
© 2016 Leelarungrayub et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Therapeutics and Clinical Risk Management 2016:12 1377–1386

Therapeutics and Clinical Risk Management Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1377

O R i g i n a l  R e s e a R C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/TCRM.S112972

Changes in oxidative stress from tracheal 
aspirates sampled during chest physical therapy 
in hospitalized intubated infant patients with 
pneumonia and secretion retention

Jirakrit leelarungrayub1

Thirasak Borisuthibandit2

araya Yankai1

Kritsana Boontha1

1Department of Physical Therapy, 
Faculty of associated Medical 
sciences, 2Department of Pediatric, 
Faculty of Medicine, Chiang Mai 
University, Chiang Mai, Thailand

Objective: This study aimed to show the changes in oxidative stress and clinical condition 

from either chest physical therapy (CPT) or CPT with aerosol treatment in infant patients with 

pneumonia.

Methods: From 52 intubated patients, three groups were composed: groups A, B, and C 

comprising 21 patients aged 5.3±0.6 months (CPT program), 20 patients aged 5.6±0.7 months 

(aerosol treatment before CPT program), and eleven patients aged 5.0±0.35 months (control), 

respectively. CPT was composed of manual percussion and vibration before suction in a specific 

position for draining secretion and re-expanding collapsed lungs. Groups A and B received three 

sessions of treatment three times daily for 6 days, when tracheal aspirates were collected for 

evaluating oxidative stress markers for the thiol group: vitamin E, thiobarbituric acid reactive 

substances-malondialdehyde, and hyarulonan. Furthermore, lung injury score and oxygenation 

index (PvO
2
/FiO

2
 ratio) were recorded daily.

Results: All parameters in group C did not change statistically during study. The thiol group 

increased significantly in group A after day 4, and increased significantly on days 3 and 6 when 

compared to day 1 in group B. Vitamin E levels increased significantly on days 3, 5, and 6 in 

group A, and days 3, 4, and 6 in group B, when compared to day 1. Whereas, the thiobarbituric 

acid reactive substances-malondialdehyde adduct showed a significant reduction after day 4 in 

groups A and B, when compared to day 1. Hyarulonan levels showed a significant reduction 

after day 3 in group A and on day 2 in group B. In addition, lung injury score decreased slightly 

and nonsignificantly in groups A and B, whereas the oxygenation index increased significantly 

after day 4 in group A and on day 6 in group B.

Conclusion: These preliminary results suggest that CPT with or without aerosol treatment 

possibly reduces oxidative stress and enhances oxygenation status in infant patients.

Keywords: chest physical therapy, oxidative stress, lung injury, oxygenation index, 

pneumonia

Introduction
Pneumonia is a common cause of many viral and bacterial diseases within the lung in 

hospitalized children and infant patients. Infection in the lower airways has indicated 

stimulation of macrophage propagation from blood circulating through the alveolar 

space, therefore producing free and nonfree radicals, such as superoxide, hydrogen per-

oxide, nitric oxide, or hydroxyl radicals, under a dominate signal transduction process 

of nuclear factor-kappa B.1–3 Basic knowledge of overly free radical propagation on 
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biological tissue shows strong evidence of damage to lipid, 

