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Better lung protection following death due to rapid exsanguination in rats

Sicanlarda hizll eksanguinasyon ile 6Ium sonrasinda akcigerin daha iyi korunmasi

Korkut Bostanci,' Berna Karakoyun Lagin,? Meral Yiiksel,® Feriha Ercan,* Mustafa Yiksel,! Hasan Fevzi Batirel’

Departments of 'Thoracic Surgery, “Histology and Embryology, Medical Faculty of Marmara University, istanbul, Turkey;

2Department of Nursing, Marmara University Faculty of Health Sciences, istanbul, Turkey:

$Department of Medical Laboratory, Marmara University Vocational School of Health Related Professions, istanbul, Turkey

Background: This study aims to investigate the effects of death
due to rapid exsanguination on the viability of lung tissue.

Methods: Fourty-six Sprague-Dawley male rats with a
weight range of 310-370 g were included in the study. Rats
were divided into six groups: (i) ischemic alone (I group;
n=8); (ii) passive exsanguination group of whose major
abdominal veins were cut following death (PE group;
n=8) (iii) group of whose major abdominal veins were
cut and sacrified with rapid exsanguination (RE group;
n=8); (iv) lung perfusion group with saline (SP group;
n=8); (v) lung perfusion group with Perfadex (PP group;
n=8) and (vi) control group (C group; n=6). Rats in all
experiement groups except rapid exsanguination ones and
all in the control group were euthanized with intrahepatic
pentobarbital. Lungs were removed following euthanasia in
the controls. In all study groups, lungs were ventilated in
the cadavers at room temperature for 120 minutes and kept
in warm ischemia.

Results: Myeloperoxidase (MPO) activity, luminol
chemiluminescence (CL) values and non-viable cell rate
were higher in the ischemia group. The PE group had
increased MPO activity, lucigenin CL values and non-
viable cell rate, whereas the RE group had reduced MPO
activity and luminol CL values, compared to ischemia
group. MPO activity, lucigenin CL levels and non-viable
cell rate were lower in the RE group, compared to PE.
The PP had lower MPO activity and luminol CL values,
compared to SP or ischemia group, whereas non-viable
cell rate increased.

Conclusion: Death following rapid exsanguination results in
better preservation of lung viability and minimal oxidative
injury. This may be explained by rapid loss of platelets and
inflammatory cells in the tissue and shift of extravascular
fluid to intravascular compartment.

Key words: Cadaveric lung; donor lung; ischemic injury; lung
transplantation; organ preservation.

Amag: Bu calismada hizli eksanguinasyon ile dlumiin akci-
ger dokusu canlilig1 tizerindeki etkisi aragtirildi.

Calisma plani: Calismaya agirliklar1 310-370 g arasinda
degigsen 46 adet Sprague-Dawley cinsi erkek sican alind1.
Sicanlar alt1 gruba ayrilds; (i) sadece iskemide tutulan grup
(I grubu; n=_8), (ii) 6lum sonrast major abdominal damarla-
rin kesildigi pasif eksanguinasyon grubu (PE grubu; n=8),
(iii) sicanlarin major abdominal damarlar kesilerek hizli
eksanguinasyonla sakrifiye edildigi grup (RE grubu; n=8),
(iv) akcigerlerin serum fizyolojikle perfuze edildigi grup (SP
grubu; n=8), (v) akcigerlerin Perfadex ile perfuze edildigi
grup (PP grubu; n=8) ve (vi) kontrol grubu (C grubu; n=6).
Hizli eksanguinasyon grubu digindaki deney gruplarinda ve
kontrol grubundaki tiim siganlara intrahepatik pentobarbital
ile otenazi uygulandi. Kontrol grubunda otenazi sonrasi
akcigerler ¢ikartildi. Tum caligma gruplarinda akcigerler olu
sicanin vilcudunda 120 dakika siireyle oda 1sisinda ventile
edilerek sicak iskemide tutuldu.

