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ABSTRACT

Cardiac ischemia is considered to be one of the deleterious injury increasing the risk
of cardiac morbidity and mortality. Remote protection of the heart via ischemia-
reperfusion of non-vital organs (Remote ischemic preconditioning RIPC) was
suggested by many studies as one of the possible cardioprotective intervention. The
aim of the present study was to examine the role of inducible nitric oxide synthase
(iNOS) and glutathione peroxidase (GPx) in RIPC of the heart prior to ischemia-
reperfusion injury, and the possibility of protecting cardiac performance and
reducing cardiac damage. Four groups of male rabbits (n= 10/group) were included
in this study: Control sham operated group (group 1); Remote ischemic
preconditioning (RIPC) group (group II); ischemia-reperfusion (I/R) group (group
111) and RIPC+I1/R group (group V). RIPC was performed in rabbits of group Il and
IV by repeated four cycles of 10 min each ,of ischemia-reperfusion of femoral artery
alternating with intervals of 10 minutes of reperfusion. After 24 hours, groups Il and
IV were subjected to 30 minutes pre-ischemic perfusion then 30 minutes of left
coronary artery occlusion followed by 60 minutes of post-ischemic reperfusion.
Serum creatine kinase (CK) was measured and the size of myocardial infarction was
estimated at the end of the ischemic phase (as an index of myocardial ischemic
injury). Glutathione peroxidase activity and mRNA iNOS expression were assessed in
the cardiac tissue of the four groups. RIPC was found to have no significant effect on
the left ventricular cardiac performance of normal heart. However, RIPC improved
significantly the percentage recovery of the left ventricular developed pressure in
group IV following ischemia-reperfusion compared to group Ill with no significant
difference in the percentage recovery of both the contractility index and the heart
rate. As regards glutathione peroxidase activity, it was significantly increased in
group Il compared to group I, and also as a consequence of cardiac ischemia
reperfusion, GPx activity was significantly increased in group 111 compared to group
I and II. RIPC and I/R increased significantly the GPx activity in group IV compared
to other groups. Moreover, it was found that group IV had a significant increase in
cardiac iNOS gene expression compared to group I, associated with a significant
improvement of cardiac damage including serum creatine kinase and infraction size.
Also, a significant positive correlation was found between GPx activity and iNOS
gene expression in group 1V. In conclusion, RIPC from skeletal muscles enhanced
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the recovery of the heart developed pressure, reduced the post-ischemic CK level,
reduced the myocardial infarction size and was accompanied by an increase of
glutathione peroxidase activity and enhanced iNOS gene expression providing a
possible potential target for the development of novel cardioprotective strategies

during I/R injury.
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performance.

INTRODUCTION

Ischemic injury to vital organs
such as the heart is an extremely
common cause of morbidity and
mortality®. Fortunately, pre-
conditioning is one of the most
powerful cardioprotective  inter-
ventions identified and is also, by far,
the most reproducible®”. It
consistently limits infarct size in every
animal model and in every species
examined, and there is considerable
evidence that it is effective in
protecting human myocardium, as
well®.

Remote ischemic preconditioning
(RIPC) presents an exciting clinical
concept with the possibility that
regional ischemia of non-vital tissue
might protect remote organs. This
would avoid the risks associated with
inducing direct preconditioning in the
vulnerable target organ.

Remote ischemic preconditioning
was first described in the heart, where
ischemic  preconditioning  (IPC)
initiated in the vascular distribution of
one coronary artery caused protection
throughout the myocardium®. It was
also proposed that protection from
IPC can spread from distant organs
such as intestine, kidney to the
heart®. Many of the molecular and
biochemical pathways responsible for
the salubrious actions of remote