protein, and DNA, and also other extracellular matrixes, 

such as epithelial surface lipid, protein, and hyaluronic 

acid (HA) or hyaluronan.4–6 Antioxidants and antioxidant 

enzymes, such as glutathione peroxidase, superoxide dis-

mutase, catalase, or nonenzyme substances, for example, 

alpha-tocopherol (vitamin E) or glutathione (GSH), are in the 

biological system that scavenges or inhibits free radicals.7 

Overactive myeloperoxidases are released from neutro-

phils during destruction of all bacteria in tracheal aspirates 

(TA) or blood, and also damage biological tissue, such as 

lipid in the lipid peroxidation process.8 Therefore, the end 

product is malondialdehyde (MDA) or 4-hydroxynonenal 

that can be detected4 in the same way as for the fragmented 

HA molecule, which also is released within the serum or 

bronchoalvelar lavage.7

Enzyme and nonenzyme antioxidant substances show 

coreactive function in intracellular or extracellular areas from 

protection against free radical activity. GSH is a tripeptide 

molecule within the thiol (-SH) group, and very important 

in mainly scavenging all free radicals directly in various 

targets, such as blood, nasal lining fluid, and epithelial lining 

fluid.9 In addition, alpha-tocopherol (vitamin E) also acts as 

a primary chain-breaking antioxidant in a hydrophobic envi-

ronment by scavenging peroxyl radicals or MDA product.4 

Moreover, GSH involves the regeneration of vitamin E and 

again lipid peroxidation within the infected area.10 Therefore, 

higher oxidative stress within the lung affects the alveolar 

structure and possibly induces impairment on gas exchange 

and diffusion capacity. Basically, clinical investigation of the 

lung function can be evaluated from chest roentgenogram 

results or laboratory outcomes; for example, the positive 

end-expired pressure, respiratory compliance, and oxygen-

ation index (PaO
2
/FiO

2
) that is used clinically to predict the 

severity of lung injury.11 The severity of lung injury in clinical 

investigation has been classified into three categories: none 

(,0.1), mild to moderate (0.1–2.5), and severe levels (.2.5), 

as seen in the classified criteria of Murry et al.12

Most clinical problems that occur in children after pneu-

monia are recurrent infections, especially from secretion 

retention and lung atelectasis, due to the inability to remove 

secretion by coughing effectively.13 In this case, antibiotic 

drugs are administered. Therefore, many pediatric physi-

cians consult their patients or parents of patients for special 

chest physical therapy (CPT). Of basic CPT techniques, 

the airway clearance method using manual therapy for 

draining secretion is composed of manual percussion and 

vibration in a specific position by following the American 

Physical Therapy Association guideline,14 which has been 

approved as the standard protocol worldwide.15 However, 

there is no scientific evidence to confirm the benefits of CPT, 

especially for oxidative stress under any marker within the 

lungs. Therefore, the aims of this study were to present the 

changes of oxidative stress during a short 6-day period of 

CPT under the biochemical markers of the thiol group, thio-

barbituric acid reactive substances-MDA (TBARs-MDA), 

HA, and vitamin E in TA, which relate to lung function in 

a clinical setting.

Materials and methods
experiments and subjects
This study was approved by the Research Ethics Com-

mittee at the Faculty of Medicine, Chiang Mai University 

(Registration Ethical Number 57/2000). Participants were 

selected from routine clinical consultation with a pediatric 

physician at the Intensive Care Unit, Pediatric Depart-

ment, Maharhaj Nakorn Chiang Mai Hospital, Chiang Mai, 

Thailand. The inclusion criteria comprised all cases being 

diagnosed as post-pneumonia, receiving a mechanical 

ventilator via endotracheal tube, and having completed 

antibiotic drug administration, no fever, no complication 

of the liver, and no renal dysfunction. Furthermore, lung 

infiltration with secretion or atelectasis from secretion 

plug occlusion had to be identified in the patients by chest 

X-ray before their inclusion in the program. In the case of 

severe anemia, patients with a low-level platelet count or 

unstable clinical status were excluded from the study. All 

of the participants were consulted before CPT to remove 

secretion and re-expand collapsed lungs under supervision 

of a physician. All parents of the subjects signed a consent 

form and permitted collection of TA for this study during 

CPT treatment. In this protocol, two groups of subjects 

were formed, depending on those who wanted CPT only 

and those requiring 10-minute aerosol treatment for diluting 

secretion, with 0.9% normal saline solution in a metered 

dose inhaler (MDI) via endotracheal tube, before ~30 min-

utes of CPT. Three sessions of CPT per day were carried 

out continuously for 6 days in both these groups. Oxida-

tive stress markers, such as the thiol group, TBARs-MDA, 

vitamin E, and HA, were collected in TA by evacuated 

suction apparatus during the three daily sessions of CPT. 

Furthermore, the lung injury score (LIS) and oxygenation 

index (PvO
2
/FiO

2
) were recorded during the 6 days of CPT. 

TA control samples were selected from infant patients who 

were diagnosed with pneumonia and similar conditions, but 

did not require treatment with CPT.
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Conventional CPT program and sample 
collection
Conventional CPT was composed of postural drainage, manual 

percussion, and vibration, before suction. Postural drainage was 

performed under the standard American Association for Respi-

ratory Care guideline.16 All treatment was performed by a phys-

ical therapist who was specialized in the cardiopulmonary field 

and had more than 15 years’ experience in hospital treatment. 

Modified postural drainage in a position of head bent down 

by 30° and leaning forward on a pillow was designed for both 

sides, before 5 minutes of manual percussion at three to four 

times per second according to previous evidence (0.1–8.0 Hz),17 

and vibration on the chest walls was performed by a therapist’s 

hand during CPT. After ~30 minutes of CPT, the secretion was 

removed from the bronchial or tracheal airway, with negative 

pressure suctor at -100 cm H
2
O, and collected in a sterile 

specimen trap, mucus extractor # 6 (10 mL) (Pacific Hospital 

Supply Co. Ltd., Taipei, Taiwan). After each session of CPT, 

all of the TA samples were pooled and kept in the laboratory 

at -20°C for daily analysis of oxidative stress.

evaluation of oxidative stress markers
Thiol group assay
GSH is a tripeptide molecule, with most of the thiol group 

being from it. GSH is localized in erythrocyte (80%–85%), 

with only 15% of it being from the membrane protein. There-

fore, total sulfhydryl or the thiol group on membrane can be 

detected in aspirated secretion or TA. Simple thiol group 

can be determined by coreaction with dithionitrobenzoic 

acid from the Beutler protocol18 and modified following the 

protocol of Leelarungrayub.19 TA of 400 µL was mixed with 

1.6 mL of distilled water before precipitating the protein 

with a precipitating solution (0.02 M glacial metaphosphoric 

acid, 0.68 mM ethylenediaminetetraacetic acid-sodium, 

and 0.51 M NaCl). After precipitation, the total mixture 

was centrifuged at 10,000 rpm for 3 minutes to remove the 

pellet. Then, 1.0 mL of clear supernatant containing the 

thiol group was mixed with 4.0 mL of phosphate solution 

(pH 8.0), before adding dithionitrobenzoic acid solution. A 

clear yellow color was presented after mixing and keeping 

in room temperature for 5 minutes. The total thiol compound 

was quantified by reading the absorbance at 412 nm with a 

spectrophotometer, and comparing the absorbance of stan-

dard GSH (Sigma-Aldrich Co., St Louis, MO, USA).

