Lazaar and Panettieri 2001) ASM
 
cells express OX40 

ligand, a member of the tumour necrosis factor
 
(TNF) superfamily, expressed 

on various inflammatory cells including
 
B-cells and dendritic cells, and ligation 

of this molecule on
 
ASM cells led to interleukin-6(IL-6) release. (Burgess et al 

2004) Ammit et al (1997) have shown that more mast cells are present in the 

smooth muscle of human sensitized bronchi when compared with non 

sensitized   bronchi. Brightling et al (2002) compared inflammations in the 

airways of these two patient groups and reported that the only difference was 

that the ASM layer from asthmatics was infiltrated by mast cells. 

The correlation between intra-ASM mast cell numbers and AHR in asthmatics 

suggests that mast cells in the ASM bundles are responsible for the enhanced 

airway narrowing seen in asthmatics. With the discovery of intra-ASM 

inflammation, the altered secretory pattern of ASM from asthmatics and the 

putative interactions between mast cells and ASM cells have become the focus 

of many studies.(Hirst  2003, Lazaar and  Panettieri 2001) It is thought that the 

ASM is responsible for the recruitment of the mast cells by secretions of mast 

cells chemotaxins, including Chemokines CCL11 (Eotoxin) (Chan  2006) 

CXCL10 (Brightling  2005) and CX3CL1 (chemokine receptor) (El Shazly  

2006)  through the receptors. 
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A-ASM cell surface molecules and immunomodulatory function: 

In addition to their secretory functions including cytokines and growth factors, 

extracellular matrix proteins and proteoglycans to fill the extracellular space 

between muscle cells, ASM cells also express many cell surface molecules, 

indicating that they may directly interact with immune cells or may have 

inherent immune functions of their own. Adhesions between activated T-cells 

and ASM cells leads to DNA synthesis in the ASM cells. (Lazaar et al 1994) 

Major Histocompatibility Complex (MHC) class II and the co-stimulatory 

molecules CD40, CD 80 and CD 86 are also present on ASM cells. (Lazaar et 

al 1998) Despite the expression of MHC class II, ASM cells are not able to 

present antigenic activities. (Lazaar et al 1997) ASM cells are not able to 

interact with infiltrating immune cells, and may also potentially be involved in 

innate and adaptive immune mechanisms that underlie airway inflammatory 

responses. (Hakonarson et al 2001) 

Heme oxygenase-1 (HO-1) modulates immunocyte activation and functions by 

suppressing mast cell degranulation. It is thought to contribute to host defense 

reactions against various stresses. The cytokine inhibition by HO-1 is 

associated with selective suppression of the DNA-binding activity of AP-1 

transcription factors. The suppression of mast cell cytokine production by HO-

1 may be an important aspect of the processes that lead to resolution of allergic 

inflammation. (Yasui 2007) 
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B-ASM Remodeling: 

In addition to inflammation, remodeling of the airways is also a major 

histopathological feature of asthma. Remodeling is thought to be the 

consequence of an aberration of the dynamic process of wound repair that 

includes matrix production and degradation leading to reconstruction of the 

tissue. (Zuyderuyn et al 2008) 

In asthma, airway remodeling is described as increased thickening of the 

airway wall due to various structural alterations including 

1. Abnormal epithelium (Laitinen  et al 1985, Jeffery et al   1989) 

2. Sub-basement membrane thickening (Roche  et al 1989) in    interstitial 

matrix (Bousquet  et al 1996, Carroll  2000) 

3. Increased vascularisation (Carroll  1997) 

4. Alterations in mucous glands or  

5. Enhanced mucous production  

6. An increase in smooth muscle mass (Carroll 1993)  

These alterations are thought to have profound physiological consequence of 

the chronic inflammatory response that develops during the disease. 

C-Asthmatic ASM cells: 

Studies using isolated bronchial rings and cultures of isolated ASM cells have 

shown that asthmatic ASM cells are intrinsically different from non asthmatic 

ASM cells: they are hypercontractile, hyperproliferative and hypersecretory. 

(Chan 2006, Johnson et al 2001, Burgess et al 2003) (Figure- 2) 
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FIGURE-2 

 

 

 Phenotype switching in cultured airway smooth muscle (ASM) cells. ASM 

cells cultured from lung tissue can modulate from a "contractile" to a 

"synthetic-proliferative" phenotype, which shows reduced expression of 

contractile proteins and increased proliferation and synthetic capacity. 

Synthetic-proliferative cells can mature into contractile cells during lung 

development. ASM cells from asthmatics are hypercontractile, hypersecretory 

or hyperproliferative. Asthmatic ASM cells express more myosin light chain 

kinase. 

Source: Chan 2006, Johnson et al 2001, Burgess et al 2003 
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It has been shown that proliferative and synthetic ASM populations overlap. 

(Sukkar et al 2004)Perhaps multiple phenotypes of ASM cells coexist in the 

airways and form a heterogeneous population of ASM cells. In patients with 

asthma, certain triggers may induce proliferation of the synthetic–prolferative 

ASM cells or induce maturation of cells into contractile cells. For instance, it 

has been shown that insulin increases the expression of contractile markers and 

also that certain ECM molecules can alter the phenotype of ASM cells (Tran T 

et al 2006, Dekkers  2007) suggesting that the environment of ASM cells may 

influence their function. Increased ASM mass was first described in 1878 by 

Stirling (Stirling 1878) in lungs from the cats that were infected by a nematode 

worm. He described “inter-alveolar hypertrophy due to a great increase in the 

number of the nonstriped muscular fibers”. (Figure-3) 
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FIGURE-3 

 

 Inter-alveolar hypertrophy due to an increase in the number of nonstriped 

muscular fibres in the lungs of a cat infected by a Nematode worm. The arrow 

shows the trabecula splitting into muscular fibres. A: air vesicle.   

Source: Stirling 1878 
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In 1922 Huber and Koessler described increased ASM mass in patients with 

asthma and in 1969 Dunnill et al showed that the amount of ASM in lung 

tissue was increased in patients who died in status asthmaticus, compared with 

normal individuals who had died suddenly with no previous history of chronic 

bronchitis. It was also shown that ASM was not increased in patients who had 

died with a history of chronic obstructive lung disease without emphysema 

(chronic bronchitis) or with emphysema. (Dunnill et al 1969) In some studies, 

the degree of ASM mass increase seems to be related to the severity of asthma, 

(Woodruff 2004, Benayoun 2003) but even in young asthmatics (17-23yrs) 

more ASM mass is detected when compared with age matched controls. (Bai 

2000) These data along with the fact that in young children airway remodeling 

is found prior to eosinophilic inflammation and clinical asthma (Cokugras  

2001, Pohunek 2005) suggest that remodeling and increased ASM mass in 

particular, is not the consequence of asthma. This novel view suggests that 

increased ASM is present before symptoms of asthma develop and therefore, it 

may be the cause(s) of asthma. 

D-Altered ECM (Extra Cellular Matrix): 

In additition to increased ECM mass, alterations in the ECM contribute to the 

thickening of   the airway wall. In asthmatics, the ECM is altered compared 

with that of healthy subjects, It has increased deposition of collagens I, III and 

V,fibronectin,tenascin,hyaluronan,versican and laminin and decreased collagen 

IV and elastin deposition. (Wilson 1997, Roberts 1998, Laitenin 1997 and 

Bousquet  1992) In addition, the ECM can influence
 
migration of ASM cells. 

Increased migration of ASM cells was
 
seen when membranes were coated with 

collagens III and V and
 
fibronectin compared with collagen I, elastin and 

laminin. (Parameswaran 2004)
 
Whether migration of ASM cells occur in vivo 

remains to be
 
established. 

E- ASM Migration:  

The presence of an increased smooth muscle layer and "smooth muscle-like 

cells" or "myofibroblasts" outside the smooth muscle cell compartment has 
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given rise to the novel idea that ASM cells can migrate within the airway wall. 

Myofibroblasts are thought to originate from fibroblasts (Powell et al 1999), 

fibrocytes recruited from the blood (Schmidt 2003) or from epithelial cells that 

have undergone transition into mesenchymal cells (epithelial–mesenchymal 

transition). (Willis 2006) Another theory is that they are recruited smooth 

muscle
 
cells that have migrated from the bundles. (Willis 1991) ASM cells in 

vitro
 
have the capacity to migrate in response to a growing list of

 
mediators, 

including growth factors, (Parameswaran  2004, Carlin 2003) cysteinyl LTs, 

(Parameswaran 2002)
 
chemokines (Kaur  2006) and cytokines. (Govindaraju 

2006) When patients with intermittent, mild-to-moderate and severe
 
asthma 

were compared with healthy controls and patients with
 
chronic obstructive 

pulmonary disease (COPD), the size of the
 

ASM cells and fibroblast 

accumulation under the basement membrane
 

were increased in severe 

asthmatics compared with the other
 

patient groups, (Woodruff 2004) 

furthermore, this study shows that quantification
 
of components of the airway 

architecture allows the discrimination
 
between severe and milder disease. 

Another study has shown that
 
an increase in ASM area seemed to be the best 

marker for severity,
 
as ASM area was negatively correlated with FEV1 in 

severe asthmatics
 
but not in the moderate asthmatics, (Pepe 2005) and in severe 

asthmatics
 
the distance between the ASM and the epithelium is reduced,

 
and 

more IL-8 and eotoxin is expressed in the ASM. In 2004 Woodruff
 
and 

coworkers have found increased ASM volume in patients with mild-to-

moderate
 
asthma, which was due to an increase in cell number (hyperplasia)

 

rather than cell size (hypertrophy).  In 1993 Ebina et al
 
have shown

 
hyperplasia 

of ASM in subjects with increased ASM mass restricted
 
to central airways, 

whereas both hyperplasia and hypertrophy
 

were found in patients with 

increased ASM in central and peripheral
 

airways, suggesting that both 

hyperplasia and hypertrophy can
 
contribute to increased ASM mass. (Stirling 

1878) Together, these studies suggest
 

that increased ASM mass due to 

hyperplasia or hypertrophy reflects
 
severity of disease and therefore, the ASM 

mass could be used
 
as a marker of severity of disease. 
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4.CLINICAL ASPECTS OF ASTHMA  

The diagnosis of asthma is usually based on the characteristic symptoms. 

However, measurements of lung function, and particularly the demonstration of 

reversibility of lung function abnormalities, greatly enhance diagnostic 

confidence. (Eric et al GINA 2008)
. 

This is because patients with asthma 

frequently have poor recognition of their symptoms and poor perception of 

symptom severity, especially if their asthma is long standing. Concepts of 

asthma severity and control are important in the evaluation of patients and their 

response to treatment. The most clinically useful concept of asthma severity is 

based on the intensity of treatment to achieve good asthma control. (Taylor et 

al 2008) Assessment of symptoms such as dyspnoea and wheezing by 

physicians may also be inaccurate. Measurement of lung function provides an 

assessment of the severity of airflow limitation, its reversibility and variability, 

and provides confirmation of the diagnosis of asthma. (Killian et al 2000) 

Asthma guidelines from the Global initiative for Asthma (GINA) and from the 

National Heart, Lung and blood institute provide conflicting definitions of 

airflow obstruction. (Cerveri et al 2009) Various methods are available to 

assess airflow limitation, but two methods have gained widespread acceptance. 

These are measurement of peak expiratory flow rate and spirometry, 

particularly the measurement of forced expiratory volume in first second 

(FEV1) and forced vital capacity (FVC) and peak expiratory flow (PEF).  (Eric 

et al GINA 2008) Since Hutchinson first developed the spirometer in 1846, 

measurements of the so-called dynamic lung volumes and of maximal flow 

rates have been used in the detection and quantification of diseases affecting 

the respiratory system. (National asthma Council 2003)
 
Later management 

guidelines for asthma and COPD recommended regular use of spirometry for 

the diagnosis and treatment of these disorders. (Evans  and Scanlon 2003)
 
The 

differentiation is made on the basis of reversibility of FEV1 in asthma, whereas 

COPD shows partial or no reversibility. (Van Schayck 1997, Ayer 1993, Barnes 

and Godfrey 1995)  Therefore, one of the most common pulmonary function 

tests is spirometry, (from the Greco-Latin term meaning “to measure 
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breathing”). (Ruppel 1997) It is essential in monitoring the course of 

respiratory diseases. (Spiro and Roberts 1991) 

In 1999 Gabriel Laszlo defined and described the primary spirometric 

parameters. Forced expiratory tests are simple, easily repeated and inexpensive. 

Their interpretation depends on an understanding of static lung volumes.
 
 

Normally total Lung capacity (TLC) is limited by the elasticity of the                

thoracic cage and the fibrous and elastic tissues of the lungs and by the             

strength of the muscle of inspiration. This varies with age but is affected by the 

course of disease. Respiratory muscle weakness reduces inspiratory and 

expiratory capacity and this decreases vital capacity (VC). Measurement of VC 

(figure- 4) is therefore an excellent means of detecting respiratory muscle 

weakness. (Moxham 2000) Reduction of TLC is termed ‘Restriction’. 

Restrictive ventilatory disorders include pulmonary fibrosis (e.g. interstitial 

pneumonia), thoracic deformity (e.g. scoliosis) or limitation (e.g. ankylosing 

spondylitis), lung or lobar resection, and weakness of some or all of the 

inspiratory muscles. (FIGURE-4) FVC may be reduced by airflow obstruction 

as well as by restriction of the airways. In air flow obstruction, residual volume 

(RV) is increased and TLC is    normal or high depending on the elasticity of 

the lungs. Obstruction and restriction may co-exist. Obstruction increases RV 

and restriction increases TLC.  
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FIGURE -4 

 

Effect of respiratory muscle weakness on lung volumes. 

Note that inspiratory and expiratory muscle weakness both reduces vital 

capacity. 

Source: Moxham 2000 
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A-Tests of Airway Function: (LASZLO 1999) 

1-Peak Expiratory Flow (PEF); 

It is the fastest flow rate that can be sustained for 10 milliseconds at the start of 

a maximal expiration after full inspiration. It is reproducible with wide normal 

range between 300 milliliters to 7 liters. It is dependent on airway diameter and 

expiratory effort. 

 

2-Vital Capacity (VC); 

It is the largest volume of air that can be delivered by a force maximal    

expiration. It ranges between 3-6 liters decreasing with age and prediction 

depends on height, gender and exercise status of the person.    

It is reduced in both restrictive and obstructive disorders. 

 

3-Forced Vital Capacity (FVC): 

It is the largest volume of air that can be delivered by a forced maximal 

expiration. As for VC it ranges between 3-6 liters decreasing with age and 

prediction depends on height, gender and exercise status of the person. It is 

reduced in both restrictive and disorders. 

 

4-Forced Expiratory Volume in first second (FEV1): 

It is the volume expired in the first second of forced expiration after a full 

inspiration. It is 75-80% of normal VC and predicted values depend upon age, 

height, gender and exercise status of the patients as for FVC. 

 

5-Percentage Ratio (FEV1 /FVC): 

 It is the ratio normally more than 70% in male and more than 75% in female.  

It becomes less than 70% in obstructive lung diseases and more than 85% is 

diagnostic of restrictive diseases such as pulmonary fibrosis. 
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B-Narrowing of the Airways:  

Narrowing of the airways increases their resistance to the flow of air. In 

practice, this is most easily assessed by measuring the maximum flow rate that 

can be achieved during forced expiration and occasionally during inspiration. 

(Laszlo 1999) This may be expressed in two ways; 

1-Volume-Time Curve:  

This is the familiar spirogram. The forced expiratory volume in one second 

(FEV1) depends on a good effort in healthy individuals, because the rate at 

which the lungs empty is determined by the elastic recoil of the lungs and by 

the positive thoracic pressure applied around them by the expiratory muscles. 

In patients with COPD, successive tests yield reproducible results provided a 

modest effort is sustained because the narrowed airways collapse during 

excessive forced expiration. In patients with pulmonary emphysema with 

reduced elastic recoil and very collapsible airways FEV1 is low even when the 

airways are patent. (Moxham 2000) (Figure-5) 
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FIGURE-5 

 

 

Volume-time curves obtained using a wedge-bellows spirometer  

Source: Laszlo 1999 
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2-Flow-Volume Curve: 

Flow volume curve expresses more information than the time-volume curve, 

like place of obstruction and early airways disease. In healthy individuals, the 

maximal expiratory flow rate decreases steadily throughout forced expiration: 

as the lungs empty, the airways diminish in size. (Laszlo 1999)
 
(Figure-6) 

The representation of maximal flow is particularly useful in demonstration of 

the following: 

Reduction of maximal expiratory flow during the middle of forced expiration is 

caused by small airways disease and can be an early sign of airway damage, 

which may be present even when FEV1 and FVC are normal. Flow limitation 

during tidal breathing impedes the normal increase in the rate and depth of tidal 

breathing during exertion. When tracheobronchial collapse occurs in 

emphysema, peak flow is relatively well preserved but flow rates diminish 

early in expiration
. 

(Laszlo 1999) In obstruction of the airways outside the 

thorax, flow tends to be constant throughout the first part of expiration, rather 

than decelerating. 
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FIGURE-6 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow-volume plot 

Source: Laszlo 1999 
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C-Indications for Spirometry:  
 

As suggested by Crapo 1994 these are the following:  

• To assess therapeutic interventions 

• To describe the course of disease affecting lung function 

(a) Pulmonary disease  

      Obstructive airway diseases  

      Interstitial lung disease  

(b) Cardiac diseases 

      Congestive heart failure 

(c) Neuromuscular disease  

      Guillain Barre Syndrome (GBS) 

• To monitor persons in occupations with exposure to injurious agents 

• To monitor for adverse reactions to drugs with known pulmonary      

       toxicity  

• To assess patients as part of a rehabilitation program 

(a) Medical  

(b) Industrial  

(c) Vocational  

• To assess risks as part of an insurance evaluation  

• To assess individuals for legal reasons;  

(a) Social security or other government compensation programs  

(b) Personal injury lawsuits 

 

Results from tests based on spirometric maneuvers can have an important 

effect on a person’s life style, standard of living, and future treatment. (Renzetti 

1986) Chronic obstructive pulmonary disease (COPD) is characterized by 

chronic airflow limitation and a range of pathological changes in the lung, 

some significant extra pulmonary effects, and important co morbidities, which 

may contribute to the severity of the disease in individual patients. (Roberto 
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2008) For educational reasons, a simple spirometric classification of disease 

severity into four stages is recommended. (Johannessen 2006) See Table-2 

Specific spirometric cut- points are used for purposes of simplicity. These cut 

points have not been clinically validated. A study in a random population 

sample found that the post bronchodilator FEV1/FVC exceeded 0.70 in all age 

groups, supporting the use of this fixed ratio. (Johannessen et al 2006) 

However, because the process of aging does affect lung volumes, the use of 

this fixed ratio may result in over diagnosis of COPD in elderly. 
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Table-2 Spirometric classification of COPD severity based 

on post bronchodilator FEV1
 

   Stage Ι      Mild                  FEV1/FVC < 0.70 

                                              FEV1   >_ 80% predicted 

 

    Stage ΙΙ    Moderate           FEV1/FVC < 0.70 

                                               50% ≤ FEV1   < 80% predicted 

 

    Stage ΙΙΙ   Severe               FEV1/FVC < 0.70  

                                 30% ≤ FEV1   < 50% predicted 

 

     Stage ΙV   Very severe      FEV1/FVC < 0.70 

                                 FEV1 < 30% predicted or  

                                               FEV1 <50% Predicted plus 

                                               chronic respiratory failure                        

                                             

              

             Source: Johannessen et al 2006  
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5.FACTORS THAT INFLUENCE ASTHMA 

Factors that influence the risk of asthma can be divided into those that cause 

the development of asthma and those that trigger asthma symptoms; some do 

both. The former are host factors including genetic factors, obesity and sex. 

