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Abstract The purpose of this study was to investigate the
role of infliximab on acute lung injury induced by intestinal
ischemia/reperfusion (I/R). A total of 30 male Wistar
albino rats were divided into three groups: sham, I/R and
I/R+ infliximab; each group contain 10 animals. Sham
group animals underwent laparotomy without I/R injury.
After I/R groups animals underwent laparotomy, 1 h of
superior mesenteric artery ligation were followed by 1 h of
reperfusion. In the infliximab group, 3 days before I/R,
infliximab (3 mg/kg) was administered by intravenously.
All animals were sacrificed at the end of reperfusion and
lung tissues samples were obtained for biochemical and
histopathological investigation in all groups. To date, no
more biochemical and histopathological changes on intes-
tinal I/R injury in rats by infliximab treatment have been
reported. Infliximab treatment significantly decreased the
elevated tissue malondialdehyde levels and increased of
reduced superoxide dismutase, and glutathione peroxidase
enzyme activities in lung tissues samples. Intestinal I/R
caused severe histopathological injury including edema,
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hemorrhage, increased thickness of the alveolar wall and a
great number of inflammatory cells that infiltrated the
interstitium and alveoli. Infliximab treatment significantly
attenuated the severity of intestinal I/R injury. Further-
more, there is a significant reduction in the activity of
inducible nitric oxide synthase and arise in the expression
of surfactant protein D in lung tissue of acute lung injury
induced by intestinal I/R with infliximab therapy. It was
concluded that infliximab treatment might be beneficial in
acute lung injury, therefore, shows potential for clinical
use. Because of its anti-inflammatory and antioxidant
effects, infliximab pretreatment may have protective
effects in acute lung injury induced by intestinal I/R.

Keywords Intestinal ischemia/reperfusion - Acute lung
injury - Oxidative stress - iNOS and surfactant protein D -
Infliximab - Rat

Introduction

Intestinal ischemia and reperfusion (I/R) injury occurs in the
set-ting of various clinical situations, such as necrotizing
enterocolitis, midgut volvulus, intussusception, mesenteric
ischemia, hemorrhagic and septic shock (Schoenberg and
Beger 1993). It is well demonstrated that intestinal I/R can
not only cause the injury of intestine itself, but may also
cause severe destruction of remote organs (e.g. lung and
heart) and even multiple organ dysfunction. This is largely
the consequence of systemic inflammatory response result-
ing from the damaged intestinal mucosal barrier and con-
sequent translocation of bacteria-endotoxin (Deitch 2001;
Mitsuoka et al. 2002) and intestinal oxidative stress (Yucel
etal. 2011). Of these remote organ injuries, acute lung injury
induced by intestinal I/R has been well characterised as an
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acute inflammation with sequestration of leucocytes and
their enzymatic products in lung tissue as well as increases in
microvascular permeability, perivascular and interstitial
oedema, and pulmonary oedema (Turnage et al. 1994). To
date, the mechanisms about intestinal I/R induced acute lung
injury has been poorly understood and there have been no
good therapeutical treatments for intestinal I/R induced
acute lung injury.

Clinical and experimental studies suggest that oxidative
stress induced by reactive oxygen species (ROS) is one of
the most important mediators in this process (McCord
1985; Parks et al. 1983; Schoenberg and Beger 1993). ROS
can cause direct oxidative damage to DNA, proteins, and
lipids (Kumamoto et al. 1999; Ravanat et al. 2000; Casini
et al. 1997). It has been known that neutrophils attached to
the injured tissues produce a large amount of ROS and
cause tissue injury (Mayer and Spitzer 1993; Spitzer and
Mayer 1993). It has been reported that increased expression
of pulmonary inducible nitric oxide synthase (iNOS) pro-
tects the lung from injury after intestinal I/R (Terada et al.
1996; Turnage et al. 1995). We have also recently shown
that pharmacological preconditioning with doxorubicin, an
anticancer drug, protects the acute lung injury induced by
intestinal I/R (Ito et al. 2003). In addition, it has been
shown that the free radical scavenger methylene blue pre-
vents the development of polymorphonuclear cell-related
lung injury after intestinal I/R in rat (Galili et al. 1998).