TBaRs-MDa adduct assay
MDA from lipid perioxidation was evaluated by the protocol of 

high-performance liquid chromatography (HPLC),20 using the 

TBARs test. An amount of 200 µL of TA was mixed with 

750 µL of ortho-phosphoric acid (2.5%, v/v) and 200 µL of 

thiobarbituric acid (0.2 mol/L) solution. After 30 minutes of 

heating at 90°C, short high-speed centrifugation at 10,000 rpm 

in room temperature removed all pellets. Clear yellowed super-

natant of TBARs-MDA adduct was injected into the rheodyne 

valve with a 10 µL fixed loop. The peak of TBARs-MDA 

complex was identified at 532 nm by a C-18 reverse-phase 

column under an isocratic methanol (HPLC grade) mobile 

phase, with a flow rate of 1.0 mL/min, and expressed as equal 

to the MDA concentrations that were calculated by comparing 

with standard tetramethoxypropone (Sigma-Aldrich Co.).

ha assay
HA in TA was measured with ELISA-based techniques.21 An 

amount of 175 µL of TA or standard competitor (Haelon) 

(range 3.9–1,000 mg/mL) was added to an equal volume of 

biothylated HA-binding protein (1:200) and incubated for 

60 minutes at room temperature. Then, the microtiter plates 

(MaxiSorb™, Thermo Fisher Scientific Inc., Denmark), 

precoated with umbilical cord HA (Sigma-Aldrich Co.) 

(100 µg/mL), were loaded in coating buffer, then blocked 

with 150 µL/well of 1% bovine serum albumin in phosphate-

Tween buffer. The plate was then washed with 150 µL of 

phosphate-buffered saline (PBS)-Tween buffer. Peroxidase-

mouse monoclonal anti-biotin (Zymed Laboratories Inc., San 

Francisco, CA, USA) (100 µL/well: 1:2,000) was added to 

each well and then incubated for 1 hour at 25°C. After wash-

ing the plates with PBS-Tween buffer, peroxidase substrate 

and o-phenylebdiamine (12 mg/10 mL of phosphate buffer 

pH 5.5 with 5 µL of H
2
O

2
) were added. The 50 µL of 4 M 

H
2
SO

4
 was used to stop the reaction within 10 minutes after 

incubation at 37°C or room temperature. Absorbance was 

read with a microtiter plate reader (Multiskan® MCC/340, 

Thermo Fisher Scientific Inc., Romania, Bucharest) at 

492/690 nm. The concentration of HA in TA was calculated 

by comparing with the standard curve.

α-Tocopherol (vitamin e) evaluation
Vitamin E in TA was measured by the HPLC method.22 

Total alpha-tocopherol mixed in 200 µL of TA was added 

to internal standard tocopherol acetate (Sigma-Aldrich Co.) 

(10 mg/L) and extracted with hexane. After mixing and 

shaking for 10 minutes, the upper clear hexane layer was 

separated at 100 µL and evaporated by high speed ultra-

centrifugation under temperature control at 30°C. Before 

HPLC processing, the total vitamin content was dissolved 

in 200 µL of absolute ethanol and filtrated through 0.45 µm 
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of precut membrane Nylon PTFE by using a syringe. A 

clear sample of 50 µL, containing both alpha-tocopherol in 

TA and internal standard alpha-tocopherol supernatant, was 

injected into the rheodyne valve with a 20 µL fixed loop. The 

peak of total alpha-tocopheorl was detected at 294 nm by a 

ContaMeric LDL Analyzer using a C-18 reverse-phase col-

umn with under 7% (v/v) of dichoromethane (Labscan Island) 

mobile phase, and a flow rate of 1.0 mL/min. This peak was 

expressed as equal to alpha-tocopherol concentrations in TA 

and calculated by comparing with standard alpha-tocopherol 

acetate (Sigma-Aldrich Co.).

