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Objectives: The role of oxidative stress at the pathogenesis of chronic obstructive pulmonary disease
(COPD) is known. The aim of this study is to investigate the oxidative stress with sputum induction that is a
simple method in COPD patients and healthy smokers.

Methods: Sputum induction was performed in 21 COPD patients (10 stable, 11 acute exacerbations), nine
healthy smokers, and ten healthy non-smokers. Glutathione, NO,™ levels, and cell counts at sputum, and
plasma NO, contents were evaluated in all subjects.

Results: Mean sputum glutathione and NO,  levels were significantly higher in acute exacerbations with
COPD patients than healthy smokers (P=0.007 and P<0.001 respectively), and non-smokers (P<0.001 and
P<0.001 respectively). On the other hand, sputum glutathione and NO, levels did not show significant
differences between stable and acute exacerbations with COPD patients. Although, sputum glutathione
levels were higher in stable COPD patients than healthy smokers’, no statistically significant difference was
established. In addition, sputum glutathione levels were significantly higher in healthy smokers than non-
smokers (P<0.001).

Conclusions: As a result, we can say that oxidative stress increases not only in COPD patients but also in
healthy smokers. In addition, sputum induction that is a simple method can be used to demonstrate to show

oxidative stress.
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Introduction oxidative stress (5).

. . . . . Oxidants present in cigarette smoke can stimulate
Chronic obstructive pulmonary disease (COPD) is a major p g i )
. e . alveolar macrophages to produce reactive oxygen species
cause of chronic morbidity and mortality throughout

the world. The pathophysiology of airway obstruction in

COPD is multifactorial, and involves neutrophilic airway

and to release a number of mediators, some of which attract
neutrophils and other inflammatory cells into the lungs.

inflammation, protease-antiprotease imbalance, oxidative Neutrophils and macrophages are known to migrate in

stress, T cell predominant interstitial inflammation, and increased numbers into the lungs of cigarette smokers,

recurrent infection (1-4).

The major risk factor for COPD is cigarette smoking,
which is one of the most potent oxidants. Other factors that
may exacerbate COPD, such as air pollutants, infections,
and occupational dusts also have the potential to produce
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compared to nonsmokers and can generate reactive oxygen
species via the NADPH oxidase system (6).

Activated inflammatory cells are also an important source
of free radicals in the lungs (7). To scavenge these radical
species, airway surfaces are covered with a thin liquid film
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Table 1 Demographic characteristics and lung function data of all groups

Group 1 Group 2 Group 3 Group 4
n 10 11 9 10
Age (years) 54.20+4.78 55.55+4.18 51.22+4.09 50.60+4.35
Sex (M/F) 9N 10/1 9/- 91
Smoking (pack-year) 51.90+20.26° 52.72+17.93° 20.33+8.77 -
FEV, (% pred) 45.70+12.46>° 32.18+9.99%° 87.66+9.44 93.00+11.01
AFEV, (%) -0.09+0.09 0.03+0.06 0.05+0.23 0.01+0.12

AFEV, (%), post-pre sputum induction FEV; values; %, P<0.001 compared with group 3; °, P<0.001 compared with group 4.

(epithelial lining fluid) containing a number of antioxidants.
One of these antioxidants is glutathione, a tripeptide
containing an SH group (8,9). Determining airway
glutathione content is of use when investigating oxidative
stress in the lung (10).

Nitric oxide (NO) has been used as a marker of airway
inflammation and indirectly as a measure of oxidative stress.
After production, NO can be exhaled, metabolized to
nitrite and nitrate (NO,, NO;), or interact with superoxide
to form peroxynitrite. The reaction of NO with O,.” limits
the usefulness of this marker in COPD, except perhaps to
differentiate from asthma (5,11).

Airway inflammation in COPD can be demonstrated by
examination of induced sputum. Sputum induction is a safe
and successful method in subjects with COPD patients (12).
It is particularly useful as a noninvasive technique when
expiratory airflow limitation precludes airway sampling via
bronchoscopy (10).

The aim of this study was to assess oxidative stress in
stable COPD patients and healthy smokers on induced
sputum glutathione, NO,, and serum NO, contents.

Materials and methods
Subjects
A total of 40 subjects were studied (7able I).

COPD patients

Twenty-one COPD patients who satisfied the GOLD
criteria (13) were randomly selected from the outpatient
clinic of our hospital. They had a history of smoking
(>20 pack years) and irreversible airflow limitation
[reversibility <10% predicted forced expiratory volume in
one second (FEV)) after 200 pg inhaled salbutamol]. They
received no medication during the spirometric study and
sputum induction. Ten patients (group 1) were clinically
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stable and none had a history of respiratory infection for
at least 4 weeks before the study. Eleven patients (group 2)
were studied within 3 hours of admission to the hospital
with acute exacerbation of their condition. Exacerbation
of COPD was defined by GOLD (13) (increased
breathlessness, cough, and sputum production). None of
the patients was taking antioxidant medication, which could
affect bronchial glutathione levels.

