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Abstract

Mechanical ventilation (MV) is a supportive and life-saving therapy, however, it can cause
ventilator-induced lung injury as a common complication. Thus, recruitment manoeuvres (RM)
are applied to open the collapsed alveoli to ensure sufficient alveolar surface area for gas
exchange. In the light of the fact that positive pressure ventilation is currently the standard treat-
ment for improving pulmonary function, extrathoracic negative pressure is considered as an alter-
native form of respiratory support. The aim of this study was to estimate the proinflammatory and
oxidative response during MV and lung injury as well as the response after RM. All studied
parameters were assessed at the following time points: T1-spontaneous breathing, T2- MV,
T3- lung injury, T4 -RM. During MV (T2) elastase, MPO, ALP release, nitrite and superoxide
generation significantly increased, whereas in later measurements a decrease in these values was
noted. The MDA plasma concentration significantly (p<0.05) increased at T2, reaching a level
of 13.30+0.87 nmol/ml; at other time points the values obtained were similar to the baseline value
of 9.94+0.94 nmol/ml, whereas a gradual decrease in SOD activity at time T2-T4 points in
comparison with the baseline value was found. During the study both neutrophil activity and oxi-
dative stress indicate exacerbated response after MV and lung injury by bronchoalveolar lavage;
however, extrathoracic negative pressure system as the MR ameliorates damaging changes which
could further lead to serious lung injury.
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Introduction

Mechanical ventilation (MV) despite its beneficial
role in life-threatening conditions, is potentially injuri-
ous and has been involved in some side effects, includ-
ing ventilator induced lung injury (VILI). VILI in the
form of damage to lung tissue is caused by pro-inflam-
matory responses, increased oxidative stress and sec-
ondary infections, which can be followed by sepsis or
systemic inflammatory response syndrome leading to
increased mortality (Schilling et al. 2013, Karadottir et
al. 2015). Wolthuis et al. (2009) in their study conduct-
ed on two commonly used mice strains stated that VILI
occurs in healthy lungs and not just in animals with a
pre-existing lung injury. In animals with intact circulat-
ing neutrophils, conventional mechanical ventilation
increases alveolar-endothelial barrier permeability, im-
pairs oxygenation, and alters lung morphology. It is es-
timated that conventional MV (positive pressure venti-
lation) in humans leads to the activation of neutrophils
and the release of cytotoxic products, and these
products may lead to further damage to lung tissues.
The mechanisms by which MV induces neutrophil acti-
vation may include direct lung stress and cytotoxic me-
diator release (Zhang et al. 2002).

It has been shown in previous studies that neutro-
phils are a major component of cellular host defence
but they may also cause tissue damage in many lung
disorders including acute respiratory distress syndrome
(ARDS)(Zhang et al. 2002). Mechanical ventilation ac-
tivates neutrophils which release certain enzymes,
elastase is one of these, it cleaves elastin, interstitial
collagens, and basement membrane proteins leading to
lung tissue injury (Kaynar et al. 2008). Its release is cor-
related with a degree of systemic inflammatory re-
sponse and multiple organ failure (Zhang et al. 2002).
Myeloperoxidase (MPO) released by activated neutro-
phils exhibits powerful pro-oxidative and pro-inflam-
matory properties. The content of this enzyme in neu-
trophils serves both as an index of their degranulation
and their activation (Loria et al. 2008). Alkaline phos-
phatase (ALP), in turn, is a specific marker of damage
to pneumocytes type I and a marker of the proliferation
of pneumocytes type Il in the course of lung tissue inju-
ry (Liu et al. 2017).

