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ABSTRACT

The aim of this study was to quantify lung oxiatstress in patients with asthma and chronic olzsire
pulmonary disease by measuring levels of exhaledocamonoxide and nitric oxide. Levels of exhaladoon
monoxide, nitric oxide were evaluated in exhaladofiasthma and COPD patients. Moreover, correlataf CO
and NO concentrations with degree of airflow obstien (FEV1% predicted) were also measured. Thermmea
exhaled CO level was significantly much higher aghn@®PD (6.47 £0.44 ppm, p<0.01) and asthma pa€ftl3
+0.42 ppm, p<0.05) as compared to controls (4.6Q.41 ppm). There was no significant differencenébin the
levels of CO between asthma and COPD (p>0.05). %k @Mels were remarkably higher in COPD (p<0.01fan
asthma patients (p<0.05). It was also found that l#tvels of exhaled NO remarkably increased inraat41.56 +
3.22 ppb, p<0.001) and COPD patients (29.22 + 2pfd, p<0.01) as compared to control (17.42 + 1.qdbp
There was a significant negative correlation folbetween exhaled CO and NO with FEV1% predictedsthraa
and COPD. Moreover, we have also found a remarkpb#tive relation between exhaled CO and Ni@e present
study demonstrated that the levels of CO, NO and¥iCin exhaled air might have played a significasie in
lung oxidative stress and inflammation. Moreovéiese biomarkers in exhaled air may provide a simptm-
invasive and sensitive approach with which to nmniirway inflammation and to assess the responsdrtig
treatment.
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INTRODUCTION

Chronic inflammation is a critical feature of asthrand chronic obstructive pulmonary disease (COHD)s

inflammation associated with increased productibreactive oxygen species (ROS) and causes ox@&atiess in
the lungs. It has played a key role in the pathegmsnof asthma and COPD [1-3]. ROS include the rexde anion
(G2, hydroxyl radicals (OB and hydrogen peroxide §B,) [3-5] and cause oxidation of nucleic acids, pre
and membrane lipids [6]. To counter the oxidant-iaedl toxicity in the form of increased oxidativerfen

generated from airways leucocytes in the bloodilos@aces are scavenged by several antioxidantsuatimkidant
enzymes [7].

It was well documented that breath analysis haseatgpotential in the diagnosis and treatment spiratory
problems including asthma and COPD. Therefore, tweiesd exhaled carbon monoxide (CO), carboxyhaeaig!
(COHb) and exhaled nitric oxide (NO) as markersnfitmmation in COPD as well as in asthma [8, d]niCal

research has been demonstrated that there is@ teationship between CO and COHb obtained blyatgperiod
of breath holding by the person [10]. CO conceig@ratdemonstrates the levels of poisonous inhaledn®@e the
COHb shows the percentage of vital oxygen thatlieen replaced in the bloodstream. Some workers aksee
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reported that heme oxygenase is present in theqnang vascular endothelium [11] and alveolar malcages [12].
Upregulation of heme oxygenase-1 (HO-1) by oxidatsiress [11, 13] and inflammatory cytokines [18] ib
airways and lung inflammation has been reportesl cuse of the increased levels of exhaled COtiemia with
inflammatory lung diseases such as asthma, acutenponia, silicosis, bronchiectasis, upper respiyatoact
infections (URTIs) and allergic rhinitis [16-23].elkel of arterial blood COHb correlate to exhaled CO
concentrations [24] and have also been reportednaarker in inflammatory pulmonary disease inclgdinonchial
asthma, acute pneumonia and silicosis [21-23% #sisumed that the major site of airflow limitatinrasthma and
COPD is the peripheral airways. These findingsikateole of endogenous CO in airway inflammatoisedses.

Several earlier workers have found that exhaledh@® reflect inflammation in the asthma and COPLhdisd CO
levels were elevated in untreated asthmatic patiatn in non-smoking healthy controls and togettigr sputum
eosinophils counts it decreased considerably &dterweeks of treatment with inhaled corticosterdifl, 17]. It has
been also shown that exhaled CO levels increasesgdan asthma and COPD exacerbation [25, 26]. &fbes,
measurement of exhaled CO may be a simple methddtetting and assessing airway inflammation ihraatand
COPD.

