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Abstract

Acute lung injury following hemorrhagic shoakguscitation is an important
contributor to late morbidity and mortality in traa patients. Hemorrhagic shock
followed by resuscitation is considered as an in&@quently induces a systemic
inflammatory response syndrome and oxidative stthas results in multiple-organ
dysfunction syndrome including acute lung injury.omelukast is a cysteinyl
leukotriene receptor antagonist exerts an antumfhatory and antioxidant activity.
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Objectives
The objective of present study was to assess tlssilpe protective effect of

montelukast against hemorrhagic shock-induced doutg injury via interfering with
inflammatory and oxidative pathways.
Materials and Methods

Eighteen adult Albino rats were assigned to thnemigs each containing six rats:
group |, sham group, rats underwent all surgicastrumentation but neither
hemorrhagic shock nor resuscitation was done; githupats underwent hemorrhagic
shock (HS) for 1hr then resuscitated with Ringddstate (1hr) (induced untreated
group, HS); group lll, HS + montelukast (7 mg/kg. iinjection 30 min before the
induction of HS, and the same dose was repeatéethgfisre reperfusion period). At the
end of experiment (2 hr after completion of restasicin), blood samples were collected
for measurement of serum tumor necrosis fagt¢i-NF-o) and interleukin-6 (IL-6).
The lungs were harvested, excised and the left Wweig homogenized for measurement
of malondialdehyde (MDA) and reduced glutathione&SK3 and the right lung was
fixed in 10% formalin for histological examination.
Results

Montelukast treatment significantly reduced tbe&l lung injury score compared
with the HS groupR < 0.05). Montelukast also significantly decreasexisn TNFe &
IL-6; and lung MDA as compared with the HS gro&#p<(0.05). Montelukast treatment
significantly prevented the decrease in the lungi@8&vels compared with the HS
group P < 0.05).
Conclusions

The results of the present study reveal that mokést may ameliorate lung injury in
shocked rats via interfering with inflammatory amddative pathways implicating their
role in the pathogenesis of hemorrhagic shock-iaddang inflammation.

1. Introduction

Hemorrhagic shock (HS) is a commonly encounteredptication within a blunt
traumatic or surgical injury. Hemorrhagic shockldaled by resuscitation (HSR) is
conceived as an insult frequently induces a systenfiammatory response syndrome
(SIRS) that results in multiple-organ dysfunctioondrome (MODS)™® ? including
acute lung injury (ALI), which is a major clinicgiroblem, leading to significant
mortality and morbidity™ ®. The mechanism of pathogenesis of SIRS in thd 66HS
is complex and a variety of mechanisms are immitafhe most widely recognized
mechanisms are ischemia and reperfusion (I/R) antuktion of cells of the innate
immune systent”. Ischemia and reperfusion is mainly participatingxidative stress
and SIRS arising during post-ischemic resuscitatlR injury is, by itself, a potent
inflammatory trigger, increasing cytokine releasggctive oxygen species generation,
and endothelial activation, with consequent nitide production and expression of
adhesion molecule®. Neutrophils are the major cellular elements imedl in acute
lung inflammation after resuscitated hemorrhagiockH®. Studies have shown that
neutrophils are activated following H8 and that lung injury is associated with an
increased neutrophils accumulation in the lungeraftS®. The activated neutrophils
appear to infiltrate the injured lung in paralleittwincreased expression of adhesion
mol(%cules on endothelial cells and elevated locah@kines/cytokines levels following
HS'.
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A selective reversible CysLT1 receptor antagpnmontelukast is used in the
treatment of allergic rhinitis and asthiita Montelukast has gastroprotective effect on
indomethacin-induced ulcerations and alendronatduged lesions of the rat gastric
mucosa attributed to its ameliorating effect ondative damage and myeloperoxidase
(MPO) activity *°*Y) Montelukast ameliorates burn- and sepsis-indutedtiorgan
damage by a neutrophil-dependent mecharfértt. Furthermore, montelukast has
been shown to reduce I/R-induced oxidative damagéhe liver, intestine, kidney,
testes and bladder, through its anti-inflammatorgt antioxidant propertie§**516:17)
However, to our knowledge, the effect of monteldkas ALI caused by HSR has not
been reported.