Bulgular: Miyeloperoksidaz (MPO) aktivitesi, luminol
kemiluminesans (CL) degerleri ve 6lu hiicre oranlar1 iskemi
grubunda yuiksek bulundu. Iskemi grubuyla karsilagtirildi-
ginda PE grubunda MPO aktivitesi, lusigenin CL degerleri
ve olu huicre oranlar1 yuksek iken, RE grubunda MPO
aktivitesi ve luminol CL degerleri disiik bulundu. PE grubu
ile karsilagtirildiginda da RE grubunda MPO aktivitesi,
lusigenin CL degerleri ve olu hiicre oranlari dusiik bulundu.
SP ve iskemi gruplariyla karsilagtirildiginda, PP grubunda
MPO aktivitesi ve luminol CL degerleri dusuk, olu hiicre
oranlar1 ise yuksek bulundu.

Sonug¢: Hizli eksanguinasyon ile olumde akciger canliligi
daha iyi korunur ve oksidatif hasar minimaldir. Bu durum
trombositlerin ve inflamatuvar hiicrelerin hizla dokudan
uzaklagmas: ve ekstravaskiller sivinin intravaskiiler kom-
partmana kaymasi ile aciklanabilir.

Anahtar sozciikler: Kadavra akcigeri; donor akcigeri; iskemik
hasar; akciger transplantasyonu; organ korunmasi.
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Lung transplantation has become the standard treatment
of choice for patients with end-stage pulmonary diseases.
The most limiting factor for this treatment continues to
be the shortage of suitable donor organs. The use
of lungs from non-heart-beating donors (NHBDs) has
been advocated to cope with donor shortage.® Lung
parenchymal cells do not solely rely on perfusion
for aerobic cellular metabolism as oxygen is present
in the airways and alveoli. Therefore, unlike other
organs, the lung may be considered a suitable organ
for retrieval after circulatory arrest.*7! However, there
is always a delay between circulatory arrest and the
initiation of cold in situ flush, and as the warm
ischemic interval prolongs, the lung injury becomes
more prominent, which decreases the chance of a
successful transplantation.™ Techniques like topical
cooling with cold crystalloid solution flush through the
pleural cavity via chest tubes and deliverance of high-
flow endobronchial cooled humidified air have been
shown to be effective in preserving the lung parenchyma
during the warm ischemia period.®?

Most of the studies on NHBDs are focused on
ischemia-reperfusion injury, primarily regarding
events occurring after reperfusion: however, several
inflammatory and cellular changes occur during warm
ischemia, depending on the length of the ischemic
period.”

Inflammatory cells contribute to reactive oxygen
species (ROS) formation in the lung tissue which
cause oxidative stress and injury.'"” Reactive oxygen
species are mainly produced by phagocytes as well as
polymorphonuclear, alveolar, bronchial, and endothelial
cells. Activated phagocytes synthesize and release both
superoxide (O27) and hypochlorous acid (HOCI). The
myeloperoxidase (MPO) enzyme oxidizes CI° found
within the cytoplasm or in the extracellular fluid, into
HOCI. A reaction between the HOCI and O2~ further
increases hydroxyl radical (OH) concentration thus
causing tissue damage.'!

Chemiluminescence (CL) is an accepted and
accurate method of estimating ROS generation.!'*!)
This technique, which measures light production as a
byproduct of oxidative metabolism, has been utilized
to demonstrate the involvement of ROS in various
conditions. Luminol and lucigenin are widely used CL
probes with different selectivity. Luminol quantifies a
group of reactive species, including hydrogen peroxide
(H202), ‘OH, and hypochlorite (OCI), whereas lucigenin
is mostly selective for superoxide measurements.!'!

As most of the inflammatory agents causing ischemic
injury are components of blood, we hypothesized in this
study that washing out the blood from the lungs with
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various techniques may reduce oxidative injury during
the warm ischemic period. We investigated the role
of exsanguination on the viability of lung tissue with
biochemical and histochemical analysis.

