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Aim: The aim of this study was to investigate the effects of levosimendan and thymoquinone
(TQ) on lung injury after myocardial ischemia/reperfusion (I/R).

Materials and methods: Twenty-four Wistar albino rats were included in the study. The
animals were randomly assigned to 1 of 4 experimental groups. In Group C (control group),
left anterior descending artery was not occluded or reperfused. Myocardial I/R was induced
by ligation of the left anterior descending artery for 30 min, followed by 2 h of reperfusion in
the I/R, I/R-levosimendan (24 pug/kg) (IRL) group, and I/R-thymoquinone (0.2 mL/kg) (IRTQ)
group. Tissue samples taken from the lungs of rats were histochemically stained with H&E and
immunohistochemically stained with p53, Bcl 2, Bax, and caspase 3 primer antibodies.
Results: Increased expression of p53 and Bax was observed (4+), especially in the I/R group.
In IRTQ and IRL groups, expression was also observed at various locations (2+, 3+). H&E
staining revealed that that the lungs were severely damaged and the walls of the alveoli were too
thick, the number of areas examined was increased during the evaluation. Caspase 3 expression
was observed to be at an (14, 2+) intensity that was usually weak and diffuse in multiple areas.
Bcl 2 was not found to be expressed in any of the tissues. H&E staining revealed that that
the lungs were severely damaged in the I/R group, with the walls of the channels and alveoli
thickened and edematous, and also an intense inflammatory cell migration was observed.
Immunohistochemical staining was more prominent in inflammatory areas and structures around
the terminal bronchioles.

Conclusion: The findings in our study have shown that administration of levosimendan and TQ
during I/R increases expression of caspase 3, p53, and Bax in lung tissue and has a protective
effect on lung as distant organ. We suggest that findings of this study be elucidated with further
large-scale clinical studies.
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Introduction
Myocardial ischemia/reperfusion (I/R) injury is a common clinical incident.' Despite
optimal myocardial reperfusion, morbidity and mortality rates of patients with ischemic
cardiomyopathy are still high due to the myocardial reperfusion injury.**
Reperfusion of the previously ischemic myocardium causes arrhythmia following
oxidative stress. This may even be life-threatening and ends with cardiac remodel-
ing and dysfunction.”® If the blood flow is not restored, this creates a scar tissue, leading
to left ventricular dysfunction, and in the end heart failure.’
Ischemia activates anaerobic metabolism, reperfusion paradoxically enhances local
tissue damage simultaneously with inflammatory response, and this causes distant organ
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damage.'* Increased vascular permeability, inflammatory
response, and cell apoptosis (eg, Bax and Bel 2) causes acute
lung injury.'12

It is well known that following I/R injury an uncontrolled
release of reactive oxygen species, cytokines, and prosta-
glandins occurs.’® A cascade of hyperactivated inflamma-
tory response, increased intracellular Ca, and intracellular
Ca-dependent lipid peroxidation damage cells, tissues, and
organs. After the first few minutes of reperfusion, free oxygen
radicals are produced and aggravate the acute ischemic injury,
leading to renal cellular death.'* In contrast to activation of
destroying factors, several protective mechanisms include
glutathione peroxidase, superoxide dismutase activation, and,
at cellular level, gene expressions of p-53, Bax, and Bcl 2.

p53 has an important role during apoptotic cell death pro-
cesses triggered by hypoxia, DNA damage, or improper onco-
gene signaling. Following p53 activation, transcription of
several genes starts. If these transcriptional molecules repair
DNA damage, the cell cycle continues; if not, p53-induced
apoptosis begins. Proapoptotic genes such as Bax, p53, and
PUMA play critical roles in cell apoptosis.'® During acute
renal I/R injury, renal tubular epithelial cells and vascular
endothelial cells are damaged, and subsequently necrosis
and apoptosis result in cellular death.'s Increased cytokine
and receptor (FasL, Fas) expressions, abnormal expressions
of apoptotic regulators such as Bel 2, Bax, and Bcl-x1, and
caspase functions are important factors during apoptotic
cascade. On the other hand, several studies demonstrated that
inhibition of apoptotic cell death by p53 inhibition can restore
the renal injury and ongoing inflammatory process.!>!¢

Levosimendan (L) is a relatively new inotropic and
vasodilator agent used in the management of acute and
chronic heart failure.!” Its positive inotropic effect is medi-
ated by calcium sensitization of contractile proteins, and
its vasodilatory and anti-ischemic effects are mediated by
the opening of adenosine triphosphate-sensitive potas-
sium channels in vascular smooth muscle cells.!”" The
protective effects of L are not limited to cardiac tissue,
but L also attenuates I/R injury in the spinal cord, lung,
and renal tissue.?*??