Healthy smokers and non-smokers subjects
A total of 19, age-matched, healthy volunteers [nine
smokers (group 3) and ten lifelong non-smokers (group 4)]
were randomly selected from the hospital staff. None of
the subjects had a history of respiratory or allergic disease,
all of their baseline spirometric parameters were normal
as predicted for age, sex, and height, none had a history of
upper respiratory tract infection in the previous 6 weeks,
and none was taking regular medication.

This study was approved by the local ethics committee,
and all subjects gave written informed consent.

Pulmonary function tests

Pulmonary function parameters (FEV,, FVC) were
measured with SuperSpiro spirometer (Micromedical
Limited, UK).

Sputum induction
Sputum induction was performed according to a method
previously described (10). Before and after sputum
induction, spirometric analysis was performed. In addition,
the safety of this procedure was monitored by measuring
peak expiratory flow rates (PEFR). If PEFR decreased by
25% the procedure would have been stopped.

Sputum induction was performed by having the
subject inhale hypertonic saline (3% NaCl) for maximum
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20 minutes from an ultrasonic nebuliser (Porta-Neb
compressor, Medic-Aid Sidestream nebuliser chamber,
mass median diameter 3.18 pm (Medic-Aid Limited, UK)).
Before each sputum expectoration, all subjects rinsed their
mouths with distilled water. The first portion of sputum
was discarded, and the inhalation procedure was continued
for maximum 20 minutes longer. At least five sputum
samples were obtained from each subject. Process was
terminated before 20 minutes 1f collected enough samples.
Expectorated sputum was collected in sterile plastic tubes
and placed on ice to slow down metabolic processes, which
might result in loss of glutathione.

Sample processing

Sputum samples were processed within 30 minutes of
collection. Volumes were measured, and visible salivary
contamination was removed from sputum. Samples
were diluted with three volumes of chilled phosphate
buffered saline (PBS: all reagents were purchased from
Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
and dispersed by gently agitating the tube and aspirating
the sample with a wide bore pipette. Supernatants were
obtained by centrifugation (300 g, 15 minutes, 4 °C) and
transferred to another vial by filtering through multiple
layers of cotton gauze. Additional centrifugation (800 g,
5 minutes, 4 °C) ensured the removal of the remaining cell
debris and mucus. Aliquots of the supernatants were placed
on ice and assayed immediately for glutathione.

The pellet was diluted with three volumes (per gram of
pellet) of freshly prepared 6.5 mM dithiothretiol (DTT)
in PBS, vortexed, and incubated at 37 °C for 15 minutes
with occasional mixing. The cell suspension was dispersed,
filtered through two layers of cotton gauze, and pelleted
by centrifugation (300 g, 10 minutes, 25 °C). An aliquot
of the cells was cytospin at 1,500 g for 3 minutes at 25 °C
(Cytopsin 3, Shandon, Frankfurt/Main, Germany).
Cytospins were stained with May-Gruenwald-Giemsa dye
and blindly analyzed by a pathologist blind to the clinical
characteristics. At the first reading, the percentage of
squamous cells was determined, and at the second reading
differential cell counts of non-squamous cells (ciliated
cells, macrophages, neutrophils, lymphocytes, eosinophils)
were evaluated. The squamous cells, bronchial epithelial
cells, macrophages, neutrophils, eosinophils, lymphocytes,
ciliated cells were counted in ten area on slide by objective
(Olympus Bx50), and then the mean counts of each area
were taken. The cases without bronchial epithelial cell
and/or alveolar macrophages were excluded in evaluation.
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Only sputum samples with non-squamous cell viability of
more than 60% and 60% or fewer squamous cells (<50%)
were analyzed. Any samples of sputum contaminated with
blood were excluded from analyses.

Glutathione measurement

The total glutathione level of induced sputum samples was
measured using an enzymatic recycling assay (14,15). The
standard and sample solutions were added to an equal volume
of DTNB and 50 pL of this mixture (final concentrations
of DTNB 0.25 mM) were pipetted into a 1 mL cuvette,
followed by glutathione reductase and NADPH (final
concentrations 1 U/mL and 0.22 puM respectively). The
reaction mixture was equilibrated, and the kinetic reaction
was followed for two minutes at 412 nm (Techcomp Ltd.,
UV-VIS 8500 spectrophotometer, Hong Kong).