lis and oxygenation index evaluation
LIS was evaluated clinically from a previous Murry 

protocol12 that used four components: 1) chest radiograph 

score (no alveolar consolidation =0, alveolar consolidation 

confined to one quadrant =1, alveolar consolidation con-

fined to two quadrants =2, alveolar consolidation confined 

to three quadrants =3, and alveolar consolidation in all four 

quadrants =4); 2) hypoxemia score (PaO
2
/FiO

2
 .300=0, 

225–299=1, 175–224=2, 100–174=3, and ,100=4); 3) 

positive end-expired pressure score (,5 cm H
2
O =0, 6–8 cm 

H
2
O =1, 9–11 cm H

2
O =2, 12–14 cm H

2
O =3, and .15 cm 

H
2
O =4); and/or 4) static compliance of the respiratory system 

(.80 mL/cm H
2
O =0, 60–79 mL/cm H

2
O =1, 40–59 mL/cm 

H
2
O =2, 20–39 mL/cm H

2
O =3, and ,19 mL/cm H

2
O =4), 

before the final value was calculated by dividing the aggre-

gate sum by the number of all components. Whereas, the 

oxygenation index was calculated from the ratio of PvO
2
 to 

FiO
2
 (PvO

2
/FiO

2
), in which FiO

2
 was the inspired oxygen 

concentration on the ventilator setting and PvO
2
 the oxy-

gen tension in venous blood, measured from the sustained 

venous line.

statistical analysis
Normal data distribution of each group was checked using 

the Kolmogorov–Smirnov test, and presented with mean and 

standard error of mean. Repeated measurement of analysis 

of variance and the post hoc Bonferroni test within a group 

were used in the Statistical Program of Social Sciences (SPSS 

Inc., Chicago, IL, USA) version 10.0 for Windows. A P-value 

of ,0.05 was considered statistically significant.

Results
Fifty infant patients were asked to take clinical physical 

therapy following the hospital registered consultation route to 

remove secretion and re-expand collapsed lungs by pediatric 

physicians at the Intensive Care Unit, Pediatric Department, 

Maharaj Nakorn Chiang Mai Hospital, Chiang Mai, Thailand. 

Pneumonia was the underlying disease in all of the patients. 

Half of these patients required CPT only, while the other half 

needed to dilute thickened secretion by using an aerosol of 

0.9% normal saline solution in MDI for 10 minutes before 

CPT. Therefore, 25 patients presented the results of CPT 

only (group A) and the other 25 showed results of aerosol 

treatment with MDI before CPT (group B). However, four 

patients in group A presented electrolyte, and five in group B 

unstable vital signs. Therefore, 21 and 20 patients completed 

the study in groups A and B, respectively (Table 1). In addi-

tion, this study collected the TA in eleven infant patients 

who were diagnosed with pneumonia and required no CPT, 

in order to form a control group (group C).

Table 1 shows that all of the patients were diagnosed 

with pneumonia, and the age between groups was not 

statistically different (P=0.78). Respiratory distress syn-

drome (RDS) and bronchopulmonary dysplasia (BPD) 

were comorbid diseases in groups A (eight and 13, respec-

tively), B (seven and 12, respectively), and C (six and five, 

respectively). In addition, the results of previous microbial 

cultures from sputum found various bacterial infections. 

All of the patients completed antibiotic treatment and all 

their vital sign were stable, without fever before starting the 

Table 1 Characteristics of infant patients in groups a (CPT), 
B (aerosol treatment with CPT), and C (control)

Characteristic Group A Group B Group C

Sex (M/F) 14/7 
(n=21)

12/8 
(n=20)

9/2 
(n=11)

Age (months) 5.3±0.62 
(2–12)

5.6±0.75 
(1–12)

5.0±0.35 
(2–10)

Diseases and comorbid diseases
Pneumonia 21 20 11
Respiratory distress 
syndrome

8 7 6

Bronchopulmonary 
dysplasia

13 12 5

Sputum culture
Mixed organism 9 10 8
Klebsiella pneumoniae 4 3 2
Pseudomonas aeruginosa 5 3 1
Streptococcus pneumoniae 1 1 0
K. pneumoniae pus 
mixed organism

2 4 0

Secretion and atelectasis
General infiltration 21 20 11
Right upper/lower lung 
atelectasis

4/1 6/2 8/0

left upper/lower lung 
atelectasis

1/0 2/0 1/0

Note: age values represent mean ± seM (min-max).
Abbreviations: CPT, chest physical therapy; F, female; M, male; seM, standard 
error of the mean.
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protocols. The consultation criteria for CPT are shown in 

Table 1, where secretion retention and atelectasis in groups 

A, B, and C showed general infiltration in both lungs (n=21, 

20, 11, respectively), with lung atelectasis presented at 

the right upper lung (n=4, 6, 8, respectively), right lower 

lung (n=1, 2, 0, respectively), left upper lung (n=1, 2, 1, 

respectively), or left lower lung (n=0, 0, 0, respectively). 

The results of complete blood count and electrolyte labo-

ratory showed a nonsignificant difference between groups 

(Table 2). Prescreening the distribution of variables by the 

Kolmogorov–Smirnov test showed normal distribution 

(P.0.05). Therefore, the results presented the mean and 

standard error of mean in Tables 3 and 4.