MATERIALS AND METHODS

Fourty-six male Sprague-Dawley rats weighing between
310 and 370 g were included in the study. They were
housed in a temperature-controlled room (22+2 °C) with
standardized light/dark (12/12 h) cycles, and the relative
humidity (65-70%) was kept constant. The rats were fed
with standard rat pellets and tap water ad libitum. The
experiments were approved by the Marmara University
Animal Care and Use Committee.

Experimental protocol

The rats were divided into six groups, one being the
control group and five being experimental groups
consisting of six to eight rats each.

The animals were anesthetized by intraperitoneal
administration of 35 mg/kg pentobarbital sodium (IE
Ulagay, Istanbul, Turkey). Briefly, a small laparotomy
incision was performed, and 600 U heparin (Mustafa
Nevzat, Istanbul, Turkey) was injected intrahepatically.
An incision was made to expose the trachea, and the
animal was intubated with a tracheotomy. Other than
the rapid exsanguination (RE) group, the rats in the
other experimental groups were euthanized with an
intrahepatic pentobarbital sodium (120 mg/kg) injection.
On the other hand, the rats in RE group (n=8) were
sacrified by rapid exsanguination via division of the
abdominal aorta and inferior vena cava in the abdomen.
Cardiac arrest was documented by observation of
absence of cardiac motion transmitted through the
diaphragm and by palpation in all experimental groups.
At this point, the heart-lung blocks were harvested
via median sternotomy in the control (C) group (n=6).
In the study groups, immediately after death, the
lungs were ventilated through a cannula (8F) by a
rodent ventilator (Harvard rodent ventilator Model 683;
Harvard Apparatus Co. Millis, MA) at a tidal volume
of 3 cc at a rate of 60 breaths/min and a positive end-
expiratory pressure of 2 cm H20 for 120 minutes at
room temperature. The heart-lung blocks were left
in situ in an effort to simulate the cadaveric donor as
closely as possible.

In the ischemia (I) group (n=8), the rats were
ventilated for 120 minutes. In the passive exsanguination
(PE) group (n=8), division of the inferior vena cava
and abdominal aorta was performed for passive
exsanguination at the beginning of the ventilation
period. A median sternotomy was performed on the
rats in the saline perfusion (SP) group (n=8) and the
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Perfadex perfusion (PP) group (n=8). The venae cavae
were ligated, the abdominal aorta was divided, and
a 20-gauge intravenous catheter was inserted into
the main pulmonary artery. At room temperature, a
physiological saline (0.9% NaCl) or Perfadex (with
1 mEq/l and 60mg CaCl2 added; Vitrolife Sweden,
Kungsbacka, Sweden) solution was infused through
this catheter from a reservoir positioned 30 cm above
the heart until a clear perfusate was obtained from the
divided aorta. The sternotomy and laparotomy were
then stapled, and ventilation was continued for 120
minutes in both groups.®!!

After this warm ischemia period, the heart-lung
blocks were harvested in all study groups via median
sternotomy. The following steps were common in all
six groups: the right hilar structures were clamped, the
main pulmonary artery was catheterized as described
above, and a left atriotomy was performed. Trypan blue
dye dissolved in Krebs-Henseleit bicarbonate buffer
(150 ml 500 mM) was infused, followed by 150 ml of
fixative (2% gluteraldehyde plus 2% paraformaldehyde
in 0.1 mol/L Sorenson’s buffer), both from the reservoir
positioned 30 cm above the heart. During this infusion,
mechanical ventilation was established briefly in all the
study groups with the same parameters previously used
to permit perfusion of the left lung. The mid-portion
of the left lung was then excised and stored at 4 °C
in the same fixative used in the routine histological
preparation.

The right lung was resected and stored at -80 °C for
subsequent measurement of MPO activity. The ROS
formation in the tissue samples was monitored using a
CL technique with luminol and lucigenin probes.