Infliximab is a chimeric human immunoglobulin Gl
(IgG1) with a mouse variable fragment and a high affinity
for tumor necrosis factor (TNF)-a (Sartani et al. 1996).
Infliximab has been shown to inhibit functional TNF-a
activity in a variety of in vitro bioassays using human
fibroblasts, endothelial cells, neutrophils, lymphocytes, and
epithelial cells (Di Sabatino et al. 2004). In vivo, infliximab
is indicated for the treatment of rheumatologic, gastroin-
testinal, dermatologic, chronic ocular diseases and intesti-
nal I/R injury. It has been reported to scavenge oxygen free
radicals and to inhibit inflammation (Pascher et al. 2005;
Cury et al. 2008; Pergel et al. 2011). However, to date, no
more biochemical and histopathological changes on acute
lung injury induced by intestinal I/R in rats by infliximab
treatment have been reported. Therefore, the aim of this
study was to elucidate the protective effect of infliximab on
acute lung injury induced by intestinal I/R.

Materials and methods
Animals
Male albino Wistar albino rats (200-250 g and averaging

12 weeks old) were used in the present study. All the
animals were kept under optimum conditions (21 + 1°C,
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40-70% humidity, 12/12 darkness—lightness cycle) at
Ondokuz Mayis University’s Laboratory Animal Unit and
were fed ad libitum with standard pellet diet and water. The
experimental protocol was approved by Ondokuz Mayis
University’s Ethic Committee for Animal Research.

Experimental groups

A total of 30 male Wistar albino rats were divided into
three groups: sham, I/R and I/R+ infliximab; each group
contain 10 rats. Animals were pretreated with infliximab by
intravenously (in a dose of 3 mg/kg body weight) for
3 days before intestinal I/R as described for I/R group.

Technique of intestinal I/R

Feeding of the animals was stopped 12 h prior to the start
of the intestinal I/R procedure and they received only
water. The rats were anesthetized with ketamine (50 mg/
kg) and xylazine (5 mg/kg) intraperitoneally (i.p.) and their
temperature was regulated by means of a lamp light bulb
during the test. Intestinal I/R was induced as follows: The
rats were placed in the supine position and secured in the
dissection tray. The abdominal region was shaved and
cleaned with antiseptic solutions. The intestinal region was
reached by means of midline laparotomy. Superior mes-
enteric artery was subjected with care and occluded with an
atraumatic microvascular clamp, thus intestinal ischemia
was created in 1 h ischemia was recognized by the exis-
tence of pulseless or pale color of the intestine. The
abdominal region was then closed. Following ischemia, the
clamp was removed and 1 h reperfusion was induced. The
return of the pulses and the reestablishment of the pink
color were assumed to be the reperfusion of the intestine.
At the end of reperfusion, the pulmonary segment was
taken out, and the animals were killed by exsanguination.

Biochemical procedures

At the end of the experiment, the harvested lung tissues
samples were quickly washed in cold saline and stored at
—70°C.

Measurement of tissue malondialdehyde level

Lung tissue samples were frozen at —70°C and irrigated
well with a solution of sodium chloride (NaCl) (0.9%). By
admixing it with potassium chloride (KCI) (1.5%),
homogenization at a ratio of 1:10 was achieved. The
DIAX9000 Homogenizer (Heidolph Instruments, Germany)
was used to homogenize the tissue samples. The lipid per-
oxide level in the centrifuged tissue homogenates was
measured according to the method described by Ohkawa
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Table 1 The 4-point scale used for histopathologic assessment

0 1

Peribronchial inflammatory cell No Prominent germinal centers of

infiltration lymphoid follicules
Alveolar septal infiltration No Minimal
Alveolar edema No Focal
Alveolar exudate No Focal
Interstitial fibrosis No Focal, minimal

2 3

Infiltration between lymphoid Confluent band like form
follicules

Moderate Severe, impending of lumen

In multiple alveoli Widespread, Involving lobules

In multiple alveoli Prominent, widesp

Focal, prominent fibrous
thickening

Widespread, prominent fibrous
thickening

et al. (1979). The reaction product was assayed spectro-
photometrically (Shimadzu UV-1700, Japan) at 532 nm.
The lipid peroxide level was expressed as the nanomole
(nmol) of MDA per milligram of lung tissue protein. Protein
levels were measured according to the method described by
Lowry et al. (1951).