The results of oxidative stress in TA, as shown in Table 3 

and Figure 1, indicated that the thiol group increased signifi-

cantly after day 4 (P=0.000) to day 6 (P=0.000) in group A 

(CPT), whereas the thoil group in group B (aerosol treatment 

with CPT) increased significantly on days 3 (P=0.000) and 

6 (P=0.000), when compared to days 1 and 2. No statistical 

difference was observed from results in the control group 

(group C) (P.0.05). Vitamin E in TA increased signifi-

cantly on days 3 (P=0.000), 5 (P=0.000), and 6 (P=0.000) in 

group A, and days 3 (P=0.008), 4 (P=0.003), and 6 (P=0.000) 

in group B, when compared to days 1 and 2. Moreover, no 

statistical difference was seen in group C (P.0.05).

The concentration of TBARs-MDA adduct showed a 

significant decrease after day 4 in groups A and B (P=0.000), 

which was the same as the HA levels in TA that reduced sig-

nificantly after day 3 (P=0.000) of CPT treatment (group A) 

and since day 2 of aerosol treatment with CPT (group B) 

(P=0.00), when compared to day 1 of treatment. Both 

TBARs-MDA adduct and HA levels were not significantly 

different in Group C during the 6 days of study.

As seen in Table 4 and Figure 2, the LIS decreased 

nonsignificantly in groups A and B (P.0.05), whereas the 

oxygenation index or PvO
2
/FiO

2
 ratio increased significantly 

after day 4 (P=0.000) in group A, but increased significantly 

on day 6 in group B (P=0.000) when compared to day 1. Fur-

thermore, the results of LIS and oxygenation index in group C 

showed no statistical changes within the 6 days of study.

Table 2 CBC and electrolyte laboratory

Variable Group A 
(n=21)

Group B 
(n=20)

Group C 
(n=11)

CBC
hct (%) 38.4±0.9 (31–45) 41.3±1.5 (32–58) 39.5±0.6 (34–48)
lymphocytes 
(cells/ml)

31.9±2.7 (12–57) 27.4±2.5 (13–56) 29.7±2.4 (14–52)

neutrophil 
(cells/ml)

67.1±3.1 (40–84) 71.6±3.6 (32–93) 68.2±2.9 (42–75)

White blood 
cell (cells/ml)

12,714.2±1,455.4 
(4,400–31,300)

13,454.0±793.3 
(9,030–23,700)

12,535.1±834.9 
(6,554–27,123)

Electrolyte laboratory
sodium 
(mmol/l)

139.1±1.14 
(135–150)

138.0±1.7 
(128–158)

129.7±1.34 
(129–156)

Potassium 
(mmol/l)

4.6±0.2 (3.6–6.2) 4.2±0.3 (2.0–6.1) 3.9±0.5 (2.6–5.9)

Chloride 
(mmol/l)

99.7±2.2 
(82–114)

104.7±4.1 
(80–160)

111.4±3.7 
(85–143)

Notes: Values are mean ± seM; range of each parameter is indicated in parentheses. 
group a, chest physical therapy; group B, aerosol treatment with chest physical 
therapy; group C, control.
Abbreviations: CBC, complete blood count; seM, standard error of mean.

Table 3 Oxidative stress in Ta during 6 days among groups a (n=21), B (n=20), and C (n=11)

Variable Days

1 2 3 4 5 6

Thiol group (mg/dL)
group a 3.1±0.04 (2.8–3.4) 3.5±0.04 (3.2–3.8) 3.3±0.05 (2.9–3.8) 4.5±0.07 (3.7–4.9) 5.2±0.9 (4.1–4.9) 6.0±0.2 (4.8–7.5)
group B 2.1±0.05 (1.8–2.5) 2.3±0.04 (1.9–2.5) 2.8±0.07 (2.2–3.2) 2.7±0.10 (2.0–3.2) 2.9±0.08 (2.1–3.2) 4.5±0.08 (3.7–4.9)
group C 2.5±0.04 (1.9–2.3) 2.6±0.03 (1.7–2.4) 2.7±0.04 (1.9–3.1) 2.5±0.04 (1.8–2.8) 2.7±0.04 (2.0–3.1) 2.4±0.03 (1.8–2.4)
Vitamin E (µg/mL)
group a 19.8±0.7 (15–25) 21.2±0.5 (19–27) 24.5±0.5 (22–32) 22.6±0.4 (19–27) 25.1±0.6 (22–32) 28.1±0.5 (26–32)
group B 21.1±0.6 (18–28) 22.5±0.6 (19–29) 24.2±0.5 (21–31) 24.5±0.6 (22–34) 23.3±0.7 (20–35) 27.3±0.7 (24–39)
group C 20.0±0.5 (19–29) 19.0±0.5 (17–28) 21.0±0.5 (20–32) 20.5±0.6 (18–31) 19.0±0.6 (17–31) 21.2±0.5 (18–29)
TBARs-MDA (µmol/L)
group a 37.0±0.4 (28–34) 36.6±0.5 (33–41) 36.4±0.5 (36–42) 35.0±0.5 (29–39) 32.0±0.4 (26–31) 28.2±0.5 (24–31)
group B 34.0±0.4 (29–36) 35.6±0.4 (28–37) 34.0±0.4 (27–35) 31.2±0.4 (26–35) 30.3±0.4 (24–35) 29.5±0.4 (21–32)
group C 35.0±0.3 (31–38) 34.2±0.4 (33–37) 36.4±0.5 (34–38) 35.0±0.3 (33–37) 34.3±0.5 (32–38) 36.0±0.5 (33–39)
HA (×102 ng/mL)
group a 780.8±20.0 (645–995) 662.3±19.4 (515–775) 512.4±17.1 (358–653) 521.4±17.1 (390–670) 356.0±16.0 (289–580) 322.2±19.2 (230–525)
group B 642.6±18.5 (459–779) 417.9±18.7 (320–560) 404.7±15.3 (320–534) 242.9±10.1 (200–289) 247.3±9.1 (210–280) 178.1±9.0 (125–256)
group C 699.4±17.0 (463–790) 820.0±18.0 (399–840) 750.4±17.2 (320–789) 845.2±16.9 (473–998) 802.5±16.1 (499–987) 825.1±18.0 (469–992)