2. Materials and Methods

A total of eighteen adult male Albino rats waigg 150-220 g were purchased from
Animal Resource Center, the Institute of embryeaesh and treatment of infertility,
Al-Nahrain University. They were housed in the aainmouse of Kufa College of
Medicine in a temperature-controlled (25°C) roonthvdlternating 12-h light/12-h dark
cycles and were allowed free access to water ara ctiiet until the start of
experiments. After theS1week of acclimatization the rats were randomized three
groups as follow:

[.Sham group: this group consisted of 6 rats; rats underweatsdime anesthetic and

surgical procedures for an identigariod of time as shock animals, but neither
hemorrhage nor fluid resuscitation was performed.

Il. Control group : (induced untreated group): this group consistedio rats; rats
underwent hemorrhagic shock (for 1hr) then resasaitwith Ringer’s lactate (RL)
(for 1hr), and left until the end of the experiment

[ll.Montelukast treated group : this group consisted of 6 rats; Rats received
montelukast 7 mg/kg i.p. injection 30 min before thduction of HS, and the same
dose was repeated just before reperfusion period.

The drug was purchased from (Cayman chemic8h)Uand prepared immediately
before use as a homogenized solution in 2% etH&hdtach dose was homogenized in
1ml ethanol and injected via i'f”. Both sham and induced untreated rats received the
same volume of the vehicle.

Animals were intraperitoneally anesthetizedhw80 mg/kg ketamine and 8 mg/kg
xylazine *® and subjected to a 50% blood loss (30 ml/kg) wigatardiac puncture
from the left side of the chest over 2 min and iefshock state for 1hr. The animals
were then resuscitated with two times blood lo$s r(#/kg) using i.v lactated Ringers
via tail over 1 hf*®. The sham group underwent all instrumentation guaces, but
neither hemorrhage nor resuscitation was carriedAnimals were allowed to breathe
spontaneously throughout the experiment. Two hotter athe completion of
resuscitation, rats were again anesthetized ardisag by exsanguinations, where the
chest cavity was opened and blood samples weren tdkectly from the heart, sera
were removed, and analyzed for determination afre€FNF-a and IL-6 using enzyme-
linked immunosorbent assay (ELISA) kits (IMMUNOTECHrance). The lungs were
harvested, excised and the left lung was homogensrel supernatant was used for
determination of GSH and MDA®. The MDA levels were assayed for products of
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lipid peroxidation by monitoring thiobarbituric acireactive substance formation
according to the method of Buege and Aust in 16%8GSH measurements were
performed using a colorimetric method at 412nm fBiay Systems' QuantiChréth
Glutathione Assay Kit). The right lung was fixed 19% formalin for histological
examination. The sections were examined by micqmsd¢ben the histological changes
were determined. The degree of lung injury was ss&sk using the scoring system
described byatute-Bello et al. (2001)that graded congestion of alveolar septae, intra-
alveolar cell infiltrates, and alveolar hemorrh&gé Each parameter was graded on a
scale of 0-3. The total lung injury score was clatad be adding the individual scores
for each category and lung injury was categorizembaling to the sum of the score to
normal (0), mild (1-3), moderate (4-6) and seveyary (7-9). The histological sections
were evaluated by a pathologist without prior krexdge of the treatment given to the
animals.

Statistical analyses were performed using SPSS fb2.@vindows.Inc. Data were
expressed as mean + SEM. Analysis of Variance (ANDWas used for the multiple
comparisons among all groups followed by post-hestst using LSD method. The
histopathological grading of lung changes is a normally distributed variable
measured on an ordinal level of measurement; thirefon-parametric tests were used
to assess the statistical significance involving tfariable. The statistical significance
of difference in total score between more thandligs was assessed by Kruskal-Wallis
test, while Mann-Whitney U test was used for thiéedence between 2 groups. In all
tests, P< 0.05 was considered to be statisticajhjifgcant.

3. Results
3.1. Effect on Proinflammatory Cytokines (TNFe and IL-6)

At the end of the experimenthe serum TNFe: and IL-6 levels were significantly
higher in the HS group when compared with the sgeoap P < 0.05). Treatment with
montelukast significantly decreased the serum &N#rd IL-6 levels when compared
with the HS groupH < 0.05). The TNFe and IL-6 values for the different groups are
shown in table (1) and figure (1A&B).

Table (1): Serum TNFe and IL-6 levels (pg/ml) of the three experimemgaups at the
end of the experiment (N = 6 in each group).