NO, measurement

Nitrite was measured in sputum and plasma samples, as
previously described, using the Griess reaction (16).

Statistical analysis

Data were analyzed using the statistical package for the
social sciences (SPSS) software statistical program. Results
were given as group means  standard deviations (SD).
Statistical analysis was performed using nonparametric
Kruskal-Wallis 1-way ANOVA test for multiple-group
comparisons; Mann-Whitney U test was performed to test
any observed differences for significance. The significance
of correlations was evaluated by determining Spearman rank
correlation coefficients. A Pvalue of <0.05 was considered
statistically significant.

Results
Sputum induction

All subjects tolerated the sputum induction well. Only a
very small decrease in FEV, was observed in stable COPD
patients upon induction (P>0.05, 7ible 1), and there were no
further complications.

Cell counts in sputum

The differential cell percentages in all groups appear in
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Table 2 The differential of cell percentages in all groups
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Group 1 Group 2 Group 3 Group 4
Macrophages (%) 29.21+4.40°° 22.91+8.41° 46.59+9.54° 56.91+10.71
Neutrophils (%) 60.17+5.62%° 70.76+10.16° 42.44+7.48 35.53+10.70
Lymphocytes (%) 5.11+£2.33 4.01+3.14 5.49+4.77 3.62+3.38
Eosinophils (%) 2.94+2 .51 1.47+1.29 3.73+2.88 2.68+3.08
Ciliated cells (%) 2.55+2.02 0.83+0.78 1.72+1.39 1.23+1.69

*, all values presented mean + SD; ? P<0.05 compared with group 2; ® P<0.001 compared with group 3, and 4; °, P<0.05

compared with group 4.

Table 3 Sputum GSH, NO,, and serum NO, levels in all groups

Group 1 Group 2 Group 3 Group 4
Sputum GSH (umol) 2.17+0.59° 2.96+0.91%¢ 1.86+0.52° 0.37+0.11
Sputum NO, (umol) 463.82+74.58° 534.90+90.87° 345.40+26.64 343.43+36.62
Serum NO, (umol/L) 317.21+40.34° 361.13+45.57° 334.49+28.50° 279.58+43.75

*, all values presented mean + SD; ® P<0.001 compared with group 4; ® P<0.001 compared with group 3, and 4; °, P<0.05
compared with group 2; ¢, P<0.01 compared with group 3; ¢, P<0.01 compared with group 4.
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Figure 1 Sputum GSH levels in all groups.

Table 2. The percentage of neutrophils was significantly
higher in COPD patients than healthy smokers and non-
smokers (P<0.001). The highest percentage of neutrophils
was in the acute exacerbations. There were no significant
differences in the percentage of lymphocytes, eosinophils,

and ciliated cells in the four groups.

Glutathione and NO, contents

Sputum glutathione, NO,, and serum NO, levels are shown
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in Table 3 and Figures 1-3. The highest sputum glutathione,
NOQO,, and serum NO, levels were in the acute exacerbations
of COPD patients. Sputum glutathione levels were
significantly lower in non-smoker subjects than in stable
and acute exacerbations of COPD patients and the healthy
smoker group (P<0.001).

The NO, contents of sputum samples in both COPD
groups (stable and acute exacerbations) were statistically
significantly higher than in the smoker and non-smoker
groups (P<0.001).

Although the sputum glutathione and NO, levels
in acute exacerbations of COPD patients were higher
than stable COPD patients, statistical analyses were not
significant.

Serum NO, levels in the acute exacerbations group
were significantly higher than the stable COPD and non-
smoker groups (P<0.05 and P<0.001 respectively). When
compared to the stable COPD and healthy smoker groups,
no significant differences were determined.

Given only the patients with COPD, it has been found
that there is no correlation between the levels of sputum
glutathione, NO,, and serum NO, and sputum neutrophil
percentages (r=0.020, r=0.341, and r=0.346, respectively;
P>0.05 for all parameters). Similarly, it has been found that
there is no relationship between these parameters to FEV,
values (r=-0.218, r=-0.376, and r=—0.243, respectively; P>
0.05 for all parameters).
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Figure 2 Sputum NO, levels in all groups.
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Figure 3 Serum NO, levels in all groups.

Discussion

This study was conducted with COPD patients during a
stable and acute exacerbation period. Smoker and non-
smoker healthy volunteers revealed that oxidative stress was
increased in COPD patients. We observed that oxidative
stress was also increased in the healthy smoker subjects,
although not as significant as in the COPD patients.