preconditioning have been elucidated,
providing potential targets for the
development of novel cardioprotective
strategies. ~ Early  remote  pre-
conditioning, which lasts for few
hours, appears to be conducted
through a pathway activated by the
autonomic nervous system®”, and/or
humoral factors such as bradykinin,
adenosine and opioids”"'”. In addition
to the early phase, RIPC can provide
protection for up to 24 hours™. Its
prolonged time course is consistent
with altered protein expression in the
myocardium; this includes
upregulation of proteins such as the
different antioxidant enzymes and
nitric oxide synthase (NOS)"?.
Inducible nitric oxide synthase
(iINOS), as opposed to neuronal NOS
(nNOS) and endothelial NOS (eNOS),
is not constitutively expressed.
Stimuli such as the proinflammatory
cytokines, hypoxia and transactivation
of the redox sensitive transcription
factors nuclear factor kappa-f (NFk-
B) will induce iNOS™. It has been
demonstrated that both ischemic PC
and pharmacological PC upregulate
iNOS, and that genetic ablation of
iNOS activity results in abrogation of
the beneficial effects of PC™¥.
Although several experimental
studies have demonstrated the
beneficial effects of RIPC®*!*15)
fewer studies have so far failed to
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confirm the role of iNOS in RIPC"®.
At the same time many studies failed
to demonstrate a protective role of
iNOS during late PC"” and others
even suggested a detrimental role in
acute myocardial infarction®'.

An increase in the formation of
reactive oxygen species during
ischemia-reperfusion and the adverse
effects of oxyradicals on myocardium
has been well established by both
direct and indirect measurements®”.
The three main antioxidant enzyme
systems in the heart are superoxide
dismutase (SOD), catalase, and
glutathione peroxidase (GPx). In the
myocardium, GPx may play a
predominant role in the scavenging of
H,0,. Catalase is the other major
H,0,-scavenging enzyme. However,
the activity of catalase in the heart is
over 100-fold lower than its activity in
the liver, another organ that contends
with oxidative stress"”. The balance
between production of reactive
oxygen species (ROS) and
degradation of ROS by antioxidant
substances is  critical for the
homeostasis of cardiac myocytes
because of their dependence on
aerobic metabolism.

The main objectives of the
present study were firstly, to test the
hypothesis that short periods of limb
ischemia reperfusion can induce RIPC
and reduce the infarct size that may be
translated into a significant functional
improvement; secondarily, to
investigate a possible role for
inducible nitric oxide synthase (iNOS)
and  glutathione peroxidase in
adaptation of the rabbit heart to
ischemia by remote, delayed
protection which may resemble that of
late IPC, and finally, to study a

possible relation between cardiac
iNOS and GPx activity.

MATERIAL & METHODS

In the present study, male rabbits
weighing (2000-3000 mg) were
divided into groups (n = 10/ group):
Group | (The control group): The
rabbits  were  anesthetized by
intraperitoneal injection of
pentobarbitone (35 mg/kg body
weight)'®.  Rabbits were sham
operated through dissection of the
femoral artery.

Group Il (The preconditioned group):
The rabbits were anesthetized as in
group . Then, the right femoral artery
was exposed for performing RIPC by
applying atraumatic vascular clamp to
the artery for temporary total
occlusion. RIPC was performed via
four cycles; each cycle is formed of
10 minutes of ischemia followed by
10 minutes of reperfusion of the
femoral artery. The occlusion was
confirmed by collapse and no
pulsation at the distal artery. The
femoral artery was not occluded after
the repetitive ischemia-reperfusion
cycles®.

Group Il (The ischemia-reperfusion
group): The rabbits were anesthetized
as in group I, and the femoral artery
was exposed. After 24 hours, the
rabbits were subjected to 30 minutes
pre-ischemic perfusion. After 30
minutes of stabilization, ischemia was
induced by abolishing the left
coronary artery flow from aerobic
values (11 ml/ min) to 0 ml/min for 30
minutes. The hearts were then
reperfused for 60 minutes with a
coronary flow of 11 ml/min®?"
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Group IV (The preconditioned
ischemia-reperfusion group): The
rabbits were preconditioned as in
group II, and after 24 hours, rabbits
were  subjected to  ischemia/
reperfusion as in group I11.

Mechanical performances of the
left ventricle of the heart was
determined by the systolic pressure,
the diastolic pressure, the heart rate
and the peak rate of maximum left
ventricular pressure rise (dp/dt)
difference in pressure-difference in
time (index of contractility). These
mechanical performances were
monitored during the experiment by a
balloon inserted into the left ventricle
and connected to a polygraph
apparatus (San-ei instrument LTD
Nee, Tokyo, Japan). The developed
pressure was calculated (systolic
pressure -diastolic pressure).