The latter are usually environmental factors including allergens, infections, 

occupational sensitizers, tobacco smoke, air pollution and diet. (Eric et al 

2006) 

A-Host factors for development of asthma: 

Current data shows that multiple genes may be involved in the pathogenesis of 

asthma. (Busse Lemanske Jr 2001, Holloway 1999)
 
Inflammatory lung diseases 

are characterized by increased expression of multiple inflammatory genes that 

are regulated by pro inflammatory transcription factors, such as NF-kappaB. 

Gene expression is also regulated by modifications such as acetylation of core 

histones through the concerted action of coactivators such as cAMP-response 

element binding protein-CREB (CBP) which have intrinsic histone 

acetyltransferase (HAT) activity and are able to recruit other HAT enzymes to 

induce the transcription. Conversely gene expression is supressed via histone 

deacetylases (HDAC) and other corepressors. (Adcock 2005) The modulation 

of HAT568 /HDAC activity may lead to the development of novel anti-

inflammatory approaches to inflammatory lung diseases that are currently 

difficult to treat. (Ercan et al 2006) 

Corticosteroids are the most effective anti-inflammatory therapy for asthma 

which suppresses the multiple inflammatory genes that are activated in 

asthmatic airways, mainly by reversing histone acetylation of activated 

inflammatory genes through binding of glucocorticoid receptors to co 

activators and recruitment of histone deacetylase 2 to the activated transcription 

complex. Activated glucocorticoid receptors also bind to recognition sites in 

the promoters of certain genes in order to activate their transcription, resulting 

in secretion of anti-inflammatory proteins, such as mitogen activated protein 
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kinase phosphatase-1, which inhihibits mitogen-activated protein kinase 

signaling pathways. (Umetsu and Dekruyff 2006) 

A variety of endogenous and environmental factors can cause DNA damage. 

(Lindahl 1993, Rao 1993)  Estimates indicate that a human cell sustains ~10, 

000 lesions per day due to metabolism-generated free radicals. (Lindahl 1993) 

There are two types of DNA damage induced by the genotoxic substance H2O2, 

DNA modifications and DNA breaks. Over 100 oxidative stress-induced DNA 

modifications have been characterized, (Dizdaroglu 1998, Kaur and Halliwell 

1996) of which the 8-oxo-dG lesion is the most common and extensively 

studied oxidative lesion. (Dizdaroglu 1992) Mitochondrial DNA is particularly 

susceptible to damage by Reactive Oxygen Intermediates because of its close 

proximity to the  electron transport chain and its lack of protective histones. (De 

Souza-Pinto et al 2001) 

The search for genes linked to the development of asthma has focused on four 

major areas: Production of allergen specific IgE antibodies (atopy); expression 

of airway hyper responsiveness; generation of inflammatory mediators, such as 

cytokines, chemokines, and growth factors; and determination of ratio between 

Th1 and Th2 immune responses. (Redington et al 2001) Glucocorticoids bind 

to glucocorticoid receptors in the cytoplasm which then dimerize and 

translocate to the nucleus, where they bind to the glucocorticoid –response 

genes, resulting in increased transcription. (Xiang et al 2006) 

Obesity has been shown to be a risk factor for asthma. Analyses of different 

studies indicate that overweight and obese individuals (body mass index of 25 

or more) are 51 percent more likely to have asthma than individuals of normal 

weight. (David et al  2008) Certain mediators such as leptins may affect airway 

function and increase the likelihood of asthma development. (Shore and 

Fredberg 2005, Beuther 2006) In 2007 Johnson and coworkers showed that 

alternate day calorie restriction improved clinical findings and reduced markers 

of oxidative stress and inflammation in overweight adults with moderate 

asthma. The prevalence of asthma is twice as great in boys as in girls and by 
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adulthood the prevalence of asthma is greater in women than in men. 

(Honwood et al 1985) 

B-Environmental factors triggering asthma:  
Allergic diseases and asthma are caused by dysregulated Th2-biased immune 

responses to environmental allergens in genetically predisposed individuals and 

treatment to induce allergen specific regulatory T-cells could provide curative 

therapy for these problems. (Umetsu and Dekruyff 2006) 

The effects of segmental allergen challenge on the concentration of soluble 

CD86 (SCD86) in Bronchoalveolar lavage (BAL) fluid in patients with allergic 

asthma showed a significant local accumulation of SCD86 within the airways. 

(Xiang et al 2006) Birth-cohort studies have shown that sensitization to house 

dust mite allergens, cat dander, dog dander and aspergillus mold are 

independent risk factors for asthma like symptoms in children. (Wahn et al 

1997, Sporik 1990, Hogaboam 2005) Cockroach infestation has been shown to 

be an important cause of allergic sensitization, particularly in inner-city homes. 

(Rosenstreich et al 1997) Anti-viral innate immune responses may be impaired 

in asthma,
 

although the mechanisms are not well understood. Toll-like 

receptors
 
(TLRs) 7 and 3 are particularly relevant for initiating responses

 
to 

common respiratory viruses, as they recognize single-stranded
 
viral RNA and 

double-stranded viral RNA, respectively. TLR7 function is reduced in
 

adolescents with asthma and this may contribute to susceptibility
 
to respiratory 

viral infections. (Roponen, et al 2010) Respiratory syncytial virus and 

parainfluenza virus produce a pattern of symptoms including bronchiolitis that 

parallel many features of childhood asthma, approximately 40% will continue 

to wheeze or have asthma into later childhood. (Sigurs et al 2000, Gem et al 

2002) Over 300 substances have been associated with occupational asthma, 

which is defined as asthma caused by exposure to an agent encountered in the 

work environment. (Malo et al 2004, Venable, Chan 1997and 1999) These 

substances include highly reactive small molecules such as isocyanates; 

irritants that may cause an alteration in airway responsiveness, known 

immunogens,  such as platinum salts, and complex plant and animal biological 
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products that stimulate the production of IgE. Infants fed formulas of intact 

cow’s milk or soy protein have a higher incidence of wheezing illnesses in 

early childhood compared with those fed breast milk. (Friedman et al 2005) 

 

 
 

 

  

,  
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6. OXIDATIVE STRESS-FREE RADICAL INDUCED INJURY IN   

     ASTHMA:  

Production of excess free radicals is the hall mark of chronic inflammation 

such as occurs in asthma. A free radical can be defined as any molecular 

species capable of independent existence that contains an unpaired electron in 

an atomic orbital. (Halliwell et al 1989) The presence of an unpaired electron 

results in certain common properties that are shared by most radicals. Radicals 

are weakly attracted to a magnetic field and are said to be paramagnetic. Many 

radicals are highly reactive and can either donate an electron to or extract an 

electron from other molecules, therefore behaving as oxidants or reductants. As 

a result of this high reactivity, most radicals have a very short half life (10-6 

seconds or less) in biological systems, although some species may survive for 

much longer. (Chan1999) Free radical production occurs continuously in all 

cells as part of normal cellular function. However, excess free radical 

production originating from endogenous or exogenous sources might play a 

role in many diseases. Several molecules including adrenaline, flavin 

nucleotides, thiol compound and glucose, can oxidize in the presence of 

oxygen to produce superoxide, and these reactions are greatly accelerated by 

presence of transition metals such as iron or copper. The electron transport 

chain in the inner mitochondrial membrane performs the reduction of oxygen 

to water. During this process free radical intermediates are generated which are 

tightly bound to the components of the transport chain. However, there is a 

constant leak of a few electrons, into the mitochondrial matrix which results in 

the formation of superoxide. (Becker et al 1999) The activity of several other 

enzymes, such as P450 Cytochrome  Oxidase in the liver and enzymes 

involved in the synthesis of adrenal hormones also results in the leak of a few 

electrons into the surrounding cytoplasm and hence superoxide formation. 

There might also be continuous production of superoxide by the vascular 

endothelium to neutralize nitric oxide, (Barbacanne et al 1999, Tsao et al 

1998) production of superoxide by other cells to regulate cell growth and 

differentiation, (Masters 1996) and the production of superoxide by phagocytic 
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cells during the respiratory burst. (Curnutte 1987) In recent years, a substantial 

body of evidence has developed supporting a key role for free radicals in many 

fundamental cellular reactions and suggesting that oxidative stress might be 

important in the pathophysiology of common diseases including 

atherosclerosis, chronic renal failure, and diabetes mellitus. (Halliwell 1995) 

Similarly the aim of our study is to evaluate markers of oxidative stress and 

antioxidant profiles in bronchial asthma. 

The evidence for oxidative injury in asthma comes from different studies. 

Locally, elevated Hydrogen Peroxide (H2O2) and Nitric Oxide (NO) levels 

were noted in the exhaled breath of patients with asthma (Barnes 1995, 

Ichinose et al 2000, Ganas et al 2001) and inflammatory cells in the airways 

such as macrophages and eosinophils were shown to produce elevated amounts 

of Reactive Oxygen Species (ROS). (Calhoun et al 1992, Sanders et al 1995) 

A similarly increased production of ROS was shown for eosinophils and 

macrophages obtained from the peripheral blood of asthmatics. (Demoly et al 

1995 and 1994, Evans et al 1996) Evidence suggests that specific inflammatory 

abnormalities exist in the airways of subjects suffering from mild to moderate 

persistent asthma, in which an inflammatory state is often associated with 

increased generation of reactive oxygen species and the damaging effects of 

free radicals. (Riccioni et al 2007) ROS including superoxide anion, hydroxyl 

radicals and hydrogen peroxide(H2O2) are synthesized as a response of 

inflammatory cells and are responsible for the oxidation of nucleic acids, 

proteins and membrane lipids, leading to cell damage and enhanced 

inflammation. (Ramirez-Preito et al 2006) 

Reactive oxygen species and reactive nitrogen species (RNS) produced by 

epithelial and inflammatory cells are key mediators of the chronic airway 

inflammation of asthma. Low L-arginine levels can result in the uncoupling of 

nitric oxide synthase (NOS) leading to production of both ROS and RNS. 

Asymmetric dimethylarginine (ADMA) is a competitive endogenous inhibitor 

of all NOS isoforms and has been demonstrated to inhibit Nitric Oxide 

formation and increase oxidative stress in vascular endothelial and smooth 
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muscle cells. (Wells and Holian 2006) Hydrogen peroxide (H2O2) is a clinical 

marker of oxidative stress in airway smooth muscle. Both the Ca
+2

 influx from 

the extracellular side and the Ca
+2

 sensitization by rho-kinase are involved in 

the regulation of smooth muscle tone induced by H2O2.(Kojima et al 2007) 

.Malondialdehyde (MDA) is formed as a result of the action of ROS on 

membrane phospholipids and is an indirect measure of oxidative stress. 

(Mylonas and Kouretas 1999, Esterbauer 1991) In 2000 Kalayci et al showed 

that MDA is increased in the sera of children with asthma and is further 

elevated during an asthma exacerbation. 
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7.FACTORS OFFERING ANTI- OXIDANT DEFENSE: 

Antioxidants prevent free radical induced tissue damage by preventing the 

formation of radicals, scavenging them, or by promoting their decomposition. 

(Young and Woodside 2001) 

 In 2001 Young and Woodside defined an anti oxidant as "any substance that 

when present in low concentrations compared to that of an oxidisable substrate 

significantly delays or inhibits the oxidation of that substrate". The 

physiological role of antioxidants, as this definition suggests, is to prevent 

damage to cellular components arising as a consequence of chemical reactions 

involving free radicals. There is overwhelming evidence that oxidative stress 

occurs in cells as a consequence of normal physiological processes and 

environmental interactions, and that the complex web of anti oxidant defense 

systems play a key role in protecting against oxidative damage. (Ercan et al 

2006) This process seems to be involved in both the pathogenesis and 

chronification of asthma, chronic obstructive respiratory diseases (COPD), 

interstitial lung diseases (ILD) and cystic fibrosis. (Ramirez-Preito et al 2006) 

The factors contributing to the oxidant /antioxidant imbalance in asthma 

showed plasma levels of malon dialdehyde as the indicator of oxidative stress 

and reduced glutathione level as the indicator of antioxidant defense. (Ercan et 

al 2006) Glutathione in its reduced form can chemically detoxify hydrogen 

peroxide and is especially effective in protecting airway epithelial cells from 

free radical injury. (Li et al 1994, Van Klaveren 1997) This reaction is 

catalyzed by glutathione peroxidase and leads to the formation of oxidized 

glutathione. Thus oxidative stress is associated with increases in oxidized but 

reduction in the reduced form of glutathione. In fact, oxidized glutathione was 

higher in the broncho alveolar lavage (BAL), induced sputum, and erythrocytes 

hemolysates of patients with asthma. (Kelly 1999, Dauletabev 2001, Mak 2004) 
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8.ENDOGENOUS ANTIOXIDANTS: 

The anti oxidant endogenous enzymes catalase, Glutathione peroxidases, 

glutathione reductases and superoxide dismutase(SOD) offer protection from 

free radical induced damage. 

A-Catalase: 

Catalase was the first antioxidant enzyme to be characterized and catalyses the 

two stage conversion of H2O2 to water and oxygen. Catalase consists of four 

protein subunits, each containing a haem group and a molecule of NADPH. 

Catalase is largely located within cells in peroxisomes, which also contain most 

of the enzymes capable of generating hydrogen peroxide. The amount of 

catalase in cytoplasm and other subcellular compartments remains unclear, 

because peroxisomes are easily ruptured during the manipulation of cells. The 

greatest activity is present in liver and erythrocytes but some catalase is found 

in all tissues. (Kirkman 1987) 

B-Glutahione Peroxidase: 

Glutathione peroxidases catalyses the oxidation of glutathione at the expense of 

hydroperoxide, which might be hydrogen peroxide or another species such as a 

lipid hydroperoxide. (Takahashi and Cohen 1986) 

ROOH + 2GSH → GSSG + H2O + ROH. 

Other peroxides including lipid hydroperoxides can also act as substrates for 

these enzymes which might therefore play a role in repairing damage resulting 

from lipid peroxidation. Glutathione peroxidases require selenium at the active 

site and deficiency might occur in severe selenium deficiency. (Nakane et al 

1998) Several Glutathione peroxidase enzymes are encoded by discrete genes. 

(Brigelius-Flohe 1999) The plasma form of glutathione peroxidase is believed 

to be synthesized mainly in the kidney. (Roxborough et al 1999) 

 

C-Super Oxide Dismutase: 

The superoxide dismutase catalyses the dismutation of superoxide to hydrogen 

per oxide: 

O2⌐ + O2⌐      H2O2 + O2 



40 

 

The hydrogen peroxide must then be removed by catalase or glutathione 

peroxidase, as described above. There are three forms of SOD in mammalian 

cells, each with a specific subcellular location and different tissue distribution. 

1-Copper Zinc Superoxide Dismutase (Cu Zn-SOD): Cu Zn-SOD is 

found in the cytoplasm and organelles of virtually all mammalian cells. (Liou  

1993) It has a molecular mass of approximately 32500 (16,250*2) Da and has 

two protein subunits, each containing a catalytically active copper and zinc 

atom. Figure-7 

2-Manganese Superoxide Dismutase (MnSOD): Mn-SOD is found in 

mitochondria of almost all cells and has a molecular mass of 40 000 Da. 

(Weisiger and Fridovich 1973) It consists of four protein subunits, each 

possibly containing a single manganese atom. The amino acid sequence of Mn-

SOD is entirely dissimilar to that of Cu Zn-SOD and it is not inhibited by 

cyanide, allowing Mn-SOD activity to be distinguished from that of Cu Zn-

SOD in mixtures of the two enzymes 

3-Extracellular Superoxide Dismutase (EC-SOD): EC-SOD was 

described by Marklund   in 1982. It is a secretory copper and zinc containing 

SOD distinct from the CuZnSOD described above.EC-SOD is synthesized by 

only a few cell types, including fibroblasts and endothelial cells and is 

expressed on the cell surface where it is bound to haparan sulphates. EC-SOD 

is the major SOD detectable in the extracellular fluids and is released into the 

circulation from vascular endothelium following the injection of heparin. 

(Karlsson  et al 1993) EC-SOD might play a role in the regulation of  vascular 

tone ,because endothelial derived relaxing factor(nitric oxide or a closely 

related compound) is neutralized in the plasma  by superoxide.(McIntyre  1999) 
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Figure-7 

 

Copper-Zinc Superoxide dismutase (subunit) 

 

 

 

 

 

 

 
 

 
 

 

SOD1, soluble 

 

Crystallographic structure of the human SOD1 enzyme  

(rainbow colored N-terminus = blue, C-terminus = red) 

 Complexed with copper (blue-green sphere) and zinc (grey spheres). 

Curtesy: www.Google.com  



42 

 

9.EXOGENOUS ANTIOXIDANTS: 

The exogenous chain breaking antioxidants include Vit-E,Vit-A,Vit-C and a 

large group of  Flavenoids. Vitamins have been defined as organic compounds 

occurring in natural foods either as such or as 'utilizable precursors', which are 

required in minute amounts for normal growth, maintenance and reproduction 

i.e for normal nutrition and health. (Chatterjea and Shinde 2005)  

A-Vitamin-E (Tocopherol) 

α -Tocopherol is the most potent antioxidant of the tocopherols and is also the 

most abundant in humans. (Burton and Ingold 1986) The most important lipid 

phase antioxidant is probably vitamin E. (Esterbauer 1991) Vitamin E occurs 

in nature in eight different forms, which differ greatly in their degree of 

biological activity. The tocopherols (α, β, γ, and δ) have a chromanol ring and 

aphytyl tail, and differ in the number and position of the methyl groups on the 

ring. The tocotrienols (α, β, γ, and δ) are structurally similar but have 

unsaturated tails. Both classes of compounds are lipid soluble and have 

pronounced antioxidant properties. (Horwitt 1991) They react more rapidly 

than polyunsaturated fatty acids with peroxyl radicals and hence act to break 

the chain reaction of lipid peroxidation. 