Measurement of myeloperoxidase (MPO) activity

Myeloperoxidase is a heme protein stored within the
azurophilic granules of leukocytes and found within
circulating neutrophils, monocytes, and some tissue
macrophages.'®"! Tissue MPO activity is frequently
utilized to estimate tissue polymorphonuclear leukocyte
(PMN) accumulation in inflammed tissues, which
has been shown to correlate significantly with the
number of PMNSs determined histochemically.!"s! Tissue-
associated MPO activity was determined in 0.2 to
0.5 g samples that were homogenized in 10 volumes of
ice-cold potassium phosphate buffer [phosphate buffer
saline (PBS), 20 mM dipotassium hydrogen phosphate
(K2HPO4) pH 7.4]. The homogenate was centrifuged
at 12.000 rpm for 10 min at 4 °C, and the supernatant
was discarded. The pellet was then re-homogenized
with an equivalent volume of K2HPO4 containing 0.5%
(w/v) hexadecyltrimethylammonium bromide (HETAB).
Myeloperoxidase activity was assessed by measuring

the H202-dependent oxidation of o-dianizidine.2HCI.
One unit enzyme activity was defined as the amount of
MPO present that caused a change in absorbance of 1.0
unit/min at 460 nm and 37 °C and is expressed in units
per gram of tissue.!"”!

Chemiluminescence (CL) assay

To assess the contribution of ROS in pulmonary
inflammation, luminol and lucigenin CLs were measured
as indicators of radical formation. Luminescence of
the tissue samples was recorded at room temperature
using a Mini Lumat Junior LB 9509 luminometer
(EG&G Berthold, Germany). Specimens were put into
vials containing a PBS-HEPES [4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid] buffer (0.5 mol/l PBS
containing 20 mmol/l HEPES, pH 7.2). The ROS were
quantitated after the addition of the enhancers, lucigenin
or luminol, for a final concentration of 0.2 mmol/l.
Counts were obtained at one-minute intervals, and
the results are given as the area under the curve for a
counting period of five minutes. Counts were corrected
for wet tissue weights and expressed as relative light
units (rlu) per milligram of tissue.

Histological evaluation of cell viability

For light microscopic analysis, samples from the lung
were dehydrated in an alcohol series, cleared in toluene,
and embedded in paraffin. Tissue sections (5 mm)
were stained with eosin only. Hematoxylin was avoided
because its blue color would have interfered with the
interpretation of the trypan blue dye.

Each glass slide was delineated into four quadrants
and then viewed with a light microscope (Olympus BX
51, Tokyo, Japan) at x 400 magnification. The histological
counting of the non-viable cells was performed by an
experienced histologist who was unaware of either
the control or experimental groups. In each section,
five different areas were selected randomly, and 50
parenchymal cell nuclei were identified and counted in
each of the four quadrants. The color of each nucleus
was recorded. Cell nuclei were identified as either
pink (viable) or blue (non-viable), with the latter color
representing the trypan blue which stains the nuclei of
non-viable cells. An eyepiece graticule (0.0785 mm?) was
used to avoid overlapping of counting areas. The number
of blue nuclei in each quadrant was added together, and
a percentage was derived. The percentage of non-viable
cells in each rat lung specimen was used to calculate the
mean percentage of non-viability in each group.™

Statistical analysis

All data was expressed as mean + standard error of
the mean (SEM). Groups of data were compared with
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an analysis of variance (ANOVA) followed by Tukey’s
multiple comparison tests. Results were considered
significant when p was less than 0.05. Calculations were
made using GraphPad Prism 3.0 (GraphPad Software,
San Diego, CA, USA).

