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Assessment of inflammation based on the release of
oxygen radicals by granulocytes in chronic uncontrolled

asthma
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Abstract

Objective:Toevaluate spontaneous releaseof superoxideanionbyperipheral bloodgranulocytesof atopic patients

with uncontrolled asthma undergoing glucocorticoid therapy and of healthy subjects.

Methods:We studied 32 patients, aged 6 to 18 (mean 12.04), and 29 healthy subjects as a comparative group.

Patients were grouped according to the forced expiratory vital capacity in the first second. Group I, forced expiratory

vital capacity in the first second of between 60 and 80%, had 19 patients, and group II, forced expiratory vital capacity

in the first second = 60%, had 13 patients. Spontaneous superoxide release by granulocytes was measured by a

spectrophotometer method based on superoxide dismutase, before and after oral prednisone and beclomethasone,

budesonideor fluticasone inhaled therapy.Statistical analyseswereperformedusingANOVA,WilcoxonandTukey tests.

Results: Comparing the superoxide anion release by granulocytes of asthmatic patients and healthy subjects, we

observed a higher release by cells of the uncontrolled patient group II (p < 0.05). Evaluating the superoxide release by

cells of asthmatic patients before and after steroid therapy, a significant decrease was found only in patient group I.

Conclusion: The impact of corticosteroids on inflammatory modulation occurred in the uncontrolled asthmatics

with forced expiratory vital capacity in the first second between 60 and 80%. In those with forced expiratory vital

capacity in the first second of=60%, this findingwas not observed. Further studies are necessary to evaluate the effect

of this finding on asthmatic patients.
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Introduction

Asthma is a chronic inflammatory disease with multiple
phenotypes. Airway inflammation in allergic asthma is medi-
ated by T helper cells type 2 (Th2) specific effectors for envi-

ronmental harmless proteins, aeroallergens.1 In Brazil, in

spite of the reduction trend, the prevalence of asthmatic

symptoms remains as one of the highest rates in Latin

America.2

The frequent exposition to aeroallergens keeps the Th2

memory cells active and leads to chronic dysfunction of the

immune system, resulting in persistent inflammatory pro-

cess. The activation of eosinophils, basophils, neutrophils and

monocytes and their interaction with resident cells cause the

releaseof proinflammatorypharmacological and immunologi-

cal mediators, including reactive oxygen species (ROS).3

Since early childhood, the ontogeny of the leukocyte NADPH
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oxidase system, superoxide anion synthesis andmicrobicidal
activity, is similar to that of an adult individual.4 Oxygen radi-
cals lead to acute injury of cells and tissues by means of lipid

peroxidation, protein oxidation, and the release of endog-

enous mediators, mainly the arachidonic acid metabolites.

Oxygen radicals also activate the transcription nuclear factor

? B (NF-?B) and the activator protein-1 (AP-1), stressing the

inflammatory response.5

Previous studies havedemonstrated that peripheral blood

eosinophils,6 neutrophils7 andmonocytes,8 as well as airway

leukocytes of asthmatic patients release large amounts of

ROS, mainly when the disease is exacerbated.9 Direct corre-

lation between the production of superoxide anion by periph-

eral blood neutrophils and severity, evolution and duration of

the disease has also been demonstrated.7

Although inflammation is the main pathophysiological

characteristic of asthma, the conventional methods used to

classify the disease and assess response to treatment do not

include a direct measurement of inflammation. However,

especially during childhood, the management of asthmatic

patients based solely on symptoms and pulmonary function

might be amistake, since the perception of symptoms and its

correlationwith thepulmonary function canvary.10,11 In addi-

tion to these aspects, it is important to consider that the alter-

ations in the pulmonary function might be permanent due to

remodeling of bronchial mucosa. Thus, the evaluation of pul-

monary function is insufficient to assess the therapeutic

response.12 Therefore, the necessity of using an inflamma-

tionmarker during evaluation and follow-up of the asthmatic

patient becomes evident.

