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Abstract

Background: A striking feature of chronic obstructive pulmonary disease (COPD) is its inability to resolve after cigarette
smoke exposure has ended, which has contributed to the possibility that the disease could also be driven by other
endogenous causes, such as autoimmunity or chronic infection. The objective of this research was to examine oxidative
stress in non-smoker and ex-smoker COPD subjects and its relationship to pulmonary functions and sputum cytology.

Results: This case control-study enrolled 40 patients with COPD who are non-smokers or ex-smokers and 30 healthy
controls of non-smokers or ex-smokers; oxidative stress markers, superoxide dismutase (SOD), and malondialdehyde
(MDA) were compared in the two groups. All oxidative stress markers are elevated in the COPD group versus the control
group. MDA has a negative correlation with FEV1and dyspnea grade.

Conclusion: Blood concentrations of SOD and MDA are consistently higher in patients with non-smokers or ex-smoker
COPD when compared to non-smokers or ex-smoker healthy controls.
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Background
The restriction of airflow is typically progressive and
associated with an improved chronic inflammatory
response to harmful particles or gasses of the airways
and lungs [1].
Although the pathogenesis of COPD is still not fully

known, the central role of oxidative stress is well
founded in this respect [2].
In particular, cigarette smoke causes direct injury to

airway epithelial cells, leading to the inflammation of the
airway, affecting a number of cells such as neutrophils,
macrophages, and lymphocytes, releasing reactive oxy-
gen species (ROS), and, if not properly counterbalanced
by antioxidant factors, causing additional harm [3].
In addition, activated phagocytic cells such as neutro-

phils and macrophages generate significant quantities of
ROS when they are stimulated by inhaled particles or
other inflammation mediators [4].

COPD’s striking characteristic is its inability to resolve
after cigarette smoke exposure has ceased, leading to the
possibility that the disease could also be motivated by
other endogenous causes, such as autoimmunity or
chronic infection [5].
Even in ex-smokers, oxidative stress continues, sug-

gesting that oxidative stress often occurs endogenously.
In the lungs of COPD patients, alveolar macrophage

numbers are enormously increased and are more acti-
vated compared to control subjects, releasing increased
quantities of ROS in the form of superoxide anions and
hydrogen peroxide (H2O2) [6].
Extracellular superoxide dismutase (SOD) polymorphisms

are more common in patients with COPD, and their expres-
sion in sputum is increased in patients with COPD, while
narrow airways have decreased expression [7].
Malondialdehyde (MDA) also remains one of the most

widely used oxidative damage indices [8].
The purpose of this research was to examine oxidative

stress in non-smokers and ex-smokers of COPD subjects
and its relationship to pulmonary functions and sputum
cytology.
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Methods
This case-control study enrolled 40 patients with COPD
who are non-smokers or ex-smokers and 30 healthy
controls of non-smokers and ex-smokers picked from
the Minia Cardio-Thoracic University Hospital’s Chest
Department outpatient clinics during the period of
September 2018 to September 2019. The sample size
was according to the time and criteria, and computer-
ized simple randomization was done.
The study was single blinded; the author who

measured the level of serum markers was blinded to the
study. All other authors shared enrolment and assign-
ment of participants.
The research was accepted by the Ethics Committee of

the Faculty of Medicine, Minia University.

Inclusion criteria

1- Forty subjects of COPD who are non-smokers or
stopped smoking for more than 6 months. Based on
the Global Initiative for Chronic Obstructive Lung
Disease guidelines, COPD was diagnosed [9].

2- Thirty subjects of non-smoker healthy control.

Exclusion criteria
Patients of:

(1) Acute exacerbation, at the time of the study, of COPD
(2) Any obvious abnormal lung parenchymal lesions
(3) Lung cancer
(4) Congestive heart failure
(5) Current smokers
(6) Drugs, e.g., anti-inflammatory, steroids, analgesics,

insulin, antineoplastic, and antipsychotic drugs in
the previous 2 weeks before the study

Both participants were exposed to the following
conditions:

1- General and local study of history
2- The dyspnea grade was calculated using the

dyspnea scale updated by the Medical Research
Council (mMRC) [10]

3- Chest X-ray
4- Spirometry has been calculated by a spirometer

(ZAN 300, Germany) [11]
5- Sputum cellular analysis [12]

I- The specimen is visually inspected to ensure that it
is consistent with the microbiology laboratory
acceptance criteria, e.g. mucoid, not frothy.

II- Wet smear is made to assess the number of
epithelial cells and neutrophils in up to 20 low

power fields and calculate the average for
assessment of sputum quality.

III- The sputum sample is diluted with the PBS solution
in the ratio of 9 ml PBS: 1 ml “9 parts PBS to 1 part
sputum sample.”

IV-The mixture is vortexed for 3–5 min.
V- Incubated at 37 °C for 15 min.
VI-Vortexed for 5 min until complete liquefaction of

the sample.
VII-The WBCs in the sample is counted using the

hemocytometer using 10 μm of the sample and
multiply the number of cells in the dilution factor,
and cell viability is determined by the trypan blue
exclusion method.