Measurement of tissue superoxide dismutase activity

SOD activity was determined according to the method of
Sun et al. (1988). This method is based on the inhibition of
nitroblue tetrazolium (NBT) reduction by the XO system as
a superoxide generator. Activity was assessed in the etha-
nol phase of the lysate after 1.0 ml ethanol/chloroform
mixture (5/3, v/v) was added to the same volume of sample
and centrifuged. One unit of SOD was defined as the
enzyme amount causing 50% inhibition in the NBT
reduction rate. SOD activity was also expressed as units per
milligram protein.

Glutathione peroxidase activity

GSH-Px activity was measured by the method of Paglia
and Valentine (1967). The enzymatic reaction was initiated
in a tube containing the following items: NADPH, reduced
glutathione (GSH), sodium azide, and glutathione reduc-
tase by addition of H,O, and the change in absorbance at
340 nm was monitored by a spectrophotometer. Activity
was given in units per gram protein. All samples were
assayed in duplicate.

Histological analysis

Portions of right lung (anterior lobe, median lobe, posterior
lobe, and post caval lobe) and left lung (upper left lobe, and
lower left lobe) were individually immersed in 10% neu-
tral-buffered formalin, dehydrated in alcohol, embedded in
paraffin, and then cut into 5 pum thick cross-sections
through the middle of the lobe so that each section included
hilum to periphery. Sections were placed on slides, depa-
raffinated, and stained with hematoxylin and eosin (H&E)
using standard procedures. Six slides were analyzed in a

standardized fashion. Each lung lobe sections were divided
equally for histopathological and biochemical investiga-
tions. Each slide was examined and evaluated in random
order under blindfold conditions for immunostaining by a
histologist and stained with H&E for histopathologic
assessment under a standard light microscopy. The slides
were examined for the presence of peribronchial inflam-
matory cell infiltration (PICI), alveolar septal infiltration
(ASI), alveolar edema (AED), alveolar exudate (AEX), and
interstitial fibrosis (IF). These changes were scored
according to the fourpoint scale used by Takil et al. (2003)
(Table 1). A histopathological assessment was performed
in at least randomly selected eight microscopic high-power
fields from each lung lobe. The final score determined in
each category for each individual animal was the mean of
the scores from the sections of the lungs examined.

Immunohistochemistry

Immunohistochemical reactions were performed according
to the ABC technique described by Hsu et al. (1981). The
procedure involved the following steps: (1) endogenous
peroxidase activity was inhibited by 3% H,0, in distilled
water for 30 min, (2) the sections were washed in distilled
water for 10 min, (3) non-specific binding of antibodies
was blocked by incubation with normal goat serum (DAKO
X 0907, Carpinteria, CA) with PBS, diluted 1:4, (4) the
sections were incubated with specific rabbit polyclonal anti
iNOS antibody (Cat. # RB-1605-P, Neomarkers, USA) and
specific rabbit polyclonal SP-D antibody (Cat. # AB3434,
Chemicon, USA), diluted 1:50 for 1 h, and then at room
temperature, (5) the sections were washed in PBS
3 x 3 min, (6) the sections were incubated with biotinyl-
ated anti-mouse IgG (DAKO LSAB 2 Kit), (7) the sections
were washed in PBS 3 x 3 min, (8) the sections were
incubated with ABC complex (DAKO LSAB 2 Kit), (9) the
sections were washed in PBS 3 x 3 min, (10) peroxidase
was detected with an aminoethylcarbazole substrate kit
(AEC kit; Zymed Laboratories), (11) the sections were
washed in tap water for 10 min and then dehydrated, (12)
the nuclei were stained with hematoxylin, and (13) the
sections were mounted in DAKO paramount.
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The positive staining of iNOS and SP-D cell numbers
were scored in a semiquantitative manner in order to
determine the differences between the control group and
the experimental groups in the distribution patterns of
intensity of immunolabeling of lung tissue. The numbers of
the positive staining were recorded as absent (—), a few
(£), few (+), medium (++), high (+++), and very high
(++++). This analysis was performed in at least randomly
selected eight microscopic high-power fields from each
lung lobe section, in two sections from each animal at
400x magnification. The final score determined in each
category for each individual animal was the average of the
scores from the sections of the lungs examined.