The invasive nature of lung biopsy and bronchoalveolar

lavage makes these methods unacceptable for the assess-

ment of inflammation. In theanalysis of spontaneousor saline

solution induced sputum, the number of eosinophils and the

levels of eosinophil cationic protein, leukotriene E4 and

RANTES are increased in patients with uncontrolled asthma,

but they improve after treatment.13 Although this method is

promising, it is difficult to be conducted. Currently, the mea-

surement of the level of ROS14 and the fraction of nitric oxide

in exhaled air (FeNO) are being used as non-invasive meth-

ods to assess airway inflammation.15

The objectives of our study were: to compare superoxide

anion release by peripheral blood granulocytes of atopic

patientswith uncontrolled asthma, classified according to the

degree of airway obstruction determined by the forced expi-

ratory vital capacity (FEV1) in the first second, with healthy

individuals, and to investigate the therapeutic effects of oral

and inhaled glucocorticoids on superoxide anion release of

these groups of patients.

Methods

Subjects

Patients were selected at the Pediatric Allergy and Immu-

nology Outpatient Clinic of Hospital de Clínicas of Univer-

sidade Estadual de Campinas (UNICAMP), state of São Paulo,

Brazil. The study was conducted from March 2001 to July

2004. Initially, we selected 41 atopic individuals with persis-

tent asthma classified as mild in 18 subjects, moderate in 17

and severe in six patients. The inclusion criteria were suffer-

ing from uncontrolled asthma characterized by the presence

of symptoms and frequent exacerbations, baseline FEV1 <

80%, limited physical activity and usual need of

beta2-agonists.1 Due to that, nine individuals with mild per-

sistent asthma were excluded from the study. Patients’ age

ranged from 6 to 18 years old (mean ± standard deviation

12.04±2.47 years). The diagnosis of asthmawas established

for each patient based on symptoms and reversibility of air-

way obstruction.1 Atopy was characterized by family history

of rhinitis, asthma or atopic dermatitis, immediate reading

skin tests positive for domestic aeroallergens and high levels

of serum IgE. For the skin test, we used allergenic extracts

(IPI-ASAC from Brazil) for: Dermatophagoides pteronyssi-

nus, Dermatophagoides farinae, Blomia tropicalis, Blatella

germânica, Canis familiaris, Felis domesticus, fungus I and

II, dog epithelium, cat epithelium, histamine and negative

control. During the study, there was not clinical evidence of

asthma triggered by infections. FEV1 was used to classify the

patients in two groups: group I, comprising 19 patients with

FEV1 between 60 and 80% of expected; and group II, com-

prising 13 patients with FEV1 = 60% of expected. The control

group included 29 healthy individuals aged 25 to 40 years old

without clinical history of atopy.

The treatment with systemic and inhaled corticosteroids

complied with the recommendations of the Global Initiative

forAsthma (GINA).1All patients receiveda courseof 2mg/kg/

day of oral prednisone, with maximum of 60 mg associated

with the use of short-acting beta2-agonists, during 7 days

and, then they kept receiving inhaled corticosteroids. When

necessary, during the study, patients received short-acting

and long-acting beta2-agonists. The assessment using

spirometry and superoxide anion release by peripheral blood

granulocytes of patients was performed immediately before

and after treatment with oral corticosteroids and simulta-

neously to inhaled corticoidsteroids. Ten (52%) patients of

group I were assessed after 1 week of therapy with pred-

nisone and nine (48%) patients were assessed after inhaling

corticosteroid for a mean period of 2.4 months. Nine (70%)

patients of group II were assessed after 1 week of therapy

with prednisone and four (30%) patients were assessed after

inhaling corticosteroid for a mean period of 4.7 months. In

group I, a moderate dose of budesonide was prescribed for

one patient and a high dose was prescribed for three

individuals; a high dose of fluticasone propionate was pre-

scribed for two subjects and three individuals received high

doses of beclomethasone dipropionate. Four patients from

group II received a high dose of budesonide.

Parents or patients' guardians signed a written consent

form in the beginning of the study, and the study protocol was
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approved by the Research Ethics Committee of the School of

Medicine in accordance with the Helsinki Declaration.

Isolation of granulocytes

Granulocytes were isolated from samples of 10 mL of

peripheral blood by means of Ficoll-Hypaque centrifugation

(Hystopaque®1119).16 Cells were washed three time using

Hanks’ balanced salt solution, and the final count of granulo-

cytes was adjusted for 2x107 cells mL-1. Cell viability, mea-

sured by Trypan blue exclusion test, was higher than 90%.

