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Alterations of Erythrocyte Superoxide
Dismutase activity in patients suffering
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Introduction

In recent years, oxidative stress has been in-
creasingly recognised as one of the major factors
contributing to the chronic inflammatory process
of asthma [1-3]. Furthermore, there has been con-
siderable interest in the hypothesis that an oxi-
dant/antioxidant imbalance may be important in
the pathogenesis of asthma [4-6]. Oxygen radicals
can be generated not only from incomplete reduc-
tion of oxygen to water during normal aerobic me-
tabolism, but also from oxidative burst of activat-
ed inflammatory cells [7] and exogenous oxidants,
such as environmental pollutants, cigarette smoke,
drugs, chemotherapeutic agents and hyperoxia.
The result is the production of molecules, which
are either released into the cell or penetrate the cell
membrane and are transferred to other parts of the
body.

Oxygen free radicals are scavenged by antioxi-
dants and antioxidant enzymes. One of the first de-
fense lines includes enzymes, such as the Superox-
ide Dismutase (SOD), which takes part in the con-
version of superoxide anion into hydrogen perox-

ide and molecular oxygen. There are three forms of
SOD, according to the metal contained in its mole-
cule (copper/zinc, iron, manganese) [8]. Erythro-
cytes are rich in antioxidants such as SOD, catalase
and components of the glutathione redox cycle.
The ability of an individual to counteract the dam-
aging effects of free radical assault depends on the
antioxidant capacity in an organ or body fluid [9].

Several reports have found alterations in dif-
ferent antioxidants in asthma. In a stable condition,
erythrocyte and serum SOD activity is higher in
asthmatic patients than in normal subjects [10, 11].
Most of the studies so far have focused on the ox-
idant/antioxidant imbalance that occurs in stable
asthma. The effects of exacerbations have received
far less attention. In a previous study of our team it
was observed that extracellular antioxidant capac-
ity, as assessed by serum total antioxidant status,
was decreased in patients with severe exacerbation
of asthma and correlated with the severity of the
disease [12].

The aim of the present study was to investigate
a main part of the intracellular antioxidant defense,
through erythrocyte SOD activity, in asthmatic pa-
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Background. Oxidant-antioxidant imbalance may play
an important role in the development and progression of
bronchial asthma. However, the role of blood antioxidants es-
pecially in asthma exacerbation has not been fully discussed.

Objective. This study examines a part of the intracellu-
lar antioxidant defense mechanism in asthmatic patients ad-
mitted to hospital due to severe exacerbation of their disease.

Methods. Peripheral blood Erythrocyte Superoxide
Dismutase (SOD) activity was measured in 38 patients (33
men - 5 women, with a mean age of 56±2.8 yrs), using a col-
orimetric method. On the days of admission and discharge
the Forced Expiratory Volume in 1 second (FEV1) and the
Partial arterial Oxygen pressure (PaO2) were recorded
and correlated with SOD activity at the same time.

Results. A statistically significant decrease of SOD ac-
tivity was observed on the day of admission compared to
SOD activity on the day of discharge (43.64±31.78 vs.
96.16±54.05 units/ml, p<0.001), suggesting the presence of
oxidative stress during an asthma attack. A statistically sig-
nificant correlation was observed between FEV1 on admis-
sion and SOD activity at the same time (r=0.57, p<0.001).
Furthermore, SOD activity on admission was correlated
with PaO2 on discharge (r=0.55, p<0.001), as well as SOD
on discharge with PaO2 on discharge (r=0.53, p=0.001).

Conclusions. Decreased systemic erythrocyte SOD ac-
tivity was observed during asthma attacks. This activity
was correlated with severity criteria such as FEV1 and
PaO2. Therefore, it seems that measurement of SOD ac-
tivity could be a useful tool in the evaluation of an asthma
attack. The supplementary administration of antioxidants
in the future needs further clarification.
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tients with severe exacerbation of their disease, by
measuring the red blood cells Cu/Zn-SOD activity.
Additionally, we investigated the probable correla-
tion between SOD activity and clinical or labora-
tory findings which are used for the evaluation of
the severity of asthma.