Statistical analysis

All statistical analyses were carried out using SPSS sta-
tistical software (SPSS for windows, version 11.0). All data
were presented in mean (%) standard deviations (SD).
Differences in measured parameters among the three
groups were analyzed with a nonparametric test (Kruskal—
Wallis). Dual comparisons between groups exhibiting sig-
nificant values were evaluated with a Mann—Whitney
U test. These differences were considered significant when
probability was less than 0.05.

Results
Biochemical findings

The values of the tissue MDA levels, SOD and GSH-Px
activities, and statistical differences of these measurements
are shown in Table 2. Intestinal I/R significantly increased
the tissue MDA levels (P < 0.001) and decreased the
antioxidant enzyme (SOD P < 0.001, GSH-Px P < 0.01)
activities (Table 2). Infliximab treatment significantly
(P < 0.01) decreased the elevated tissue MDA levels and
increased of reduced SOD (P < 0.01), and GSH-Px
(P < 0.05) enzyme activities in lung tissues (Table 2).

Histopathologic findings

Histopathological examination of H&E stained in lung
tissue sections showed that intestinal I/R resulted in the
characteristic features of pulmonary injury, whereas rats in
the sham group showed normal alveolar architecture
(Fig. 1a). In contrast, the lung tissue of the I/R group was
obviously damaged with edema, hemorrhage, increased
thickness of the alveolar wall and a great number of
inflammatory cells that infiltrated the interstitium and
alveoli (Fig. 1b). The pathological damage was apparently
proved in the infliximab pretreatment group in comparison
to the I/R group. The interstitium of the lungs appeared
thinner and the number of inflammatory cells apparently
reduced (Fig. lc).

Histopathological results of study groups are presented
in Table 3. Histopathological parameters including PICI,
ASI, AED, AEX and IF were decreased significantly in all
treated intestinal I/R with infliximab groups compared to
untreated groups (P < 0.001).

Immunohistochemical findings

The number of alveolar cells positive for iNOS was semi-
quantitatively higher in intestinal I/R group than sham
group (Fig. 2a, b; Table 4). Treatment of infliximab
markedly reduced the number of iNOS positive cells
(Fig. 2¢; Table 4). The number of alveolar type II cells
positive for SP-D was lower in I/R group than in sham
group as a semi-quantitatively (Fig.2a, b; Table 4).
Infliximab treatment significantly increased the number of
SP-D reactivity in alveolar type II cells (Fig. 3c; Table 4).

Discussion

In this study, we have demonstrated that infliximab
treatment improves survival in a rat model of intestinal
I/R. We have also identified some of the underlying
mechanisms for this protective effect: amelioration of

Table 2 Tissue MDA levels, and SOD, GSH-Px enzyme activities in all groups

Sham I/R group I/R+ Infliximab group
MDA (nmol/g tissue) 574 £ 8.1 130.2 £ 11.19* 97.1 £ 12.66"
SOD (U/g tissue) 257.8 £ 249 166.2 £ 16.7* 206.9 + 20.4°
GSH-Px (nmol/g tissue) 942 + 11.11 58.9 + 7.11° 74.4 + 9.33¢

Kruskal-Wallis test was used for statistical analysis. Values are expressed as means = SD, n = 10 for each group