VIII-Leishman-stained sputum smear is made to assess
the type of cells and its percentage.

6- Markers of oxidative stress, superoxide dismutase
(SOD), and malondialdehyde (MDA) by ELISA
Kit SinoGeneClon Biotech Co., Ltd Catalog No:
SG-10188.

Sample preparation
1. Serum/plasma:

(1) Observe the serum/plasma samples, centrifuge for
10 min at 3500r/m if it is muddy. Collect the
supernatant, and carry out the assay immediately.

(2) The supernatant is diluted into difference
concentration with normal saline, and then take the
pre-experiment.

Oxidative stress markers, superoxide dismutase (SOD),
and malondialdehyde (MDA) were compared in the two
groups

Analysis of statistics
Using the program called SPSS for Windows version 22,
data entry and review were all carried out as well as the
correlation, significance level at P < 0.05, independent
sample T test for parametric quantitative data between
the two groups, chi-square test (if less than 5% of cells
were expected to count < 20%) or Fisher exact test (if
less than 5% of cells were expected to count > 20%), and
Mann-Whitney test for non-parametric quantitative data
(expressed as median) between the two groups.

Results
This case-control study enrolled 40 patients with COPD
who are non-smokers or ex-smokers and 30 healthy
controls of non-smokers. Demographic and functional
data of all groups are shown in Tables 1 and 2. Tables 3
and 4 show the sputum cellular analysis and degree of
dyspnea of COPD subjects: 40% had dyspnea grade 4,
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45% grade 3, and 15% grade 2. There was a positive
correlation between FEV1and dyspnea grade (Table 7).
All oxidative stress markers are elevated in the COPD
group versus the control group (Table 5). Both SOD
and MDA had no significant correlation with sputum
cellularity; however, malondialdehyde had a signifi-
cantly negative correlation with FEV1and dyspnea
grade (Tables 6 and 7).

Discussion
COPD is one of the most important lung illnesses
caused by smoking cigarettes [13].
Some studies have shown that oxidative stress is

present in COPD both in the lung and systemic circula-
tions [14, 15].
The role of antioxidant defense mechanisms in COPD

and changes in these processes have been less disclosed,
and previous studies have measured a small number of
factors involved in oxidative stress and COPD [16–18].

Despite extensive studies all over the world, molecular
mechanisms that underlie COPD pathways are not yet
well known. So, we aimed to examine the role of oxida-
tive stress in non-smoker and ex-smoker COPD subjects
and its relationship to pulmonary functions and sputum
cytology.
SOD is the only class of enzymes with action against

superoxide radicals and is predominantly a cytosolic en-
zyme that exhibits substantially less activity in smokers
and COPD subjects than in non-smokers in the bron-
chial epithelium of the human lung [19].
Studies have indicated that increased smoking-induced

oxidative stress will result in the degradation and inacti-
vation of SOD triggered by increased hydrogen peroxide
output [20, 21].
Our research showed an increase in SOD in non-

smoker and ex-smoker COPD patients in favor of these
previous results; this result ensures that smoking is a sig-
nificant factor in initiating oxidative stress and depleting

Table 1 Demographic data of all groups

Case Control P value

N = 40 N = 30

Age Range
Mean ± SD

45–76
60.2 ± 9

46–76
60.9 ± 7.2

0.731

Sex Male
Female

30 (75%)
10 (25%)

16 (53.3%)
14 (46.7%)

0.181

Special habits Non-smokers
Ex-smokers
Current smokers

22 (55%)
18 (45%)
0 (0%)

18 (60%)
12 (40%)
0 (0%)

0.767

Independent samples T test for parametric quantitative data between the two groups
Chi-square test and Fisher exact test for qualitative data between the two groups
*Significance level at P value < 0.05

Table 2 Pulmonary functions and arterial blood gasses of studied groups

Case Control P value

N = 40 N = 30

FEV1 Range
Mean ± SD

23–67
45.8 ± 13.9

77–110
92.7 ± 10.1

< 0.001*

FVC Range
Mean ± SD

23–99
70.5 ± 21.1

80–95
88 ± 4.2

< 0.001*

FEV1\FVC ratio Range
Mean ± SD

21–67
43.8 ± 13.5

70–99
87.7 ± 8.7

< 0.001*

pH Range
Mean ± SD

7.3–7.5
7.4 ± 0.1

7.3–7.5
7.4 ± 0.04

0.451

pO2 Range
Mean ± SD

45–89
63.2 ± 11.6

76–90
85.7 ± 3.6

< 0.001*

pCO2 Range
Mean ± SD

33–76
52.2 ± 12.8

33–39
35.6 ± 2

< 0.001*

HCO3 Range
Mean ± SD

21–35
29.3 ± 4.1

23–28
25.4 ± 1.3

< 0.001*

SO2 Range
Mean ± SD

75–93
82.4 ± 5.6

94–98
96.3 ± 1.2

< 0.001*

Independent samples T test for parametric quantitative data between the two groups
Mann-Whitney test for non-parametric quantitative data between the two groups
* Significance level at P value < 0.05
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SOD in COPD patients; on the other hand, it reflected
the presence of another oxidative stress stimuli other
than smoking for which the SOD level is increased.
In our study, there was also increased level of MDA in

