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Abstract

Background: Pneumonia presents high oxidative stress, which directly affects the lung injury and oxygenation status. Evidence
has shown the correlation of oxidative stress markers in tracheal aspirates (TA) in infant patients, however, not before or after chest
physical therapy (CPT).
Objectives: The objective of this study was to evaluate the correlation between lung injury score (LIS) or PvO2/FiO2 ratio and oxida-
tive stress parameters in TA before and after CPT in infant patients during recovery from pneumonia.
Methods: TA samples from 40 intubated patients aged 5.4±0.15 months were collected before and after CPT for evaluating oxidative
stress parameters; as a glutathione (GSH), vitamin E, hyarulonic acid (HA), and malondialdehyde (MDA). Furthermore, the LIS and
PvO2/FiO2 ratio were recorded. The correlation between oxidative stress markers and LIS or PvO2/FiO2 ratio was evaluated before and
after CPT.
Results: The results before CPT showed no significant correlation between LIS and all parameters, whereas, the PvO2/FiO2 ratio cor-
related with the thiol group (r = -0.566, P = 0.000) and HA (r = -0.507, P = 0.000). After CPT, LIS correlated with GSH and HA (r = -0.396
and -0.409, P = 0.01) and the PvO2/FiO2 ratio correlated significantly with the GSH, HA, and MDA (r = 0.609, 0.768, -0.482, P = 0.000).
Conclusions: Some oxidative stress markers, such as the GSH, HA, and MDA in TA possibly reflected lung injury and oxygenation
and may respond with more correlation after CPT intervention than before it.
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1. Background

Evidence from previous reviews has suggested that
clinical chest physical therapy (CPT) is used widely in the
treatment of post-pneumonia to eliminate inflammatory
exudate or secretion and prevent lung atelectasis, as well
as reduce airway resistance, enhance gas exchange, and re-
duce breathing effort (1-3). Basic CPT techniques such as
manual percussion, vibration on the chest wall, and pos-
tural drainage (PD) are performed commonly (4-6). Pre-
vious reviews evaluated the efficiency of CPT by duration
of hospital stay, time to clinical resolution, lung sounds,
chest X-ray, and cough frequency. However, whether these
evaluations benefit cases of pneumonia is still controver-
sial (6). Although some studies reported that the length
of hospital stay, oxygen requirements, and the severity of
clinical score in infants with acute bronchiolitis did not
changed from CPT (7), an updated study in 2015 showed
that CPT increased clinical resolution and reduced respi-
ratory rate, including significantly increased arterial oxy-
gen saturation in 15 infant patients with pneumonia (8).

Therefore, the benefits of CPT in physiological parameters
are controversial.

The pathology of pneumonia in infants or neonatal
patients, who were treated with prolonged intubation
via a mechanical ventilator, presented recurrent pneu-
monia (ventilator-associated pneumonia; VAP) (9). Infec-
tion induces oxidative stress in the lung, therefore, free
and non-free radicals, such as hypochlorous acid, hydro-
gen peroxide, superoxide, and hydroxyl radicals are re-
leased dominantly in the alveolar area (10, 11) and can
cause damage from the oxidative process to lipid, pro-
tein, and DNA, including extra-cellular matrixes such as
glycosaminoglycan (GAG) and hyaluronic acid (HA) (12-
14). Therefore, end products such as malondialdehyde
(MDA) or 4-hydroxynonenal (4-NHE) can be detected in
tracheal aspirates (TA) or bronchoalvelar lavage (BAL) (12,
15). Whereas, some antioxidant enzymes, such as super-
oxide dismutase (SOD), catalase, and glutathione perox-
idase (GPX) or non-enzymes, e.g. glutathione (GSH) or
alpha-tocopherol (Vitamin E), can regulate by scavenging
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or modifying propagated intermediate molecules (15), es-
pecially in epithelial lining fluid (ELF) (16). Vitamin E is
a lipid-soluble antioxidant that can also scavenge peroxyl
radicals or inhibit lipid peroxide as an MDA product (17,
18). Therefore, higher oxidative stress in the alveolar space
within the lung affects gas exchange and oxygen diffusion.
Clinical investigation basically evaluated lung function by
checking the PaO2/FiO2 ratio, which has been used clini-
cally to predict severity of lung injury (19). An interesting
problem for infant patients after pneumonia is recurrent
infection from retained secretion and inability to remove
secretion by coughing effectively (20). Interesting results
from a previous study of 22 mechanically ventilated pa-
tients showed a positive correlation between ventilation-
perfusion mismatch and deoxygenation in patients with
much lung secretion (21). This possibly supported the ben-
efits of clear secretion and may help improve oxygenation
by CPT (22). In particular, the changes and correlation of
PvO2/FiO2 ratio oxygenation index or lung injury score on
any oxidative stress parameters either before or after CPT
have never been presented before. Therefore, the aim of
this study was to make those present.