Several evidence suggests that endogenous NO glesss role in the physiologic regulation of airwagswell as in
pathophysiology of airway diseases [27, 28]. Theshaled NO has been suggested as a marker of airway
inflammation as well as oxidative stress and care&sly measured in the airways. Although, exha&lkl was
magnificiently increased in asthma [29] and siguifitly correlates with the degree of sputum eosiit®30] but

in COPD, it increases in less and does not cogelith inflammatory indices [31, 32]. Some earbardies showed
increased NO level where as others exhibited deetetevel [33, 34]. Some previous workers did rod fany
difference in NO concentrations between COPD androts [35]. Both CO and NO may be influenced blyaled
steroid treatment [16, 29, 36]. It has been shavwai exhaled NO rapidly decreased after treatmetit wial or
inhaled steroids and it depended on dose [33].

In this study we quantify lung oxidative stressasthma and COPD patients (with and without smokiabjit) by
measuring CO and NO levels in exhaled air. Moreoiverstablished the relationship between exhal®da@d NO
concentrations with degree of airflow obstructi&iY1 % predicted).

MATERIALS AND METHODS

Study subjects

This study was comprised of two phases. All thejesttb were recruited through the Department of T#l a
Respiratory Diseases, Jawaharlal Nehru Medicale@ellHospital, Aligarh Muslim University, Aligarhapents
attending Out Patient Department (OPD) and In Rafepartments (IPD). For this investgation, weehanrolled
55 asthmatic and 55 COPD patients, respectivefyy Realthy control subjects were selected with@spiratory
abnormalities and normal lung function. All theipats had a progressive symptom like cough, pragricputum
and breathlessness. As active and passive smalfingrices levels of exhaled CO as well as NO ang intarfere
with its endogenous production, we therefore réedubnly non-smoking individuals for this study. @wl and
asthmatic patients were non-smokers and they haé peevious smoking history where as COPD patibats
previous smoking history and stopped smoking befomeonths.

The clinical severity of asthma and COPD was deatezthusing the criteria (appropriate clinical aedpiratory
function test) defined in the global initiative fasthma guidelines (GINA) and global obstructivaguiseases
(GOLD) guidelines [25, 26]. The diagnosis of asthamal COPD was established on the basis of revkigibf
airways obstruction with greater than 12% and thas 12% improvement in FEV1 after inhalation 002@ of
salbutamol from a nebulizer. Spirometry was usedanfirming the presence of airway obstruction. dlarf the
patients were taking any antioxidant supplementsdid not show any symptoms of upper and lowerirakpy
tract infection. Patients with systemic, vascutanal and hepatic diseases were in exclusion icnteNo drug was
allowed on the day of testing. All groups were sabgd to record their demographic profile, clinicaldiological
findings, pulmonary function measurement and snkistory.

The informed consent was obtained in written frointtae recruited subjects and Ethics Committee afdiMal
College approved this study.

Pulmonary function test

Pulmonary function test was performed by Easy onspi@meter (ndd Medizintechnik AG, Zurich, Switzerd)
and the best value from 3 manoeuvres was recordezhaabsolute value (in liters) and as a percentaghe
predicted value.
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Anthropometric measurement

All anthropometric measurements were taken accgrttira standardized method. Body weight was medswith
participants by using a balance beam scale. Heiglst measured at the same time. Body mass index)(Bisi
calculated as body weight divided by height squikegh?).

Exhaled CO and %COHb measurement

Exhaled CO and %COHb was measured on a portabl@ m@iokerlyzer (Breath CO monitor, Bedfont Scientific
Ltd., Kent, England). In this procedure, particifsawere said to inhale deeply and hold their bréati for 15 sec
before exhaling into a disposable mouthpiece [JHe subjects exhaled slowly from total lung capawiith a
constant flow. This procedure was repeated threegiwith 1 min of normal breathing between eacletittpn and
the mean value was used for analysis. Exhaled @€l lmeasured by the analyzer and was reported nelate
closely with blood COHb concentration [38].

Exhaled NO measurement

NO level in exhaled air was measured by a port&ile breath (Eyo Monitor, Bedfont Scientific Ltd., Kent,
England) with a lower detection limit of 5 part g@llion (ppb) and a resolution of 5 ppb. In thigrticipants are
said to inhale deeply and hold their breath befatkealing rapidly. This procedure was repeated ttiraes and
there was a rest of minimum 30 sec between eadditiop [39]. The mean value of three measuremantach
individual was used for analysis.