Blood samples from retro-orbital
vein and cardiac tissue samples were
taken 24 hours from all groups.
Measurement of creatine kinase:

Serum creatine kinase was
assessed by kit supplied by Sigma
Aldrich, Milan, Italy.

Glutathione peroxidase activity:

About 0.5 g of cardiac tissue was
dissected and was perfused with a
phosphate buffer saline (PBS) solution
pH 7.4, and 0.16 mg/ml heparin, the
tissue was homogenized in 5-10 ml of
cold buffer (i.e., 50 mM Tris/HCI, pH
7.5, 5 mM EDTA, and 1 mM (DTT)
dithiotheritol) per gram tissue,
centrifuged at 10,000 for 15 minutes
at 4°C. The supernatant was removed
for glutathione peroxidase activity
assay. GPx activity was measured
using a coupled assay system. The
oxidation of reduced glutathione was
coupled to NADPH oxidation in a

reaction catalyzed by glutathione
reductase. A total of 500 pl Tris HCI
(0.2 mM/l, pH 8) was mixed with
100ul NADPH (2 mM/1) followed by
100 ul EDTA (5 mM/l) and 100ul
glutathione (20 mM/I). Homogenate
samples (100ul) were then mixed with
glutathione reductase (0.002 units)
and incubated for 5 min at 37°C and
for a further 5 min after the addition
of 100 pl of cumene hydroperoxide
(0.7 mM/1). Absorbencies were read
in a spectrophotometer at 340 nm @,
Determination of infarction size:
Part of the heart was taken for
determination of the infarct size by t
blue tetrazolium according to Vakeva
et al.®?,
Assessment of inducible nitric oxide
synthase (iNOS) gene expression:
After decapitation, heart was
rapidly excised and about 30 mg of
fresh cardiac tissue was homogenized
in 175ul RNA lysis solution which
contains guanidinum thiocyanate and
B-mercaptoethanol and was
centrifuged at 10.000 rpm for 10 min
at 4°C. Then, the supernatants were
kept frozen at -80°C till examination
for expression iNOS by RT-PCR.
Total RNA was extracted from
cardiac tissue using SV-total RNA
isolation system (Promega Madison,
USA) according to Chomeznski and
Sacchi®. About Spg of RNA was
reverse transcribed and amplified
using one step RT-PCR kit supplied
by Qiagen (Valeneia, California,
USA). Two primer sets were used;
one for the target gene (iNOS) and the
other for housekeeping gene (S18).
Inducible NOS forward primer 5'-
CAG GAC CAC ACC CcCC TCG
GA-3' and reverse primer 5'-AGC
CAC ATC CCG AGC CAT GC-3'
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were used, and the PCR product was
537 bp. Forward S18 primer 5-AGG
AAT TGA CGG AAG GGC AC-3'
and reverse primer 5-GTG CAG CCC
CGG ACA TCT AAG-3' were used,
and the PCR product was 324 bp. The
PCR mixture contained 10 pl of 10x
PCR buffer, 2 pl of 25 mM MgCl,, 2
pl of 10 mM dNTPs mix, 2.5 units of
Taq DNA polymerase and 100 pmol
of each forward and reverse primers in
a total volume of 100 pl. The mixture
was processed for 40 cycles in a
thermal cycler with the cycling
parameters consisting of 94C° for 1
min, 62C° for 1 min and 72 C° for 1
min. Following the final cycle, an
extension step of 10 min at 72C° was
performed®®. Ten pl volume of each
PCR product was analyzed on a 2%
agarose gel with ethidium bromide
staining. The size of PCR products
was compared with a DNA molecular
size marker on ultraviolet
transilluminater, and then  Gel
documentation was performed. PCR
products were semi-quantitated by
using gel documentation system (Bio
Doc Analyze) supplied by Biometra.
Statistical Analysis:

The results were analyzed using
SPSS computer software package,
version 10.0 (Chicago-IL, USA) as
described previously ®”. Data were
presented as mean + standard
deviation (SD). Differences among
the three groups were compared by
one-way ANOVA. To study the
relationship between the variables,
Pearson’s correlation coefficient was
calculated. =~ The  results  were
considered statistically significant at p
<0.05.