2. Objectives

The objective was to evaluate the correlation between
all oxidative stress parameters in tracheal aspirate samples
and the LIS or PvO2/FiO2 ratio either before or after chest
physical therapy.

3. Methods

3.1. Study design and Subjects

The protocol in this study was approved by the re-
search ethics committee at the faculty of Medicine, Chiang
Mai University (ethical number 57/2000), Thailand. The pe-
diatric patients were consulted routinely in physical ther-
apy through their parents by physicians at the Intensive
Care Unit at the department of pediatric, Maharhaj Nakorn
Chiang Mai hospital, Chiang Mai province, Thailand. Forty
cases were included in the program after being diagnosed
with pneumonia and completing antibiotic drug adminis-
tration with no fever and no complications in the liver or
renal function. They were in need of CPT by a special pe-
diatric physician after chest X-ray had identified secretion
infiltration and/or atelectasis. Patients with severe anemia
and a very low platelet count or unstable clinical condi-
tion from any laboratory results were excluded. All sub-
jects gave permission through their parents, who signed
the consent form. Of the 40 infant patients, a nurse di-
luted a secretion in 19 of them by 10 minutes of aerosol

treatment with normal saline solution (NSS) (0.9%) in a me-
tered dose inhaler (MDI) via an endotracheal tube before
CPT. Clinical CPT was performed continuously 3 times daily
for 6 days. A pooled TA sample was collected on, before, and
after 6 days of CPT for evaluating oxidative stress param-
eters such as glutathione (GSH), malondialdehyde (MDA),
vitamin E, as well as hyaluronic acid (HA), and the lung in-
jury score (LIS) and PvO2/FiO2 ratio were calculated from
the capillary blood gas (CBG) results.

3.2. Chest Physical Therapy Program and Sample Collection

Standardized chest physical therapy (CPT) with postu-
ral drainage (PD), percussion, and vibration by hands be-
fore suction was performed under the clinical guideline
of the American association for respiratory care (AARC) (5,
23). All programs were treated by a specialized chest phys-
ical therapist that had more than 15 years’ of experience.
Modified PD with head bent down 30 degrees and lean-
ing forward on a pillow was performed for both sides of
the body before 5 minutes of percussion (80 - 100 time per
minute) (24) as well as vibration on the chest wall. TA sam-
ples were collected before or after CPT from the bronchial
or tracheal airway with a negative pressure suctor at -100
cmH2O and kept in a sterile mucus extractor #6 (Endomed
Company Limited, USA) at -20°C before analysis.

3.3. Evaluation of Oxidative Stress Parameters

3.3.1. Glutathione (GSH) Assay

Total sulfhydryl (TS) or thiol group of GSH in aspi-
rated secretion or tracheal aspirate (TA) samples was deter-
mined by co-reaction with dithionitrobenzoic acid (DTNB)
reagent following the Beutler protocol (25) with modifica-
tions from the protocol of Leelarungrayub (26). The 400
µL of TA was mixed with distilled water (1.6 mL) before pro-
tein precipitation with precipitating solution. The pellet
was removed after precipitation and short centrifugation
at 10,000 rpm. Furthermore, the pellet was removed and
1.0 mL of clear supernatant (0.5 mL) was mixed with phos-
phate solution (pH 8.0) (0.5 mL) before adding to the DTNB
solution (0.5 mL). After incubation at room temperature
for 5 minutes, the total thiol group or GSH was quantified
by spectrophotometry at 412 nm, and compared with stan-
dard glutathione (GSH) (Sigma; St. Louis, MO).