In the light of the fact that, during MV, hyperoxia
can cause oxidative stress with systemic injuries, assess-
ment of the oxidant/antioxidant balance is of great im-
portance (Filho et al. 2012, Pires et al. 2012, Sun et al.
2015). The response to injurious oxidative stress is the
induction of cytoprotective antioxidant enzymes, which
is critical in the cellular detoxification of reactive oxy-
gen species (ROS) and in the maintenance of cellular
redox homeostasis (Sun et al. 2015). Superoxide dismu-

tase (SOD) is a key antioxidant enzyme neutralizing
the superoxide anion. However, several studies have
indicated that during oxidative stress, an increase in se-
rum malondialdehyde (MDA) and a decrease in plas-
ma SOD activity, indicating an imbalance between the
pro-oxidant and anti-oxidant states in the organism,
leads to an imbalance in systemic redox status
(Chakraborty et al. 2007, Pires et al. 2012).

Ventilator induced lung injury is a common compli-
cation in patients receiving MV. Therefore, the applica-
tion of recruitment manoeuvres (RM) is advocated for
restoring a normal functional residual capacity by
re-aerating atelectasis and areas of airway closure,
thereby increasing the alveolar surface for gas exchange
(Tusman et al. 2014). Many approaches to lung recruit-
ment have been proposed to improve pulmonary func-
tion; however, the optimal method is still under debate.
Positive pressure ventilation is currently the standard
treatment, whereas extrathoracic negative pressure is
an alternative form of respiratory support.

The aim of our study was to estimate if MV and
lung injury caused by bronchoalveolar lavage evoke
a pro-inflammatory and oxidative response and the ex-
tent and reversibility of these changes during RM with
whole-body external negative pressure. For this pur-
pose we detected the neutrophil secretory response,
the generation of free radicals and antioxidants, as well
as time-related changes of these parameters during the
study. It was conducted for the purpose of assessing
the safety of the model used with respect to neutrophil
reactivity as well as oxidative and antioxidant response.

Materials and Methods

All protocols were in accordance with the ARRIVE
guidelines and were approved by the Ethics Committee
(no. 43/2014). Five Landrace (pbz) pigs weighing
52.3+5kg were included in the study. Firstly, intramus-
cular premedication with xylazine 2 mg/kg anaesthesia
was induced using propofol 3 mg/kg and maintained
with a continuous intravenous infusion of propofol
10-12 mg/kg/h as well as fentanyl 4-6 wg/kg/h and a sin-
gle dose of pancuronium bromide 0.1-0.2 mg/kg.
The animals were then placed in the supine position,
tracheotomized and intubated (9 mm ID) and mechan-
ical ventilation (Bennett 840, Minneapolis, MN, USA)
was introduced in a volume-controlled mode with
a tidal volume of 8-10 ml/kg, an inspiratory: expiratory
ratio of 1:2 and a fraction of inspired oxygen of 1.0.
A respiratory rate was applied to maintain the arterial
carbon dioxide partial pressure within the range
of 4.7-6.0 kPa. A continuous infusion of lactated
Ringer’s solution (8-10 ml kg/h) was administered
throughout the study. The body temperature of the
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animals was maintained at 37°C with a heating lamp.
After surgical preparation and initial measurements,
the acute lung injury was produced by repeated
bronchoalveolar lavage using 0.9% sodium chloride
(1.5-1.8 L, 37°C) until the arterial oxygen partial pres-
sure remained stable below 13.3 kPa. Thereafter, the
animals were secured in a whole-body sized chamber
and a continuous extrathoracic negative pressure was
created using a vacuum pump. The negative pressure
protocol consisted of exposure to 16 cm H,O decom-
pressions, while the lung ventilation mode was held
unchanged.

Arterial blood samples were drawn at the following
time points: baseline in spontaneously breathing pigs
(T1 during 30 min of anaesthesia, spontaneous breath-
ing, SB), during mechanical ventilation (T2 at about
2 hrs, MV), after bronchoalveolar lavage with NaCl
(T3-lung injury-about 30 min, LI), and after recruit-
ment manoeuvres (about 30 min, T4-RM). Arterial
gases were analysed using a Gem Premier 3500 blood
gas analyser (Instrument Lab., Berdford, MA, USA).
Measurements of pH, arterial partial pressure of car-
bon dioxide (PaCO,), arterial partial pressure of oxy-
gen (Pa0,), bicarbonate (HCO,), and base excess (BE)
were made.