COPD is an inflammatory disease, which is characterized
by progressive airflow restriction and chronic inflammation
affecting the alveoli. Neutrophils are the most significant
cells responsible for inflammation. Oxidative stress is
the key factor in pathogenesis of the disease. Activated
inflammatory cells in the airways, air pollution and smoking
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are oxidant sources. Previous studies indicated that
neutrophil ratio increased in induced sputum in COPD
patients and was directly proportional with oxidative
stress. Therefore, in the future, neutrophils may be a
potential therapeutic target in COPD patients (17,18).
Supporting this finding, Serviddio et 4/. (19) found that
eosinophils were greater and oxidative stress was lower
in COPD patients with reversibility. In our study, we
also found that neutrophil ratio increased both in stable
COPD patients and in COPD patients during the
exacerbation period.

NO is one of the most important oxidative substances
in airways. NO levels were detected to be high in the
exhalation air of asthma patients. However, a difference
could not be found between healthy subjects and
particularly stable COPD patients (17,20). Whereas,
NO products were showed an increase in induced
sputum of COPD patients. Another study revealed that
peroxynitrit inhibitor activity decreased in sputum (21).
In another study, NO products increased as exhaled
NO level decreased, while disease severity increased
in stable patients (22). Therefore, measurement of
NO products in sputum seems to be a better method
than NO measurement in exhalation air to indicate
oxidative stress in COPD patients. In our study, we
saw that both sputum and serum NO, levels were high
in COPD patients. Interestingly, we detected that
serum NO, levels were as high in COPD patients as
they were in healthy smoking subjects. This result
suggests that smoking leads to systemic oxidative stress,
although clinically evident airway restriction has not yet
developed. In the study of Rahman ez a/. (23), superoxide
anion production was found to increase in neutrophils
obtained from the peripheral blood of COPD patients
during the acute exacerbation period and decreased to
normal levels in the stable period. Similarly, in our study,
serum NO, levels were very high in the exacerbation
period and reduced significantly in the stable period.
The difference was statistically significant.

Ziora et al. (22) found that there was no association
between sputum NO, products and FEV, values. This
study was conducted only in patients in the stable period.
Another study showed a negative correlation between
exhaled NO levels and FEV, levels in stable COPD
patients (24). Brindicci et a/. (25) detected a negative
correlation between alveolar NO levels and FEV,
values and reported that alveolar NO levels could
reflect inflammation and remodeling in the periphery
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of the lungs. In our study, although sputum and serum
NO, levels statistically are higher than healthy individuals,
statistically no significant relationship between FEV, and
these parameters was not detected in COPD patients. This
result has shown that sputum and serum NO, levels alone
cannot be used to suggest the degree of airway obstruction.
However, it should be noted that our study population is
small and our patients had advanced diseases.

Glutathione is one of the most important substances
as an antioxidant against oxidative load in the lungs. In
fact, glutathione is the main molecule of the intracellular
antioxidant system. Extracellular glutathione level is very
low. However, it is different in the lungs. A very thin
respiratory tract lining fluid (RTLF) was detected in studies.
RTLF mainly includes an ample amount of protein and
lipid (like surfactant). This fluid is also rich in antioxidants,
mainly glutathione. Measurement of glutathione levels in
the airways is quite beneficial for investigating oxidative
stress in the lungs (26,27).

Antioxidant production increases as a defense mechanism
as oxidative stress increases. An increase in BAL glutathione
levels were detected in chronic smokers (28). An increase
was found in sputum glutathione levels in studies conducted
with COPD patients (29). In the study of Drost et /. (30),
BAL glutathione levels were shown to increase in stable
COPD patients and healthy smokers, and it was shown to
decrease during the severe and very severe exacerbation
periods. Sputum glutathione levels were high in COPD
patients in our study, too. However, different from other
studies, we detected the highest glutathione levels in
cases in the exacerbation period. This finding may be an
indication of the increased antioxidant response from
increased oxidative stress.

The fact that glutathione loses its stability in a very
short amount time is one of the challenges of glutathione
level measurement in induced sputum. In a study, sputum
glutathione levels were found to be effected from time
and were reduced statistically significantly at the 4th hour
following sample collection. Therefore, it is recommended
to examine sputum glutathione levels as quickly as possible
and to freeze the samples until examined (31). Therefore,
we initiated examination procedures within 30 minutes of
sample collection.

Sputum induction is a method frequently used to show
inflammation in the airways. It is preferred in many studies
concerning pulmonary diseases, as it is non-invasive. It
is reported to be a reliable method (10,12). Our study
also revealed that FEV, values did not show a statistically
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significant difference after sputum induction.

In summary, we detected that oxidative stress increased
both in the stable and exacerbation periods of COPD
patients, and oxidative stress developed in healthy smokers,
although clinically evident airway restriction hadn’t yet
developed. In addition, we may state that sputum induction
method is a successful, easy, and reliable method to examine
oxidative stress in this patient group.
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