the non-smoker and ex-smoker COPD versus the
control group. Smoking cigarettes contributes to the
development of reactive oxygen species (ROS) capable of
triggering the self-perpetuating lipid peroxidation chain
reactions in the membranes [22].
Therefore, relative to non-smokers, there is an in-

creased level of the lipid peroxidation product MDA in
chronic smokers.
The elevated level of MDA in non-smokers and ex-

smokers in our work can provide a fact that smoking is
not the only cause of oxidative stress in the COPD
group. Several mechanisms link COPD and oxidative
stress in non-smokers; some more than normally
expressed proinflammatory genes have been shown to
be a contributing factor in chronic inflammation of
COPD and the most significant mechanism to promote
the relationship between the two genes [23].
In our study, there was a positive but non-significant

correlation between SOD and both FEV1 and dyspnea
grade.
In stable non-smokers or subjects with COPD,

Rahman et al. found no association between spirometric
data and antioxidant system status [24].
Reasons for the lack of a significant correlation may

relate to the variability in dietary antioxidant intake,
which may result in different condition-based oxidative
stresses. Moreover, a strongly positive association
between FEV1 and SOD behaviors in the smokers’ com-
munity was found in another study [25]. This modifica-
tion can also contribute to either the gene expression

effects of cigarette smoke, such as SOD induction, or ex-
ogenous dietary antioxidants [25].
MDA was found to have a negative correlation with

both FEV1 and dyspnea grade in the present study. Our
study and various studies mentioned clearly prove the
point that MDA is the marker which has consistently
shown correlation with lung functions, namely, FEV1
and hence disease severity [26, 27].
We also found a positive correlation between FEV1

and dyspnea grade in the non-smoker and ex-smoker
COPD group. Smoking cessation improves respiratory
symptoms and bronchial hyper responsiveness and pre-
vents accelerated decline in lung function, in all
smokers, with or without chronic obstructive pulmonary
disease. In chronic obstructive pulmonary disease as the
case in our study, the underlying fibrosis and loss of al-
veolar attachments is probably irreversible, explaining
why the forced expiratory volume in 1 s does not
normalize after smoking cessation in these patients [28].

Conclusions

1- Blood concentrations of SOD and MDA are
consistently higher in patients with non-smoker
or ex-smoker COPD when compared to non-
smokers or ex-smoker healthy controls,
suggesting that oxidative stress caused by factors
other than smoking is an important feature in
the pathogenesis of COPD.

Table 3 Sputum cytology in the cases

Case

N = 40

Total cells in sputum Median
IQR

5200
1345–9920

Neutrophils Median
IQR

61
41.8–92

Lymphocytes Median
IQR

38
8–61

Monocytes Median
IQR

0
0–0

Table 4 Degree of dyspnea in the cases

Case

N = 40

Degree of dyspnea Grade 2
Grade 3
Grade 4

6 (15%)
18 (45%)
16 (40%)

Table 5 Oxidative stress markers in studied groups

Case Control P value

N = 40 N = 30

Malondialdehyde Median
IQR

21.5
11–42.5

6.5
5.5–7.5

< 0.001*

Superoxide dismutase Median
IQR

120.5
90–234

55
40–66

< 0.001*

Mann-Whitney test for non-parametric quantitative data between the
two groups
*Significance level at P value < 0.05

Table 6 Correlation between oxidative stress biomarkers and
both pulmonary functions and sputum cells

Malondialdehyde Superoxide dismutase

r P value r P value

FEV1 − 0.416 0.008* 0.031 0.849

pO2 0.052 0.752 − 0.175 0.279

Total cells in sputum − 0.005 0.975 0.103 0.528

Neutrophils 0.218 0.177 0.174 0.282

Lymphocytes − 0.227 0.158 − 0.125 0.442

Monocytes − 0.200 0.217 0.035 0.830

Pearson’s correlation
*Significance level at P value < 0.05
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2- Malondialdehyde has a negative correlation with
FEV1and dyspnea grade in subjects with COPD;
however, there was no significant correlation
between markers of oxidative stress and sputum
cellularity.

Restrictions
First, our sample size did not allow any differences to be
observed. Second, the findings could be influenced by
variations in the consumption of dietary antioxidants.
Third, the subjects’ physical activity is not taken into
account.

Future workup

1- In order to discover the exact mechanism of
oxidative stress in subjects with COPD and the
effects of smoking, more research is needed.

2- A more detailed measurement can also benefit from
assessing these factors in lung tissue.
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