After completing the study protocol, all animals
were euthanized with an intravenous injection of high-
dose potassium chloride during deep anaesthesia until
asystole was observed on the electrocardiogram.

Blood (5 ml) for further assays was collected from
the marginal auricular vein into a syringe using EDTA
as an anticoagulant and a complete blood cell count
analysis was performed using a Vet EXIGO analyser
(Boule Medical AB). For cell culture, neutrophils were
isolated from whole blood using the method described
previously (Wessely-Szponder and Szponder, 2010).
Briefly, the red blood cells were lysed by the addition of
0.83% ammonium chloride and the blood was then cen-
trifuged at 700 x g for 15 min at 4°C. The purified cells
(75-80% pure PMNs, more than 90% viable) were
re-suspended in a modified phosphate saline buffer
(PBS) and were adjusted to a final concentration
of 1x 10° cells/ml.

The degranulation of neutrophils was assayed
on the basis of elastase, MPO, and ALP release and
related to maximal enzyme content obtained after
treatment of cells with 0.5% Triton X-100 (Sigma).
The assay of elastase activity was performed on the ba-
sis of cleavage of azocasein (Sigma) as a substrate
at 25°C for 10 min, thereafter absorbance was assessed
at 490 nm using BioTek EL800 (BioTek Poland). MPO
release was determined by measuring the absorbance at
490 nm after 10 min of incubation of the sample with an
equal volume of o-phenylendiamine (OPD-Sigma).

ALP activity was estimated after 10 min incubation at
25°C with an equal volume of 4-nitrophenyl phosphate
disodium salt hexahydrate (pNPP-Sigma) and absorb-
ance then was measured at 405 nm. Superoxide anion
production was measured using the method described
previously. Briefly, neutrophils were incubated with
0.1% nitroblue tetrazolium (NBT-Sigma) solution at
room temperature for 10 minutes and absorbance was
then read at 545 nm. The nitric oxide (NO) level was
determined as described previously (Wessely-Szponder
and Szponder, 2010). The obtained values were ex-
pressed as a concentration of nitrite, as a stable product
of NO, which accumulates in the medium.

The plasma concentration of MDA was measured
using a spectrophotometric method based on its reac-
tion with thiobarbituric acid (Wessely-Szponder et al.
2015). Superoxide dismutase (SOD) anti-oxidant en-
zyme activity was measured by assessing epinephrine
degradation and adenochrome formation. SOD activity
in plasma was assessed spectrophotometrically by
measuring the absorbance at a wavelength of 480 nm.
The data were expressed as SOD units per ml of plasma
(Filho et al. 2012).

Each experiment was repeated using cells isolated
from five pigs (n=5) and all measurements were per-
formed in duplicate. Data are expressed as the mean +
standard deviation for continuous variables. The signif-
icance was identified by one-way ANOVA using Dell™
Statistica™ 13.1 (StatSoft Poland). Differences were
considered statistically significant when p<0.05 com-
pared to the baseline.

Results

Heart rate, systolic blood pressure and body tem-
perature were maintained at relatively constant levels
during anaesthetic protocols. Initially, the arterial O,
and CO, partial pressure were in the physiological
range. There were no significant differences in blood
pH, BE, bicarbonate and PaCO, during the whole ex-
periment (T1-T4), but the PaO, increased significantly
after MV. Moreover, we documented significant hypox-
emia after lung lavage and good recovery after RM.
The results of arterial blood gas measurements are pre-
sented in Table 1.

We estimated that in the 2nd measurement (T2)
elastase release significantly increased from 49.26+1.2%
to 54.66+4.48% of maximal release (p<0.05). In fur-
ther measurements of elastase, activity slightly de-
creased. MPO release was highest during MV (T2),
then decreased, but was maintained at a level signifi-
cantly higher than the baseline measurement (p<0.05).
Alkaline phosphatase increased significantly during
MV and then decreased and reached a value of
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Table 1. Arterial blood gas analysis. *p<0.05 vs. T1.