Statistical analysis of data

Data have been expressed in Mean + SEM. StatistiGl/ses were performed with statistical packagé¢hfe social
sciences for windows (Version 16.0; SPSS Inc) anapt Pad Prism 5.01. The study parameters were am@uhp
among patients with different groups by using orarwnalysis of variance (ANOVA). The relationshigtwseen
different study parameters and the degree of agwalystruction was evaluated by computing the Pa&so
correlation coefficienp<0.05 was considered significant.

RESULTS

Table 1 depicts spirometric and demographic charistics of the study groups. The mean age of astand
COPD patients was 32.96 £ 1.91 and 41.73 = 2.08whare as the mean age of the control was 36 20% years
(p<0.05). No significant difference was found amolng $tudy groups for gendgr>0.05). Patients with asthma and
COPD had considerably lower FEV1 (% predicted) amlder spirometry indices as well as anthropometric
measurements than healthy controls.

Table: 1. Spirometric and demographic characteristis of study subjects without smoking history

Characteristics Control Asthmatic patients COPD patients  p value
N=30 N=2735 N=353
Age 3644209 3296=x191 41.73 £ 2.09 0.008
Sex (Male Female) 36/14 3124 40/15 0124
BMI (kg'm®) 2376060  2033=0230 2043 =047 =0.001
FEV1 (% predicted) 8338125 3662=x232 4836 =254 =0.001
FVC (% predicted) 85.10=1123 67.80=2.15 62.91=2.07 =0.001
FEVITEFVC (% predicted) 9398094  8002=x2.13 7231220 =0.001
FEF 23-T5% 7226355 3658286 2582301 =0.001
FIVC% 8766=133 64.00=2.76 6244232 =0.001
Abbreviations: BMI, bodv mass index; FEVI, forced expiratory volume in I second; FVC, forced

vital capacity; FEF, forced expiratory flow; FIVC, forced inspivatory vital capacity. Values are
exprassed as mean = SEM and one-way ANOVA analysis for compare the variables.

Table 2 shows that the mean exhaled CO level. # f@and to be remarkably higher in asthmatic p&ti€6.13 +
0.42 ppm,p<0.05) than in controls (4.62 + 0.41 ppm). The meahaled CO level was significantly much higher
among COPD patients (6.47 + 0.44 ppw0.01) while there was no significant differencavieen asthma and
COPD >0.05). The %COHb levels were significantly highelCOPD and asthma patients as compared to control
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group. The values being 1.67 + 0.07, 1.61 + 0.G81aB7 + 0.07, respectively (COPD vs contpsd0.01; asthma vs

control,p<0.05).
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Fig 1. (A) Relationship between the level of ExhaleBO and FEV1% predicted in asthma and (B) COPD patiats.
Pearson correlation coefficient is denoted by ‘r' ad line correspond to the fitted linear regressiorequation.
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Fig 2. NO concentration in the exhaled air of healty control, COPD and asthmatic patients” p<0.01;
™ p<0.001. Mean values are shown by horizontal bars.

Table: 2. Exhaled CO and %COHb in study subjects

Studyv groups Exhaled CO level (ppm) 2COHbD level

462=041(3.80-344) 1
6.13 =042 (5.28-6.98) 1
6.47 = 044 (5.538-7.36) 1

Healthv control
Asthmatic patients?
COPD patients™©

Fig 1 (A and B) demonstrates the correlation betwexhaled CO and FEV1 (% predicted) in asthma a0&Q
patients and it showed negative correlation (r800.05 and r=-0.25p>0.05). It was also observed that the
negative correlation found between exhaled CO d&id186 predicted in healthy controls (r=-0.4%0.01).
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The exhaled NO level was remarkably much highestiimatic patients (41.56 + 3.22 ppb; 95% CI, 350148.01;
p<0.001) than in patients with COPD (29.22 + 2.4%;pp5% ClI, 24.34 to 34.1(1<0.01) and healthy controls
(17.42 + 1.01 ppb; 95% ClI, 15.40 to 19.44) [Fig R]negative correlation was found between exhal€x |&lvels
and FEV1 (% predicted) in asthma (r=-0.$80.001; Fig 3 A) as well as in COPD (r=-0.40.01; Fig 3 B). It
was also observed that the negative correlatiowdst exhaled NO and FEV1 (% predicted) in healthytrols
(r=-0.41,p<0.01). Table 3 demonstrates correlation betwedraled NO levels and other demographic profiles of
the study subjects.