3.3.2. Malondialdehyde (MDA) Assay

MDA in TA from lipid perioxidation was determined by
the protocol of high performance liquid chromatography
(HPLC) (27). The TA sample (200 µL) was added in ortho-
phosphoric acid (2.5% v/v) (750µL) and thiobarbituric acid
(TBA) (0.2 mol/L) solution (200 µL). After heating for 30
minutes at 90°C, clear yellowed supernatant of MDA-TBA
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adduct (20 µL) was identified at 532 nm by a reverse-phase
column (C18) with pure methanol (LabScan HPLC grade) as
a mobile phase at 1.0 mL/min flow rate. The MDA concentra-
tion in TA was calculated by being compared with standard
tetramethoxypropone (TMP) (Sigma, St. Louis).

3.3.3. Hyaluronic acid (HA) Assay

HA in TA was determined with ELISA-based techniques
(28). The TA or standard competitor (Haelon) was added
at 175 µL to an equal volume of biothylated HA binding
protein (B-HABP) (1: 200) before incubating for 60 min-
utes at room temperature. Microtiter plates (Maxisorp
NUNC®, Denmrk) were pre-coated with an umbilical cord
HA (Sigma; St Louis, MO) (100 µg/mL) and blocked with a
Bovine serum albumin (BSA) solution (1%) (150 µL/well) in
a phosphate-Tween buffer. After the plates were washed
with PBS-Tween buffer (150 µL), a peroxidase-mouse mon-
oclonal anti-biotin solution (Zymed Laboratories. INC, CA)
(100 µL/well) (1: 2000) was added to each well before in-
cubating in a cool room at 25°C for 1 hour. Then the
plates were washed with PBS-Tween buffer and the per-
oxidase solution (100 µL) as well as o-phenylebdiamine
(OPD) substrate (1.2 mg/mL) (50 µL) (pH 5.5) and H2O2

(5 µL) were added. The H2SO4 (4 mol/L) (50 µL) was
added finally to stop the reaction within 10 minutes af-
ter incubation at 37°C. The HA concentration was calcu-
lated from absorbance by reading a microtiter plate reader
(Multiskan®MCC/340, Northland) at 492/690 nm and com-
paring the absorbance of standard HA.

3.3.4. α-tocopherol (Vitamin E) Assay

Vitamin E in TA was determined by the HPLC method
(29). Tocopherol acetate (Sigma. St. Louis, MO) (10 mg/L)
(100µL) was added in the TA sample (200µL). Total vitamin
E was extracted with pure hexane by shaking and separat-
ing in order to evaporate by short high speed centrifuga-
tion (30°C). Total vitamin content was re-dissolved in abso-
lute ethanol (200 µL) and filtrated through a 0.45 µm of
pre-cut membrane Nylon PTFE before injection into HPLC
system. The peak of total alpha-tocopherol was identified
by C-18 reverse-phase column and Conta Meric LDL Ana-
lyzer at 294 nm using a (7%; v/v) dichloromethane (Labscan,
Island) mobile phase at a flow rate of 1.0 mL/min. Alpha-
tocopherol concentrations in TA were calculated by com-
paring with the peak and area curve of standard alpha-
tocopherol acetate (Sigma, St. Louis).

3.4. Lung Injury Score (LIS) and PvO2/FiO2 ratio Evaluation

The lung injury score (LIS) was performed following a
previous Murry protocol (19) and calculated from 4 clinical
components; (1) chest radiograph score (no alveolar con-
solidation to alveolar consolidation in all 4 quadrants = 0

- 4), (2) hypoxemia score (PaO2/FiO2 > 300 to < 100 = 0 -
4), (3) PEEP score (< 5 to > 15 cmH2O = 0 - 4), and/or (4)
static compliance of the respiratory system (> 80 to < 19
mL/cmH2O = 0 - 4). The final LIS was calculated by dividing
the aggregate sum by the number of all components. The
PvO2/FiO2 ratio was calculated from the FiO2 (inspired oxy-
gen concentration on ventilator setting) as recorded by a
physician, with the PvO2 such as oxygen tension in capil-
lary or venous blood being analyzed by a Gas Analyzer.