T1 T3 T4
pH 7.38+0.014 7.4+0.13 7.34+0,084 7.42+0.077
PaCoO, (mmHg) 46.5+13.00 45+14 53+1.41 50.00£9.89
0, (mmHg) 56.00£2.83 395.5+193* 45+16.9* 514+21.21%*
HCO, (mmol/l) 27.65+8.83 28.36x7.23 28.8+4.8 31.75+0.06
BE 2.5 -3.05 -6.75
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Fig. 1. Enzyme release by porcine neutrophils isolated during spontaneous breathing (SB, T1), mechanical ventilation
(MV, T2), lung injury (LI, T3), and recruiting manoeuvres (RM,T4), * p<0.05 in comparison with baseline value (T1).
Data are expressed as means +SE and are representative of two independent experiments, with five pigs (n=5).

18.84+2.58% which was significantly lower as com-
pared with T1 and T2 (p<0.05) (Fig.1).

Nitrite generation increased significantly during
MV (T2) and then gradually decreased at later time
points (Fig. 2). A similar effect was observed regarding
superoxide generation; however, results obtained
at T3 and T4 were comparable with the baseline (Fig. 3).

The MDA plasma concentration increased sig-
nificantly (p<0.05) at T2 reaching a level of
13.30+0.87 nmol/ml; at other time points the values
obtained were similar to the baseline value of
9.94+0.94 nmol/ml. Our study revealed a gradual
decrease of SOD activity at time points T2-T4 in com-
parison with the baseline value (Table 2).

Discussion

The present study shows that MV, lung injury and
RM are accompanied by changes in neutrophil secreto-
ry response, oxidant/antioxidant balance and arterial

blood gas parameters. It is known that MV increases
neutrophil recruitment and MPO activity in lung
homogenates in animals and humans. Moreover, the
potential role of neutrophils as major effector cells in
the generation of VILI has been clearly demonstrated
by several experimental studies (Zhang et al. 2002,
Kaynar et al. 2008, Wolthuis et al. 2009). Thus, the first
aim of our study was to assess the influence of MV on
the secretory response of circulating neutrophils. We
found that MV causes a transiently increased inflam-
matory response from circulating neutrophils on the
basis of an increase in elastase, MPO and ALP release.
According to Pires et al. (2012), MV for 30 min
triggered an inflammatory response in mouse lung, as
estimated on the basis of TNFa release and a four-fold
increase of MPO activity in lung homogenates. This
kind of response was previously described by Turunen
et al. (2006) as a rapid activation of circulating phago-
cytes after MV in preterm infants and by Zhang et al.
(2002) in healthy volunteers.
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Fig. 2. Generation of nitrite by porcine neutrophils isolated during spontaneous breathing (SB, T1), mechanical ventilation
(MV, T2), lung injury (LI, T3), and recruiting manoeuvres (RM,T4), * p<0.05 in comparison with T1. Data are expressed
as means =SE and are representative of two independent experiments, with five pigs (n=5).
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Fig. 3. Generation of superoxide by porcine neutrophils isolated during spontaneous breathing (SB, T1), mechanical
ventilation (MV, T2), lung injury (LI, T3), and recruiting manoeuvres (RM,T4), * p<0.05 in comparison with T1. Data are
expressed as means =SE and are representative of two independent experiments, with five pigs (n=5).

Table 2. Plasma levels of SOD and MDA in subsequent time points, *p<0.05 vs. T1.