RESULTS

Table 1 shows the means + SD of
left ventricular performance of the
isolated hearts during the initial 30
minutes of perfusion in the studied
groups. As revealed in tablel, the
RIPC of the hearts (groups II an IV)
had no significant difference on the
developed pressure, dp/dt, and heart
rate compared to the corresponding
parameters in sham operated groups (I
and III). Moreover, RIPC had no
significant  difference on  left
ventricular performance of group II
compared to those of group I after 2
hours of heart perfusion as shown in
table 2. As observed in figure 1, there
was a significant increase in the
developed pressure in group IV
compared to group III (p< 0.001).
However, no significant difference
was observed in dp/dt and heart rate
(p = 0.09, 0.07; respectively) between
group III and IV.

At the end of ischemia-
reperfusion, the infarction size was
estimated and showed a significant
decrease in group IV compared to
group III. As shown in table 3, there
was a significant increase in serum
CK in group III and IV compared to
group I and II (p<0.001). It reached a
highly significant increase in group III
compared to other groups, but, group
IV showed a highly significant
decrease in CK compared to group III.
While, no significant difference was
observed between group I and 11

As regards GPx activity, group II
showed a significant increase in GPx
activity compared to group I (p<
0.001). Also, there was a significant
increase in GPx activity in group III
and IV compared to group L
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However, group III showed a
significant decrease in GPx activity
compared to group II and IV. Group
IV showed a significant increase in
GPx activity compared to group II and
I1I.

Remote ischemic preconditioning
in group II resulted in a significant
increase in iNOS gene expression in
cardiac tissue compared to group I.
However, I/R in group III caused a
significant decrease in iNOS gene
expression compared to both group I
and II. Moreover, RIPC before I/R
injury in group IV resulted in a

significant increase in iNOS gene
expression compared to the other
three groups.

Pearson  correlation revealed
absence of correlation between all
parameters in group I and II. While, in
group III there was a significant
negative correlation between GPx and
the infraction size (r = -0.65, p= 0.04).
Also, in group IV, there was a
significant positive correlation
between the GPx activity and the
iNOS gene expression (r = 0.67, p=
0.03).

Table 1: Left ventricular performance in the studied groups during the initial 30

min. of perfusion

Group I Group 11 Group III Group IV p-
Variables (Control) (RIPC) (I/'R) (RIPC+ value
I/R)

Developed 108+13.2 | 1093+144 | 954+95 99.4+ 16 0.07
pressure (mmHg)
dp/dt (mmHg/s) 101.7+159 | 101.6 £15.9 | 136.5+39.5 | 110.2+354 | 0.06
Heart rate 123 +£14.8 | 123.8+14.9 | 130.4+17.1 | 108.1£28.6 | 0.09
(beats/min)

p-value is significant if < 0.05*

dp/ dt: difference in pressure — difference in time

Table 2: Left ventricular performance in groups I and II after 2 hours of heart

perfusion
. Group I Group II p-value
Variables (Control) (RIPC)
Developed pressure (mmHg) | 75.9+ 1.4 752 +1.3 0.3
dp/dt (mmHg/s) 97.3+3.3 97.7+.3.6 0.8
Heart rate (beats /min) 93.2+94 92.24+9.6 0.8

p-value is significant if <0.05*

dp/ dt: difference in pressure — difference in time
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Table 3: Infarction size, creatine kinase and glutathione peroxidase activity in
the studied groups

. Group I Group 11 Group 111 Group IV -

Variables (Contll‘)ol) (RIPpC) (1/12) (RIPCI:-I/R) value
% of 73.2+10.6 41.6+13.84 | 0.001%
Infarction size

CK (U/L) 85.9+11.7* | 83.3+13.9° | 1585.6+216.9" | 314.57+58.09¢ | 0.001*
GPx 257.7+49.6" | 615.8+194.1° | 379.1+ 82.6° | 933.8+252.7* | 0.001*
(nmol/min/ml)

iNOS (ng/g | 378.9£88.1* | 748.9£114.8" | 547.2£97.6° | 858.4+102.6" | 0.001*
tissue)

p-value is significant if <0.05*

synthase

Different symbols indicate significant difference
CK: creatine kinase; GPx: glutathione peroxidase; iNOS: inducible nitric oxide
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Figure 1: Left ventricular performance in groups 111 and 1V after 2 hours
of heart perfusion
LVDP: left ventricle developed pressure;
dp/dt: difference in pressure — difference in time;
HR: heart rate
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Figure 2: An agarose gel electrophoresis showing PCR product of iNOS and S18
ingroup | &ll1
Lane M: PCR marker with 100 base pair ladder
Lane 1 and 2: PCR product in group I
Lane 3, 4 and S: PCR product in group III

iNOS (537 bp)

e — — e ] $18 (324 bp)