RESULTS
Tissue MPO activity

Myeloperoxidase activity, which is accepted as an
indicator of neutrophil infiltration to the inflamed tissue,
was significantly higher in the lung tissues of the I group
(23.2+3.1 U/g) compared with the C group (12.4+1.5
Ulg; p<0.05), (Figure 1). Myeloperoxidase activity in the
PE (24.6+3.1 U/g) and SP (33.5+6.9 U/g) groups was not
different than in the I group. On the other hand, in the
RE (12.9+1.7 U/g; p<0.05) and PP (13.9+1.0 U/g; p<0.05)
groups, lung MPO activity was significantly depressed
to a level that was not different from that of the C group.
Also, deaths in the RE group from the abdominal aorta
and inferior vena cava significantly decreased the lung
MPO activity when compared with the PE group which
had the same type of deaths (p<0.05). Likewise, MPO
activity in the PP group was significantly lower than in
the SP group (p<0.05).

Chemiluminescence levels in the lung tissue

The lung luminol CL level showed a marked increase
in the I group (11.4+0.7 rlu/mg protein; p<0.001) when

507 - control
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Exsanguination perfusion

Figure 1. Tissue associated myeloperoxidase (MPO) activity of
the control, ischemia alone and exsanguination and perfusion

groups with ischemia. * p<0.05 compared to the control group; * p<0.05
compared to the I group; *p<0.05 compared to the PE group; *p<0.05 compared
to the SP group.
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compared with the C group (6.3+0.6 rlu/mg protein).
Both the RE and PP groups abolished the elevation in
lung luminol CL (8.5+0.8 rlu/mg protein; p<0.05 and
7.3£0.7 rlu/mg protein; p<0.01, respectively). On the
other hand, neither the PE group (9.1+068 rlu/mg protein)
nor the SP group (9.4+1.0 rlu/mg protein) changed the
Iuminol CL levels (Figure 2).

The lucigenin CL level in the 1 group
(7.9+0.4 rlu/mg tissue) was not different than the level in
group C (6.8+1.2 rlu/mg tissue) while the level in the PE
group (10.6+0.7 rlu/mg tissue) increased significantly
when compared with the I group (p<0.05). In the RE
group, the lucigenin CL level (6.5+0.3 rlu/mg tissue)
was significantly lower than in the PE group (p<0.001)
(Figure 3). On the other hand, the lucigenin CL levels
in the perfusion groups were not significantly altered
(saline, 9.7+0.6 rlu/mg tissue and Perfadex, 7.6+0.8 rlu/mg
tissue), and the CL levels were not different from those
of the C group either.

Histological analysis of cell viability

The two-hour warm ischemia period resulted in an
extensive number of non-viable cells (10.7+1.8%)
compared with the C group (0.5+0.2%; p<0.05),
(Figure 4). Non-viable cells were found to be extremely
high in the PE group (40.2+4.7%) when compared
with the I group (p<0.001). Similarly, there were high
numbers of non-viable cells recorded in the perfusion

209 Control

M Ischemia
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Luminol-enhanced chemiluminescence
(rlu/mg)
5
1

Passive rapid Saline Perfadex

Exsanguination perfusion

Figure 2. Luminol chemiluminescence (CL) levels of the control,
ischemia alone and exsanguination and perfusion groups with

ischemia. rlu: Relative light units. *** p<0.001 compared to the C group;
*p<0.05 and **p<0.01 compared to the I group.
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Figure 3. Lucigenin chemiluminescence (CL) levels of the

control, ischemia alone and exsanguination and perfusion groups

with ischemia. rlu: Relative light units; ** p<0.01 compared to the C group; *
p<0.05 compared to the I group; *** p<0.001 compared to the PE group.

groups (saline, 27.0+3.6%; p<0.001) and (Perfadex,
20.7+2.2%; p<0.05). Fewer non-viable cells were found
in the RE group (7.5£1.9%) when compared with the
PE group (p<0.001), but the number of non-viable cells
was not different from that of the C or I groups, and the
perfusion groups did not differ from each other.