The fat soluble vitamin E or tocopherols have been termed as 'antisterility 

vitamin' and 'fertility vitamin' due to their role in reproduction. (West et al 

1984)  In addition to its antioxidant role, vitamin E might also have a structural 

role in stabilizing membranes. (Urano 1992) Frank vitamin E deficiency is rare 

in humans, although it might cause haemolysis and might contribute to the 

peripheral neuropathy.In some newborn infants red blood cells are subject to 

hemolysis by hydrogen peroxide and administration of vitamin E by mouth 

prevented this hemolysis. (György et al 1952) In cell membranes and 

lipoproteins the essential antioxidant function of vitamin E is to trap peroxyl 

radicals and to break the chain reaction of lipid peroxidation. Vitamin E will 

not prevent the initial formation of carbon centred radicals in a lipid rich 

environment, but does minimise the formation of secondary radicals.  
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B-Vitamin-A (Retinol)  

Retinol is one of the animal forms of vitamin A. Many different geometric 

isomers of retinol, retinal and retinoic acid are possible as a result of either a 

trans or cis configuration of four of the five double bonds found in the polyene 

chain.When converted to the retinal (retinaldehyde) form, vitamin A is 

essential for vision, and when converted to retinoic acid, is essential for skin 

health and bone growth. These chemical compounds are collectively known as 

retinoids. (Gropper 2009) Vitamin A derivatives of retinol influence the 

development, maintenance, differentiation, and regeneration of lung epithelial 

cells and may play a central role in the development of airway diseases (Chytil 

1992, Gray 2001) 

C-Vitamin-C (Ascorbate) 

Vitamin C (ascorbate) is the most important of the aqueous phase chain 

breaking antioxidants which will directly scavenge radicals present in the 

aqueous compartment. (Levine et al 1999) Ascorbate has been shown to 

scavenge superoxide, hydrogen peroxide, the hydroxyl radical, hypochlorous 

acid, aqueous peroxyl radicals, and singlet oxygen. (Pietri et al 1994) In 

humans, ascorbate acts as an essential cofactor for several enzymes catalysing 

hydroxylation reactions. In most cases, it provides electrons for enzymes that 

require prosthetic metal ions in a reduced form to achieve full enzymatic 

activity. Vitamin-C is a free radical scavenger present in the intracellular and 

extracellular lung fluids and protects against exogenous as well as endogenous 

oxidants. (Troisi 1995) It is the most abundant antioxidant substance present in 

the extracellar fluid in the lung and contribute to the regeneration of membrane 

bound oxidized vitamin-E to function again. (Aderele 1985) Vitamin-C is 

known to have antihistamine effect. (Wang1994) It also inhibits the 

prostaglandin production. (Chytil 1992) In 2005 Boldogh and the other lead 

authors pointed out that oxidative insult brought about by pollen exposure can 

be eliminated if there is sufficient level of antioxidants, such as vitamin C with 

a longer half life. It could be really effective in asthma and allergy treatment 

and also prevention. 
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Carotenoids, retinol, and tocopherol are among the most widely studied
 

compounds in various populations, for both serum concentrations and
 
dietary 

intake, (Sommer 2008) because of their inverse relationship
 

with the 

development of several diseases, e.g., cancer, cardiovascular
 

disease, and 

cataracts. (Thompson 2005)
  

Dietary intake, especially of antioxidant vitamins E, A, C and the carotenoids 

has been linked with the presence and severity of asthma. The role of nutrition 

in bronchial asthma is related to antioxidant vitamins A, C, and E. By 

counteracting oxidants and reducing external attacks (bacteria, virus, toxins, 

xenobiotics) in the lung, antioxidant vitamins modulate the development of 

asthma and the impairment of pulmonary function. (Riccioni  et al 2007)In 

2004 Raida et al showed that Serum concentrations of vitamins A and E were 

not different between asthmatics and non asthmatics. However, it was shown 

that low vitamin C and a-carotene intakes are associated with asthma risk in 

children. 
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10.MINERALS AS ANTIOXIDANT DEFENSE: 

Antioxidants are therefore important in restoring the disturbed 

oxidant/antioxidant equilibrium in patients with asthma. Here we discuss a few 

of the important antioxidants, including the mineral selenium, magnesium, 

Vitamin A and C as well as glutathione. All of these antioxidants are lower in 

asthmatics than in people without asthma. (Oberholzer and Pretorius 2008)  

A-Selenium:  

Among minerals, selenium has been most strongly associated with asthma. 

Studies have demonstrated decreased selenium intake and decrease serum 

levels in patients with asthma. (Aderele et al 1985, Schwartz and Weiss et al 

1990, 1994, Ness et al 1996, Schachter and Schiesinger 1982) Selenium 

deficiency may greatly increase the risk of asthma, (Medici et al 1993) 

Selenium
 

functions as a cofactor for the antioxidant enzyme glutathione 

peroxidase, which is proposed to counter oxidation and to reduce the synthesis 

and release of leukotriene B4 , an inflammatory mediator. (Sprietsma JE 1999). 

Selenium may also, along with vitamin-C, attenuate the activation of nuclear 

factor kappa-β, a transcription factor that upregulates inflammatory cytokines 

associated with the asthmatic immune response. (Campbell 1992, Peat et al 

1992) 

B-Magnesium:  

Magnesium has several biological effects of potential relevance to asthma, 

including bronchodilatation when given intravenously in acute severe asthma. 

(Harbige 1998) There is also strong evidence of protection by dietary 

magnesium against asthma. (Schwartz and Weiss et al 1990 and 1994, Ness et 

al 1996) In a study, reduced magnesium intake was found to be associated with 

brittle asthma. (Broughton et al 1997)
 

These effects of magnesium are 

mediated by its properties of smooth muscle relaxation and mast cell 

stabilization. (Chytil 1992) Milk and other dairy products, whole grains, nuts, 

legumes, leafy green vegetables are good sources of magnesium. 
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11.TRACE ELEMENTS: 

A-Copper (Cu) 

Copper a transition metal is an essential trace nutrient. Copper (II) ions (Cu
2+

) 

are soluble in water, where they function at low concentration as bacteriostatic 

substances, fungicides, and wood preservatives. In sufficient amounts, copper 

salts can be poisonous to higher organisms as well. In animals, including 

humans, it is found widely in tissues, with concentration in liver, muscle, and 

bone. It functions as a co-factor in various enzymes and in copper-based 

pigments. Copper is found in a variety of enzymes and proteins, including the 

cytochrome c oxidase and certain superoxide dismutases. Copper is transported 

in the blood stream on a plasma protein called ceruloplasmin. 

B-Zinc (Zn) 

Zinc is an essential trace element for all forms of life. Numerous aspects of 

cellular metabolism are zinc-dependent. Zinc plays important roles in growth 

and development, the immune response, neurological function, and 

reproduction.At cellular level, nearly 100 different enzymes depend on zinc for 

their ability to catalyze vital chemical reactions. Zinc is an essential trace 

mineral for most immune mechanisms in the body to function, including 

lymphocyte (T-cell) function. (Thomas et al 1995) Zinc deficiency may also 

lead to an enhanced Th 2 immune response. (Maple 1998) 

 Copper and zinc have role in antioxidant defense as cofactor in superoxide 

dismutase. (Chytil 1992)According to Forman and Fridovich 1973 Zinc has a 

structural stabilizing role while the copper is directly involved in catalytic 

activity. There are evidences linking copper, zinc and manganese with asthma. 

(Aderele et al 1985, Schwartz and Weiss 1990 and 1994, Ness et al 1996)  

Manganese has been found deficient in bronchial biopsies of asthmatic 

patients, indicating manganese replishment could help in treatment of asthma. 

(Powell 1995) 
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12. TOTAL ANTI OXIDANT CAPACITY (TAC): 

The accurate assessment of oxidative stress in biological systems is a problem 

for all investigators working on the role of free radical damage in disease. The 

concept of a single test that might reflect total antioxidant capacity (TAC) is an 

attractive one as low total antioxidant capacity could be indicative of oxidative 

stress or increased susceptibility to oxidative damage. (Young 2001) No single 

component of serum antioxidant complex could fully reflect the protective 

efficiency of blood, probably because of interactions that occur in vivo among 

different antioxidant compounds. Total antioxidant capacity (TAC) considers 

the cumulative effect of all antioxidants present in blood and body fluids. 

(Nagy 2006) Although the concentration of plasma antioxidant components can 

be measured individually, these measurements may be time- and cost-

consuming and labour intensive. In addition, it may not accurately reflect the 

total antioxidant status. (Cao 1998) Thus, the accurate antioxidant capacity of 

the organism can only be determined by the measurement of total antioxidant 

capacity. (Suresh et al 2009) Decreased total anti oxidant status (TAS) was 

found during an asthma attack, probably as a consequence of increased 

oxidative stress. The TAS change was correlated with severity criteria, such as 

FEV1. Therefore, it seems that measurement of TAS could be a simple and 

useful tool in the evaluation of an asthma attack.(Katsoulis 2003) Measurement 

of serum total antioxidant capacity (TAC) level was reported to provide an 

integrated index, as opposed to one based on simple summation of measurable 

antioxidants (Ghiselli 2000).  It possibly could be used to assess the real change 

in antioxidant status in patients with Bronchial Asthma and might lead to 

universally useful treatment for the chronic respiratory disorder. 
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AIMS AND OBJECTIVES 



48 

 

 

  

• To evaluate asthma cases that have been proven on spirometry for the 

endogenous and exogenous anti-oxidants changes as compared to 

normal healthy controls and to see their role in oxidative stress present 

in bronchial asthma. 

• To evaluate total antioxidant capacity (TAC) as a cumulative biomarker 

of the oxidative stress.  

 

• To find possible correlation between basic spirometric parameters and 

usual markers of oxidative stress in patients suffering from bronchial 

asthma. 

 

• To see the effects of asthma on micronutrient status and the possible 

relation of antioxidants to the development of late complications of 

asthma. 

 



 

 

 

 

 

 

 

 

 

MATERIALS AND METHODS 
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1. SUBJECTS/PATIENTS: 

370 adult patients of both sexes between the ages of 16-70 years who presented 

with dyspnoea and history of bronchial asthma or subsequently diagnosed on 

spirometry were evaluated. Out of which 92 patients were enrolled in the study 

who met the inclusion criteria. Pure asthmatics who were not suffering from any 

other co morbid condition were included in this study. All other causes of 

dyspnoea including pneumothorax, pneumonia, pleural effusion, pulmonary 

fibrosis, anemia, cardiac failure and functional cases of dyspnoea were excluded 

from the study by carefully evaluating them on clinical grounds including detailed 

history and clinical examination. The relevant investigations including chest x-ray, 

arterial blood gases, electrocardiogram, complete blood count, blood urea nitrogen 

and random blood sugar were done where appropriate. 

The spirometry proven cases of asthma selected at random were included in the 

study. 

CONTROL GROUP: 30 healthy adults of both sexes without any significant 

past medical/surgical history were subjected to spirometry and their blood samples 

were drawn for enzymatic, vitamins and trace element analysis. 

2. MATERIALS: Portable handheld electronic Spirometer Micromedical plus 

model 1999, Micromedical Ltd. Kent, U.K. was used to do spirometry. The 

instrument was calibrated using 3Liters calibration syringe by Vitalograph Limited 

prior to spirometry. Daily calibration was not required with the model used.Fig.8  

Disposable syringes from Becton and Dikinson (BD) were used. All chemicals 

were of analytical grade except where otherwise stated. Distilled water, double 

distilled water and deionized water were used for preparing solutions wherever 

required. Disposable plastic test tubes, containers, pipette tips and centrifuge tubes 

were preferred. All glassware was cleaned by soaking in 2% HNO3 solution and 

then scouring with bristle brush, followed by extensive tap water rinsing and then 

at least three rinses with distilled water. Glassware was then oven dried at about 

80
o
C. 
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FIGURE-8 

 

                   Visual Screen               Portable Spirometer 

 

 

 

              Disposable mouthpieces Exhalation Turbine 

 

 

ELECTRONIC PORTABLE SPIROMETER 

Micromedical Plus, Model 1999 Micromedical Ltd. Kent. UK 
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3. SPIROMETRY: Spirometry is a medical test that measures the volume of air 

an individual inhales or exhales as a function of time.Flow or the rate at which the 

volume is changing as a function of time, may also be measured with spirometer. 

The National Heart Lung and Blood Institute's Asthma Education Programme, 

(Gardner et al 1986) the International Asthma Management Project (U.S. 

department of health and human services1992,Wasington D.C) and the British 

Thoracic Society (Guidelines on the management of asthma 1993), puts strong 

emphasis on the use of portable peak flow meters. According to the guidelines on 

standardization, maximizing the clinical usefulness of spirometry depends on a 

number of steps, ranging from equipment selection to interpretation and ultimately 

involves clinical assessment (American Thoracic Society 1995). 

EQUIPMENT PERFORMANCE CRITERIA 

 

EQUIPMENT VALIDATION 

 

QUALITY CONTROL 

 

SUBJECT/PATIENT MANOUEVER 

 

MEASUREMENT PROCEDURE 

 

ACCEPTABILITY 

 

REPRODUCIBILITY 

 

REFERENCE VALUE/INTERPRETATION 

 

CLINICAL ASSESSMENT 
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 The patients were also subjected to spirometry. A calibration of the spirometer 

was performed with a 3 liters syringe prior to commencement of the study 

according to the recommendations of the National Asthma Education Programme. 

(Nelson et al 1991) A daily calibration of the spirometer was not required with the 

model used in this study. Spirometry variables were measured for a series of at 

least 3 acceptable forced expiratory readings. (Cotes 1993) The guidelines by 

American Thoracic Society (ATS) were followed for obtaining satisfactory 

spirometric values. (American Thoracic Society 1995) The best values were 

selected. Patients performing the test for the first time were asked to make two or 

more practice blows to develop a correct technique. Thereafter, three technically 

satisfactory blows were recorded. (Nathan et al 1979) A minimum exhalation time 

of six seconds was required to obtain maximal FVC results. Patients were given 

adequate rest of two to three minutes in between the tests. (Freedman and Prowse 

1966) Applying nose clips bears no effect on the result of spirometry as a very 

insignificant amount of air is expelled through nose during a forceful expiration. 

Nose clips were not used in our study. Patients were made to sit upright while 

performing the test. (Townsend 1984) They were asked to take in a deep breath 

then to blow out in the mouthpiece of spirometer as hard and as long as possible. 

4. COLLECTION OF BLOOD: 

• 11mls of blood was drawn by venipuncture from a large vein using disposable 

syringe. Blood was then divided as follows; 

• 5mls of blood was transferred in heparanized tube, mixed and centrifuged to 

separate plasma and divided in two epindorff cups for estimation of vitamins. 

The other sample was freezed at -20 Celsius for estimation of total antioxidant 

activity and superoxide dismutase later. 

• 5mls of blood was transferred to glass tube and an equal amount of 

concentrated HNO3 was added to heat slowly and intermittently on sand bath 

avoiding boiling for next couple of days to obtain about 3 mls of clear solution. 
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This solution was diluted with deionized water, filtered and the volume was 

made up to 10mls with deionized water. 

• 1mls of blood was frozen in a vacutainer for microbiology. 

5. HEAVY METALS: 

Heavy metals are defined as electropositive elements having metallic 

characteristics with a specific gravity above 5.0. (Greenhouse 1982) Among the 

heavy metals are lead, mercury, arsenic and cadmium, other heavy metals are 

present in small amounts include copper, zinc and chromium. (Eskezina and 

Casporina 1999) 

6. DETECTION OF HEAVY METALS BY ATOMIC ABSORBANCE 

PRINCIPLE:   

Double monochromatic with a source of white light or a hollow cathode discharge 

lamp is used to produce radiation in a very narrow band width. Discharge lamps 

emit radiations at a wavelength specific for the element being assayed. This 

specificity can be obtained only from a pure sample of the element that is excited 

electrically to produce an arc spectrum of that element. (Subramanian and Jean 

1985) Electrode-less discharge lamps have several advantages are now available. 

The construction of nebulizers and burners is similar to that of the emission 

devices but 10 cm flames are often used to obtain an increased optical length. 

Single and double beam instruments both are available, the latter often 

incorporating a chopper to give intermittent pulses and prevent stray light from the 

flame reaching the detector. The most useful wavelength range is 190-850 cm. 

(Keith and John 1994) 
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7. MEASUREMENT OF TRACE ELEMENTS: 

Trace element analysis was carried out on a Perkin Elmer atomic absorption  

spectrophotometer equipped with Zeeman background correction and a data 

processor using air acetylene flame for Copper, Zinc and Magnesium estimation. 

Figure-9, table-3 
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FIGURE-9 

 

 

Perkin Elmer atomic absorption spectrophotometer 

using air acetylene flame 
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TABLE-3 

Flame Atomization: 

ELEMENTS 

 

Cu 

 

Zn Mg 

Lamp Current 

(mA) 

7.5 10 7.5 

Wave length 

(nm) 

324.3 213.8 285.2 

Slit Width 

(nm) 

1.3 1.3 0.7 

Oxidant 

 

Air Air Air acetylene 

Oxidant pressure 

(Kg/cm
2
) 

1.60 1.60 1.60 

Fuel 

 

C2H2 C2H2 C2H2 

Fuel Pressure 

(kg/cm
2
) 

0.30 0.20 0.30 

Burner Height 

(mm) 

7.5 7.5 7.5 

Calculation Mode 

 

 INTEGRATION  

Calculation time 

(seconds) 

1.0 1.0 1.0 

 



57 

 

 

8. DETERMINATION OF SERUM VITAMINS: 

 

A-Estimation of serum Tocopherols: 

Estimation of serum Tocopherols was done according to the method of Baker and 

Frank (1990). 

Principle: 

Serum tocopherols can be measured by their reduction of ferric to ferrous ions 

which then form a red complex with α, α’- dipyridyl. Tocopherols and carotenes 

are first extracted into xylene and the absorbance is read at 460 nm to measure the 

carotenes. A correction for the carotenes is made after adding ferric chloride and 

reading at 520 nm. 