Materials and methods

Patients

Thirty eight patients (33 men - 5 women) with
a mean age of 56±2.8 years were studied. All pa-
tients were admitted to Pulmonary Departments of
two General Hospitals due to severe exacerbation
of bronchial asthma. The diagnosis of asthma was
based on symptoms and reversibility of airflow
limitation by bronchodilators according to GINA
guidelines [13]. Their medication prior to admis-
sion consisted of β2 agonists or inhaled steroids or
a combination of both. None of the patients was re-
ceiving oral steroids for at least one month prior to
the study entry or any kind of medication with
known antioxidant properties, such as trimetazi-
dine, non steroidal anti-inflammatory drugs or
acetylcysteine. None of the patients had blood glu-
cose levels >150 mg/dl that could increase the pro-
duction of free radicals due to auto-oxidation of
glucose. All patients were non-smokers. Seventeen
of them had a history of atopy, defined as giving a
positive wheal and flare response to skin prick
testing with several common allergens.

The entry criteria were based upon low Forced
Expiratory Volume in 1 second (FEV1) (<60% pre-
dicted) or severe hypoxemia [Partial arterial pressure
of Oxygen - PaO2<60 mmHg (8 kPa)] or presence of
at least one severity criterion, such as need to be
seated, difficulty to speak, use of accessory respira-
tory muscles, respiratory rate >30 breaths/min, pulse
rate >120/min, pulsus paradoxus, and also lack of
clinical improvement despite intensive medical
treatment at the Emergency Department. The most
frequent cause of exacerbation of the disease was
upper or lower respiratory tract infection.

Study Design

On the day of admission venous blood was
drawn for complete blood count and serum
chemistries before any drug administration. Also,
partial arterial pressure of oxygen in room air was
measured (PaO2). A venous 5ml sample was sent
to the Microbiology Laboratory in a heparinised
syringe for immediate SOD activity measurement.

All patients were treated with nebulised beta2-
agonists as well as parenteral steroids at the same
dose (40 mg Methylprednisolone). The discharge
criteria were based upon the combination of im-
proved POa2 [>70 mmHg (9.3kPa)], normal respi-
ratory rate and pulse rate, clinical improvement
and improvement of FEV1 (>60% predicted).

On the day of discharge a venous sample was al-
so drawn for a second measurement of SOD activity.

The study had the approval of the institutional
committee on human experimentation.

Laboratory Methods

A Ransod kit purchased from Randox Ltd,
Crumlin, Co Antrim, UK was used to measure SOD
activity based on a colorimetric method. This
method employs xanthine and xanthine oxidase to
generate superoxide radicals, which react with 2-(4-
iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride (I.N.T.) to form a red formazan dye. The
superoxide dismutase activity is then measured by
the degree of inhibition of this reaction.

A 5 ml sample of heparinised blood was cen-
trifuged for 10 min in 3,000 r.p.m., plasma was re-
moved, red cells were washed with 0,9% sodium
chloride, cold water was added and then storaged
in 4°C for 15 min. Finally, dilution of the solution
(in which red cells were lysed) was made by
adding a phosphate buffer solution (pH=7.0).

A spectophotometer was used for the measure-
ment of SOD activity in 37°C and 505 nm. The
percentage of inhibition was calculated on the ba-
sis of the absorptions measured. The concentra-
tions of SOD activity (in units/ml) were calculated
by using a model curve of solution with known
concentrations. The normal values proposed by the
manufacturer are: 164-240 u/ml.

Statistical analysis

The Statistical Program for Social Science
(SPSS version 17) was used. Paired t-test was per-
formed between SOD on admission and SOD on
discharge. Pearson bivariate correlation was used
for comparison between SOD on admission and
FEV1 on admission and also between SOD on ad-
mission and PaO2 on discharge. A p value lower
than 0.05 was considered statistically significant.