Microscopic examination of the C group revealed
viable cells with pale pink nuclei in the lung parenchyma
(Figure 5a). In the ischemia group, a slightly increased
number of non-viable cells with blue nuclei was observed
(Figure 5b). In the PE group, microscopic examination
revealed a severely increased number of non-viable cells
(Figure 5c¢). On the other hand, non-viable cells were
mildly increased in the RE group, but this increase
did not reach statistical significance (Figure 5d). Both
the SP (Figure 5e) and PP (Figure 5f) groups showed a
moderate increase in the number of non-viable cells in
the lung parenchyma.

DISCUSSION

Animal studies have shown reasonable cadaveric
graft function up to two hours after sudden death
by drug administration or myocardial fibrillation.[”:8:2%
However, to our knowledge, the role of death with
rapid exsanguination without a hypotensive period on
cadaveric lung viability has not been previously studied.

Almost all of the studies on ischemia-reperfusion
injury in NHBDs are focused on the changes occurring
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Figure 4. Number of non-viable cells in the control, ischemia

alone and exsanguination and perfusion groups with ischemia. *
p<0.05 and *** p<0.001 compared to the control group; *p<0.05 and *** p<0.001
compared to the I group; #** p<0.001 compared to the PE group.

in the reperfusion phase while the inflammatory and
cellular changes during the warm ischemic period
remain poorly understood.*>*! Geudens et al.”! showed
that the cellular changes already occur during warm
ischemia, and these were correlated with the length of
the ischemic period in the mouse model. In this study,
it was demonstrated that the number of macrophages
and lymphocytes in bronchoalveolar lavage increases
with longer warm ischemic intervals, and a significant
rise occurs between 60 and 90 minutes of ischemia.
In our study, we preferred a period of 120 minutes
of warm ischemia for a demonstrative inflammatory
reaction to produce ROS and investigate the effects
on lung viability by measuring the MPO activity as
well as the luminol- and lucigenin-enhanced CL on
the lung tissue.

Reactive oxygen species are important contributors
to tissue destruction. Although it is difficult to
quantitate ROS because of their reactive nature
and short lives, the CL method used in the present
study is a simple and reproducible technique. The
two CL probes, luminol and lucigenin, differ in
selectivity. Lucigenin is particularly sensitive to
superoxide radicals whereas luminol detects H202,
OH, the hypochlorite ion OCI, peroxynitrite, and
lipid peroxyl radicals."¥ The luminol-enhanced CL
data of the current study demonstrates that a period of
120 minutes of warm ischemia involves toxic oxygen
metabolites. Rapid exsanguination and Perfadex
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Figure 5. Micrographs illustrating the viable cells (®) with pale pink nuclei and non-viable cells (%)

e

with blue nuclei of the lung parenchyma in control group (a), I group (b), PE group (c), RE group (d),
SP group (e) and PP group (f) Stainings and original magnifications: Trypan blue and eosin staining,

x 400.

perfusion act as antioxidant methods to reduce the
generation of ROS.

It is well documented that one of the sources of ROS
in several lung injuries is the activated neutrophils.”*
The tissue associated MPO, which is known as the
index of neutrophil infiltration, plays a fundamental
role in oxidant production by neutrophils.”®! At the site
of the ischemic injury, MPO content is a marker of
the magnitude of neutrophil infiltration and activation
and serves as a quantitative index of injury severity.
In our observation, elevated MPO levels in the lung
tissue indicate that neutrophil accumulation contributes
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to the ischemia-induced oxidative injury, and rapid
exsanguination and Perfadex perfusion appear to have
preventive effects through the inhibition of neutrophil
infiltration. These findings are in parallel with the
luminol-enhanced CL data, which defines the role of
neutrophils in the release of ROS.