 

Reagents: 

1. Absolute alcohol, aldehyde free 

2. Xylene 

3. Alpha,alpha-dipyridyl,1.20g/l in n-propanol 

4. Ferric chloride solution,1.20g FeCl3, 6 H2O/l in ethanol 

5. Standard solution of DL-alpha tocopherol, 10mg/l in ethanol 

 

Procedure: 

• Three stoppered centrifuge tubes were marked as test (T), standard (S) and blank 

(B).  

• 1.5 ml of serum, standard and distilled water was added respectively. 

• 1.5 ml ethanol was added to test and blank.  

• 1.5ml of distilled water was added to standard. 

• 1.5 ml of xylene was added to each of three test tubes. 

• All three test tubes were stoppered, mixed well and then centrifuged. 
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• 1.0 ml of top layer of xylene was transferred from each tube into another clean 

tube while carefully excluding any protein or ethanol. 

• 1.0ml dipyridyl reagent was added to each test tube and stoppered and mixed. 

• 1.5ml of the mixture was pipetted out into colorimeter cuvettes and absorbance 

(A460) of test and standard is read against the blank at 460nm. 

• 0.33ml of ferric chloride was added in each test tube, mixed and absorbance of test 

and standard was read against blank at 520 nm. 

 

Calculations 

Serum tocopherols (mg/dl)=  

 

Where A’= A520-0.29×A460 

 

B- Estimation of serum Ascorbate: 

Estimation of serum Ascorbate was done according to the method of Harris and 

Ray (1990).  

Principle: 

The principle is based on the reducing properties of ascorbate or the ketonic 

properties of dehydroascorbate. Redox titration of ascorbate with 2,6-

dichlorophenolindophenol in acidic solution involves reduction of this dye to a 

colourless leucobase while ascorbate is oxidized to dehydroascorbate. 

 

Reagents: 

Glacial acetic acid 

Solution of 2,6-dichlorophenolindophenol 

Trichloroacetic acid solution 100g/l 

Ascorbic acid 

 



59 

 

Procedure: 

A. Preparation  Of 2,6-dichlorophenolindophenol solution 

40 mg of dye after carefully weighing,was dissolved in 100ml of distilled water. 1 

ml of this solution is equal to 0.2mg of ascorbate. 

B. Preparation of Ascorbate standard 

Solution a: 100 ml glacial acid was added to 1000 ml of distilled water. 

Then 100 ml was taken from above solution and 40 mg of pure dry ascorbic acid 

was dissolved in it. 

5 ml of above ascorbate standard was taken and was further diluted by adding 100 

ml of solution “a”. 

This ascorbate standard was used to check the dye solution. 

C. Plasma was separated after immediate collection of blood. 4 ml of plasma was 

added with 4 ml of Trichloroacetic acid solution and then was centrifuged. 

D. Technique: 200µl of the dye solution was pippetted out in test tube. It was 

titrated with supernatant until the reddish colour was discharged. 

 

10. ESTIMATION OF ENZYME ACTIVITIES: 

Estimation of Superoxide Dismutase; 

The activity of Superoxide Dismutase (SOD) is measured by the method of 

(Marklund and Marklund 1974) with some modifications, based on the ability of 

Superoxide Dismutase to inhibit the auto-oxidation of pyrogallol by 50%.One unit 

of enzyme is defined as the amount of enzyme that causes half maximal inhibition 

of pyrogallol auto-oxidation/mg protein/min. 

 

Prinicple: 

Xanthine-xanthine oxidase act as superoxide generator and it was used to inhibit 

nitroblue tetrazolium (NBT) reduction. The percentage inhibition of NBT 
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followed at 560nm is presented as function of   the concentration of superoxide 

dismutase (SOD). 

Reagents: 

Standard SOD solution  

Xanthine oxidase solution 

SOD assay reagent 

Preparation of sample: 
 

Plasma was separated from heparinized blood after centrifuging the whole blood. 

Erythrocytes were hemolysed by adding 0.9 ml of ice –cold water (4°C) to every 

0.1 ml of erythrocytes. Hemoglobin was removed by adding 0.3ml of chloroform 

and 0.5ml of ethanol, mixed and centrifuged. The supernatant fluid was diluted by 

a factor of 100 and 0.5 ml was used for assay. 

 

Procedure: 

 

2.5 ml of SOD assay reagent was added to 0.5 ml of pure Cu Zn SOD or blood 

fraction. It was then placed in water bath (25°C) for incubation. 0.5µL of xanthine 

oxidase solution was added at 30 second intervals and samples were allowed to 

incubate for 20 minutes. Then CuCl2 solution in the volume of 1ml is added. 

 

Calculation: 

 

% Inhibition= ×100% 
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11. ESTIMATION OF TOTAL ANTIOXIDANT CAPACITY BY   

     FERRIC REDUCING ABILITY IN PLASMA (FRAP) ASSAY: 
 

Total antioxidant capacity of plasma was measured by FRAP assay according to 

the method of Benzie and Strain (1996). 

Prinicple: 

 At low pH, when a ferric-2,4,6-tri(2-pyridyl)-s-triazine (Fe III -TPTZ) complex is 

reduced to the ferrous-2,4,6-tri(2-pyridyl)-s-triazine (FeII) form, an intense blue 

colour with an absorption maximum at 593 nm develops. 

Reagents:  

• Working FRAP Reagent: 25ml of acetate buffer, 2.5 ml of 2, 4, 6-tripyridyl-

triazine (TPTZ) solution, 2.5ml of FeCl3.6H2O solution. 

• SAMPLES: EDTA treated plasma was used. 

• STANDARD: Fe
2
 aqueous solution of known concentration in the range of 100-

1000µmol/liter 

 

Method: 

 

300µl freshly prepared FRAP reagent after warming to 37°C and reagent blank 

reading was taken at 593nm.Then 10µl of sample was added with 30µl of H20, 

which make final dilution of sample in reaction mixture of 1/34.Absorbance were 

noted at 593nm after 0.5 second and every 15 seconds thereafter during the 

monitoring period on enzyme linking immuno sorbant assay (ELISA). 
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STATISTICAL ANALYSIS: 

 
 

1. Mean 

The mean was calculated by adding up the observed values and dividing by the 

total number of observations. This is expressed by following symbol: 
  

    X = (Σx) ÷ n. 

Where 
          

X signifies the mean  

x is each of observation 

 n is the number of observations   

Σ  the Greek capital “Sigma” denotes “sum of” 

 

2. Standard Deviation 

 

Standard deviation (SD) can be calculated by the following equation: 

 

             SD = √Σx
2 

- (Σx)
2
/n   ÷ n-1. 

Where  

            X= individual observation. 

            n= number of individual values in series. 

            Σ= sum of. 
 

3. Standard Error of Mean 
 

Standard error of mean (SE) or (SEM) was calculated by the following formula: 

           SE = SD ÷ √ n. 

Where 

            SD = Standard deviation                 

             n = number of observations 

4. Student t test 
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  The statistical significance of difference between the mean values of the 

two groups was evaluated by student’s “t” test. 

The value of “t” was calculated by the following formula: 

                       t = X1- X2  / √(SE1)
2
  +  (SE2)

2
. 

Where 

             X1 > X2     

 X1 = mean of one group of observations  

 X2 = mean of second group of observations  

 SE1=standard error of X1 

 SE2=standard error of X2 

 

5. Degree of freedom: 
 

Degree of freedom (d.f) was calculated as: 

  d.f = n1 + n2 – 2. 

Where 

n1 = number of observation in one group. 

n2 = number of observation in second group. 
 

6. Degree of Probability: 

P value 

    The degree of probability was computed by comparing the 

calculated values of “t” with tabulated values in the table of “t” distribution 

against the degree of freedom. (d.f) The difference in the mean values of the two 

groups was regarded statically significant if the “P” value was equal to or less than 

0.05 and Non-significant (N.S) if the “P” value was greater than 0.05. 

 

SPSS software 13.0 version was used where appropriate. 
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Forty nine females (n-49) out of ninety two patients (n-92) were between the ages of 

16 to 67 years with mean age 33.98 ±11.52 standard deviation (SD). Forty three (43) 

out of ninety two patients were males (n-43) age ranging between 16 to 67 with mean 

age 35.91±12.88 SD were included in the study. Thirty subjects (n-30) were taken as 

controls, out of which nine (9) were females with mean age 31.25±10.77 SD and 

twenty one (21) subjects were males with mean age 31.05±12.95 SD. The patients 

were divided in four age groups, 16-25, 26-40, 41-55 and 56-67 years for both sexes. 

(Table 4-7, Figure 10-11) 
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Table-4 

 

Patients age distribution 

 

Gender N Mean age Standard Deviation 

 

Female 

49 33.98 ±11.52 

 

Male 

43 35.91 ±12.88 

 

Total 

92 34.88 ±12.14 
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Table-5 

 

Control age distribution  

                              

Gender N Mean age Standard Deviation 

 

Female 

9 31.25 ±10.77 

 

Male 

21 31.05 ±12.95 

 

Total 

30 31.10 ±12.22 
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Table-6  

 

Number of patients by age group 

 

 Female (n-49) Male (n-43) 

Years of age Number of 

Patients 

Percent (%) Number of 

Patients 

Percent (%) 

16-25 13 26.52 9 20.9 

26-40 24 48.97 21 48.8 

41-55 10 20.41 9 20.9 

56-67 2 4.1 4 9.4 

Total Number of 

Patients 

49 100 43 100 
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Figure-10 

 

Number of patients by age group: 
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Table-7 

 

Number of controls by age group 

 

 Female (n-9) Male (n-21) 

Years of age Number of  

subjects 

Percentage ratio 

FEV1/FVC 

Number of 

subjects 

Percentage ratio 

FEV1/FVC 

 

16-25 

 

3 

 

33.33 

 

11 

 

52.38 

 

26-40 

 

4 

 

44.44 

 

6 

 

28.57 

 

41-55 

 

2 

 

22.22 

 

3 

 

14.28 

 

56-67 

 

0 

 

0 

 

1 

 

4.76 

Total Number 

of Subjects 

 

9 

 

100 

 

21 

 

100 
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Figure-11 

 

Number of controls by age group 
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Spirometry: 

All the patients were subjected to spirometry. The comparison of spirometric values 

Forced expiratory volume in first second (FEV1), Forced vital capacity (FVC), Peak 

Expiratory Flow Rate (PEFR) and Percentage Ratio (FEV1/FVC) between patients and 

controls were applied to all the cases. FEVI was 1.91±0.83SD in patients and 

2.93±0.8SD in controls with highly significant p-value less than 0.001(P<0.001). FVC 

was 2.2±0.9 SD in patients and 3.15±0.93 SD in controls with highly significant P 

value less than 0.001(P<0.001). PEFR was 247.8±122.7 SD in patients and 

428.2±150.02 SD in controls with highly significant P value less than 

0.001(P<0.001).However, FEV1/FVC was 86.21±16.6 SD in patients and 93.5±7.15 

SD in controls with P value 0.022 was not found significant as expected. (Table-8) 
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Table-8 

Comparison of spirometric values Forced expiratory volume in first second 

(FEV1), Forced vital capacity (FVC), Peak Expiratory Flow Rate (PEFR) 

and Percentage Ratio (FEV1/FVC) between patients and controls. 

 

 

 

Variables Patients n-92  

Mean ± SD 

Controls n-30 

Mean ± SD 

P-value <0.5 

 

FEV1 

 

1.91±0.83 

 

2.93±0.8 

 

<0.001 

 

FVC 

 

2.2±0.9 

 

3.15±0.93 

 

<0.001 

 

PEFR 

 

247.8±122.7 

 

428.2±150.02 

 

<0.001 

 

FEV1/ FVC 

 

 

86.21±16.6 

 

93.5±7.15 

 

>0.022 
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Figure-12 

Comparison of spirometric values Forced expiratory volume in first second 

(FEV1) between patients and controls. 
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Figure-13 

Comparison of Forced vital capacity (FVC) between patients and controls. 
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Figure-14 

Comparison of Peak Expiratory Flow Rate (PEFR) between patients and 

controls. 
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Figure-15 

Comparison of Percentage Ratio (FEV1/FVC) between patients and 

controls. 
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ANTIOXIDANTS 

A-Anti oxidant enzymes: 

Super Oxide Dismutase (SOD) and Total Anti Oxidant Capacity (TAC) (Table-9) 

All the subjects were analyzed for SOD. All the patients (n-92) showed SOD value 

ranging between 13.6 to 92 with mean value 65.01±16.59 SD. All the controls (n-30) 

showed SOD value ranging between 15.33 to 77 with mean value 54.21±16.20 SD 

had significant p-value more than 0.001 (P<0.001). 

All the subjects were analyzed for TAC. All the patients (n-92) showed TAC value 

ranging between 6.4 to 24.8 with mean value 11.46±4.34SD.All the controls (n-30) 

showed TAC value ranging between 9 to 21.8 with mean value 14.62±4.56SD had 

significant p-value less than 0.001 (P<0.001). 

B-Vitamins: 

Ascorbic Acid (VIT-C) and Tocopherol (VIT-E) (Table-9) 

All the subjects were analyzed for VIT-C. All the patients (n-92) showed VIT-C value 

ranging between 5 to 13.6 with mean value 8.90±1.83 SD. All the controls (n-30) 

showed VIT-C value ranging between 6.2 to 13.2 with mean value 10.30±1.92 SD had 

significant p-value more than 0.001 (P<0.001). 

All the subjects were analyzed for VIT-E. All the patients (n-92) showed VIT-E value 

ranging between 36.2 to 44.7 with mean value 40.3±1.84 SD. All the controls (n-30) 

showed VIT-E value ranging between 18.2 to 22.1 with mean value 19.55±0.77 SD 

had significant p-value more than 0.001 (P<0.001). 
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Table-9 

Comparison of Super Oxide Dismutase (SOD), Total Anti Oxidant 

Capacity (TAC), Ascorbic Acid (VIT-C) and Tocopherol (VIT-E) between 

patients and controls. 

 

Variables Patients n-92  

Mean ± SD 

Controls n-30 

Mean ± SD 

Significance 

P-value <0.5 

 

SOD 

 

65.01±16.59 

 

54.21±16.20 

 

<0.001 

 

TAC 

 

11.46±4.34 

 

14.62±4.56 

 

<0.001 

 

VIT-C 

 

8.90±1.83 

 

10.30±1.92 

 

<0.001 

 

VIT-E 

 

40.3±1.84 

 

19.55±0.77 

 

<0.001 
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Figure-16 

Comparison of Super Oxide Dismutase (SOD) between patients and 

controls. 
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Figure-17 

Comparison of Total Anti Oxidant Capacity (TAC) between patients and 

control. 
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Figure-18 

Comparison of Ascorbic Acid (VIT-C) between patients and control. 
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Figure-19 

Comparison of Tocopherol  (VIT-E) between patients and controls. 
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C-Trace elements: 

Zinc (Zn), Copper (Cu) and Magnesium (Mg) (Table-10) 

All the subjects were analyzed for zinc (Zn). All the patients (n-92) showed Zn value 

ranging between 0.89 to 6.95 with mean value 2.82±1.07SD.All the controls (n-29) 

showed Zn value ranging between 0.79 to 3.36 with mean value 2.32±0.71SD  had  

significant p-value less than 0.020 (P<0.05). 

All the subjects were analyzed for Copper (Cu). All the patients (n-92) showed Cu 

value ranging between 2 to 9804 with mean value 413.40±1135.04.SD.All the 

controls (n-29) showed Cu value ranging between 1 to 2217 with mean value 239.41 ± 

509.09 SD had insignificant p-value more than 0.426 (P>0.426). 

All the subjects were analyzed for magnesium (Mg). All the patients (n-92) showed 

Mg value ranging between 0.24 to 2.04 with mean value 0.66±0.32SD.All the controls 

(n-29) showed Mg value ranging between 0.32 to2.27 with mean value0.74±0.41 SD 

had insignificant p-value more than 0.277 (P>0.277). 
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Table-10 

Comparison of Zinc (Zn), Copper (Cu) and Magnesium (Mg), between 

patients and controls. 

 

 

 

Variables 

 

Patients n-92  

Mean ± SD 

 

Controls n-30  

Mean ± SD 

 

P-value <0.5 

 

Zinc 

 

2.82±1.07 

 

2.32±0.71 

 

<0.05 

 

Copper 

 

413.40±1135.04 

 

239.41 ± 509.09 

 

>0.426 

 

Magnesium 

 

0.66±0.32 

 

0.74±0.41 

 

>0.277 
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Figure-20 

Comparison of Zinc (Zn) between patients and controls. 
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Figure-21 

Comparison of Copper (Cu) between patients and controls. 
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Figure-22 

Comparison of Magnesium (Mg) between patients and controls. 
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LINEAR REGRESSION 

 

Several correlations were done between spirometric parameters and anti oxidants. 

FEV1, FVC, FEV1/FVC and PEF were put as independent variable and correlation 

was found between SOD, TAC, VIT-C, VIT-E, Cu, Zn and Mg individually.  

 

FEV1 VERSUS ANTI OXIDANTS: 
A significant correlation existed between TAC, VIT-C, Cu and Zn with R2=0.9583, 

R2= 0.4724, R2= 0.7682 and R2=0.1206 respectively whereas SOD, VIT-E and Mg were 

not correlated with R2=0.0136, R2= 0.0138 and R2= 0.0142 respectively. Figures 23, 24, 

25, 26, 27, 28 and 29. 

 

FVC VERSUS ANTI OXIDANTS: 
A significant correlation existed between TAC, VIT-C, Cu and Zn with R2= 0.7473, 

R2= 0.4733, R2= 0.4623 and R2= 0.5842 respectively whereas SOD, VIT-E and Mg were 

not correlated with R2= 0.0174, R2= 0.0943 and R2= 0.2235 respectively. Figures 30, 31, 

32, 33, 34, 35 and 36. 

 

FEV1/FVC VERSUS ANTI OXIDANTS: 
A significant correlation existed between SOD, TAC, VIT-C and Zn with R2= 0.1092, 

R2= 0.3588, R2= 0.1504, and R2= 0.6621 respectively whereas VIT-E, Cu and Mg were 

not correlated with R2= 0.2071, R2= 0.3783 and R2= 0.0639 respectively.Figures 37, 38, 

39, 40, 41, 42 and 43. 