Results

Mean FEV1 (% predicted) on admission was
44.02±12.43 and on discharge 65.55±10.97. Mean
SOD activity on admission was 43.64±31.78
units/ml and on discharge 96.16±54.05 units/ml
(table 1).

Table 1. - Demographics, pulmonary function and
SOD data

No of patients 38
Males 33
Females 5

Age 56±2.8

Atopy 17

Inhaled steroids 18

FEV1 on admission (% pred) 44.02±12.43*

FEV1 on discharge (% pred) 65.55±10.97

PO2 on admission (mmHg) 61.99±8.82*

PO2 on discharge (mmHg) 78.18±8.89

SOD on admission (units/ml) 43.64±31.78*

SOD on discharge (units /ml) 96.16±54.05

* Statistically significant differences compared with discharge.
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A statistically significant increase of SOD on
discharge was observed compared to that on ad-
mission (p<0.001 paired t-test) (fig. 1). A statisti-
cally significant positive correlation was observed
between SOD and FEV1 (% of predicted) on ad-
mission (r=0.57, p<0.001) but not on discharge
(Pearson correlation two tailed significant) (fig. 2).
A statistically significant positive correlation was
observed between SOD on discharge and PaO2 on
discharge (r=0.53, p=0.001) but not on admission
(fig. 3). Finally a statistically significant correla-
tion was observed between SOD on admission and
PaO2 on discharge (r=0.55, p<0.001) (fig. 4).

No other statistically significant correlation
was observed between SOD and any other respira-
tory function parameters or other severity criteria.

Discussion

This study demonstrated decreased erythrocyte
superoxide dismutase activity in patients with se-
vere exacerbation of bronchial asthma. This activ-
ity was significantly improved once the respirato-
ry parameters of asthmatic patients returned to
near normal values. This finding was also support-
ed by the positive correlation found between SOD
activity and FEV1 on the day of admission and be-
tween SOD activity on admission and PaO2 on dis-
charge, as well as SOD on discharge and PaO2 on
discharge.

Many observations suggest that levels of ox-
idative stress are increased not only in the lungs
but also in the circulation of adults and children
with asthma [1]. Conversely, several reports have
found alterations in different antioxidants in asth-
ma and recent literature in this field seems to indi-
cate conflicting findings. For instance, lower ery-
throcyte or serum SOD activity has been reported

in asymptomatic mild adult asthmatics compared
with controls [14, 15] and lower levels of SOD
have been found in children with mild asthma
compared with healthy controls [16]. However, in-
creased SOD activity in red blood cells, [10] and
higher levels of SOD in mild stable asthmatics
have been observed [17]. A plausible explanation
for the above discrepancies could be that oxidant-
antioxidant balance is not significantly affected in
mild asthmatics and/or erythrocyte SOD activity is
not sensitive to the oxidant-antioxidant balance in
this kind of patients [17]. In addition, different re-
sults should be expected if levels of SOD (either in
red blood cells or serum) were studied instead of
the activity of the enzyme.

The effects of asthma exacerbation on the oxi-
dant/antioxidant imbalance have received far less
attention. There is evidence of enhanced oxidative
stress during exacerbations in the peripheral blood
[18, 19], but conflicting findings have been report-
ed regarding the antioxidant status. For example, it
was observed in a study that loss of SOD activity
occurs within minutes of an acute antigen-induced
asthmatic response [20], but in another study no
significant difference in erythrocyte antioxidant
enzyme activities, including SOD, was observed
between patients with acute exacerbation and with
stable asthma [18]. In the present study, decreased
erythrocyte SOD activity was found on admission
compared to discharge, and as it was measured
twice during the few days of hospitalisation, along
with certain clinical and laboratory improvement
of all patients at the same period, it seems that
asthma attack is accompanied by decreased activi-
ty of SOD.