Thymoquinone (TQ) is one of the compounds of Nigella
sativa (NS). It is the main active ingredient of NS, commonly
known as black cumin or black seed, an annual flowering
plant native to some areas such the Mediterranean countries.*
Since its first extraction in 1963,> TQ has been shown to act
as a potent free radical and superoxide scavenger.>¢ Some
studies have suggested that TQ also attenuates I/R injury in
the spinal cord, heart, and renal tissue.?”%

Myocardial I/R injury treatment is still at the center
of the much current research. Earlier studies on I/R injury
have focused on ischemic preconditioning and ischemic
postconditioning,**° and myocardial infarction size has been
reported to be limited.>'*> However, most of the clinical trials
to prevent reperfusion injury have not been satisfactory.®
A therapy to prevent the myocardial reperfusion injury has
not been found yet.’

Among the distant organs, distant organ injury after
myocardial I/R injury is defined best in the lung.** Many
distant organs such as kidney, intestines, and pancreas may
also be damaged by free oxygen radicals released from the
ischemic myocardium.® If an effective therapy to prevent
the myocardial and distant organ reperfusion injury could
be found, we can reduce the mortality and morbidity rates
caused by I/R injury.

Therefore, the present study was designed to investigate
the protective effects of intraperitoneally administered L and
TQ on lungs against I/R injury before and after occlusion of
the left anterior descending (LAD) coronary artery.

Materials and methods

Animals and experimental protocol

This study was carried out in the GUDAM Laboratory of
Gazi University with the approval of the Experimental
Animals Ethics Committee of Gazi University (09/05/2017-
E.67709 GUET-16.013). All procedures were carried out
in accordance with the standards in the Guide for the Care
and Use of Laboratory Animals. In this study, 12 weeks old
24 male Wistar Albino rats weighing between 250 and 300 g,
raised under the same environmental conditions, were used.
Animals were housed in standard cages in a pathogen free
environment at least 1 week prior to surgery. During this
time, they had free access to food (until 2 h before the anes-
thetic procedure) and water. The animals were kept under
a constant 12 h dark/light cycle and they were randomly
separated into 4 groups, each containing 6 rats. The rats
were anesthetized with an intraperitoneal (IP) injection of
100 mg/kg of ketamine (Ketalar; Parke-Davis; Pfizer, Inc.,
New York, NY, USA). The trachea was cannulated for
artificial respiration. The chest was shaved, and each animal
was fixed in a supine position on the operating table. Left
thoracotomy was used to open the chest. The fourth and
fifth ribs were sectioned approximately 2 mm to the left
of the sternum. Positive pressure artificial respiration
was started immediately with room air, using a volume
of 1.5 mL/100 g body weight at a rate of 60 strokes/min.
Sodium heparin (500 [U/kg) was administered through the
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peripheral vein in the tail for the maintenance of reperfusion
after occlusion.

The pericardium was incised. With gentle pressure on the
right side of the rib cage, the heart was exteriorized. A 8/0
silk suture attached to a 10 mm micropoint reverse-cutting
needle was quickly placed under the left main coronary
artery. Then, the heart was carefully replaced in the chest,
and then 20 min was given for the animal to recover.

Anesthesia was maintained by repetitive injections of
20 mg/kg ketamine if a positive reaction to surgical stress
or intermittent tail pinch could be observed.