 

PEF VERSUS ANTI OXIDANTS: 

A significant correlation existed between TAC and VIT-C with R2= 0.1279 and R2= 

0.7523 respectively whereas SOD, VIT-E, Cu, Zn and Mg were not correlated with 

R2= 0.0194, R2= 0.0628, R2= 0.2636, R2= 0.3184 and R2= 0.0112.Figures 44, 45, 46, 47, 

48, 49 and 50. 
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FIGURE-23 

 

 

Correlation between FEV1 and SOD in Asthmatics. 
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FIGURE-24 

 

 

Correlation between FEV1 and TAC in Asthmatics. 
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FIGURE-25 

 

Correlation between FEV1 and VIT-C in Asthmatics. 
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FIGURE-26 

 

Correlation between FEV1 and VIT-E in Asthmatics. 
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FIGURE-27 
 

Correlation between FEV1 and Cu in Asthmatics. 
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FIGURE-28 

 

Correlation between FEV1 and Zn in Asthmatics. 
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FIGURE-29 

 

Correlation between FEV1 and Mg in Asthmatics. 
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FIGURE-30 

 

Correlation between FVC and SOD in Asthmatics. 
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FIGURE-31 

 

Correlation between FVC and TAC in Asthmatics. 
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FIGURE-32 

 

Correlation between FVC and VIT-C in Asthmatics. 
 

 
 

 

 

 



 

 
 

 

 

 

 

99 

 

 

 

FIGURE-33 

 

Correlation between FVC and VIT-E in Asthmatics. 
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FIGURE-34 

 

Correlation between FVC and Cu in Asthmatics. 
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FIGURE-35 

 

Correlation between FVC and Zn in Asthmatics. 
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FIGURE-36 

 

Correlation between FVC and Mg in Asthmatics. 
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FIGURE-37 

 

Correlation between FEV1/FVC and SOD in Asthmatics. 
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FIGURE-38 

 

Correlation between FEV1/FVC and TAC in Asthmatics. 
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FIGURE-39 

 

Correlation between FEV1/FVC and VIT-C in Asthmatics. 
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FIGURE-40 

 

Correlation between FEV1/FVC and VIT-E in Asthmatics. 
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FIGURE-41 

 

Correlation between FEV1/FVC and Cu in Asthmatics. 
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FIGURE-42 

 

Correlation between FEV1/FVC and Zn in Asthmatics. 
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FIGURE-43 

 

Correlation between FEV1/FVC and Mg in Asthmatics. 
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FIGURE-44 

 

Correlation between PEF and SOD in Asthmatics. 
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FIGURE-45 

 

Correlation between PEF and TAC in Asthmatics. 
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FIGURE-46 

 

Correlation between PEF and VIT-C in Asthmatics. 
 
 

 

 

 

 



 

 
 

 

 

 

 

113 

 

 

FIGURE-47 

 

Correlation between PEF and VIT-E in Asthmatics. 
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FIGURE-48 

 

Correlation between PEF and Cu in Asthmatics. 
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FIGURE-49 

 

Correlation between PEF and Zn in Asthmatics. 
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FIGURE-50 

 

Correlation between PEF and Mg in Asthmatics. 
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Pearson correlation Analysis (Group statistics)-Males 

All the patients and controls were distributed in groups and correlation analysis was 

done separately for males and females, patients and controls according to the 

following age groups. 

Group 1 Male patients age 16-25: 

Positive correlation was found between FEV1 and PEF with R
2
 value 0.791 and 

significant p value < 0.05.Percentage ratio (FEV1/FVC) was found to be correlated to 

PEF with R
2
 0.914 and more significant p-value < 0.001. Zn and Mg were correlated 

with R
2
 0.689 and significant p-value < 0.05.Mg and Tac were negatively correlated 

with R
2
 -0.671 with significant p-value < 0.05.FVC, PEF, Cu, Vit-C, Vit-E and Sod 

had no correlation in this age group. (Table-11) 
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Table-11 

Group 1 Male patients age 16-25 

 

Correlations Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.638                     

  0.064                     

%age 0.642 -0.171                   

  0.062 0.66                   

PEF 0.791 0.105 0.914                 

  0.011 0.789 0.001                 

Cu -0.344 0.121 -0.492 -0.452               

  0.364 0.756 0.179 0.216               

Zn -0.128 -0.393 0.276 0.306 0.314             

  0.743 0.295 0.472 0.424 0.411             

Mg -0.264 -0.516 0.27 0.084 0.323 0.689           

  0.492 0.155 0.482 0.829 0.397 0.04           

Vit-C -0.247 -0.157 -0.216 -0.168 0.066 0.487 0.069         

  0.522 0.687 0.577 0.667 0.866 0.183 0.86         

Vit-E 0.387 0.043 0.36 0.542 -0.483 -0.025 -0.574 0.037       

  0.304 0.913 0.314 0.132 0.188 0.949 0.106 0.925       

Tac 0.465 0.63 -0.036 0.17 0.031 -0.476 -0.671 -0.501 0.372     

  0.208 0.069 0.927 0.661 0.937 0.195 0.048 0.17 0.324     

Sod -0.025 0.087 -0.063 -0.02 0.43 0.195 0.169 -0.029 -0.226 0.387   

  0.949 0.824 0.873 0.959 0.248 0.616 0.664 0.941 0.559 0.304   

 

P < 0.05 

P < 0.01 

P < 0.001 
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Group 2 Male patients age 26-40 Table-12 

Positive correlation was found between FEV1 and FVC with R
2
 value 0.94 and highly 

significant p value < 0.0001. FEV1 and PEF showed positive correlation with R
2
 0.544 

and significant p-value < 0.05.FVC and PEF showed positive correlation with R
2
 

0.482 and significant p-value < 0.05. Percentage ratio (FEV1/FVC) was found to be 

correlated to Vit-E with R
2
 0.466 and significant p-value < 0.05. Zn and Mg were 

correlated with R
2
 0.451 and significant p-value < 0.05. Vit-C and Tac were 

negatively correlated with R
2
 -0.741 with highly significant p-value < 0.0001. Cu and 

Sod had no correlation with any of the parameters in this age group. 
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Table-12 

Group 2 Male patients age 26-40 

 

 

Correlations Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.94                   
 

  0                   
 

%age 0.418 0.098                 
 

  0.059 0.674                 
 

PEF 0.544 0.482 0.376               
 

  0.011 0.027 0.093               
 

Cu 0.092 0.04 0.166 0.118             
 

  0.693 0.864 0.472 0.609             
 

Zn 0.012 0.07 0.006 0.245 -0.024           
 

  0.959 0.764 0.98 0.285 0.916           
 

Mg 0.109 0.284 -0.378 0.031 0.226 0.451         
 

  0.638 0.213 0.091 0.895 0.326 0.04         
 

Vit-C -0.153 -0.154 0.013 0.001 0.116 0.046 -0.156       
 

  0.509 0.505 0.956 0.997 0.618 0.844 0.499       
 

Vit-E 0.103 -0.061 0.466 0.3 0.261 -0.053 -0.446 0.107     
 

  0.656 0.793 0.033 0.187 0.253 0.82 0.042 0.645     
 

Tac 0.001 0.023 -0.066 0.189 -0.171 -0.046 0.102 -0.741 -0.153   
 

  0.997 0.921 0.777 0.413 0.458 0.842 0.659 0 0.508   
 

Sod 0.117 0.15 -0.033 -0.244 -0.143 0.016 -0.006 -0.187 -0.07 -0.303 
 

  0.612 0.516 0.887 0.287 0.535 0.946 0.979 0.416 0.763 0.183 
 

P < 0.05 

P < 0.01 

P < 0.001 
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Group 3 Male patients age 41-55 Table-13 

Positive correlation was found between FEV1 and FVC with R
2
 value 0.945 and 

highly significant p value < 0.0001. FEV1 and PEF showed positive correlation with 

R
2
 0.845 and more significant p-value < 0.001. FEV1 and Vit-C showed negative 

correlation with R
2
 -0.698 and significant p-value < 0.05. FEV1 and Vit-E showed 

negative correlation with R
2
 -0.812 and more significant p-value < 0.001. FEV1 and 

Tac showed negative correlation with R
2
 -0.758 and significant p-value < 0.05.FVC 

and PEF showed positive correlation with R
2
 0.725 and significant p-value < 0.05. 

FVC and Vit-E showed negative correlation with R
2
 -0.847 and more significant p-

value < 0.001. FVC and Tac showed negative correlation with R
2
 -0.880 and more 

significant p-value < 0.001.PEF and Cu were positively correlated with R
2
 0.874 and 

more significant p-value<0.001.Vit-E and Tac were highly correlated with R
2
 0.942 

and highly significant p-value< 0.0001. Percentage ratio (FEV1/FVC), Zn, Mg and 

Sod showed no correlation. 
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Table-13 

Group 3 Male patients age 41-55  

P < 0.05 

P < 0.01 

P < 0.001 

Correlations Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.945                     

  0                     

%age 0.24 -0.088                   

  0.535 0.823                   

PEF 0.845 0.725 0.389                 

  0.004 0.027 0.301                 

Cu 0.643 0.474 0.541 0.874               

  0.062 0.197 0.133 0.002               

Zn -0.197 -0.278 0.187 -0.163 0.069             

  0.612 0.47 0.63 0.676 0.859             

Mg 0.164 0.048 0.45 -0.086 0.113 0.174           

  0.673 0.903 0.224 0.825 0.773 0.654           

Vit-C -0.698 -0.584 -0.447 -0.537 -0.454 0.573 -0.414         

  0.037 0.099 0.227 0.136 0.22 0.106 0.268         

Vit-E -0.812 -0.847 0.056 -0.548 -0.174 0.265 -0.112 0.5       

  0.008 0.004 0.886 0.127 0.654 0.492 0.775 0.17       

Tac -0.758 -0.88 0.327 -0.517 -0.16 0.234 0.054 0.328 0.942     

  0.018 0.002 0.391 0.154 0.682 0.544 0.889 0.389 0     

Sod 0.331 0.196 0.482 0.312 0.609 0.307 0.524 -0.273 0.165 0.204   

  0.385 0.612 0.188 0.414 0.082 0.421 0.147 0.477 0.671 0.598   
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Group 4 Male patients age 56 onwards Table-14 

Positive correlation was found between FEV1 and FVC with R
2
 value 0.998 and more 

significant p value < 0.001. FEV1 and PEF showed positive correlation with R
2
 0.991 

and more significant p-value < 0.001.FVC and PEF showed positive correlation with 

R
2
 0.984 and significant p-value < 0.05. Percentage ratio (FEV1/FVC) and Sod were 

negatively correlated with R
2
 -0.952 and significant p-value < 0.05.Zn and Vit-E were 

negatively correlated with R
2
 -0.956 and significant p-value < 0.05. Tac and Sod 

showed positive corelation had correlation with R
2
 0.964 and significant p-value , 

0.05.Cu ,Mg and Vit-C were not in relation with any of the parameters in this age 

group. 
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Table-14 

Group 4 Male patients age 56 onwards  

 

Correlations Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.998                     

  0.002                     

%age 0.281 0.227                   

  0.719 0.773                   

PEF 0.991 0.984 0.342                 

  0.009 0.016 0.658                 

Cu -0.432 -0.437 0.225 -0.497               

  0.568 0.563 0.775 0.503               

Zn 0.867 0.841 0.705 0.878 -0.095             

  0.133 0.159 0.295 0.122 0.905             

Mg -0.366 -0.364 -0.399 -0.285 -0.379 -0.578           

  0.634 0.636 0.601 0.715 0.321 0.422           

Vit-C -0.49 -0.448 -0.929 -0.508 -0.32 -0.857 0.682         

  0.51 0.552 0.071 0.492 0.68 0.143 0.318         

Vit-E -0.899 -0.872 -0.645 -0.936 0.37 -0.956 0.318 0.733       

  0.101 0.128 0.355 0.064 0.63 0.044 0.682 0.267       

Tac 
-0.039 -0.09 0.2925 0.002 0.549 0.463 

-

0.478 -0.847 -0.33     

  0.961 0.91 0.075 0.998 0.451 0.537 0.522 0.153 0.67     

Sod 0.023 0.079 -0.952 -0.05 -0.33 -0.454 0.258 0.799 0.396 -0.964   

  0.977 0.921 0.048 0.95 0.67 0.546 0.742 0.201 0.604 0.036   

 

P < 0.05 

P < 0.01 

P < 0.001 
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Group 1 Male controls age 16-25 Table-15 

Positive correlation was found between FEV1 and FVC with R
2
 value 0.91 and  highly 

significant p value < 0.0001.FVC and Percentage ratio (FEV1/FVC) was found to be  

negatively correlated with R
2
 -0.674 and significant p-value < 0.05. Percentage ratio 

(FEV1/FVC) and Zn were correlated with R
2
 0.87 and more significant p-value < 

0.001.PEF and Sod were correlated with R
2
 0.678 and significant p value < 0.05.Cu 

and Mg were positively correlated with R
2
 0.95 with highly significant p-value < 

0.0001. Zn and Mg were positively correlated with R
2
 0.631 with significant p-value < 

0.05. Vit-C, Vit-E and Tac had no correlation in this age group. 
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Table-15 

Group 1 Male controls age 16-25               

 

Correlations Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac sod 

FVC 0.91                    

  0                    

%age -0.388 -0.674                  

  0.268 0.033                  

PEF -0.41 -0.296 0.287                

  0.239 0.407 0.421                

Cu 0.061 -0.074 0.345 0.19              

  0.867 0.839 0.329 0.598              

Zn -0.347 -0.55 0.87 0.469 0.546            

  0.327 0.099 0.001 0.171 0.103            

Mg -0.129 -0.207 0.386 0.416 0.95 0.631          

  0.723 0.566 0.27 0.232 0 0.05          

Vit-C -0.291 -0.281 0.52 0.286 0.532 0.63 0.574        

  0.414 0.431 0.123 0.424 0.114 0.051 0.083        

Vit-E -0.163 -0.11 -0.016 0.128 -0.075 -0.082 -0.141 0.047      

  0.653 0.763 0.965 0.725 0.837 0.822 0.698 0.898      

Tac 0.077 -0.214 0.501 0.027 -0.076 0.422 -0.026 -0.301 -0.505    

  0.832 0.552 0.14 0.941 0.835 0.224 0.942 0.398 0.137    

Sod -0.089 0.162 -0.325 0.678 -0.109 -0.038 0.131 -0.129 -0.212 0.033  

  0.8 0.655 0.36 0.031 0.765 0.918 0.718 0.721 0.556 0.929  

 

P < 0.05 

P < 0.01 

P < 0.001 
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Group 2 Male controls age 26-40 Table-16 

Positive correlation was found between FEV1 and FVC with R
2
 value 0.982 and  

highly significant p value < 0.0001..PEF and Tac were negatively correlated with R
2
 

0.846 and significant p-value < 0.05. FEV1/ FVC, Cu, Zn, Mg, Vit-C, Vit-E and Sod  

had no correlation in this age group. 



 

 
 

 

 

 

 

128 

 

 

Table-16 

Group 2 Male controls age 26-40 

 

 

Correlations Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.982                    

  0                    

%age -0.255 -0.424                  

  0.625 0.402                  

PEF 0.725 0.622 0.347                

  0.103 0.187 0.5                

Cu 0.253 0.189 0.436 0.34              

  0.628 0.72 0.388 0.51              

Zn 0.003 0.055 -0.365 -0.58 0.112            

  0.995 0.918 0.477 0.227 0.833            

Mg -0.379 -0.44 0.575 0.085 0.221 -0.24          

  0.458 0.382 0.232 0.873 0.675 0.647          

Vit-C 0.705 0.687 -0.033 0.432 0.803 0.34 -0.103        

  0.118 0.132 0.951 0.393 0.054 0.51 0.846        

Vit-E -0.56 -0.55 0.047 -0.669 -0.04 0.373 -0.421 -0.283      

  0.248 0.258 0.93 0.146 0.94 0.466 0.406 0.587      

Tac -0.703 -0.568 -0.434 -0.846 -0.451 0.266 0.2 -0.524 0.241    

  0.119 0.239 0.39 0.034 0.369 0.611 0.705 0.286 0.646    

Sod 0.453 0.399 0.109 0.382 0.152 0.224 0.476 0.41 -0.718 -0.236  

  0.367 0.434 0.838 0.455 0.774 0.67 0.34 0.419 0.108 0.653  

P < 0.05 

P < 0.01 

P < 0.001 
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Group 3  Male controls age 41-55 Table-17 

FEV1 and Tac showed good negative correlation with R
2
 -1 and significant p-value < 

0.05.All the other parameters showed no correlation. 
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Table-17 

Group 3  Male controls age 41-55  

 

 

   Correlation  Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.568                    

  0.615                    

%age 0.747 -0.124                  

  0.463 0.921                  

PEF 0.107 0.879 -0.582                

  0.932 0.317 0.605                

Cu -0.49 -0.996 0.214 -0.919              

  0.674 0.059 0.862 0.258              

Zn 0.616 -0.299 0.984 -0.718 0.385            

  0.578 0.807 0.114 0.49 0.748            

Mg -0.021 0.811 -0.681 0.992 -0.861 -0.8          

  0.987 0.398 0.523 0.081 0.339 0.409          

Vit-C 0.734 0.976 0.097 0.753 -0.951 -0.082 0.663        

  0.475 0.14 0.938 0.457 0.199 0.947 0.538        

Vit-E -0.998 -0.51 -0.79 -0.038 0.429 -0.668 0.089 -0.686      

  0.044 0.659 0.42 0.976 0.718 0.534 0.943 0.518      

Tac -1 -0.592 -0.727 -0.135 0.515 -0.593 -0.008 -0.754 0.995    

  0.018 0.597 0.482 0.914 0.656 0.596 0.995 0.457 0.062    

Sod 0.989 0.44 0.837 -0.041 -0.356 0.725 -0.168 0.626 -0.997 -0.984  

  0.094 0.71 0.369 0.974 0.768 0.483 0.892 0.569 0.051 0.113  

 

P < 0.05 

P < 0.01 

P < 0.001 



 

 
 

 

 

 

 

131 

 

 

Pearson correlation Analysis (Group statistics)-Females 

All the patients and controls were distributed in groups and correlation analysis was 

done separately for males and females, patients and controls according to the 

following age groups. 