In accordance with the CL and MPO results,
the percentage of non-viable cells in the RE group
also decreased, although it did not reach statistical
significance. The highest number of non-viable cells
was in the PE group, which may be a sign of cell death
due to the oxidative damage caused by the inflammatory
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cells and ROS in the remaining blood in the lung
parenchyma. Tremblay et al.””! showed in an isolated
rat lung reperfusion model that a period of hypotension
and hemorrhagic shock caused by exsanguination before
death severely impairs cadaveric lung viability through
activation and pulmonary sequestration of neutrophils
along with the release of inflammatory mediators.
However, our findings showed that rapid exsanguination
may provide a total washout of the blood cells;
leukocytes which cause inflammation, thrombocytes
which bring about clot formation, and erythrocytes
with strong oxidative agents, such as hemoglobin,
from the lungs. Thus, there is less inflammatory
reaction and ROS formation in situations where passive
exsanguination after death is not sufficent enough to
clear the inflammatory cells of the lungs. This results in
a higher degree of ischemic injury.

In conclusion, this study examined the effects
of rapid exsanguination on lung viability following
warm ischemia. We showed that death following rapid
exsanguination results in better preservation of lung
viability and minimal oxidative injury. This may be
due to the loss of inflammatory cells and platelets
and the shift of extravascular fluid to the intravascular
compartment. Further studies on this issue are needed
for developing strategies to condition the NHBD lungs
against ischemia-reperfusion injury. In clinical practice,
these studies may lead to the conclusion that an NHBD
lung harvested from a donor who “bled to death” rapidly
can have a better outcome following transplantation.

Declaration of conflicting interests

The authors declared no conflicts of interest with respect
to the authorship and/or publication of this article.

Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

1. Christie JD, Edwards LB, Kucheryavaya AY, Aurora P,
Dobbels F, Kirk R, et al. The Registry of the International
Society for Heart and Lung Transplantation: twenty-seventh
official adult lung and heart-lung transplant report-2010. J
Heart Lung Transplant 2010;29:1104-18.

2. Christie JD, Edwards LB, Aurora P, Dobbels F, Kirk R,
Rahmel AO, et al. Registry of the International Society for
Heart and Lung Transplantation: twenty-fifth official adult
lung and heart/lung transplantation report-2008. J Heart
Lung Transplant 2008;27:957-69.

3. Van Raemdonck DE, Rega FR, Neyrinck AP, Jannis N,
Verleden GM, Lerut TE. Non-heart-beating donors. Semin
Thorac Cardiovasc Surg 2004;16:309-21.

4. D'Armini AM, Roberts CS, Griffith PK, Lemasters JJ, Egan

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

TM. When does the lung die? I. Histochemical evidence of
pulmonary viability after “death”. J Heart Lung Transplant
1994;13:741-7.

Alessandrini F, D’Armini AM, Roberts CS, Reddick RL,
Egan TM. When does the lung die? II. Ultrastructural
evidence of pulmonary viability after “death”. J Heart Lung
Transplant 1994;13:748-57.

D'Armini AM, Tom EJ, Roberts CS, Henke DC, Lemasters
JJ, Egan TM. When does the lung die? Time course of high
energy phosphate depletion and relationship to lung viability
after “death”. J Surg Res 1995;59:468-74.

Geudens N, Vanaudenaerde BM, Neyrinck AP, Van De
Wauwer C, Rega FR, Verleden GM, et al. Impact of warm
ischemia on different leukocytes in bronchoalveolar lavage
from mouse lung: possible new targets to condition the
pulmonary graft from the non-heart-beating donor. J Heart
Lung Transplant 2006;25:839-46.

Oto T, Calderone A, Pepe S, Snell G, Rosenfeldt F. High-
flow endobronchial cooled humidified air protects non-
heart-beating donor rat lungs against warm ischemia. J
Thorac Cardiovasc Surg 2006;132:413-9.

Steen S, Sjoberg T, Ingemansson R, Lindberg L. Efficacy
of topical cooling in lung preservation: is a reappraisal due?
Ann Thorac Surg 1994;58:1657-63.