Figure 3: An agarose gel electrophoresis showing PCR product of iNOS and S18
in group II &IV

Lane M: PCR marker with 100 base pair ladder

Lane 1, 2 and 3: PCR product in group II

Lane 4 and 5: PCR product in group IV

DISCUSSION In the present study RIPC was
performed in rabbits by repeated four
Ischemic preconditioning (IPC) cycles Qf 10 min each of ischemia-
has been explored widely in various reperfusion  of  femoral  artery
experimental models®?. More separated each by 10 minutes of
recently, a novel way to apply reperfusion. The skeletal muscle was
preconditioning has been described selected as the remote organ, as
via remote organ  ischaemia/ normal skeletal muscle is potentially
reperfusion (I/R) cycles (remote an ideal tissue for the induction of
ischemic preconditioning RIPC)®¥. remote preconditioning since it is
An added advantage is that in this way inherently more resistant to ischemia
the entire heart may be preconditioned than myocardial or neuronal cells, is
ie. it is global, not regional®. capable of regeneration, and is readily
Although cardiac protection by RIPC accessible,. although 8 some
has been less extensively studied than controversial data still exist™™.
local IPC, however, it has greater The hemodynamic results
clinical applicability. obtained in the current study

demonstrated that RIPC might have
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no significant effect on normal cardiac
performance as evident by the non
significant change obtained in the
initial 30 min and at the end of
cardiac perfusion between group II
(RIPC group) and group I (control
group). However, when ischemia-
reperfusion was performed in group
IIT and IV, the effect of RIPC on the
recovery of the LVDP (left ventricle
diastolic pressure) was well apparent
since a significant increase in post-
ischemic % recovery of LVDP
occurred in group IV (RIPC + I/R
group) compared to group III (I/R
group). These findings indicate that
remote  preconditioning has a
stimulatory effect on the recovery of
the heart developed pressure from I/R.
Also, the percentage of recovery of
both dp/dt and heart rate were better
in group IV compared to group III
although such improvement was
statistically insignificant.

Moreover, from the results of the
present study it could be suggested
that skeletal RIPC in rabbits is
effective in protecting the
myocardium from subsequent
ischemia reperfusion injury by
reduction of the infarction size and
creatine kinase (CK) enzyme released
from the heart, since, the size of
infarction and creatine kinase level
were both reduced significantly in
group IV compared to group III
although both groups had eventually a
significantly increased creatine kinase
level compared to group I and II.
These findings showed that the extent
of myocardial infarction was
significantly  attenuated in  the
preconditioned group IV compared
with the unpreconditioned group III
when both were exposed to I/R injury.

Therefore, it may be possible to
harness endogenous cardioprotection,
triggered by ischemia of easily
accessible tissues.

It is likely that reduction in
myocardial infarct size in group IV
compared to group III, although
significant, was not of a great enough
magnitude to induce a statistically
significant protection against post-
ischemic contractile dysfunction. In
accordance with these findings,
Jenkins et al.®” and Yellon and
Downey®” had pronounced that in
rabbit hearts, which do not contain
xanthine oxidase, preconditioning had
no effect on postischemic contractile
function. Moreover, Kharbanda et
al.®? had reported similar data in pigs
and reported no significant effects of
RIPC on the myocardial systolic
functions but a trend of difference was
detected regarding the myocardial
diastolic functions improving the
developed pressure. Although,
Varadarajan et al.®*® demonstrated
that there was a greater contractile and
relaxant effect after IPC in pigs.
However, Sunderdiek et al.®?
concluded that ischemic
preconditioning in rabbits did not
improve diastolic function during
reperfusion. These conflicting data
may be attributed to different
mechanistic effects between IPC and
RIPC otherwise the effects may be
species specific.