Group 1 female patients age 16-25 Table-18 

Positive correlation was found between FEV1 and FVC with R
2
 value 0.92 and highly 

significant p value < 0.0001. FEV1 and PEF showed R
2
 value 0.73 with more 

significant p value <0.001. FEV1 and Tac showed R
2
 value 0.773 with more 

significant p value <0.001. FEV1 and Sod showed negative correlation with R
2
 value -

0.709 with more significant p value <0.001. FVC and PEF showed positive correlation 

with R
2
 0.602 and significant p value<0.05. FVC and Vit-C showed negative 

correlation with R
2
 -0.591 and significant p value<0.05. FVC and Sod showed 

negative correlation with R
2
 -0.746 and more significant p value<0.001.Zn and Vit-C 

were correlated with R
2
 0.665 and significant p-value < 0.05.Tac and sod were 

negatively correlated with R
2
 -0.732 with more significant p-value < 0.001. FEV1/ 

FVC , Cu and Mg had no correlation in this age group. 
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Table-18  

Group 1 female patients age 16-25 

 

 

Correlations Analysis 

 
FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac 

Sod 

 

FVC 0.92                   
 

  0                   
 

%age 0.14 -0.246                 
 

  0.648 0.418                 
 

PEF 0.73 0.602 0.354               
 

  0.005 0.029 0.235               
 

Cu -0.408 -0.533 0.378 0.088             
 

  0.166 0.061 0.202 0.776             
 

Zn -0.053 -0.177 0.299 -0.372 -0.1           
 

  0.864 0.564 0.322 0.211 0.746           
 

Mg -0.017 -0.15 0.291 0.132 0.226 0.121         
 

  0.957 0.626 0.335 0.668 0.459 0.693         
 

Vit-C -0.465 -0.591 0.369 -0.436 0.299 0.665 0.429       
 

  0.109 0.034 0.214 0.136 0.321 0.013 0.144       
 

Vit-E -0.085 -0.022 -0.122 -0.071 -0.011 -0.456 -0.051 -0.077     
 

  0.784 0.943 0.691 0.817 0.972 0.117 0.869 0.802     
 

Tac 0.773 0.75 0.105 0.806 -0.133 -0.439 -0.257 -0.65 0.098   
 

  0.002 0.003 0.733 0.001 0.665 0.133 0.397 0.016 0.749   
 

Sod -0.709 -0.746 0.071 -0.431 0.331 0.082 0.221 0.467 0.169 -0.732 
 

  0.007 0.003 0.817 0.141 0.269 0.791 0.468 0.108 0.582 0.004 
 

P < 0.05 

P < 0.01 

P < 0.001 
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Group 2 female patients age 26-40 Table-19 

Positive correlation was found between FEV1 and FVC with R
2
 value 0.95 and highly 

significant p value < 0.0001. FEV1 and PEF showed R
2
 value 0.895 with highly 

significant p value <0.0001. FEV1 and Vit-E showed negative correlation with R
2
 

value -0.45 with significant p value <0.05.  FVC and PEF showed positive correlation 

with R
2
 0.812 and highly significant p value<0.0001. FEV1/FVC and Vit-E showed 

negative correlation with R
2
 -0.497 and significant p value<0.05. PEF and Vit-E 

showed negative correlation with R
2
 -0.484 and significant p value<0.05.Cu and Zn 

showed positive correlation with R
2
 0.457 and significant p value<0.05.Zn and Tac 

were negatively correlated with R
2
 -0.445 and significant p-value < 0.05.Vit-C and 

Tac were negatively correlated with R
2
 -0.537 with more significant p-value < 0.001. 

Tac and sod were negatively correlated with R
2
 -0.5 with significant p-value < 0.05. 

Mg had no correlation in this age group. 
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Table-19 

Group 2 female patients age 26-40 

 

 

Correlation Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.95                    

  0                    

%age 0.346 0.251                  

  0.098 0.237                  

PEF 0.895 0.812 0.358                

  0 0 0.086                

Cu 0.155 0.1 0.052 0.149              

  0.47 0.642 0.811 0.487              

Zn 0.265 0.264 0.128 0.231 0.457            

  0.211 0.212 0.552 0.277 0.025            

Mg 0.181 0.137 0.065 0.233 0.249 0.166          

  0.396 0.523 0.763 0.274 0.241 0.437          

Vit-C 0.217 0.093 0.236 0.231 -0.191 0.006 -0.037        

  0.308 0.665 0.266 0.277 0.372 0.977 0.864        

Vit-E -0.45 -0.369 -0.497 
-

0.484 
0.304 -0.061 -0.015 -0.303     

 

  0.027 0.076 0.014 0.017 0.149 0.778 0.946 0.15      

Tac -0.126 0.027 -0.202 
-

0.121 
-0.134 -0.455 -0.084 -0.537 0.325   

 

  0.558 0.899 0.343 0.575 0.533 0.026 0.695 0.007 0.121    

Sod -0.001 0.02 0.191 0.112 0.173 0.235 0.165 0.153 -0.231 -0.5  

  0.996 0.927 0.372 0.602 0.418 0.268 0.442 0.475 0.277 0.013  

P < 0.05 

P < 0.01 

P < 0.001 
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Group 3 female patients age 41-55 Table-20 

FEV1 and PEF showed R
2
 value 0.963 with highly significant p value <0.0001. 

FEV1/FVC and Tac showed positive correlation with R
2
 0.64 and significant p 

value<0.05. PEF and Tac were correlated with R
2
 0.642 and significant p 

value<0.05.The other parameters showed no correlation in this age group. 

Group 4 female patients age 56-onwards 

Correlation Analysis was not performed because sample size is low 
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Table-20 

Group 3 female patients age 41-55 

 

 

Correlation Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.604                   
 

  0.064                   
 

%age 0.63 -0.217                 
 

  0.051 0.548                 
 

PEF 0.963 0.543 0.629               
 

  0 0.105 0.051               
 

Cu -0.19 0.106 -0.29 -0.198             
 

  0.599 0.77 0.417 0.583             
 

Zn -0.259 -0.207 -0.103 -0.306 0.141           
 

  0.47 0.567 0.777 0.39 0.698           
 

Mg 0.216 0.022 0.386 0.279 0.299 -0.103         
 

  0.549 0.951 0.27 0.435 0.402 0.777         
 

Vit-C -0.362 -0.415 -0.158 -0.187 0.334 0.024 -0.261       
 

  0.304 0.233 0.662 0.605 0.345 0.947 0.466       
 

Vit-E 0.256 0.105 0.203 0.119 -0.385 -0.138 -0.269 -0.37     
 

  0.476 0.774 0.574 0.744 0.272 0.703 0.452 0.292     
 

Tac 0.626 0.175 0.64 0.642 -0.096 -0.321 0.611 -0.366 -0.259   
 

  0.053 0.629 0.046 0.045 0.792 0.3665 0.06 0.298 0.469   
 

Sod 0.236 0.262 0.091 0.069 0.052 0.583 0.111 -0.59 0.188 0.213 
 

  0.512 0.462 0.802 0.851 0.887 0.077 0.761 0.073 0.603 0.554 
 

P < 0.05 

P < 0.01 

P < 0.001 
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Group 1 female controls age 16-25 Table-21 

FEV1/FVC and Zn showed negative correlation with R
2
 -1 and significant p 

value<0.05. Vit-C and Vit-E showed negative correlation with R
2
 value -1 with  

highly significant p value <0.0001.All the other parameters were not correlated. 
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Table-21  

 Group 1 female controls age 16-25  

 

 

P < 0.05 

P < 0.01 

P < 0.001 

Correlations Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.27                   
 

  0.826                   
 

%age 0.647 -0.56                 
 

  0.552 0.622                 
 

PEF 0.976 0.053 0.798               
 

  0.14 0.966 0.412               
 

Cu -0.277 0.85 -0.912 -0.481             
 

  0.821 0.353 0.269 0.681             
 

Zn -0.659 0.546 -1 -0.808 0.905           
 

  0.542 0.632 0.011 0.401 0.28           
 

Mg -0.809 0.348 -0.972 -0.918 0.789 0.975         
 

  0.4 0.774 0.152 0.26 0.421 0.141         
 

Vit-C 0.524 0.961 -0.31 0.325 0.673 0.294 0.077       
 

  0.649 0.177 0.799 0.789 0.53 0.81 0.951       
 

Vit-E -0.524 -0.961 0.31 -0.325 -0.673 -0.294 -0.077 -1     
 

  0.649 0.177 0.799 0.789 0.53 0.81 0.951 0     
 

Tac 0.735 0.851 -0.042 0.569 0.448 0.025 -0.195 0.963 -0.963   
 

  0.475 0.351 0.973 0.615 0.704 0.984 0.875 0.174 0.174   
 

Sod -0.989 -0.409 -0.527 -0.933 0.132 0.541 0.713 -0.645 0.645 -0.827 
 

  0.095 0.731 0.647 0.235 0.916 0.636 0.495 0.554 0.554 0.38 
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Group 2 female controls age 26-40(Table 22) 
Positive correlation was found between FEV1 and FVC with R

2
 value 0.964 and 

significant p value < 0.05. Positive correlation was found between FEV1 and Vit-C 

with R
2
 value 0.99 and more significant p value < 0.001. FEV1/FVC and Cu showed 

negative correlation with R
2
 -0.989 and significant p value<0.05. FEV1/FVC and Sod 

showed positive correlation with R
2
 0.989 and significant p value<0.05.Cu and Sod 

showed negative correlation with R
2
 -0.981 and significant p value<0.05.PEF, Zn, 

Mg,Vit-E and Tac had no correlation in this age group. 
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Table 22 

Group 2 Female control age 26-40 

P < 0.05 

P < 0.01 

P < 0.001 

Correlations Analysis 

  FEV1 FVC %age PEF Cu Zn Mg Vit-C Vit-E Tac Sod 

FVC 0.964                    

  0.036                    

%age 0.416 0.161                  

  0.584 0.839                  

PEF -0.865 -0.867 -0.192                

  0.135 0.133 0.808                

Cu -0.28 -0.016 -0.989 0.062              

  0.72 0.984 0.011 0.938              

Zn -0.574 -0.379 -0.885 0.174 0.844            

  0.426 0.621 0.115 0.826 0.156            

Mg -0.914 -0.786 -0.727 0.655 0.621 0.852          

  0.086 0.214 0.273 0.345 0.379 0.148          

Vit-C 0.99 0.94 0.448 -0.912 -0.314 -0.541 -0.901        

  0.01 0.06 0.552 0.088 0.686 0.459 0.099        

Vit-E 0.424 0.414 0.262 0.072 -0.212 -0.677 -0.549 0.302      

  0.576 0.586 0.738 0.928 0.788 0.323 0.451 0.698      

Tac 0.612 0.78 -0.353 -0.455 0.47 -0.048 -0.364 0.522 0.577    

  0.388 0.22 0.647 0.545 0.53 0.952 0.636 0.478 0.423    

Sod 0.394 0.136 0.989 -0.24 -0.981 -0.813 -0.686 0.445 0.123 -0.426  

  0.606 0.864 0.011 0.76 0.019 0.187 0.314 0.555 0.877 0.574  
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Group 3 Female control age 41-55 

Correlation Analysis was not performed because sample size is low 
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Multivariate Analyses 

1. Principal Component Analysis 

Principal component analysis (PCA) was applied on male and female data to 

discriminate between control and patient groups.  The number of significant principal 

components (PC) was selected on the basis of the Kaiser criterion with eigen value 

higher than 1. (Kaiser, 1960) According to this criterion, only the first three 

components were retained because the subsequent eigen values were less than one. 

For male data PCA explained 31.7 % of the total variability for first factor and was 

predominantly a function of FEV1, FVC, PEF, Vit- E and Tac. The second PC (17.6 

% of the variance) is made up of Cu, Zn, Mg and Vit-C. The third component 

explained 10.8 % of the variation and is primarily a function of % age ratio, Cu, Mg 

and Tac. In Fig. 51 male patients are clearly separated by male control samples. Male 

patients are separated in right portion (filled circles), showing the consistency in the 

symptoms of the patients. Male controls are separated in the left portion of the plot 

(empty circles). When the samples were projected on PCII vs. PCIII, there was no 

separation observed (plot b). While in PCI vs. PCIII the separation between male 

patients and control were very clear. 

In Fig. 53 female patients are clearly separated by female control samples. Female 

patients are separated in right portion (filled circles), showing the consistency in the 

symptoms of the patients. Female controls are separated in the left portion of the plot 

(empty circles). When the samples were projected on PCII vs. PCIII, there was no 

separation observed (plot b). While in PCI vs. PCIII the separation between female 

patients and control were very clear.  
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Figure-51 
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Figure-52 
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Figure-53 

 

Female Patient 
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Figure-54 
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Figure-55 

 

 

 Principal Componnt Analysis (PCA) applied on Male Patient and Male Control samples 

λλλλ1 and λλλλ2 are eigen values and EV1 and EV2 percentage explain variance 
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Figure-56 

 

 

 Principal Componnt Analysis (PCA) applied on Female Patient and Female Control samples 

λλλλ1 and λλλλ2 are eigen values and EV1 and EV2 percentage explain variance 
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Asthma is a problem worldwide, with an estimated 300 million affected individuals and 

its prevalence increases by 50% every decade. (Sidney 2006, Masoli 2004 and Beasley 

2004) It is a complex, chronic inflammatory lung disease that is characterized by a 

specific pattern of airway inflammation, airway smooth muscle hypertrophy and 

hyperplasia and production of mucous. (Catarina 2007) Many cells and cellular elements 

are affected and play a role in the progression of disease; hence asthma like most other 

chronic illnesses may result into oxidant/anti-oxidant imbalance. The imbalance between 

Reactive Oxygen Species (ROS) and anti-oxidants is called oxidative stress. Oxidative 

stress is a major feature of many respiratory diseases such as ischemia-reperfusion, 

pulmonary fibrosis, chronic obstructive pulmonary disease (COPD) and asthma. (Bowler  

2004)  The current asthma treatment provides relief from symptoms (reliever medicines) 

and control over progression of disease (controller medicines) without offering any 

permanent cure to the disease. The need to find still more therapeutic options to treat 

asthma and to find a possible cure arises from the fact that there is continuous increase in 

number of chronic cases of asthma over the years. The atopic asthma being autosomal 

dominant on the one hand and increasing environmental pollutions on the other are the 

possible causes of increasing prevalence. Therefore it was hypothesized to detect 

alterations in antioxidant profiles of spirometry proven asthmatics. The profiles included  

endogenous anti-oxidant enzymes like  extracellular Cu-Zn SOD and total antioxidant 

activity (TAC), exogenous anti-oxidant vitamins C and E and antioxidant trace elements 

Zinc (Zn),Copper (Cu) and Magnesium (Mg). 

Forty nine adult females (n-49) with mean age 33.98 ±11.52 SD and forty three (n-43) 

out of ninety two (n-92) male patients with mean age 35.91±12.88 SD were subjected to 

spirometry. Thirty normal healthy subjects including nine females (n-9) with mean age 

31.25±10.77 SD and twenty one males (n-21) with mean age31.05±12.95 were taken as 

controls. Basic spirometric evaluates including FEV1, FVC, FEV1/FVC and PEFR were 

done to prove asthma according to the guidelines set by American Thoracic Society. 

(1991) FEVI was 1.91±0.83SD in patients and 2.93±0.8SD in controls with highly 

significant p-value less than 0.001(P<0.001) showing 34.8% change in patients. FVC was 
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2.2±0.9 SD in patients and 3.15±0.93 SD in controls with highly significant P value less 

than 0.001(P<0.001) showing 30.2% change in patients. PEFR was 247.8±122.7 SD in 

patients and 428.2±150.02 SD in controls with highly significant P value less than 

0.001(P<0.001) showing 42.12% change in patients. However, FEV1/FVC was 

86.21±16.6 SD in patients and 93.5±7.15 SD in controls with P value 0.022 was not 

found significant as expected with only 7.8 % change in patients. The level of 

significance between patients and controls was consistent with the diagnosis of asthma as 

suggested by Barnes and Godfrey (1995) and GINA (2008). 

All the subjects were analyzed for extracellular Cu Zn-SOD, TAC, VIT-C and VIT-E. All 

the patients (n-92) showed SOD value ranging between13.6 to 92 with mean value 

65.01±16.59 SD. All the controls (n-30) showed SOD value ranging from 15.33 to 77 

with mean value 54.21±16.20 SD had significant p-value more than 0.001 (P<0.001) 

showing 16.61% change in SOD. All the patients showed TAC value ranging between 

6.4 to 24.8 with mean value 11.46±4.34SD.All the controls showed TAC value ranging 

between 9 to 21.8 with mean value 14.62±4.56SD had significant p-value less than 0.001 

(P<0.001) showing 21.16% change in TAC. All the patients showed VIT-C value ranging 

from 5 to 13.6 with mean value 8.90±1.83 SD. All the controls showed VIT-C value 

ranging between 6.2 to 13.2 with mean value 10.30±1.92 SD had significant p-value 

more than 0.001 (P<0.001) showing 13.59% change in VIT-C . All the patients (n-92) 

showed VIT-E value ranging between36.2 to 44.7 with mean value 40.3±1.84 SD. All the 

controls (n-30) showed VIT-E value ranging between18.2 to 22.1 with mean value 

19.55±0.77 SD had significant p-value more than 0.001 (P<0.001) showing 51.49% 

change in VIT-E. There is remarkable statistical difference in SOD, TAC, VIT-C and 

VIT-E between asthmatics and normal healthy subjects. SOD and VIT-E were in direct 

relation with patients and controls. However, TAC and VIT-C showed inverse 

relationship among patients and controls. 

All the subjects were analyzed for Zinc (Zn) and Copper (Cu) and Magnesium (Mg). All 

the patients  showed Zn value ranging between 0.89 to 6.95 with mean value 

2.82±1.07SD.All the controls showed Zn value ranging between 0.79 to 3.36 with mean 
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value 2.32±0.71SD  had  significant p-value less than 0.05 (P<0.05) showing 17.73% 

change in Zinc. All the patients showed Cu value ranging between 2 to 9804 with mean 

value 413.40±1135.04.SD.All the controls showed Cu value ranging between 1 to 2217 

with mean value 239.41 ± 509.09 SD had insignificant p-value more than 0.05 (P>0.05) 

showing 42.08% change in Copper. All the patients showed Mg value ranging between 

0.24 to 2.04 with mean value 0.66±0.32SD.All the controls showed Mg value ranging 

between 0.32 to2.27 with mean value0.74±0.41 SD had insignificant p-value more than 

0.05 (P>0.05) showing 10.08% change in Magnesium. There is remarkable overall 

statistical difference in Zn between asthmatics and normal healthy subjects showing 

direct relationship. However, Mg and Cu did not show any statistical difference. 

Increase in the asthma prevalence in many countries over the recent decades, highlights 

the need for a greater understanding of the risk factors for asthma. (Mutius von 1998) The 

toxicity of oxidants which are directly inhaled such as cigarette smoke and air-pollution 

or generated through inflammatory process such as in response to allergen and viral 

infection, is normally balanced by the protective activity of an array of endogenous 

antioxidant defense system which may be functionally dependent on adequate supply of 

nutritional antioxidants.(Rubin 2004) Antioxidants prevent free radical induced tissue 

damage by preventing the formation of radicals, scavenging them, or by promoting their 

decomposition. (Young and Woodside 2001) In this study it was hypothesized that the 

alterations in a variety of anti oxidants can cause increased oxidative stress in asthma. 