Parameters T1 T2 T3 T4
SOD U/ml 9.69+1.16 8.95+0.9 7.32+1.36 6.35+£0.47*
MDA nmol/ml 9.94+0.94 13.30+0.87* 9.25+2.75 9.27+1.29

In our study increased elastase release during MV derlined the beneficial role of elastase in the improve-
was found. Kaynar et al. (2008) reported pronounced ment of the permeability of neutrophils by epithelium
neutrophil elastase activity during MV in mice and un- to cross the transvascular barrier. Conversely, inhibi-
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tion of this enzyme leads to the accumulation of neu-
trophils in pulmonary vasculature where these cells
exert an acute injurious effect on the lung tissues. ALP,
in turn, after the initial increase at MV, decreased
at later time points to levels below the baseline value.
In general, since a decrease of all of these values at
later time points was observed we concluded that
increased activity was mild and transient and presuma-
bly does not cause severe lung injury.

Greater amounts of nitrites as products of NO
generation by neutrophils as well as higher superoxide
generation were assessed during MV, and MPO release
also increased at this time point, as the pro-oxidative
and pro-inflammatory marker described by other
authors (Pires et al. 2012). Some reports suggest that
oxygen and related species (oxidants) may contribute to
a number of lung disorders. The lung exists in a high-
-oxygen environment and together with its large surface
area and blood supply, is susceptible to injury mediated
by these oxidants (Rai and Phadke 2006). It has been
shown that MV is a modulator of oxidative stress (Pires
et al. 2012), which is observed 180 min. after the onset
of MV (de la Osa, 2014). During oxidative stress the
association between lipid peroxidation in the lungs and
MYV has been reported previously. In our study the MV
generated a higher plasma concentration of MDA,
whereas in the study of Pires et al. (2012), an increased
concentration of MDA was found in lung tissues.

In the course of the study after lung injury with re-
peated bronchoalveolar lavage a decrease in neutrophil
secretory activity in comparison with values obtained at
T2 was noted. According to Hoth et al. (2009) increased
neutrophil response after lung injury was observed 3 h
after injury with maximal enzyme release 24 h after
injury. These authors, on the basis of immunoblotting
and immunohistochemical assays, reported increased
elastase activity in the lung tissue together with an
influx of neutrophils into BAL, 24 h after injury.

During MV we noted increased ROS generation
leading to oxidative stress determined on the basis of
an increased MDA plasma level. Then, during the
course of the study, bronchoalveolar lavage and an
increased level of neutrophil reactivity and oxidative
response were detected until RM. As noted by Matute-
-Bello et al. (2008) in the case of the combination of
MV with a lung injury caused by bronchoalveolar
lavage it is difficult to determine the extent to which the
lung injury is caused by bronchoalveolar lavage, by
the MV, or both. In our experiment lung lavage
was preceded by MV; thus, we estimated that major
changes in neutrophil activity and oxidative antioxidant
balance were generated by MV.

A gradual decrease in plasma SOD activity over
consecutive time points of our study was observed.

The potential of oxidants to damage pulmonary tissue
depends on antioxidant defence mechanisms that act
against oxidative stress (Rai and Phadke 2006). Pires
et al. (2012) reported a significant decrease in SOD
activity during MV. The reduction of SOD activity
might be in part due to the loss of enzyme specific activ-
ity caused by oxidants and would also be associated
with superoxide overproduction. When evaluating the
correlation between oxidative stress and injurious MV,
Filho et al. (2012) estimated an increase in MDA and a
decrease in SOD. Increased MDA was involved in endot-
helial dysfunction and overexpression of ROS. A decre-
ase in SOD, in turn, could be explained by the reduced
host self-defence mechanisms against free radicals.