There were 4 experimental groups: Group C (control),
Group I/R, Group IRTQ (I/R-thymoquinone), and Group
IRL (I/R-levosimendan). After left thoracotomy, the IRL
group received IP levosimendan (Simdax 2.5 pg/mL; Orion
Pharma, Espoor, Finland) 24 pg/kg diluted in 10 mL of 0.5%
dextrose administered intraperitoneally 30 min before ligating
the LAD artery. The IRTQ group underwent left thoracotomy
and received IP NS (TQ 1G; Sigma Aldrich®, St Louis, MO,
USA) 0.2 mL/kg administered IP 30 min before ligating the
LAD artery. TQ was dissolved in dimethyl sulfoxide (DMSO),
followed by the addition of 0.9% saline solution (1:1) on a
daily basis and IP administered at a dose of 25 mg/kg 30 min
prior to ligation in the drug-treated groups (suspension con-
tained TQ equivalent to 125 mg TQ per mL). A small plastic
snare was threaded through the ligature and placed in contact
with the heart. The artery was then occluded by applying ten-
sion to the ligature (30 min), and reperfusion was achieved
by releasing the tension (120 min). However, after the above
procedure, the coronary artery was not occluded or reperfused
in the control rats. At the end of reperfusion period, histopatho-
logical evaluation of lung tissue specimen was performed.
Rats were decapitated at the end of experiment.

Immunohistochemical evaluation

The lung tissue samples taken from rats were histologically
processed and embedded in paraffin. Five micro slides were
taken from these blocks and mounted on poly-L-lysine coated
slides and immunohistochemically stained with p53, Bel 2,
Bax, and caspase 3 primary antibodies. When the tissues
immunohistochemically stained, first the slides deparaffinized
and rehydrated. Then, for antigen retrieval, the slides were
boiled in citrate buffer using a microwave oven and tissue
endogenous peroxidase activity neutralized by 0,3 H O, +
methanol solution. After primary antibodies were put onto
slides, these samples were incubated at +4°C overnight.
Then, the slides were washed and stained with horseradish
peroxidase (HRP) secondary antibody kit and colored with

AEC chromogen and counterstained with Mayers hema-
toxylin. Finally, the slides were mounted with a water-based
mounting medium and evaluated under light microscope.

Under light microscope, immunopositive cell distribution
and immunopositivity degree were evaluated by double-blind
testing.

Statistical analysis

The Statistical Package for the Social Sciences (IBM Corpo-
ration, Armonk, NY, USA) 20.0 program was used for the
statistical analysis. The Bonferroni-adjusted test was used
if the results of the one-way analysis of variance were sig-
nificant to determine which groups differed from the others.
The results were expressed as mean * standard deviation
(mean * SD). Statistical significance was set at a p-value
of <0.05.

Results

Myocardial ischemia resulted in ventricular arrhythmias,
which commenced 4-15 min after occlusion and occurred
as ventricular tachycardia. The number of animals, in which
operations were successful was 6, 6, and 6 in the control, L-,
and TQ-treated subgroups, respectively. One animal in the
control subgroup died as a result of irreversible ventricular
fibrillation during the ischemia period. TQ and L reduced
the incidence of cardiac arrhythmias.

Upon microscopic examination, increased expression of
p53 and Bax was observed (4+), especially in the I/R group.
In IRTQ and IRL groups, expression was also observed at
various locations (2+, 3+). During the evaluation, the number
of areas examined was increased because the lungs were
extremely collapsed and the walls of the alveoli were too
thick. P53 gene expression was significantly increased in all
groups compared to the control group (»p<<0.0001, all). TQ and
L administration significantly decreased p53 gene expression
compared to I/R group (p<<0.0001, p=0.011, respectively)
(Table 1). Bax gene expression was found to be significantly
higher in all groups than in the control group (p<<0.0001,
all). L administration significantly reduced Bax gene
expression compared to the I/R group (p=0.023) (Table 1).
Caspase 3 expression was observed to be ata (1+, 2+) inten-
sity, usually weak, and diffuse in multiple areas. Caspase
3 gene expression was found to be significantly higher in
all groups compared to the control group (p<<0.0001, all).
TQ and L administration significantly decreased Caspase 3
gene expression compared to the I/R group (p<<0.0001,
p<0.0001, respectively) (Table 1). Bcl 2 was not found to
be expressed in any of the tissues. In H&E staining, it was
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Table | Immunohistochemical findings in the lung tissue (mean + SE)