The anti oxidants may possibly have correlation to the basic spirometric parameters. 

SOD catalyses the dismutation of superoxide to hydrogen peroxide. Cu Zn-SOD 

dissipates superoxide within the cytosol, MnSOD regulates superoxide homeostasis 

within the mitochondria (Fredowich 1995) and Extracellular (Ec) SOD (SOD3) which 

contains Cu and Zn as well as a heparin binding domain, is localized on the cell surface 

or in the extracellular matrix. (Fattman 2003) SOD activity measured in the BAL fluid of 

asthmatics was also substantially lowered (Comhair 2000) which may in fact reflect 

changes in expression, localization, and/or activity of EcSOD. The hydrogen peroxide 

must then be removed by catalase or glutathione peroxidase.SOD playing a pivotal role in 
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maintaining the balance between oxidants and antioxidants. In this study there was 

overall 17% increase in patients extracellular Cu Zn-SOD as compared to the controls. 

Pearson correlation was found between SOD, spirometry and other antioxidants. 

In Group 1 male patients SOD was not correlated to any of the spirometric parameters or 

antioxidants, although the controls in same group showed correlation among PEF and 

SOD with R
2
 0.678.In Group 2 and 3 male patients and controls SOD was not correlated 

to any of the spirometric parameters or antioxidants. In Group 4 male patients SOD 

showed negative correlation with FEV1/FVC R
2
 -0.952 and positive correlation  with 

TAC R
2
 0.964. 

In Group 1 female patients negative correlations were found between SOD and FEV1, 

FVC and TAC with R
2
 -0.709, R2 -0.746 and R

2
 -0.732 respectively. Group 1 female 

controls SOD was not correlated to any of the spirometric parameters or antioxidants. In 

Group 2 female patients SOD and TAC were negatively correlated with R
2
 -0.5. In Group 

2 female controls SOD and FEV1/FVC showed positive correlation with R
2
 0.989. SOD 

and Cu showed negative correlation with R
2
 -0.981.In Group 3 female patients and 

controls SOD correlations were not found perhaps because of the small sample size in the 

group. 

Yvonne and coworkers (2005) demonstrated in bronchial brush material obtained from 

patients with mild asthma that SOD is inactivated. Using sophisticated mass 

spectrometric analyses and immuno-approaches, they also revealed that the 

mitochondrially localized isoform of superoxide dismutase (SOD), MnSOD, contains 

multiple oxidations of phenylalanines and tyrosines, including nitrated tyrosine residues. 

To address the ramifications of such oxidative inactivation of MnSOD, they used a 

chemical inhibitor of SOD in a human bronchial epithelial cell line, or knocked down 

MnSOD and demonstrated that SOD inactivation or knockdown is sufficient to cause 

apoptosis. However this work does not show any evidence of extracellular SOD changes. 

Whether mitochondrial or cytosol SOD changes has any influence on the serum SOD has 

to be found. In our study we measured extracellular SOD and showed that it increased in 

patients as compared to controls. This quantification increase of serum SOD may be 
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partly reactionary due to decrease in cellular SOD or due to its inactivation. The other 

study point which is related to decrease cellular activity and cell apoptosis needs further 

work because asthma mortality is comparatively low despite disability caused by the 

disease. Annual worldwide deaths from asthma have been estimated at 250,000 however; 

lower mortality does not appear to correlate well with prevalence. (Masoli 2004) De 

Raeve (1997) showed that there was decreased Cu Zn-SOD activity in asthmatic airway 

epithelium. They measured intracellular antioxidants including Mn SOD, Cu Zn-SOD, 

Catalase and Glutathione Peroxidase from the bronchial epithelial cells. They showed 

that this activity was increased with the use of inhaled corticosteroids (ICS). 

Corticosteroids are the most effective anti-inflammatory therapy for asthma which 

suppresses the multiple inflammatory genes that are activated in asthmatic airways, 

mainly by reversing histone acetylation of activated inflammatory genes through binding 

of glucocorticoid receptors to co activators and recruitment of histone deacetylase 2 to 

the activated transcription complex. Activated glucocorticoid receptors also bind to 

recognition sites in the promoters of certain genes in order to activate their transcription, 

resulting in secretion of anti-inflammatory proteins, such as mitogen activated protein 

kinase phosphatase-1, which inhihibits mitogen-activated protein kinase signaling 

pathways. (Umetsu and Dekruyff 2006) They have the potency to modify the disease 

process by causing airway smooth muscle (ASM) remodeling. Remodeling is thought to 

be the consequence of an aberration of the dynamic process of wound repair that includes 

matrix production and degradation leading to reconstruction of the tissue. (Zuyderuyn S 

2008) At present corticosteroids is the only treatment option available which controls the 

process of asthma. This study was conducted on known asthmatics who were already 

taking treatment including inhaled corticosteroids and the quantification changes in Ec 

SOD could be due to modification of the disease process induced by corticosteroids.  

The simplest scenario perhaps reflects the increased steady state concentrations of 

superoxide that will occur following SOD inactivation. (Powell 2003) Similarly there was 

16.61% increase in the EcSOD in patients as compared to controls in our study. Changes 

in the oxidative milieu are well known to accompany inflammatory diseases, including 
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asthma, and the severity of oxidative stress, measured through the accumulation of stable 

oxidation end products, often directly correlates with the severity of disease. (Shishehbor 

2004) A direct correlation between nitrotyrosine reactivity and functional abnormalities 

has been reported in patients with asthma. (Saleh et al 1998) Decreases in SOD activity in 

asthmatics were found to correlate with decreased lung function. (Comhair 2005) 

Similarly in this study spirometric parameters were significantly reduced as compared to 

normal healthy controls indicating decreased lung function. Therefore it was logical to 

conclude that the SOD activity was decreased and hence the increase in EcSOD which 

was found in asthmatics when compared to normal controls.  

The exogenous antioxidants include Vit-E,Vit-A,Vit-C and a large group of  Flavenoids. 

Vitamins have been defined as organic compounds occurring in natural foods either as 

such or as 'utilizable precursors', which are required in minute amounts for normal 

growth, maintenance and reproduction i.e for normal nutrition and health. (Chatterjee 

and Shinde 2005) Their role in various diseases is established. Dietary intake, especially 

of antioxidant vitamins E, A, C and the carotenoids has been linked with the presence and 

severity of asthma. The role of nutrition in bronchial asthma is related to antioxidant 

vitamins A, C, and E. By counteracting oxidants and reducing external attacks for 

example bacteria, virus, toxins and xenobiotics in the lung, antioxidant vitamins modulate 

the development of asthma and the impairment of pulmonary function. (Riccioni 2007) 

Raida (2004) showed that Serum concentrations of vitamins A and E were not different 

between asthmatics and non asthmatics.  

However, there is evidence of beneficial effects of vitamin-E on asthma showing 

improvement in lung functions. (Britton 1995) Vitamin-E is present in extracellular lung 

fluid and lipid membrane, where it converts oxygen radicals and lipid proxy radicals to 

less reactive forms. Thus vitamin E is a membrane stabilizer and principle defense 

against oxidant induced membrane injury by breaking the lipid per oxidation chain 

reaction. (Chtil 1992) Vitamin-E seems to suppress neutrophil migration (Sur 1993) and 

inhibits Ig-E production. (Wood 2005) It may be immunomodulatory and also able to 

influence T-helper cell development in direction of Th1, subtype. (Wong 2004) 
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 In this study Vit-E levels were significantly increased in patients when compared to 

controls although they remained within the normal range as suggested by Begena 

(1997).There is evidence of an inverse association between vitamin-E intake and both 

allergen skin sensitization and total serum IgE levels in adults.
 
High vitamin-E intake is 

associated with reduced asthma incidence. (Collipp 1975) However, decrease in vitamins 

was seen in asthmatics who were taking bronchodilators, the first line asthma treatment. 

(Weir 1990) Similar to our results reported for asthmatics, vitamin-E levels were 

confusing, having been stated as higher or similar in diabetic patients in comparison with 

controls, possibly because of inclusion of hyperlipemic or inhomogeneity of the sample 

or both. (Caye-Vaugien 1990) Radiographic knee osteoarthritis was inversely associated 

with serum α tocopherol in African American men. It was positively associated with 

serum γ tocopherol in men and unassociated with serum δ tocopherol. Associations 

between radiographic knee osteoarthritis and tocopherol isoforms are complex and may 

vary by ethnicity and sex. (Joanne 2004)  

Ascorbate has been shown to scavenge superoxide, hydrogen peroxide, the hydroxyl 

radical, hypochlorous acid, aqueous peroxyl radicals, and singlet oxygen. Pietri  (1994), 

Boldogh (2005) and the other lead authors pointed out that oxidative insult brought about 

by pollen exposure can be eliminated if there is sufficient level of antioxidants, such as 

vitamin C with a longer half life. In this study VIT-C levels were significantly decreased 

in patients when compared to controls. It indicates ascorbate plays important role in 

progression of asthma. It has been reported that the administration of vitamin C can 

sometimes lead to an increase in oxidative damage, particularly if iron is also 

administered. (Suh 1999) Similarly, it has been clearly shown in vitro that tocopherol 

might promote LDL oxidation in the absence of an aqueous phase antioxidant such as 

ascorbate. (Neuzil 1997) For instance, it is likely that ascorbate will recycle the 

tocopheryl radical at the aqueous–lipid interface, so regenerating tocopherol. This might 

be crucial in ensuring that tocopherol concentrations are maintained in lipoproteins and 

membranes. (May 1998) Therefore increased serum concentration of vitamin-E and 
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simultaneous decrease in concentration of vitamin-C may be pertinent in this study on 

asthmatics.  

Multivariate analysis was done according to Kaiser Criterion (1960).Principal component 

Analysis (PCA) explained 31.7 % of the total variability for first factor and was 

predominantly a function of FEV1, FVC, PEF, Vit- E and TAC. The second PC (17.6 % 

of the variance) is made up of Cu, Zn, Mg and Vit-C. The third component explained 

10.8 % of the variation and is primarily a function of FEV1/FVC, Cu, Mg and TAC. 

Antioxidants are therefore important in restoring the disturbed oxidant/antioxidant 

equilibrium in patients with asthma. Antioxidants selenium, magnesium, Vitamin A and 

C as well as glutathione are lower in asthmatics than in people without asthma. 

(Oberholzer and Pretorius 2008) Among minerals, selenium has been most strongly 

associated with asthma. Studies have demonstrated decreased selenium intake and 

decreased serum levels in patients with asthma. (Aderele 1985, Schwartz 1990 and 1994, 

Ness 1996 and Schachter 1982) Loss of zinc from biological membranes increases their 

susceptibility to oxidative damage and impairs their function. Zinc deficiency may also 

lead to an enhanced Th2 immune response. Similarly in our study Zinc had direct 

relationship with asthma. Cu Zn-SOD is a homodimer of molecular weight 

32500(2*16300), Zinc has a structural stabilizing role while the Copper is directly 

involved in catalytic activity. (Forman and Fridovich 1973) Copper and Zinc have role in 

antioxidant defense as cofactor in superoxide dismutase. (Chtil 1992) Magnesium has 

several biological effects of potential relevance to asthma, including bronchodilatation 

when given intravenously in acute severe asthma. (Harbige 1998) There is also strong 

evidence of protection by dietary magnesium against asthma. (Schwartz 1990 and 1994, 

Ness 1996) In this study Magnesium was not different between asthmatics and non 

asthmatics, however, in group statistics multivariate analysis, the second principal 

component which comprised of Copper, Zinc, Magnesium and vitamin C showed 17.6% 

variance. The third principal component which comprised of percentage ratio, Cu, Mg 

and TAC showed 10.8% variation indicating important relevance of the antioxidant 

activity in bronchial asthma. 
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The accurate assessment of oxidative stress in biological systems is a problem for all 

investigators working on the role of free radical damage in disease. The concept of a 

single test that might reflect total antioxidant capacity (TAC) is an attractive one as low 

total antioxidant capacity could be indicative of oxidative stress or increased 

susceptibility to oxidative damage. (Young 2001) No single component of serum 

antioxidant complex could fully reflect the protective efficiency of blood, probably 

because of interactions that occur in vivo among different antioxidant compounds.TAC 

considers the cumulative effect of all antioxidants present in blood and body fluids. 

(Nagy 2006) Although the concentration of plasma antioxidant components can be 

measured individually, these measurements may be time- and cost-consuming and labour 

intensive. In addition, it may not accurately reflect the total antioxidant status. (Cao 

1998) Thus, the accurate antioxidant capacity of the organism can only be determined by 

the measurement of total antioxidant capacity. (Suresh et al 2009) Katsoulis (2003) 

assessed severity of asthma as decreased total anti oxidant status (TAS) which was found 

during an asthma attack. The TAS change was correlated with severity criteria, such as 

FEV1. Therefore, it seems that measurement of TAS could be a simple and useful tool in 

the evaluation of an asthma attack. In this study TAC was decreased by 21.16% in 

asthmatics as compared to normal healthy controls showing overall reduced antioxidant 

status. Also FEV1 showed 34.8% change in asthma patients. TAC and FEV1 both 

decreased significantly indicating relevance of the antioxidant capacity in the chronic 

inflammatory disorder. Similarly FVC and PEF were also decreased showing 30.2% and 

42.12% change respectively along with decrease in TAC. Also change in exogenous 

antioxidants including vitamins E and C, minerals such as Magnesium and trace elements 

like Cu and Zn all showed significant variance with TAC. Therefore it was concluded 

that TAC is another parameter which can be used in the assessment and management of 

asthma either alone or along with spirometry. It may be difficult to perform spirometry 

during an acute asthmatic attack when patient is unable to do anything despite craving for 

breath. In such situations TAC will be very useful to help manage asthma. Measurement 
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of serum total antioxidant capacity level was reported to provide an integrated index, as 

opposed to one based on simple summation of measurable antioxidants. (Ghiselli 2000)  

Infection by human immunodeficiency virus (HIV) causes persistent chronic 

inflammation which results in increased intracellular reactive oxygen species and hence 

oxidative stress. Total antioxidant capacity is a novel early bio-chemical marker of 

oxidative stress in HIV infected individuals and can be used to monitor and optimize 

antioxidant therapy as an adjunct in the management of HIV-1 infected patients. (Suresh 

et al 2009) Patients undergoing liver transplant have lowered antioxidant defenses as 

measured by total antioxidant capacity and evidence of free radical damage, which 

compound the additional insult of reperfusion injury. Therefore antioxidant therapy in 

these patients before transplantation may ameliorate the effects of reperfusion. (Vaishali 

2009) Serum TAC levels were elevated in severe sepsis, especially in non survivors, and 

were positively correlated with clinical severity. (Chuang 2006) This might be a host 

response to severely propagating oxidative stress or a compensating mechanism for 

depleted anti oxidative components. (MacKinnon1999) Therefore, TAC possibly could 

be used to assess the real change in antioxidant status in patients with Bronchial Asthma 

and might lead to universally useful treatment for the chronic respiratory disorder. 

Ratana Maneechat (2010) suggested serum SOD activity as a predictor of adverse events 

after H1N1vaccination. Phenotypic changes due to genetic deficiency of either Cu Zn-

SOD or EcSOD are more subtle and typically present at more advanced age or in the 

context of elevated inflammation or oxidative stress. (Bowler 2004), Ho 1998 and 

Elchuri 2005) SOD is also an effective defense weapon and Mycobacteria and Nocadia 

have SOD which enables them to resist the injection of superoxide by phagocytes. 

Correlations were found between systemic SOD deficiency and airflow obstruction in 

asthma. (Suzy et al 2005) Strong evidence links Amyotophic Lateral Sclerosis to 

mutations in the SOD1 gene. (Deng 1993) Mice lacking SOD2 die several days after 

birth, amidst massive oxidative stress. (Li 1995) Mice lacking SOD1 develop a wide 

range of pathologies, including hepatocellular carcinoma. (Elchuri 2005) SOD has 
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proved to be highly effective in treatment of colonic inflammation in experimental colitis. 