Production of superoxide anion

Spontaneous release of superoxide was assessed using

the spectrophotometric method based on the inhibition of

cytochrome-C reduction by superoxide-dismutase according

to McCord & Fridovich,17 previously modified.18 On the day

the experiment was conducted, granulocytes were incubated

inHanks’ balanced salt solution containing cytochrome-C (50

µM), and superoxide-dismutase (60 U/mL) was added to the

tubes. The optical absorbance (550 nm) of the supernatant

was measured at 0, 5, 15, 25, 45 and 60 minutes starting at

the beginning of the experiment. The amount of superoxide

anion was calculated using extinction coefficients of 21,100

M-1 cm-1, and these coefficients were expressed in nano-

mols (nmol) of superoxide by 106 cells.

Statistical analysis

Repeated measures analysis of variance (ANOVA) was

done by means of an initial test conducted to check if there

were differences between the groups. Tukey test was used to

compare the amount of superoxide released by healthy indi-

viduals’ cells with both group of patients, before and after

treatment.Wilcoxon test for related sampleswasused to com-

pare patients’ superoxide anion release and values of FEV1
before and after treatment with corticosteroids. The results

of the kinetic study of superoxide release were expressed in

mean ± standard deviation. For the analyses, we considered

p < 0.05 as statistically significant.19

Results

Table1 shows the characteristics of asthmatic childrenand

adolescents and the control group. The control group com-

prised 29 individuals, 17 males and 12 females. Their mean

age was 30.4±2.63 years old.

Mean FEV1 of asthmatic patients before corticotherapy

was 70±5.3% for group I and 44.62±9.4% for group II. The

differences in the mean FEV1 before and after corticotherapy

were 14.5% for group I (p = 0.002 Wilcoxon test) and 28%

for group II (p = 0.011 Wilcoxon test) (Figure 1).

The immediate reading skin test with aeroallergens was

positive for antigens of Dermatophagoides pteronyssinus in

all patients, followed by Dermatophagoides farinae with a

positive rate of 80% in both groups and positiveBlomia tropi-

calis in 8 (42%) patients from group I and 5 (38%) patients

from group II. Blatella germânica, Canis familiaris, Felis

domesticus, and fungus I had a positive rate of 20% in both

groups.

Table 1 - Characteristics of the asthmatic patients

Group I (n = 19) Group II (n = 13)

Gender (male/female) 10/9 8/5

Age (years) 11.7±2.44 11.5±2.85

FEV1* 70.0±5.33 44.6±9.35

Family history of atopy 11 9

IgE UI/mL* 1,693±1,276 (19) 1,927±1,381 (8)

IgE = immunoglobulin type E; FEV1 = forced expiratory vital capacity in the first second.
* Values expressed in mean ± standard deviation.

FEV1 = forced expiratory vital capacity in the first second.

Figure 1 - Comparison between mean FEV1 of asthmatics from
group I (60%<FEV1<80%)andgroup II (FEV1=60%)
before and after corticotherapy
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Increase in the spontaneous release of superoxide

by granulocytes of uncontrolled asthmatics from

group II

The initial assessment of spontaneous release of super-

oxide anion by granulocytes of asthmatics and controls dem-

onstrated that there was a significant difference among the

groups (p= 0.007, ANOVA). The comparison between super-

oxide anion release by cells of healthy andasthmatic individu-

als from group I and II separately showed that, before

corticotherapy, asthmatics from group II (FEV1 = 60%)

released significantly larger amounts of superoxide anion at

25, 45 and 60 minutes of incubation (p < 0.05 Tukey test)

(Figure 2). After treatment with corticosteroids, the values of

superoxide anion released by asthmatics from group II and

controls were similar.

Therewas no statistical difference between the spontane-

ous release of superoxide anion by asthmatics from group I

(60%<FEV1<80%)andhealthy individuals before and after

corticotherapy.

Reduction of spontaneous release of superoxide

anion by granulocytes of asthmatics from group I

after corticotherapy

The comparison of the spontaneous release of superox-

ide anion by granulocytes of asthmatics from group I (60%<

FEV1 < 80%), before and after corticotherapy (Wilcoxon test

for related samples), showed a significant reduction at 15 (p

= 0.027), 25 (p = 0.001), 45 (p = 0.001) and 60 (p = 0.001)

minutes of incubation (Figure 3). For patients from group II

(FEV1 = 60%), after corticotherapy, there was a

non-significant reduction of superoxide release.