Apoptosis Group C Group I/lR Group IRTQ Group IRL P-value*
mediators (n=6) (n=6) (n=6) (n=6)

p53 0.00+0.00 16.75%1.13% 9.13£.07k>4x 12.63£0.75%*#¥* <0.0001
Caspase 3 0.88+0.35 22.63+1.05%* 15,63+ 29%kwk* 16.00+£0.59 k¥ <0.0001
Bcl 2 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 -

Bax 1.25+0.41 15.25+0.96%* 13.50+1.21% [ 1.00£ 1. | 3#karx <0.0001

Note: *p: statistical significance was set at a p-value <0.05 for Kruskal-Wallis test, *p<<0.05: when compared with Group C, ***p<0.05: when compared with Group IR.
Abbreviations: C, control; I/R, ischemia/reperfusion; IRL, IR-levosimendan; IRTQ, IR-thymoquinone; SE, standard error.

observed that the lungs were severely damaged in the I/R
group, the walls of the channels and alveoli were thickened
and edematous, and all of them were filled with blood and
fluid; also, there was intense inflammatory cell migra-
tion. Immunohistochemical staining was more prominent
in inflammatory areas and structures around the terminal
bronchioles (Figure 1).

Discussion
In this study, immunohistochemical and histochemical
changes as a result of L and TQ pretreatment against distant
organ (lung) I/R injury were demonstrated.

L treatment was reported to protect the myocardium,*
lungs,*' and spinal cord.?® L shows its protective effect via 2

Ischemia/
reperfusion (I/R)

different ways. First, it sensitizes troponin C to calcium
so during systole without any high energy consumption
increased effect of Ca is observed. Second, as overload of
calcium is a trigger factor for oxidative stress, by increasing
energy consumption and myocyte dysfunction, L decreases
Ca levels during diastole and results in reduced sensitiv-
ity without any calcium overload. In addition, by opening
ATP-dependent potassium (K) channels in myocytes and
vascular smooth muscle cells vasodilatation is induced.
Thus, this contributes to vasodilatation and probably anti-
ischemic effects.’’° In previous studies, L was proven to
show protective effects against oxidative injury in animal
models via interference with apoptotic signaling and cell
survival activation.**#!

IIR +

I/R + NS levosimendan

Figure | Lung tissue, p53, Bcl 2, Bax, and caspase 3 staining images of the C, I/R, IRTQ, and IRL groups.
Abbreviations: C, control; IRL, IR-levosimendan; IRTQ, IR-thymoquinone; NS, Nigella sativa.
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TQ, the active constituent of NS seeds, has favorable
effects with respect to oxidative stress and inflammation. In
previous studies, pretreatment with TQ has been shown to
have protective effects on lipid peroxidation process during I/R
injury in rat hippocampus and TQ also protects organs against
oxidative damage.* Furthermore, TQ may reduce oxidative
stress through a direct antioxidant effect as well as through
the induction of endogenous antioxidant enzymes.*

The hepatic I/R model has shown TQ to decrease hepatic
tissue injury by decreasing reactive oxygen species formation
and the activities of caspases 3, 8, and 9.4

Erkut et al*’ found caspase-3 activity and its histologic
damage of muscle tissues to be significantly high in the I/R
group. Caspase-3 activity and histopathologic injury were
significantly low in the TQ and alpha-tocopherol (a-TP)
groups. The antiapoptotic effect of the TQ plus o-TP group
was found to be higher.*’

Our study compared expression of mediators of apop-
tosis such as p53, Bax, B¢l 2, caspase-3, and histochemical
changes of lung tissue after L and TQ pretreatment against
distant organ I/R injury. Expression of p53 and Bax was more
(4+) in the I/R group than in the IRTQ and IRL groups (2+,
3+). Caspase 3 expression was usually weak and diffuse (1+,
2+) in multiple areas, and Bel 2 was not found to be expressed
in any of the tissues. Immunohistochemical staining was
more prominent in inflammatory areas and structures around
the terminal bronchioles.

Conclusion

We believe that IRTQ and IRL groups also demonstrated the
anti-apoptotic properties of TQ. TQ might be the probable
protective mechanism protecting lung tissue in the myocar-
dial I/R model in the rat. However, the clinical implications
and appropriate pathophysiological mechanisms of the find-
ings of the present study remain to be elucidated with further
large-scale clinical studies.

Disclosure
The authors report no conflicts of interest in this work.
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