(Seguí 2004) Similarly SOD may be used as therapeutic option in the management of 

asthma along with other exogenous antioxidants. 
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The effects of asthma on micronutrients status showed significant changes with 

possible relation of antioxidants to the development of complications of 

asthma. The oxidant/antioxidant imbalance contributes to the oxidative stress 

that occurs in asthma in which various exogenous antioxidants play vital role 

including Vitamins E and C, minerals and trace elements including 

Magnesium, Copper and Zinc. Endogenous anti oxidant SOD provides most 

potent of the antioxidant defenses. The antioxidants are correlated to 

spirometric parameters.TAC is a cumulative biomarker for antioxidant status in 

bronchial asthma. The present work can be further extended at molecular level 

in future. 
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Table-24: Data Collection   

Name: _______________________________________ 

Age: _________________________________________ 

Height & weight: _______________________________ 

BMR: ________________________________________ 

Address &Tel no. ______________________________ 

Drug history: __________________________________ 

Duration of illness: _____________________________ 

Ethnicity: _____________________________________ 

 

Temperature  

 

Pulse rate  

 

Respiratory rate  

 

BP (S/D)  

 

 

 

 

 

 

Baseline  Predicted Spirometry 

1 2 3  

FVC  

 

   

FEV1  

 

   

PEF  

 

   

FEV1FVC  
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Table-25: Sample Collection 

      

 

Under all aseptic measures, 11 mililiterss of blood was drawn by       

venipuncture from a large vein using disposable syringe. Blood was then        

divided as follows; 

• 5 milliliters of  heparinized blood was centrifuged to separate plasma into    

two epindorff tubes and marked A and B 

 

• 5 milliliters of blood was taken in a glass tube and equal amount of             

concentrated Nitric acid was added and heated on sand bath till 2-2.5   

milliliters remaining which was then filtered and volume standardized with  

addition of deionized water and marked C 

 

• 1 milliliter whole blood in a vacutainer marked D     

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A Plasma 

 

 

For estimation of vitamins 

B Plasma 

 

 

For estimation of SOD and TAC 

C Filtered HNO3 blood 

 

 

For estimation of minerals and trace elements 

D Whole blood 

 

 

For molecular biology later 
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Cu Zn Mg Vit-C    Vit-E           TAC SOD PATIENT 

477 2.13 0.56 6.76 38 16.98 79.09 P-1 

194 2.26 0.75 6.24 38.6 6.4 70 P-2 

31 0.89 0.38 8.2 39.2 8 16.2 P-3 

118 1.93 0.74 6.4 38.6 7.8 13.6 P-4 

107 2.01 0.59 6 38.4 7.2 75 P-5 

98 1.97 0.42 8 39.2 8.6 45 P-6 

207 3.06 0.97 5.2 39.1 24 71.1 P-7 

117 2.06 0.85 6.1 39.4 20.8 72.8 P-8 

104 3.22 0.5 9.2 38.4 10.4 83.6 P-9 

144 2.32 0.62 5 39.8 20.4 65.15 P-10 

20 1.47 0.32 5.6 39.4 24.8 50 P-11 

99 1.7 0.54 5.5 41.2 23.2 61 P-12 

126 2.3 0.67 5 41.6 23.1 59.2 P-13 

85 2.3 0.5 5 42.6 23.4 59.6 P-14 

23 2.57 0.67 5 42.3 21.6 66.8 P-15 

05 1.48 0.33 5.3 44.7 18.4 57.5 P-16 

45 4.88 0.47 12.2 40.8 10 51.6 P-17 

2 3.72 0.52 12.8 43.2 9.4 40.6 P-18 

45 4.94 0.52 13.6 39.4 8.8 84.6 P-19 

59 1.33 0.39 10.5 38.8 9.6 92 P-20 

359 3.36 0.83 9.5 39.4 8.9 79.8 P-21 

443 2.18 0.54 10.5 38.4 9.3 50.94 P-22 

125 1.85 0.4 13.6 39.2 8.9 24.76 P-23 

81 3.3 0.37 12 38.6 9.3 65.51 P-24 

12 2.05 0.39 12 39.2 9 75 P-25 

772 2.47 0.66 11.8 39.4 9.3 62 P-26 

47 4.31 0.85 8.2 40.2 8.8 46 P-27 

46 4.5 0.71 10.6 41.1 9.4 53 P-28 

05 1.8 0.24 9.2 40.6 8.3 69 P-29 

1508 1.59 0.38 10.4 40.7 8 49 P-30 

05 3.27 0.34 10.4 40.2 8.3 55.6 P-31 

136 2.17 0.43 10.2 41.2 8.3 64.2 P-32 

05 2.81 0.47 10.6 41.2 8.3 66.1 P-33 

05 2.58 0.29 10.6 44.6 8.4 58 P-34 

727 1.84 0.31 10.6 43.2 10 47 P-35 

05 3.07 0.44 10.2 40.8 8.8 60 P-36 

630 3.51 0.82 10.4 44.2 9.4 49 P-37 

05 2.41 0.5 11.2 42.6 8 72.2 P-38 

05 1.9 0.32 9.6 42.8 8 44 P-39 

05 2.61 0.64 9 42.6 8.8 73.1 P-40 

36 2.19 0.62 9.1 43.4 16.4 64.2 P-41 

05 1.56 0.41 10.6 40.4 16.4 54.25 P-42 

05 1.7 0.46 10.6 41.6 16.2 66.3 P-43 

65 3.22 0.83 9.8 40.6 12.3 45.5 P-44 

19 2.29 0.63 9 39.6 12.3 57.2 P-45 

05 4.30 0.55 9 39.4 13.2 67.1 P-46 
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04 2.21 0.63 10.1 39.8 16.4 34.21 P-47 

05 3.83. 0.78 9.8 40.2 18.4 36.4 P-48 

05 1.80 0.37 9 40.1 16..4 44.2 P-49 

13 2.10 0.67 9 38.6 12.8 74.1 P-50 

05 1.62 0.46 10.1 38.2 16.4 42.1 P-51 

05 1.70 0.32 7.8 41.6 9 80 P-52 

38 2.57 0.83 8.1 38.2 8.6 78 P-53 

9804 2.53 0.44 8.1 40.9 8 76 P-54 

230 4.42 0.99 7.8 39.4 8.8 80 P-55 

129 2.23 0.49 7.8 39.8 8.8 74 P-56 

139 1.65 0.49 7.7 38.6 9.2 69 P-57 

861 2.12 0.48 7.7 40.1 8.6 80 P-58 

533 2.29 0.84 7.8 37.6 9 68 P-59 

05 2.14 0.57 7.7 36.2 8.6 72 P-60 

03 2.33 0.53 7.7 40.1 8 69 P-61 

334 6.98 0.47 7.7 42 8 76 P-62 

2435 2.42 0.38 7.8 36.8 10 78 P-63 

111 3.53 0.82 8.2 39.6 8 76 P-64 

100 1.87 0.43 8.1 43.7 8 80 P-65 

311 1.90 0.62 7.8 42.6 10.2 72 P-66 

05 3.83 0.85 9.1 40.2 14 61 P-67 

784 2.78 0.69 9.1 40.2 9.8 82 P-68 

160 3.04 0.97 9.2 39 9.7 85 P-69 

686 5.00 0.95 9 36.4 9.8 69 P-70 

1560 4.29 1.40 9 41.2 12.6 68 P-71 

781 5.00 1.50 9 43.2 12.3 72 P-72 

33 2.64 0.64 9 40.6 11.4 83 P-73 

993 2.94 0.50 9.2 41.5 12.4 81 P-74 

226 2.80 0.62 9.1 39.5 11.4 70 P-75 

3621 5.42 1.36 9 37.9 9.8 82 P-76 

728 1.74 0.59 9.3 41.2 9.8 69 P-77 

265 2.02 0.43 9.1 40.5 11.4 69 P-78 

56 3.11 0.69 9.1 39.8 12.4 77.3 P-79 

306 3.66 1.35 9 39.2 9.8 87 P-80 

1374 3.89 0.77 9.1 38.4 9.8 64 P-81 

199 3.40 1.23 9.2 39.1 10.6 64 P-82 

237 3.62 2.04 9.2 38.8 9.8 72 P-83 

1867 3.35 0.91 9 41.2 11 66 P-84 

214 3.43 0.76 9.1 42.6 10.2 56 P-85 

189 2.74 0.40 9 43.2 11 72 P-86 

117 2.83 0.30 9 44 9.8 82 P-87 

323 4.08 1.49 9.2 40.9 9.8 78.2 P-88 

271 3.22 0.69 9.1 41.2 9.8 75.8 P-89 

293 3.52 1.44 9 39.2 9.8 74.1 P-90 

304 3.45 1.27 9.2 38.8 9.8 68.2 P-91 

204 3.59 0.73 9.1 37.9 9.8 61.1 P-92 
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CONTROL SOD TAC Vit.E Vit-C Mg Zn Cu 
C-1 15.33 11.2 20.4 9.1 0.37 1.05 56 
C-2 63 12 20.1 7.7 0.72 2.04 05 

C-3 66.3 14.66 20.2 12.8 0.45 0.79 05 

C-4 71.9 14.66 18.9 7.68 0.56 1.03 53 

C-5 30.68 20 18.2 8.74 0.39 1.67 1 
C-6 25.71 20 19.4 8.74 0.38 2.68 163 

C-7 34.5 21.8 19.4 13.0 0.32 1.2 14 
C-8 47.05 15 19.6 13.2 0.68 2.88 184 
C-9 54.21 15.6 20.1 9.4 0.68 1.92 45 

C-10 22.4 18.1 22.1 9 0.62 2.81 80 
C-11 36.4 16.4 19.4 10.4 2.27 3.16 2217 

C-12 54.7 18.4 20.6 12.2 0.76 2.99 75 
C-13 60.1 16.4 18.9 11.6 0.89 3.19 1802 
C-14 47.5 18.1 18.9 11.8 0.59 1.69 406 

C-15 31.5 16.4 20.4 9 0.36 1.93 96 
C-16 53 18.2 20.5 6.2 0.45 2.34 90 

C-17 77 9 19.7 9.4 0.94 2.93 86 
C-18 50 9.6 18.6 10.8 0.69 1.97 74 

C-19 64 9.5 19.6 10.2 1.1 2.88 610 

C-20 69 20.3 18.9 9.2 1.01 2.75 233 
C-21 68 19.4 19.9 9.1 NIL NIL NIL 

C-22 66 20.1 18.9 11.2 1.69 2.35 95 
C-23 67 20.2 19.4 12.3 0.72 3.36 38 

C-24 62 9.7 19.4 9.6 0.74 2.75 104 
C-25 60 9 19.2 9.4 1.03 3.09 114 
C-26 69 9 19.4 9.5 0.76 2.5 41 

C-27 64 9 19.8 11.9 0.51 2.6 57 

C-28 69 9 19.2 12.8 0.74 2.73 57 

C-29 58 9 20.4 9.5 0.45 1.88 38 
C-30 69 9 20.1 12.7 0.67 2 104 
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Baseline Spirometry  

Patient FEV1 FVC %age PEF 
P-1 3.91 5.33 73 354 
P-2 3.37 3.67 91 335 
P-3 1.9 2.13 89 292 

P-4 3.2 3.21 100 364 
P-5 1.56 2.07 74 162 

P-6 0.97 2.22 44 115 
P-7 1.79 2.09 86 327 

P-8 1.71 1.87 94 235 
P-9 1.47 1.47 100 234 

P-10 1.6 2.25 71 261 

P-11 3.01 3.47 86 413 
P-12 3.31 3.33 99 429 

P-13 1.01 1.52 66 96 
P-14 0.93 1.57 59 130 
P-15 3.19 3.52 90 393 

P-16 3.36 3.4 98 450 
P-17 1.29 1.5 86 168 

p-18 3.76 3.79 99 481 
P-19 1.82 2.19 83 241 
P-20 1.43 1.61 88 163 
P-21 1.63 2.28 71 154 
P-22 0.98 2.86 34 61 

P-23 0.47 0.71 66 54 
P-24 1.15 1.74 66 176 

P-25 2.22 2.58 86 269 
P-26 1.14 1.89 60 133 
P_27 2.58 2.61 99 448 

P-28 1.83 2.61 70 211 
P-29 1.76 1.92 91 238 

P-30 1.48 2.46 60 163 
P-31 1.24 1.34 92 118 

P-32 0.59 0.76 77 93 
P-33 2.84 3.12 91 357 
P-34 2.35 2.98 78 352 

P-35 3.16 3.28 96 486 
P-36 0.93 0.97 95 123 

P-37 2.28 2.3 99 332 
P-38 2.19 2.7 81 271 
P-39 1.66 2.09 79 234 

P-40 1.82 2.51 72 174 
P-41 0.4 0.42 95 54 

P-42 1.82 2.03 89 267 
P-43 1.39 1.42 97 250 
P-44 1.3 1.34 97 196 
P-45 1.49 1.66 89 158 
P-46 3.07 3.11 98 361 

P-47 1.33 1.41 94 283 
P-48 1.85 1.86 99 235 

P-49 1.5 1.93 78 240 
P-50 1.39 1.42 97 201 
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 P-51 1.92 2.01 95 259 
P-52 1.05 1.21 86 97 

P-53 2.67 2.74 97 369 
P-54 1.26 1.26 100 194 

P-55 2.39 2.45 97 258 
P-56 3.31 3.54 93 3.6 

P-57 1.09 1.3 83 90 
P-58 3.12 3.13 99 564 
P-59 1.4 1.61 86 223 

P-60 3.35 4.19 80 595 
P-61 2.13 2.3 92 247 

P-62 0.93 1.81 51 94 
P-63 1.43 1.43 100 264 
P-64 0.98 1.34 58 74 

P-65 1.35 1.37 98 177 
P-66 2.61 2.64 98 422 

P-67 1.69 1.69 100 218 
P-68 1.7 2 85 261 
P-69 2.47 2.52 98 387 
P-70 2.57 2.61 98 229 
P-71 1.85 1.88 99 282 

P-72 2.48 2.48 100 320 
P-73 1.87 1.89 100 314 

P-74 2 2.02 99 327 
P-75 3.12 3.52 89 402 
P-76 1.77 1.81 97 327 

P-77 1.83 1.96 93 198 
P-78 2.36 2.53 93 190 

P-79 2.81 2.85 98 334 
P-80 1.34 1.52 88 195 

P-81 2.17 2.29 94 241 
P-82 3.43 4.14 82 500 
P-83 2.49 2.6 95 341 

P-84 1.54 1.61 95 223 
P-85 0.88 0.87 1.01 131 

P-86 2.26 2.38 94 192 
P-87 1.54 1.57 98 274 
P-88 0.54 0.55 98 76 

P-89 0.86 0.89 96 111 
P-90 0.68 0.77 88 68 

P-91 1.63 2.38 68 100 
P-92 2.27 2.26 100 289 
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Predicted spirometry 

patients FEV1 FVC %age PEF 
P-1 4.11 4.99 85 565 

P-2 3.3 4.2 78 505 
P-3 3.1 3.9 78 467 
P-4 3.49 3.8 82 488 

P-5 3.1 3.6 84 416 
P-6 2.2 2.8 81 347 

P-7 2.3 2.6 78 353 
P-8 2.3 2.7 80 354 

P-9 2.93 3.53 85 418 
P-10 3.6 4.4 80 531 
P-11 3.4 3.8 84 433 

P-12 3.4 3.8 84 433 
P-13 3 3.4 82 405 

P-14 2.8 3.2 82 389 
P-15 4.4 5.3 82 594 
P-16 3.49 4.22 85 488 

P-17 3.3 4.2 78 505 
P-18 3.49 4.22 85 488 

P-19 2.8 3.2 83 390 
P-20 2.4 2.8 83 357 

P-21 3 3.4 83 407 
P-22 2.83 2.53 85 418 
P-23 2.4 2.8 81 363 

P-24 2.9 3.3 81 397 
P-25 3.4 4.1 80 513 

P-26 2.2 2.7 82 356 
P-27 4.1 4.8 83 570 
P-28 4 4.8 81 563 

P-29 3.8 4.5 80 552 
P-30 3.6 4.4 80 531 

P-31 2.8 3 83 374 
P-32 2.8 2.9 82 365 

P-33 3.1 3.8 78 487 
P-34 3.5 4.1 82 520 
P-35 4 4.8 81 563 

P-36 3 3.4 80 407 
P-37 3.4 4.1 80 513 

P-38 4.1 4.8 83 570 
P-39 2.8 3.2 82 389 
P-40 2.73 3.22 86 403 

P-41 2.5 3.2 77 438 
P-42 2.3 2.7 80 354 

P-43 2.7 3.1 82 381 
P-44 2.3 2.7 82 356 

P-45 2.8 3 83 374 
P-46 4.31 4.99 85 585 
P-47 3.6 4.4 80 531 

P-48 2.5 2.9 82 385 
P-49 3.6 4.3 81 526 

P-50 2.6 2.9 82 372 
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 P-51 3 3.4 83 407 
P-52 2 2.3 79 329 

P-53 4.1 4.8 83 570 
P-54 2.7 3.1 82 381 

P-55 3.7 4.6 79 537 
P-56 4.2 5 82 576 

P-57 2.4 3 76 424 
P-58 3.3 4 79 501 
P-59 2.3 2.6 78 353 

P-60 3.5 4.5 75 517 
P-61 2.7 3.1 84 383 

P-62 1.45 2.2 80 321 
P-63 2.7 3.1 82 381 
P-64 2.5 3.2 76 430 

P-65 2.73 3.22 85 403 
P-66 3.9 4.7 82 557 

P-67 2.29 2.68 85 348 
P-68 2.9 3.3 82 388 
P-69 2.92 3.53 85 418 
P-70 2.43 2.92 85 355 
P-71 2.5 2.9 82 365 

P-72 2.29 2.68 85 348 
P-73 2.29 2.68 85 348 

P-74 3.3 4 79 501 
P-75 4.5 5.4 81 600 
P-76 2.7 3.1 84 383 

P-77 3.3 3.7 82 356 
P-78 2.9 3.3 84 400 

P-79 2.9 3.3 82 398 
P-80 2.4 2.8 83 357 

P-81 2.4 2.8 83 357 
P-82 4 4.8 81 563 
P-83 2.8 3 83 374 

P-84 2.9 3.3 78 450 
P-85 2.4 2.8 83 357 

P-86 3.2 3.6 82 422 
P-87 3.8 4.5 81 544 
P-88 2.8 3 83 374 

P-89 2.3 2.7 82 386 
P-90 1.8 2.2 78 320 

P-91 2.7 3.1 82 381 
P-92 2.93 3.53 85 418 
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Baseline spirometry 

Control FEV1 FVC %age PEF 
C-1 2.8 3.09 90 379 

C-2 2.41 2.65 91 264 
C-3 4.39 5.32 85 543 
C-4 4.01 5.17 77 442 

C-5 4.42 4.69 94 328 
C-6 4.04 4.06 100 460 

C-7 3.38 3.75 90 362 
C-8 3.01 3.66 82 516 
C-9 2.66 3.03 87 521 

C-10 2.41 2.44 98 399 
C-11 3.91 3.92 99 490 

C-12 2.91 2.91 100 582 
C-13 2.43 3.32 73 224 

C-14 3.03 3.13 96 422 
C-15 3.84 4.12 93 358 
C-16 2.55 2.75 93 420 

C-17 3.3 3.21 100 660 
C-18 3.61 3.69 97 798 

C-19 3.38 3.38 100 691 
C-20 2.44 2.42 100 575 
C-21 2.96 2.97 99 433 

C-22 2.45 2.44 100 552 
C-23 3.29 3.51 93 457 

C-24 2.09 2.19 95 258 
C-25 1.6 1.71 93 322 

C-26 1.85 1.85 100 318 
C-27 2.98 2.98 100 458 
C-28 2.02 2.03 99 244 

C-29 1.52 1.63 93 148 
C-30 2.26 2.57 87 228 
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Predicted spirometry 

control FEV1 FVC %age PEF 
C-1 2.83 3.5 86 418 

C-2 2.6 2.79 85 348 
C-3 3.49 4.22 85 488 
C-4 3.49 4.22 85 488 

C-5 4.11 4.99 85 565 
C-6 4.11 4.99 85 565 

C-7 3.49 4.22 85 488 
C-8 3.3 4.2 76 499 
C-9 3.4 4.3 77 511 

C-10 3.6 4.3 81 526 
C-11 3.99 4.22 85 488 

C-12 3.49 4.22 85 488 
C-13 2.73 3.22 85 403 

C-14 2.29 2.68 85 348 
C-15 4.11 4.99 85 565 
C-16 3.1 3.5 81 413 

C-17 3.1 3.9 78 487 
C-18 4 4.8 81 563 

C-19 3.8 4.5 81 544 
C-20 4.5 5.4 83 607 
C-21 4.1 4.8 83 570 

C-22 3.9 4.7 80 550 
C-23 3.1 3.7 81 489 

C-24 2.8 3.2 82 389 
C-25 2.6 2.9 82 372 

C-26 2.7 3.1 82 381 
C-27 3 3.7 77 475 
C-28 3.1 3.7 81 489 

C-29 2.6 2.9 82 372 
C-30 2.6 2.9 82 372 

 

 