Notes: Values are mean ± seM; range of each parameter is indicated in parentheses. group a, chest physical therapy; group B, aerosol treatment with chest physical 
therapy; group C, control.
Abbreviations: ha, hyarulonan; Ta, tracheal aspirates; TBaRs-MDa, thiobarbituric acid reactive substances-malondialdehyde; seM, standard error of mean.
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Discussion
According to the inclusion criteria, all of the patients in this 

study had primary pneumonia, and some comorbid diseases, 

such as BPD and RDS, with secretion retention or lung 

atelectasis from secretion occlusion. Twenty-one patients 

received CPT only (group A), and 20 had 10 minutes of 

aerosol treatment with MDI before CPT (group B). Therefore, 

results were based on two groups aged 5.3±0.6 years (n=21) 

and 5.4±0.63 years (n=20) in groups A and B, respectively. 

Despite the small sample size of group C (n=11), it was pre-

ferred as protection from clinical illegality, such as no treat-

ment or clinical variation among the subjects, and the results 

of all parameters presented consistency and differences in 

the groups that received CPT only or aerosol treatment 

before CPT. The characteristics of infant patients in all three 

groups showed no significant difference in any parameters of 

Table 4 lis and oxygenation index (PvO2/FiO2) during 6 days among groups a (n=21), B (n=20), and C (n=11)

Variable Days

1 2 3 4 5 6

LIS
group a 1.09±0.04 (0.90–1.50) 1.10±0.04 (0.85–1.50) 1.03±0.03 (0.85–1.40) 1.01±0.02 (0.85–1.20) 0.98±0.13 (0.80–1.10) 0.97±0.01 (0.80–1.10)
group B 1.09±0.04 (0.90–1.50) 1.07±0.04 (0.90–1.50) 1.03±0.02 (0.85–1.20) 1.03±0.02 (0.85–1.20) 1.07±0.04 (0.90–1.50) 1.04±0.02 (0.90–1.20)
group C 1.09±0.04 (0.90–1.50) 1.10±0.04 (0.95–1.50) 1.10±0.02 (0.90–1.50) 1.09±0.03 (0.95–1.50) 1.10±0.04 (0.95–1.50) 1.10±0.03 (0.90–1.50)
Oxygenation index
group a 123.7±1.1 (115–135) 127.5±0.9 (120–135) 123.7±1.1 (115–135) 145.5±2.1 (130–165) 152.1±1.9 (150–195) 165.2±2.8 (150–195)
group B 135.8±2.6 (110–152) 136.5±2.3 (116–152) 129.9±1.8 (110–142) 130.7±1.8 (110–146) 135.1±1.9 (124–150) 149.8±1.2 (145–165)
group C 120.6±1.2 (110–145) 125.5±2.2 (110–155) 121.5±1.6 (112–150) 126.5±1.5 (120–145) 122.3±2.2 (110–148) 122.5±2.5 (115–155)

Notes: Values are mean ± seM; range of each parameter is indicated in parentheses. group a, chest physical therapy; group B, aerosol treatment with chest physical 
therapy; group C, control.
Abbreviations: lis, lung injury score; seM, standard error of mean.

Figure 1 Oxidative stress markers, antioxidant compounds (thiol group and vitamin e) and degradative products (TBaRs-MDa and ha), in Ta during 6 days in all three 
groups; CPT (––) (a) (n=21), aerosol treatment with CPT (– –) (B) (n=20), and control (C) (––) (n=11). 
Notes: #P,0.01 when compared to days 1 and 2 from repeated measurement anOVa and post hoc Bonfferoni test. each point presents the mean and seM.
Abbreviations: anOVa, analysis of variance; CPT, chest physical therapy; ha, hyarulonan; TBaRs-MDa, thiobarbituric acid reactive substances-malondialdehyde; 
Ta, tracheal aspirates; seM, standard error of mean.
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complete blood count laboratory (hematocrits, lymphocytes, 

neutrophils, and white blood cells) or electrolyte results. 