The RM was accompanied by a decrease in ALP
and SOD activity, and MPO release remained high,
whereas MDA concentration, elastase release, NO and
superoxide generation were at a level similar to the
baseline value. According to de la Osa et al. (2014) RM
did not cause oxidative stress in newborn piglets. There
are contradictory data concerning RM influence on
inflammatory mediators. As mentioned in some stud-
ies, RM increased the expression of inflammatory me-
diators (Tusman et al. 2014). In contrast, experimental
and clinical data showed that RM did not affect, or
even decreased, the inflammatory response. Moreover,
RM did not induce significant pro-inflammatory re-
sponses in healthy pigs undergoing one lung ventilation
during thoracic anaesthesia (Schilling et al. 2013). Dif-
ferent modes of MV strategy strongly influence the in-
tensity and distribution of inflammation caused by neu-
trophils in the lungs. Protective ventilation and alveolar
recruitment improved gas exchange and reduced
inflammatory cell activity, especially in dependent lung
regions. The main cause of reduced inflammatory
response was decreased neutrophil metabolic activity
(phosphorylation rate), without changes in local cell
counts (de Prost et al. 2013).

In our study as expected, significant hypoxemia was
observed after lung lavage with prompt recovery fol-
lowing lung recruitment. Similar results were obtained
by other authors in experiments using a rabbit model of
acute lung injury caused by bronchoalveolar lavage
(Rotta et al. 2001, Piacentini et al. 2004). According to
Matute-Bello et al. (2008), bronchoalveolar lavage
leads to hypoxemia which is rapidly reversible by RM.
The lung lavage by itself has little consequence in terms
of permeability changes or inflammation. Epithelial
damage occurs only when the lung lavage is followed
by an injurious ventilatory strategy. In our study the
observed alterations were mild and reversible. There-
fore, the beneficial effects of RM have been demon-
strated in an animal model of alveolar collapse induced
by surfactant depletion.
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Conclusion

This study described both anaesthetic procedures
developed as a model during the experiment and reac-
tions of the patient. The results obtained at evaluated
time points, namely during spontaneous breathing,
mechanical ventilation, lung injury and recruitment
with external negative pressure, reflect the actual situa-
tions and problems encountered in clinical practice.
We revealed that both the pro-inflammatory neutrophil
response and oxidative stress in this porcine model of
lung injury were ameliorated by RM performed as
a protective strategy to restore the optimal conditions
in the lungs and for the prevention of serious lung
injury. The obtained results may be extrapolated to
human medicine and veterinary anesthesiology.

Acknowledgements

The study received financial support from National
Science Centre Poland grant no. 2013/11/B/ST7/01173.

References

Chakraborty I, Kuntil S, Bandyopadhyay M, Dasgupta A,
Chattopadhyay GD, Chakraborty S (2007) Evaluation of
serum zinc level and plasma SOD activity in senile cata-
ract patients under oxidative stress. Indian J Clin Bio-
chem 22: 109-113.

de la Osa AM, Garcia-Fernandez J, Llorente-Cantarero FJ,
Gil-Campos M, Munoz-Villanueva MC, De la Torre
Aguilar M, de la Rosa II, Perez-Navero JL (2014) Lung
recruitment manoeuvres do not cause haemodynamic
instability or oxidative stress but improve oxygenation and
lung mechanics in a newborn animal model. Eur J Anaes-
thesiol 31: 457-465.

de Prost N, Costa EL, Wellman T, Musch G, Tucci MR,
Winkler T, Harris R, Venegas JG, Kavanagh BP, Melo MF
(2013) Effects of ventilation strategy on distribution
of lung inflammatory cell activity. Crit Care 17: R175.

Filho JBR, Bona S, da Rosa PD, Silva FG, Foriarini Junior
LA, Dias AS, Marroni NP (2012) The effects of mechani-
cal ventilation on oxidative stress. Rev Bras Ter Intensiva
24:23-29.

Hoth JJ, Wells JD, Brownlee NA, Hiltbold EM, Meredith JW,
McCall CE, Yoza BK (2009) Toll-like receptor 4-depen-
dent responses to lung injury in a murine model of pulmo-
nary contusion. Shock 31: 376-381.

Karadottir K, Kulkarni NN, Gudjonsson T, Karason S,
Gudmundsson GH (2015) Cyclic mechanical stretch
down-regulates cathelicidin antimicrobial peptide express
ion and activates a pro-inflammatory response in human
bronchial epithelial cells. Peer J 3: e1483.