Sibille Y, Reynolds HY. Macrophages and polymorphonuclear
neutrophils in lung defense and injury. Am Rev Respir Dis
1990;141:471-501.

Gutteridge JM, Halliwell B. Free radicals and antioxidants in
the year 2000. A historical look to the future. Ann N'Y Acad
Sci 2000;899:136-47.

Haklar G, Sayin-Ozveri E, Yuksel M, Aktan AO, Yalgin
AS. Different kinds of reactive oxygen and nitrogen species
were detected in colon and breast tumors. Cancer Lett
2001;165:219-24.

Boveris A, Cadenas E, Reiter R, Filipkowski M, Nakase Y,
Chance B. Organ chemiluminescence: noninvasive assay
for oxidative radical reactions. Proc Natl Acad Sci U S A
1980;77:347-51.

Davies GR, Simmonds NJ, Stevens TR, Sheaff MT, Banatvala
N, Laurenson IF, et al. Helicobacter pylori stimulates antral
mucosal reactive oxygen metabolite production in vivo. Gut
1994;35:179-85.

Jones DR, Hoffmann SC, Sellars M, Egan TM. Reduced
ischemia-reperfusion injury with isoproterenol in non-heart-
beating donor lungs. J Surg Res 1997;69:385-92.

Yamada M, Kurahashi K. Regulation of myeloperoxidase
gene expression during differentiation of human myeloid
leukemia HL-60 cells. J Biol Chem 1984;259:3021-5.
Schultz J, Kaminker K. Myeloperoxidase of the leucocyte
of normal human blood. I. Content and localization. Arch
Biochem Biophys 1962;96:465-7.

Bradley PP, Priebat DA, Christensen RD, Rothstein G.
Measurement of cutaneous inflammation: estimation of
neutrophil content with an enzyme marker. J Invest Dermatol
1982;78:206-9.

Hillegass LM, Griswold DE, Brickson B, Albrightson-
Winslow C. Assessment of myeloperoxidase activity in
whole rat kidney. J Pharmacol Methods 1990;24:285-95.

335



Turk Gogus Kalp Dama

20.

21.

22.

23.

336

Neyrinck AP, Van De Wauwer C, Geudens N, Rega FR,
Verleden GM, Wouters P, et al. Comparative study of donor
lung injury in heart-beating versus non-heart-beating donors.
Eur J Cardiothorac Surg 2006;30:628-36.

Takashima S, Schlidt SA, Koukoulis G, Sevala M, Egan
TM. Isoproterenol reduces ischemia-reperfusion lung injury
despite beta-blockade. J Surg Res 2005;126:114-20.

Egan TM, Hoffmann SC, Sevala M, Sadoff JD, Schlidt
SA. Nitroglycerin reperfusion reduces ischemia-reperfusion
injury in non-heart-beating donor lungs. J Heart Lung
Transplant 2006;25:110-9.

Inokawa H, Sevala M, Funkhouser WK, Egan TM.
Ex-vivo perfusion and ventilation of rat lungs from non-
heart-beating donors before transplant. Ann Thorac Surg

24.

25.

26.

27.

2006;82:1219-25.

Takashima S, Koukoulis G, Inokawa H, Sevala M, Egan
TM. Inhaled nitric oxide reduces ischemia-reperfusion
injury in rat lungs from non-heart-beating donors. J Thorac
Cardiovasc Surg 2006;132:132-9.

Ryrfeldt A, Bannenberg G, Moldéus P. Free radicals and lung
disease. Br Med Bull 1993;49:588-603.

Weiss SJ, Ward PA. Immune complex induced generation
of oxygen metabolites by human neutrophils. J Immunol
1982;129:309-13.

Tremblay LN, Yamashiro T, DeCampos KN, Mestrinho BV,
Slutsky AS, Todd TR, et al. Effect of hypotension preceding
death on the function of lungs from donors with nonbeating
hearts. J Heart Lung Transplant 1996;15:260-8.