Moreover, the severity of lung damage in the period before 

starting treatment was also no different (P.0.05).

Previous evidence reported that oxidative stress status 

can be evaluated and have a more dominant level in TA than 

in the plasma of preterm babies with acute and chronic lung 

disease.23 Interesting data on oxidative injury in the case of 

BPD of the lungs, with nosocomial pneumonia infection, 

suggested that infectious organisms stimulate neutrophils 

and generated hypochlorous acid in 66 of 87 endotracheal 

aspirate samples.24 An earlier study of 32 intubated preterm 

and newborn infants, admitted to the Neonatal Intensive Care 

Unit with RDS, determined total GSH or the ratio of oxidized 

GSH (GSSG) to reduced GSH (GSH) in TA samples and 

found that the total GSH was lower, and the GSSG/GSH ratio 

was higher, than that in a control group of eleven children.25 

In addition, TBARs-MDA in alveolar fluid increased sig-

nificantly in patients diagnosed with ventilator-associated 

pneumonia.26 Previous experiments revealed that increased 

HA concentration in TA was caused by oxygen-induced 

stimulation from inflammatory cytokines27 or free radicals.28 

HA is used as a specific marker in osteoarthritis and rheu-

matoid arthritis and released from degradative processes.29 

However, a previous report proposed that HA can be pro-

duced in the inflammation and remolding of tissue, including 

lung tissue and rapid turnover in most tissue, with a t
1/2

 in 

the order of 1 day.6 Therefore, a high level of HA in TA is 

possibly preferred to the degradative or adaptive process. Fur-

thermore, the MDA level in TA represented oxidative stress 

over lipid peroxidation,30 whereas, GSH and vitamin E were 

antioxidant compounds in many biological tissues, which 

was the same as in lung epithelial lining fluid.31 Vitamin E 

is a hydrophobic molecule in the bilayer alveolar membrane 

and excretes in alveolar surfactant.32 GSH and vitamin E can 

inhibit lipid oxidation by trapping the chain-carrying LOO• 

and its structural change to unreactive alpha-tocopheroxyl 

radical (α-TO).33 In addition, a previous study reported lipo-

philic antioxidants as vitamins E and A and plasmlogens that 

can be secreted together with surfactants to counteract lipid 

peroxidation32 and subsequent lung injury.34 Therefore, the 

earlier information shows that these parameters, thiol group, 

vitamin E, TBARs-MDA, and HA, are possibly interesting 

markers which evaluate oxidative stress in TA samples and 

provide scientific evidence.

In this study, the basic techniques of CPT for airway 

clearance by manual therapy was composed of manual per-

cussion and vibration in a specific position for draining secre-

tion using standard protocol following the American Physical 

Therapy Association guideline, as approved worldwide.14,15 

The effect of CPT on oxidative stress after pneumonia in 

neonatal or infant patients had not been in evidence before. 

However, the results of this study found interesting outcomes 

from the thiol group, vitamin E, TBARs-MDA, and HA, 

in groups A and B. Table 3 and Figure 1 show significant 

changes in all parameters in groups A and B by increas-

ing the thiol group and vitamin E, as well as decreasing 

TBARs-MDA and HA levels in TA samples. In particular, 

increased thiol group that possibly comes from the functional 

group of the GSH molecule within alveolar fluid indicates 

improvement of antioxidant status in the lung because this 

plays a key role in controlling pro-inflammatory processes 

in the lungs and also shows importance in immune modula-

tion, remodeling of the extracellular matrix, apoptosis, and 

mitochondrial respiration. Then, it possibly inhibits the 

progression of many varied inflammatory lung diseases, 

such as idiopathic pulmonary fibrosis, acute respiratory 

syndrome, cystic fibrosis, and asthma, in infant patients.35 

Figure 2 lis and oxygenation index (PvO2/FiO2) during 6 days in all three groups; physical therapy (CPT) (––) (a) (n=21), aerosol treatment with CPT (– –) (B) (n=20), 
and control (C) (––) (n=11). 
Notes: #P,0.01 when compared to days 1 and 2 from repeated measurement anOVa and post hoc Bonfferoni test. each point presents the mean and seM.
Abbreviations: anOVa, analysis of variance; CPT, chest physical therapy; lis, lung injury score; seM, standard error of mean.
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Unfortunately, this study could not conclude how much 

oxidative stress occurred in the TA samples because no 

parameters indicated free radical molecules. However, these 

results possibly indicated that CPT or aerosol treatment 

before CPT involves oxidative stress.