% P <0.001 compared to sham group
® P < 0.01 compared to I/R group

¢ P <0. 01 compared to sham group
4 P <0.05 compared to I/R group
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Fig. 1 Light microscopy of lung tissues in different groups. H&E: (arrowhead), alveolar exudate (thick arrow) and oedema (oblique
a normal histopathology presented in sham group; b the tissue arrow) in I/R group. ¢ Less histopathological parameters were seen in
specimens were performed for the presence of increased thickness of the infliximab treated rats. A Alveol, B Bronchiole. (H&E, scale bar,
the alveolar wall, peribronchial inflammatory cell infiltration (aste- 100 pm)

riks), alveolar septal infiltration (thin arrow), hemorrhagic area

Table 3 Histopathological assessment of pulmonary tissue for each group

Sham I/R group I/R + Infliximab group
PICI 0£0 2.50 + 0.25 1 £ 0.09*
ASI 0£0 2.30 + 0.19 0.70 £+ 0.07*
AED 0£0 1.80 £+ 0.14 0.60 £+ 0.06*
AEX 0+0 1.20 £ 0.1 0.30 &+ 0.03*
IF 0+0 2.00 £+ 0.19 0.60 £ 0.06*

Sham, I/R and I/R+ infliximab group (n: 10 for each gruop)
Values are expressed as mean = SD

PICI Peribronchial inflammatory cell infiltration, ASI Alveolar septal infiltration, AED Alveolar edema, AEX Alveolar exudate, /F Interstitial
fibrozis

* P < 0.001 compared to I/R group

acute lung injury, reduction of MDA level and iNOS  knowledge, this is the first study that evaluates the effect
expression, and elevation of SOD, GSH-Px activities and  of infliximab on survival and acute lung injury after
SP-D expression in lung tissues. To the best of our intestinal I/R.
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Fig. 2 Immunohistochemical expression of iNOS in lung tissues. a A
few immunopositive iNOS cells in sham group; b many iNOS
positive cells in I/R group; ¢ decrease iNOS positive cells number in

Table 4 Semiquantitative comparison of the positive staining of
iNOS and SP-D cell numbers in lung tissues for each group

Sham I/R group I/R+ Infliximab group
iNOS + ++++ ++
Surfactant protein D ++++ + ++

Sham, I/R and I/R+ infliximab group (n: 10 for each group)

The numbers of the positive staining was recorded as absent (—), a
few (%), few (+), medium (++4), high (+++4), and very high
(++++)

Ischemia and reperfusion may result in not only local, but
also distant, organ injury. In particular situations, intestinal
ischemia accompanies some surgical procedures, such as
thoracoabdominal aortic aneurysm repair, embolectomy for
the acute mesenteric arterial occlusion, or small-bowel
transplantation. Pulmonary parenchymal damage and
respiratory failure as a consequence of I/R-induced remote
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infliximab treated lung tissue. A Alveol, B Bronchiole, arrows
positive reactivity (Immunoperoxidase, haematoxylin counterstain,
scale bar, 50 um)

organ injury may complicate such surgical procedures. This
sequence of events has been shown clearly by several
experimental studies showing neutrophil accumulation,
increased microvascular permeability, perivascular and
interstitial edema, pulmonary edema and endothelial cell
injury occurring in pulmonary tissue after mesenteric I/R
(Koksoy et al. 2000; Frutos-Vivar et al. 2006). In this study,
the typical histologic features that occurred in intestinal I/R
group were characterized by edema, hemorrhage, increased
thickness of the alveolar wall and a great number of
inflammatory cells that infiltrated the interstitium and
alveoli. Our data are corroborated by previous studies
reported by other investigators on intestinal I/R induced
acute lung injury damage in animals. However, to date no
information about the effects of infliximab on intestinal I/R
induced acute lung injury in rats have been reported. Our
study showed that infliximab treatment inhibits the inflam-
matory pulmonary responses reducing significantly peri-
bronchial inflammatory cell infiltration, alveolar septal
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Fig. 3 Immunohistochemical expression of SP-D in lung tissues.
a Many SP-D immunopositive cells were present in alveolar type 11
cells of sham group; b few SP-D positive cells in degenerative
alveolar type II cells of I/R group; ¢ increase positive cells number of

infiltration, alveolar edema, alveolar exudate, and interstitial
fibrosis in intestinal I/R treated rats.