Table: 3. Pearson’s correlation coefficient betweeaxhaled NO concentration and other demographic prides
in study population Correlation Coefficient (r)

Correlation Coefficient (1)

Studv parameter Control Asthma COPD
Age 035" 0.09° 0527
Sex 036" 028" 0257

BMI -0.187 0317 -0.037
Exhaled CO 046™ 0317 045%™
% COHb 047" 031" 0.45™

x

=

<
Pearson correlation coefficient is denoted by r’; “p=0.035, Non-significant; “p=0.03; " p=0.01.

DISCUSSION

It has already been described by earlier workeed tixidative stress and ROS have been implicatethén
pathogenesis of asthma [1] and COPD [2]. Inductiba stress response protein, HO-1 is one of theham@sms
protecting against an oxidative stress [6, 40]. daged HO-1 protein expression may be due to thectiwh of
enzyme by inflammatory cytokines and oxidants saglnterleukins, tumour necrosis factof(T NF-o), interferon-
v, and BHO, which are capable of inducing HO-1 expressioneihlme and tissues [41, 42]. Induced HO-1 catay/z
the degradation of heme into bilirubin that canvece HOin vitro as efficiently asu-tocopherol and the by-
products of HO-1 activity are free iron and CO [4Lherefore, measurement of exhaled CO is a simelénod for
detecting and monitoring cytokine mediated inflartiora and oxidative stress in the respiratory trafatcurate
assessment of airway inflammation and oxidativesstiand its location within the lung is importamt the clinical
management of lung disease. Taking into considerdatie complexity of inflammation and oxidativeests, it is
unlikely that a single molecule measured in exhddeshth or in other biological fluids, may providecomplete
profile.

In view of this, we have studied levels of CO, %dD&hd NO in exhaled air of asthma and COPD patiéhits
observed that asthma and COPD patients have reblarkigher CO and NO values in exhaled air thartrobrin

this study we have also demonstrated %COHb levelabserved significant higher value compared totrots
(Table 2). There was no significant difference fdun the levels of exhaled CO and %COHb of COPDepét
compared to asthmatic patients. It has also repdhat treated stable asthmatics and healthy dosuitgjects had
similar exhaled CO levels [16, 17]. Yamara and arkers [25] have been previously reported that exh&O
increased during an asthmatic exacerbation. Thesédts were heightened by recent research andlistyaported
our observations [16, 17, 25, 26].

Some workers previously reported that exhaled N@llmcreased in many inflammatory airway diseasekiding
COPD and asthma [43]. Higher values of exhaled N&3 ¥ound in asthmatic patients than COPD and clentro
because inflammatory agents triggered respirat@st infection and allergens exhaled NO levels [44], The
levels of NO in exhaled air were higher in atops&thanatics than non-atopic asthmatics [46]. We Hauead a
significant increased exhaled NO levels in asthmmpmared to COPD and controls. Despite to asthmahave
found minimally increased exhaled NO in COPD whigight enhance disease progression and exacerbfti®ns
Moreover, airway inflammation is concomitant withet decrease in lung function as shown by the ievers
correlation between exhaled CO and NO levels wEVE (% predicted) in both asthma and COPD [Fig 1B(jA
and Fig 3 (A-B)]. There was a significant corraedatibetween exhaled CO and NO with FEV1 (% predjcted
patients with COPD and asthma [9, 47]. It was matithat there was no remarkable correlation betv@@revels
and lung function; however CO reflects primarilyidant damage and one of a key factor for the infletory
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process [48]. The inverse correlation between eh@O and airway obstruction indicated that pagidrad more
severe disease.

r=-0.41 r=-0.41
~s- Control ;g 027 B ~*- Control p=0.0027
A r=-0.55 1007
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Fig 3. (A) Correlation between the level of ExhaletNO and FEV1 (% predicted) in asthma and (B) COPD
patients.r denotes Pearson correlation coefficient and lineocrespond to the fitted linear regression equation.

CONCLUSION

In this study, we have shown that exhaled CO, N® %COHb may be used to quantify lung oxidativesstrand
inflammation in asthma and COPD. Measurements eddibiomarkers in the exhaled air may provide gleim
non-invasive, sensitive approach with which to nmmairway inflammation and to assess the respomsgrug

treatment. Further studies, we realized the neaxhédyze pathophysiological mechanisms involvetung injury

related to CO poisoning.
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