Previous reports show that localised decreases
in SOD activity occur within airway epithelial
cells, bronchoalveolar lavage fluid, and bron-

Fig. 1. - SOD on admission and on discharge.
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choalveolar lavage cells in proportion to airflow
limitation and asthmatic exacerbations [20-22]. It
has not been clarified yet whether systemic reduc-
tions in activity of the antioxidant protective en-
zyme occur during asthma attack. However, there
is evidence that all SOD enzymes are sensitive to
oxidative modification and inactivation [23, 24].
In addition, several studies have indicated that in-
creased oxidative stress also occurs in the circula-
tion of asthmatic subjects as there are increased su-
peroxide anion generation by leukocytes [1, 10,
18, 25], increased lipid and/or protein peroxidation
products [1, 10, 17, 18] and increased reactive
oxygen metabolite levels [19]. Loss of blood SOD
activity in asthma may thus reflect a greater mag-
nitude and/or ongoing systemic oxidative stress
with a consequent greater oxidative modification
of SOD systematically [15]. It has also been pro-
posed that oxidative stress may cause inactivation
of antioxidant enzymes, such as SOD with conse-
quent increase in apoptosis, shedding of airway
epithelial cells and airway remodeling [26].

It has been suggested that corticosteroids have
a beneficial effect on antioxidants [27]. Previous
studies have shown that treatment with corticos-
teroids reduces oxidative stress and restores intra-
cellular SOD activity levels in mild asthma [28,
29]. In our study, no correlation between inhaled
steroids and SOD activity was found and comple-
ments the findings of a previous study [15], thus
making it less likely that inhaled steroids influence
SOD activity. On the other hand, parenteral corti-
costeroids were administered in all patients during

hospitalisation and all of them improved SOD ac-
tivity on discharge. Further studies are necessary
to evaluate whether high-dose systemic corticos-
teroids improve antioxidant capacity in asthma.

Wood et al [30] found that SOD activity was
negatively associated with asthma severity in pa-
tients with mild disease. Kanazawa et al [31]
demonstrated an enhanced production of superox-
ide anion from neutrophils in asthmatic patients.
The superoxide anion release was greater in pa-
tients with exacerbation of their disease and was
also inversely correlated with FEV1. Finally, direct
correlation of SOD activity with % FEV1 has been
reported [15]. We also observed similar results be-
tween SOD activity and respiratory function para-
meters such as FEV1 on admission and PaO2 on
discharge, suggesting that decreased SOD activity
during asthma exacerbation may not be just an
epiphenomenon, but part of the characteristic
pathophysiological changes of asthma.

Although markers of oxidative stress in plasma
do not directly reflect the local antioxidant capaci-
ty in the lungs, other procedures such as bron-
choscopy (to obtain bronchoalveolar lavage or
bronchial epithelial cells) or condensate of expired
air may be practically difficult or impossible to
perform in asthmatic patients when they are suf-
fering from an asthmatic attack.

In conclusion, the results of our study indicate
the presence of decreased plasma antioxidant ca-
pacity during an asthma attack, through decreased
erythrocyte SOD activity, and improvement in
SOD activity after the acute phase, even though it

Fig. 2. - Correlation between SOD and FEV1 on admission and on discharge.
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Fig. 3. - Correlation between SOD and PaO2 on admission and on discharge.

Fig. 4. - Correlation between SOD on admission and PaO2 on discharge.
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did not meet the normal values. Although respira-
tory tract infection was the most frequent cause of
the exacerbation (which is an additional oxidative
load), positive correlations with severity criteria
such as FEV1 on admission and PaO2 on discharge
were also found. These observations, along with
others previously reported, endorse the correlation
between disease severity and oxygen radical pro-
duction in asthma patients. Therefore, it seems that
measurement of erythrocyte SOD activity could be
a quite simple and useful tool in the evaluation of
the severity of an asthma attack as well as a blood
biomarker to monitor remission after acute attack.
However, further studies and data would be useful
to explore whether this factor or other antioxidants
could be used as additional severity criteria or
even prognostic factors and also to clarify the ben-
efit of supplementary administration of antioxi-
dants.
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