Kaynar AM, Houghton AM, Lum EH, Pitt BR, Shapiro SD
(2008) Neutrophil elastase is needed for neutrophil emi-
gration into lungs in ventilator-induced lung injury. Am
J Respir Cell Mol Biol 39: 53-60.

LiuJ, Yang Y, Zeng X, Bo L, Jiang S, Du X, Xie Y, Jiang R,
Zhao J, Song W (2017) Investigation of selenium
pretreatment in the attenuation of lung injury in rats
induced by fine particulate matters. Environ Sci Pollut
Res 24: 4008-4017.

Loria V, Dato I, Graziani E Biasucci LM (2008) Myeloperoxi-
dase: a new Biomarker of Inflammation in Ischemic Heart
Disease and Acute Coronary Syndromes. Mediators
Inflamm 2008:135625.

Matute-Bello G, Frevert CW, Martin TR (2008) Animal
models of acute lung injury. Am J Physiol Lung Cell Mol
Physiol 295: 1.379-1.399.

Piacentini E, Villagra A, Lopez-Aguilar J, Blanch L (2004)
Clinical review: The implications of experimental and
clinical studies of recruitment maneuvers in acute lung
injury. Crit Care 8: 115-121.

Pires KM, Melo AC, Lanzetti M, Casquilho NV, Zin WA,
Porto LC, Valenca SS (2012) Low tidial volume mechani-
cal ventilation and oxidative stress in healthy mouse lungs.
J Bras Pneumol 38: 98-104.

Rai RR, Phadke MS (2006) Plasma oxidant-antioxidant
status in different respiratory disorders. Indian J Clin
Biochem 21: 161-164.

Rotta AT, Gunnarsson B, Fuhrman BP, Hernan LJ,
Steinhorn DM (2001) Comparison of lung protective
ventilation strategies in a rabbit model of acute lung
injury. Crit Care Med 29: 2176-2184.

Schilling T, Kretzschmar M, Hachenberg T, Hedenstierna G,
Kozian A (2013) The immune response to one-lung-
-ventilation is not affected by repeated alveolar
recruitment manoeuvers in pigs. Minerva Anestesiol
79: 590-603.

Sun ZT, Yang CY, Miao LJ, Zhang SE Han XP, Ren SE,
Sun XQ, Cao YN: (2015) Effects of mechanical ventila-
tion with different tidial volume on oxidative stress and
antioxidant in lung. J Anesth 29: 346-351.

Turunen R, Nupponen I, Siitonen S, Repo H, Andersson S
(2006) Onset of mechanical ventilation is associated with
rapid activation of circulating phagocytes in preterm
infants. Pediatrics 117: 448-454.

Tusman G, Bohm SH, Suarez-Sipman F (2014) Alveolar
recruitment maneuvers for one-lung ventilation during
thoracic anestesia. Curr Anesthesiol Rep 4: 160-169.

Wessely-Szponder J, Szponder T (2010) Comparison of
the effects of two anaesthetic combinations in rabbits
on some neutrophil functions in vitro. World Rabbit Sci
18: 169-177.

Wessely-Szponder J, Betkot Z, Bobowiec R, Kosior-Korzecka U,
Wojcik M (2015) Transport induced inflammatory respon-
ses in horses. Pol J Vet Sci 18: 407-413.

Wolthuis EK, Vlaar AP, Choi G, Roelofs JJ, Juffermans NP,
Schultz MJ (2009) Mechanical ventilation using non-inju-
rious ventilation settings causes lung injury in the absence
of pre-existing lung injury in healthy mice. Crit Care
13(1):R1.

Zhang H, Downey GP, Suter PM, Slutsky AS, Ranieri VM
(2002) Conventional mechanical ventilation is associated
with bronchoalveolar lavage-induced activation of poly-
morphonuclear leukocytes a possible mechanism to ex-
plain the systemic consequences of ventilator-induced
lung injury in patients with ARDS. Anesthesiology
97: 1426-1433.