3.5. Statistical Analysis

The Kolmogorov-Sirmov test was used to analyze nor-
mal data distribution of all outcomes before presenting
the data with mean and standard deviation (SD). The Pear-
son correlation test was applied for checking the correla-
tion and p values of all 40 samples and all parameters be-
fore CPT on day 1 or after 6 days of CPT. The statistical pack-
age for social science (SPSS) for Windows (version 10.0) was
used for the statistical tests with a P value of less than 0.05.

4. Results

Forty infant patients required clinical physical therapy
by pediatric physicians to remove secretion and re-expand
collapsed lungs after recovery from pneumonia. Nineteen
of them needed aerosol treatment due to thickened secre-
tion before CPT. The mean age of all 40 infant patients was
5.4 ± 0.15 months. The results in Table 1 show the medical
diagnosis and problems acquired of all patients with pneu-
monia and respiratory distress syndrome (RDS) (n = 5) as
well as bronchopulmonary dysplasia (BPD) (n = 21). The cri-
teria for receiving CPT for general infiltrated secretion and
lung atelectasis in the right upper (n = 11), right lower (n
= 2), and left upper lung (n = 3) are presented in Table 1. Af-
ter the Kolmogorov-Smirnov test was used to pre-screen all
variables for normal distribution, non-significant results
were presented (P > 0.05). Therefore, the mean and stan-
dard deviation (SD) are documented in Table 2.

Results of the correlation between LIS or PvO2/FiO2 ra-
tio and all oxidative stress markers are shown in Table 3 as
well as Figures 1 and 2. CPT showed a negative correlation
between LIS and HA (P < 0.01) before CPT, except for the
thiol group, vitamin E, and MDA, whereas, the PvO2/FiO2 ra-
tio had a significant correlation to the thiol group and HA.
Vitamin E and MDA did not correlate with the PvO2/FiO2

ratio. Results after 6 days of CPT showed a significantly
negative correlation between LIS and the thiol group (P <
0.05) and HA (P < 0.01). However, vitamin E and MDA did
not correlate with LIS (P > 0.05), whereas, the PvO2/FiO2 ra-
tio showed a positive correlation with the thiol group (P <
0.01) and HA (P < 0.01), negative correlation with MDA (P
<0.01), and no correlation with vitamin E (P > 0.05).
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Table 1. Characteristics of 40 Infant Patients Who Received CPT (N = 21) and Aerosol Treatment Before CPT (n = 19)

Variables CPT Aerosol-CPT Total

Sex (M/F) 14/6 ( n = 21) 12/8 ( n = 19) 26/14 (n = 40)

Age, mo 5.3 ± 0.62 (2 - 12) 5.5 ± 0.65 (1 - 11) 5.4 ± 0.15 (1 - 12)

Diseases and Co-morbid diseases

Pneumonia 21 19 40

Respiratory distress syndrome (RDS) 2 3 5

Bronchopulmonary dysplasia (BPD) 11 10 21

Secretion and Atelectasis

General infiltration 21 19 40

Right upper/lower lung atelectasis 5/0 6/2 11/2

Left upper /lower lung atelectasis 1/0 2/0 3/0

Abbreviation: CPT, Chest Physical Therapy.

Table 2. LIS, PvO2/FiO2 ratio and Oxidative Stress Parameters in TA Before and After 6 Days of CPT in 40 Infant Patientsa

Parameters Before After

LIS 1.09 ± 0.19, (0.9 - 1.5) 1.00 ± 0.09, (0.8 - 1.4)

PvO2 /FiO2 ratio 129.77 ± 10.65, (110 - 152) 162.85 ± 16.46, (145 - 195)

- FiO2 0.40 ± 0.07, (0.25 - 0.55) 0.41 ± 0.06, (0.30 - 0.55)

- PvO2 52.86 ± 11.00, (27.5 - 72.0) 66.70 ± 11.56, (43.0 - 85.0)

Thiol group, mg/dL 2.61 ± 0.53, (1.8 - 3.4) 5.26 ± 0.98, (3.7 - 7.5)

Vitamin E, mg/dL 20.45 ± 2.86, (15 - 28) 27.72 ± 2.87, (24 - 39)

HA, x102 ng/mL 711.72 ± 110.14, (459 - 995) 364.17 ± 200.34, (125 - 825)

TBARs - MDA, µmol/L 31.40 ± 1.64, (28 - 36) 29.37 ± 2.41, (25 - 34)

aData presented in a mean and standard deviation (SD); range of each parameter is indicated below in parentheses.