Group TNF-a (pg/ml) IL-6 (pg/ml)
1.Sham 19.4+2.12 21.16+2.61
2.HS 93.3+6.48* 44.84+2.33*
3.Montelukast treated group 42.66+2.42 31.88+1.65

* P < 0.05 vs. sham groupP < 0.05 vs. HS (induced untreated) group
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Figure (1): The mean of serum TN&+{A) and IL-6 (B) level in the three experimental
groups at the end of the experiment.

3.2. Effect on Lung MDA and GSH Levels

The MDA levels, measured as a major degradatroduct of lipid peroxidation in
the pulmonary tissue, were found to be significahtgher in HS group as compared to
those of the sham group & 0.05), while treatment with montelukast abolishieese
elevations P < 0.05). The HS caused a significant decreaseng [@SH level P <
0.05) when compared with the sham group, whildherrhontelukast treated group, the
lung GSH level was found to be preservé&d<( 0.05) and not significantly different
from that of the sham group. The MDA and GSH valtasthe different groups are
shown in table (2) and figure (2A&B).

Table (2): Lung MDA and GSH levels of the three experimentalugs at the end of

the experiment (N = 6 in each group).

Group Lung MDA (nmol/g) Lung GSH (umol/g)
1.Sham 95+2.78 4.36+0.27
2.HS 157+6.15* 2.12+0.25*
3.Montelukast treated group 115.1+5.18 3.54+0.4

* P < 0.05 vs. sham groupP < 0.05 vs. HS (induced untreated) group
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Figure (2A): The mean of lung MDA (A) and GSH (B) level in ttieee experimental
groups at the end of the experiment.

3.3. Histological finding

A cross section of sham rat's lung showed tbemal appearance of all three
parameters. All rats in this group showed normablappearance (100%). There was
statistically significant difference between inddcentreated (HS) group and sham
group P < 0.05) and the total score mean of the HS grougwsed moderate lung
injury. 66.7% of the group had moderate lung injang 33.3% had severe lung injury.
Treatment of rats with montelukast amelioratedltimg injury significantly P < 0.05)
as compared with induced untreated group and tted swore mean of this group
showed mild lung injury. 16.7% of the group hadmal histopathological appearance,
66.6% of the group had mild lung injury and 16.7%tle group had moderate lung
injury as shown in table (5) & (6).

Table (5): The differences in histopathological grading of @iomal lung changes
among the three experimental groups.

Study group
Histopathological grading Sham Control (HS) Montelukast
N % N % N %

Normal 6 100 0 0 1 16.7

Mild 0 0 0 0 4 66.6
Moderate 0 0 4 66.7 1 16.7

Severe 0 0 2 33.3 0 0

Total 6 100 6 100 6 100
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Table (6): Acute lung injury score.

. Intra-
Congestion

alveolar Alveolar

Study group | of alveolar Total score Total score grade
cell hemorrhage
septae -
infiltrates
Sham 0 0 0 0 Normal
HS 1.5+0.34 2.5+0.22 1.8340.16 5.83+0.60* Moderate

Montelukast | 1,555 | 1331042 05034 | 2.33:0754 Mild
treated group

* P < 0.05 vs. sham groupP < 0.05 vs. HS (induced untreated) group

Figure (6): Photomicrographs of lung section stained with Haeryin and Eosin
shows the normal architecture (X10) (A), mild injiix40) (B), moderate injury (X10)
(C), and severe injury (X40) (D).