When observing the changes of lung function in some 

clinical outcomes, such as LIS,12 the oxygenation index 

(PaO
2
/FiO

2
)36 was evaluated by modifying PaO

2
 to PvO

2
 

data, due to the limitation of arterial blood gas analysis in 

all of the infant patients. It has been proposed that a high 

oxygenation index, which presents good oxygenation status, 

is within the normal reference range from 400 to 500. How-

ever, if this index is less than 200, it has been suggested 

that lung injury or true shunt from completed atelectasis in 

the lung is presented clinically.12 The oxygenation index in 

Figure 2 shows a significant increase after day 4 in group A 

and on day 6 in group B, which possibly presents better gas 

exchange at the alveolar barrier. As the FiO
2
 concentration 

was set constantly by a physician in groups A and B during 

the 6 days of treatment, these results represented an improved 

PvO
2
 from daily venous blood gas analysis, but not from 

FiO
2
 concentration. However, the mean PvO

2
/FIO

2
 ratio in 

groups A and B was lower than 200, which possibly suggests 

acute RDS, according to the European Consensus Conference 

in 1994.37 The line of graphical observation on changes of 

the PvO
2
/FiO

2
 ratio in group A was significant after day 4 of 

treatment, which is possibly explained by fewer atelectasis 

lesions when compared to those in group B (Table 1). The 

results represented slightly lower LIS on day 6 when com-

pared to day 1 of treatment in groups A and B, but with no 

statistical changes. This was possibly due to no difference in 

results of the PvO
2
/FiO

2
 ratio that was defined in the Murry 

LIS with the same value of 3, which defined the PvO
2
/FiO

2
 

ratio of 199–174.12 Thus, the LIS during the 6 days was not 

statistically different. However, decreasing LIS values from 

changing values of the alveolar consolidation score were 

suggested, from 1 (alveolar consolidation confined to one 

quadrant) to 4 (alveolar consolidation in all four quadrants), 

which was consistent with the chest radiographic results of 

lung clearance after 6 days of CPT (data not shown).

The mechanism of CPT for removing secretion and re-

expanding collapsed lungs in groups A and B was proposed 

for gaining alveolar ventilation and oxygenation,38 which is 

confirmed by the changes in the PvO
2
/FiO

2
 ratio, as shown in 

Table 4 and Figure 2. Previous evidence also suggested that 

frequency of hypoxemia was found in patients who needed 

a mechanical ventilator via endotracheal tube, especially 

those suffering from atelectasis, pneumonia, or acute RDS.39 

However, the effects of various medications in this study 

were not included or analyzed because all of the subjects 

received only a bronchodilator, such as daily Berodual 

or Ventroline, which showed no evidence of relationship 

between any effects on oxidative stress markers. In addition, 

no cases were administered antibiotics or dexamethasone 

that presents anti-inflammatory activity and affects oxidative 

stress in tracheobroncheal lavage fluid.24 Therefore, no bias 

from different drugs was apparent during the 6 days of treat-

ment, but the difference of pathology from varied bacterial 

pneumonia and individual clinical recovery are still unproven 

and not confirmed precisely.

Finally, the protocol in this study, which evaluated all 

markers in TA samples from routine suction, is very chal-

lenging in clinical practice, and possibly can be applied 

to rechecking or following up patients in a biochemical 

condition and comparing with clinical changes. This was 

consistent with the update that suggested screening preterm 

newborns for excessive oxidative burden from several perina-

tal stimuli, infections, etc, in order to protect them clinically 

from oxygen radical diseases, such as BPD.40 This may be 

a novel marker for feedback on the efficiency of CPT when 

removing secretion and re-expanding collapsed lungs relat-

ing to oxidative stress.

Conclusion and limitations
Although the American Association for Respiratory Care 

Clinical Practice Guideline of 2013 suggested that airway 

clearance therapy by CPT is not recommended as routine 

treatment for uncomplicated pneumonia, high-frequency 

chest wall compression cannot be recommended in infant 

patients with cystic fibrosis, due to insufficient evidence.38 

However, this study performed clinically in cases of pneu-

monia and some comorbid diseases, such as BPD and RDS, 

with secretion retention and atelectasis, and showed interest-

ing alterations in the biochemical markers relating to clinical 

changes. Moreover, in cases of pneumonia with or without 

concomitant diagnostic BPD or RDS, and no secretion reten-

tion or atelectasis from secretion obstruction, CPT should 

possibly not be applied because then there are no beneficial 

effects in clinical practice. Nevertheless, this study shows 

that conventional CPT with manual percussion, vibration, 

and suction in order to remove secretion and re-expand 

collapsed lungs possibly helps to reduce oxidative stress 

and promote lung oxygenation, while clinical symptoms do 

not change during physical management. However, various 

pathological conditions from previously different bacterial 

infections, and prior recovery, including some patient 
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responses, may be factors effecting the results and limita-

tions of this study. In addition, no randomized control trial 

is a limitation in this study because assigned treatment was 

based on consulting with a physician. Therefore, the results 

could not compare between the groups of CPT with and 

without aerosol therapy, which possibly presented clinical 

differences statistically. It would be interesting to compare 

between these groups with a larger sample size in similar 

clinically pathological conditions, and this is needed for 

future study.
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