5. Discussion

This study showed comparison between, before, and
after CPT, however, it did not present the main interest
of all correlations between oxidative stress markers and
LIS or the PvO2/FiO2 ratio before or after CPT. However,
some difference in correlations should be presented be-
fore and after CPT. Although the pediatric physicians re-
quested a different protocol for 10 minutes of aerosol treat-
ment with MDI before CPT, the aim of this study did not
target different protocols. The goals of CPT in this study
were to remove secretion and re-expand collapsed lungs in
a way that was similar to previous CPT guidelines for re-
solving post pneumonia complications (1). The CPT pro-
gram in this study used the standardized technique with
adjustment to the patients’ position for draining secretion
by postural drainage, manual percussion, and vibration
that moved secretions from peripheral airways to larger
bronchi before suction (5, 24). Overall, approximately 30

minutes of CPT were performed in each case with 5 - 10 min-
utes in each position, thus, as much secretion as possible
was removed from the upper and lower lung in 6 days of
CPT.

Although there is still controversial evidence of CPT in
pneumonia cases, such as no reduced length of hospital
stay, oxygen requirement, or security of clinical score (7),
an updated study reported that arterial oxygen saturation
increased after CPT in 15 patients with pneumonia (8). Cal-
culation of LIS and the PaO2/FiO2 ratio were followed in pre-
vious studies (19, 30). Unfortunately, arterial oxygen (PaO2)
in neonatal patients could not be evaluated, thus mixed
oxygen from suitable vein (PvO2) was assayed clinically in
this study with an instant the PaO2/FiO2 ratio. Moreover,
PvO2/FiO2 ratio was classified into a score of 3, if the ratio
fell in the range of 100 - 174 (19). Table 2 shows the mean
of the PvO2/FiO2 ratio within a score range either before
(129.77 ± 10.65) or after CPT (162.85 ± 16.46), which did not
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Table 3. Correlation Between all Oxidative Stress Markers and Lung Injury Score (LIS) or PvO2/FiO2 ratio in all 40 Pediatric Patients Before and After 6 Days of CPT

Variables Thiol Group Vitamin E HA TBARs-MDA

Before CPT

LIS

Pearson correlation -0.29 0.004 -0.007 - 0.124

Sig. (2-tailed) 0.86 0.98 0.68 0.45

PvO2 /FiO2 ratio

Pearson correlation -0.566a 0.295 -0.507a 0.156

Sig. (2-tailed) 0.000 0.06 0.000 0.34

After 6 days of CPT

LIS

Pearson correlation -0.396b 0.113 -0.409a 0.169

Sig. (2-tailed) 0.01 0.49 0.01 0.29

PvO2 /FiO2 ratio

Pearson correlation 0.609a 0.221 0.768a -0.482a

Sig. (2-tailed) 0.000 0.17 0.000 0.000

aP < 0.01.
bP < 0.05.

change the LIS score. Therefore, less secretion and better
ventilation in the lung of these patients possibly related
to the increased ventilation and oxygenation in pneumo-
nia combined with either BPD or acute respiratory distress
syndrome (ARDS) (31). However, the PvO2/FiO2 ratio in all
of the patients was less than 200 indicating ARDS, as classi-
fied by the European consensus conference (AECC) in 1994
(32).