Discussion

The increase in superoxide anion release by granulocytes

of peripheral blood of uncontrolled asthmaticswe found in the

present study confirms our previous results.20 The correla-

tion between the severity of the asthmatic disease, the exag-

gerated production of ROSby inflammatory cells and a lack of

balance between oxidant and antioxidant systems has been

reportedby several authors.6,14 Typical alterations of asthma,

such as epithelial damage, bronchial hyperreactivity and

increase in the expectoration of sputum, can be the result of

the action of ROS, confirming their participation in the patho-

physiology of asthma.5

Glucocorticoids are themost powerful anti-inflammatories

for the treatment of chronic asthma. However, the effect of

corticotherapy on the markers of airway inflammation can

vary. Majori et al. demonstrated thatmonocytes of asthmatic

patients treated with oral or inhaled corticosteroid released

less superoxide anion than monocytes of patients who were

not treated. Nevertheless, in the cortico-dependent patients

this difference was not found.21 In a study involving patients

with difficult asthma, undergoing treatment with oral corti-

costeroid, Stirling et al. founda subgroupof patients that kept

high FeNO levels and unfavorable clinical evolution.22 In

patients with moderate asthma, La Grutta et al. evidenced a

correlation between high levels of granulocyte-macrophage

colony-stimulating factor (GM-CSF), IL-8, NF-?B and FeNO

with more exacerbations and decrease in FEV1, showing the

persistence of inflammation in spite of the use of high doses

of corticosteroids.23

After corticotherapy, although the patients from group I

(60% < FEV1 < 80%) had clinical improvement and signifi-

cant decrease in superoxide anion release, only 64% of the

individuals reached normal values of FEV1. This incomplete

reversibility of airway obstruction was also found by Bis-

gaard, who analyzed the effect of long-term inhaled cortico-

therapy on the pulmonary function.24Onemight assume that

such result is caused by the presence of airway remodeling,

where theactionof corticosteroids is questionable12 and, also,

the fast positive effect of corticosteroids on the inflammatory

markers and the delayed effect on the pulmonary function.25

FEV1 = forced expiratory vital capacity in the first second.

Figure 2 - Mean values of superoxide anion release by granulo-
cytes of asthmatics fromgroups I (60%<FEV1<80%)
and II (FEV1=60%) before corticotherapy and healthy
individuals

FEV1 = forced expiratory vital capacity in the first second.

Figure 3 - Mean values of superoxide anion release by granulo-
cytes of asthmatics from group I (60% < FEV1 < 80%)
before and after corticotherapy

146 Jornal de Pediatria - Vol. 85, No. 2, 2009 Oxygen radicals and uncontrolled asthma - Sartorelli CF et al.146



Another important aspect of the present study was the

absence of the modulator effect of corticotherapy on super-

oxide anion release in patients with higher degree of airway

obstruction (FEV1=60%). This resultmayevidence thediver-

sity of the inflammatory patterns of bronchial mucosa, eosi-

nophilic, neutrophilic, mixed or pauci-granular, identified in

chronic asthmatic patients, which have an influence on the

response to corticosteroids.26

Several studies involving children have shown correlation

between FeNO, eosinophilic inflammation in the peripheral

blood, and induced sputum assessed by bronchoalveolar lav-

ageandendobronchial biopsy.27,28 Such results prompted the

joint publication by the American Thoracic Society and the

European Respiratory Society of the guideline on FeNOmea-

surement in children, confirming the need to assess the

inflammation.29

We confirmed previous results21-25,30 that glucocorti-

coids contribute to the restoration of the normal oxidative

state of peripheral blood granulocytes and reduce airway

obstruction in patients with FEV1 between 60 and 80%. On

the other hand, granulocytes of asthmatics with FEV1 = 60%

do not achieve their normal oxidative state, although there is

increase in the FEV1 and improvement of symptoms. Our

results show that there is a subgroup of patients with chronic

uncontrolled asthma that can have improvement of symp-

toms and reduced bronchial obstruction after corticotherapy

and keep high levels of superoxide anion release by granulo-

cytes. In this subgroup of patients, the individuals have per-

sistent inflammation and, therefore, there is need of other

therapeutic measures to achieve better prognosis. Further

studies with larger samples and long-term clinical follow-up

of patients with persistent uncontrolled asthma and FEV1 =

60% are needed to assess the definite impact of such find-

ings on the evolution of the disease.
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