Discussion
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The present study demonstrates that HS caudea#\evidenced by biochemical and
histologic changes. Montelukast prevented the l@otbal changes and protected the
lung morphology after HS. Hemorrhagic shock is ab@r®d as an insult frequently
leading to systemic inflammatory response syndramkiding the systemic release of
proinflammatory cytokines which is central in th&lammatory response. Previous
studies have shown that levels of IL-6 and TiNBignificantly increasedbllowing
trauma-hemorrhage and remain elevated for seterats ®?. The results in present
study are consistent with that reported\tigcenzi et al. (2009)®® who found that a
significant increase in the TNér-and IL-6 levels in shocked rats in comparison with
sham group. Activated inflammatory cells, espegiatiacrophages and neutrophils
have been shown to play a pivotal role in the pgagian of SIRS following
resuscitated shock and could be considered the saairce of inflammatory cytokines
including TNFe and IL-6.In this study montelukast significantly reduced éhevation
of IL-6 and TNFe level in the shocked rats as compared with inducedeated group
suggesting that montelukast has protective efi@diamorrhagic shock-induced acute
lung injury. Maeba et al. (2005) showed that high doses of montelukast modulate the
production of IL-6 and TNFR: through the inhibition of N&B activation®”. Sener et
al. (2006)demonstrated that montelukast significantly desgsahe plasma TNé&-and
IL-6 level in the rats as compared with inducedrestied group in a renal I/R injury
model®®). The inhibitory action of CysLTs receptor blockers the generation of pro-
inflammatory cytokines was shown in intestinal Ififury model, where the treatment
with CysLTs receptor antagonist significantly matkesuppressed IL-6 levelS®),
Montelukast was found to decrease serum BNEvel in burn and sepsis-induced
multiple-organ injury in the rats*®*®) Furthermore, Kabasakal et al. (2005)
demonstrated that montelukast significantly de@edlse serum TNE-level in the rats
that underwent burn-induced oxidative injury of @m(ze). Through examination of
metabolic processes, GSH has been shown to be tampan host defenses against
oxidative stress?”). Another im;aortant agent showing oxidative stresVIDA, a
marker of free radical activit{f”. It was reported that oxidative stress signifitant
elevated MDA levels and reduced GSH Ie\%)s Oxidative stress has been implicated
as an important cause of HSR pathogen@$i? The result in present study are
consistent with that reported Wilicoglu et al. (2006) who found that a significant
increase in lung MDA level and significant decreaséung GSH level were found in
hemorrhagic shock group as compared to sham gmowprat model of hemorrhagic
shock-induced acute lung injufy. In this study montelukast significantly reducké t
elevation of lung MDA level and significantly eldea the lung GSH level in the
shocked rats as compared with induced untreatagogroggesting that montelukast has
protective effect in hemorrhagic shock-induced akice injury of the lungSeneret al.
(2005 & 2007)found that montelukast significantly reduces lundgM level and
elevates lung GSH level in the rats that underwamnh and chronic renal failure-
induced oxidative injury of remote orgafd?® Furthermore, montelukast has been
shown to reduce I/R-induced oxidative damage in rdeliver, bladder, testes and
kidneys, through its anti-inflammatory and antiaad properties (by balancing
oxidant-antioxidant statu$}*'>®1") The antioxidant effect of montelukast was further
supported by its action and largely based on its-iaflammatory effect, where
proinflammatory cytokines, chemokines, and actidateomplement factors are
responsible for neutrophil recruitment and the sghent neutrophil-induced oxidant
stress during the reperfusion phd¥® Wang et al. (2008) demonstrated that LT.C
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affects the GSH/GSSG ratio by activating signaldnwrease IL-8 production while
pretreatment with a leukotriene receptor antagpnisiontelukast, significantly
suppressed LT&induced time-dependent changes in the intracellddox state, and
also suppressed upregulation of IL-8 productiorsbgpressing NikB activation Y.
On the other hand, CysLTs have been implicateshffmmatory mediators in various
studies*® based on their potent chemotactic and chemokimetiperties (including
recruitment of neutrophils), and because of theulitg to increase vascular
permeability which are common features of I/R igjuMorphologically, there was a
statistically significant difference between inddaetreated group and sham group and
the total score mean of the HS group shows modéuatg injury. Treatment of rats
with montelukast ameliorates the lung injury sigrahtly as compared with induced
untreated group and the total score mean of theaagroup shows mild lung injury.
Although there is no data available about the ptote effect of montelukast on the
lung parenchyma in HS rats, b8ener et al. (2007) showed that treatment with
montelukast ameliorated the degenerated lung dijpitheand significantly decreased
the number of inflammatory cells in the lung ofsrahat underwent chronic renal
failure-induced multiple-organ injur)(?g). Furthermore, montelukast protects against
burn induced lung injury reflected by amelioratioh massive alveolar structural
disturbance and disappearance of interstitial hemge 2. In the context of I/R
models, various studies showed that montelukastetand histopathological changes in
different organs including liver, kidney and testé$'>!®) In present study, the
amelioration effect of montelukast can be attridute its ability to balance oxidant-
antioxidant status and to reduce the generatigmafnflammatory mediators as well as
its inhibitory effect on neutrophil activation andfiltration that have been reported in
various studie§%31°
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