Interesting evidence showed that pneumonia relat-
ing to oxidative stress status still provokes the case of re-
tained secretion and recurrent pneumonia dominantly in
preterm pediatric patients with chronic lung disease (33)
as in the case of BPD (34). Confirmed data in a previous
study of 32 intubated preterm and newborn infants with
respiratory distress syndrome (RDS) and admitted to a
neonatal intensive care unit (NICU) showed a low total GSH
level in TA when compared with 11 control children (35).
The MDA level in alveolar fluid was significantly high from
ventilator-associated pneumonia (VAP) (36). However, a
previous report suggested that HA is the extracellular ma-
trix within the lung, which is released possibly through ox-
idative stress (18), as in osteoarthritis (OA) and rheumatoid
arthritis (RA). It also expressed tissue remolding, including
that of the lung (37). Therefore, a high level of HA in TA
can possibly be referred to either the degradative or adap-
tive processes. Whereas, a hydrophobic antioxidant vita-
min E is located in the bilayer membrane and can be ex-
creted in alveolar surfactant during oxidative stress propa-

gation. Thus, GSH and vitamin E are dominant antioxidant
compounds in lung epithelial fluid that can inhibit lipid
peroxidation by trapping the lipid peroxyl radical (LOO)
and alpha-tocopheroxyl radical (α-TO) (38). Therefore, the
above evidence shows that GSH, vitamin E, MDA and HA are
possibly interesting parameters, presenting the oxidative
stress in TA samples.

This study found interesting correlative results be-
tween the LIS, PvO2/FiO2 ratio, and all parameters (Table 3).
Different correlative data were shown either before CPT or
after 6 days of it. There was no correlation between LIS
and any oxidative stress parameters (P > 0.05), whereas,
the PvO2/FiO2 ratio owed significantly negative correlation
with the GSH (r= -0.566, P = 0.000) and HA (r = -0.507, P
= 0.000). On the other hand, vitamin E and MDA levels
showed no statistical correlation with LIS or PvO2/FiO2 ra-
tio either before or after CPT.

LIS had a significantly negative correlation with the
GSH (r = - 0.396, P = 0.01) and HA (r = -0.409, P = 0.01) after 6
days of CPT, however, the PvO2/FiO2 ratio showed a positive
correlation with both (r = 0.609, P = 0.000 and r = 0.768,
P = 0.000, respectively). Moreover, the PvO2/FiO2 ratio also
presented a negative correlation with the MDA level in TA
(r = - 0.482, P = 0.000).

This means that LIS possibly does not correlate with ox-
idative stress markers before CPT, whereas the PvO2/FiO2

ratio probably presents a correlation with the thiol group
and HA in TA samples. The data also presented a correla-
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Figure 1. Correlation Between Lung Injury Score (LIS) and All Oxidative Stress Parameters; GSH, Vitamin E, HA, and MDA Before (Black Circles) and After 6 Days of CPT (White
Circles) (N = 40). r = Pearson Correlation, and P = Significant Level

tion between the increased thiol group or HA levels in TA
samples and a lower LIS score when CPT had cleared secre-
tion. The higher thiol group and HA concentration and
lower TBARs-MDA level in TA correlated interestingly with
a higher PvO2/FiO2 ratio. In addition, the non-significant
correlation of vitamin E in this study is still unclear and
controversial. Increased GSH within alveolar fluid indi-
cates improvement of antioxidant status for controlling
pro-inflammatory processes in the lungs, important im-
mune modulation, extracellular matrix remodeling, apop-
tosis, and mitochondrial respiration. During this study, all
patients received only a bronchodilator, Berodual or Ven-
tolin, and no antibiotics or dexamethasone treatment pre-
viously, thus the oxidative stress or inflammatory activity
is possibly not involved.

5.1. Conclusion and Limitations

The results showed interesting correlative alternations
in some markers relating to oxidative stress in TA samples,
especially in the thiol group, HA, and MDA before CPT. High
concentrations of the thiol group and HA levels as well
as lower MDA level in TA reflect better oxygenation and
less lung injury. Furthermore, these correlations, also pre-
sented after secretion, have been cleared by CPT, which pos-
sibly reduces oxidative stress in the lung. Therefore, these
parameters are potentially useful for a follow up in the fu-
ture. As the sample size was small in this study, a larger
one with similar pathology is still needed for confirma-
tion. The correlation between all oxidative stress param-
eter and LIS or PvO2/FiO2/ ratio in various pathological con-
ditions from different bacterial lung infection is also very
interesting for future studies.
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