Intestinal I/R injury has been shown not only to cause
local damage to the bowel but also to release numerous
mediators in the circulation that can cause multiple organ
failure including acute lung injury (Hassoun et al. 2001).
Among these mediators, ROS play a critical role in the
development of acute lung injury. Administration of anti-
oxidants has been shown to decrease this injury in various
models including hemorrhagic shock, intestine I/R, and
sepsis (Fink 2002). Intestinal I/R produces distant organ
injury by various mechanisms such as neutrophils, reactive
oxygen metabolites, and cytokines. Guzel et al. (2011)
showed in a recent study that increased production of
ischemia and damage markers such as MDA, an indicator
of lipid peroxidation, in the lung tissue, all occurred during

SP-D in alveolar type II cells of infliximab treated lung tissues.
A Alveol, B Bronchiole, arrows positive reactivity (Immunoperoxi-
dase, haematoxylin counterstain, scale bar, 50 pm)

I/R injury. By contrast, decreased activity of GSH-Px, and
SOD in the lung tissue were observed as a result of I/R
injury. During I/R, these endogenous antioxidative defen-
ses are likely to be perturbed as a result of overproduction
of oxygen-derived radicals. The pulmonary parenchyma is
very vulnerable to free oxygen radicals induced by I/R,
which cause oxidative damage to biomembranes, lipids,
proteins, and DNA, leading to organ dysfunction and cell
death (Shen and Zhang 2003). We found that the MDA
content was up-regulated after intestinal I/R injury and
remarkably down-regulated after infliximab administration.
In addition, another hallmark of intestinal reperfusion
injury as determined by SOD and GSH-Px activities were
up-regulated after infliximab treatment as well.

The mechanisms of lung injury induced by intestinal
I/R are very complex. It is well-established that lipid
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peroxidation i s one of the major factors causing lung
injury (Rossman et al. 1997; Giakoustidis et al. 2006). In
addition, evidence showed that overproduction of nitric
oxide (NO) generated by inducible nitric oxide synthase
(iNOS) not only aggravates oxidative damage (Zhou et al.
2003; Pararajasingam et al. 2000), but leads to pulmonary
microvascular dysfunction as well (Turnage et al. 1994).
Thus, the therapeutical strategy by removing free radicals
and reducing NO overproduction should be potential
effective strategies for the protection against lung injury
following intestinal I/R. NO derived from iNOS may
contribute to intestinal I/R induced acute lung injury.
Uchida et al. (2007) reported that inhibition of iNOS
ameliorated lung injury after intestinal I/R in rats. Previous
studies demonstrated that selective inhibition of iNOS
prevented intestinal I/R injury in mice (Barocelli et al.
2006), whereas non-selective inhibition of NOS increased
both IL-6 levels in lymph nodes and lung microvascular
permeability after intestinal I/R (Breithaupt-Faloppa et al.
2009). The results from the present study were consistent
with these previous reports. After intestinal I/R, iNOS
expression increased in the lung; infliximab pretreatment
downregulated iNOS expression. The reduction of iNOS
expression by infliximab makes it a potentially therapeutic
anti-inflammatory agent that may protect lung parenchyma
in intestinal I/R.

Surfactant protein D (SP-D) is a member of the col-
lectin family of proteins, which play important roles in
innate host defense of the lung and regulation of surfactant
homeostasis and is synthesized in alveolar type II cells and
clara cells of lungs (Leth-Larsen et al. 2003). Alveolar cell
damage leads to decreased and impaired synthesis, secre-
tion, function, and composition of SP-D in acute lung
injury, (Cheng et al. 2003; Herbein and Wright 2001;
Guzel et al. 2008). This study was undertaken to analyze
the immunohistochemical expression of SP-D in lung
injury due to intestinal I/R. Pursuant to our results, SP-D
was strongly expressed in lung injury our non-treated
study group. There is a significant reduction in the activity
arising in the expression of SP-D in lung tissue of intes-
tinal I/R models with infliximab therapy. Our present
study demonstrates that a rise in the expression of SP-D in
lung tissue of intestinal I/R treated with infliximab
therapy.

In summary, we have revealed for the first time that
imfliximab treatment improves survival and attenuates
acute lung injury in a rat model of intestinal I/R injury by
decreasing pulmonary damage, creating an anti-inflamma-
tory environment and minimizing oxidative damage. We
believe that further preclinical research into the utility of
infliximab may indicate its usefulness as a potential treat-
ment on acute lung injury after intestinal I/R injury in rats.
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