The mechanisms by which the
remote  ischemic  preconditioning
stimulus exerts its effect has been
attributed in previous studies to opioid
receptors®, calcitonin gene-related
peptide®®,  iNOS™,  eNOS®?,
bradykinin”, adenosine®, activation
of ATP- sensitive K channels ®¥ or
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protein kinase C®. In addition to
humoral and local myocardial factors,
remote preconditioning may also
involve the autonomic nervous
system® or modulate the functions of
circulating cells such as platelets®”.

Regarding the proposed
mechanism of RIPC, it was
hypothesized in this study that the
mechanisms underlying RIPC bears a
great resemblance to that of IPC and
since the effect of RIPC on cardiac
gene expression is not fully
understood, this study tested the
hypothesis that RIPC modifies cardiac
gene expression of inducible nitric
oxide synthase (iNOS) and GPx
activity.

The results of the present study
demonstrated that RIPC is associated
with enhanced cardiac GPx activity.
RIPC of group 1II increased
significantly GPx activity compared to
control group 1. This observation is of
interest because there is in vivo
evidence indicating that the cardiac
glutathione  peroxidase has a
predominant protective role in the
scavenging of H,0,, given that
catalase, the other major H,0,-
scavenging enzyme, shows a very low
activity in the heart"®. Also, it was
reported that mice overexpressing
GPx had reduced infarcts following
focal cerebral ischemia, whereas the
GPx knockout mouse showed an
increased infarct“”?. The increased
GPx activity, could be attributed to
the adenosine, which is one of the
predictable substances released from
the remote ischemic tissue and was
reported to protect the cardiovascular
system from I/R injury™".

Moreover, there was a significant
elevation of GPx activity in group III

after /R compared to group I
although, it was significantly reduced
compared to group II with a
significant ~ negative  correlation
between GPx and the infraction size in
group III. The increase in GPx activity
during I/R could be explained by the
fact that GPx activity is enhanced by
reactive oxygen species (ROS) and
since reperfusion after brief ischemia
is associated with a burst of ROS
generation®?, it seems plausible to
speculate that the increased oxidative
stress could lead to an increase in
antioxidant defenses in the
myocardium.

Also, GPx activity in group IV
(RIPC+ I/R) was significantly
elevated in comparison to the other
three groups. Thus, RIPC can provide
protection to the myocardium through
increased activity of GPx since the
balance between production of
reactive oxygen species (ROS) and
degradation of ROS by antioxidant
substances is critical for the
homeostasis of cardiac myocytes
because of their dependence on
aerobic metabolism and although
several studies have reported that
antioxidant  defenses are  not
upregulated during late PC*®. The
findings of this study demonstrate that
late phase of RIPC may have different
mechanisms compared to PC.

In fact nitric oxide has been
emerged as a crucial modulator of
myocardial preconditioning. Although
NO derived from endothelial NO
synthase (eNOS) is thought to be
cardioprotective®”, the role of
inducible NO synthase (iNOS)
remains controversial '®*%.
Furthermore, results have been
controversial regarding which NOS is
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upregulated during late phase of
preconditioning™®*4>.

The current study showed that
RIPC+I/R is associated with a
significant increase in iNOS gene
expression compared to other groups.
The increase in cardiac iNOS gene
expression found in this study was
mild, far less than that observed in
another study™® after a lethal dose of
lipopolysaccharide. This supports the
hypothesis that induction of iNOS
after RIPC is protective because it is
relatively modest, in contrast to other
situations (such as inflammation or
septic shock) in which iNOS
induction is massive and promotes
tissue injury®”. The results of this
study are consonant with the finding
reported by other studies, in which
they reported an increase in the
cardiac iINOS gene expression after
RIPC(H"M).

Thus, the results of present study
propose that moderate enhancement of
cardiac iNOS expression may be one
of the possible signaling mechanisms
underlying the protective effects of
remote and late preconditioning since
increased expression of iNOS in
group IV was accompanied by an
enhanced recovery of the -cardiac
hemodynamics following ischemia-
reperfusion, reduced CK level and
reduced infarction size.

The precise mechanism(s)
whereby RIPC leads to increased
iNOS gene expression and
subsequently to iNOS derived NO
which can protect the heart against
ischemia remains to be elucidated but
according to previous studies®®, It is
possible that local triggers of RIPC
released by the ischaemic tissue
(including bradykinin and adenosine)

activate the autonomic nervous system
and/or a haemopoietic element®'”,
transferring the signal to the
myocardium (or other remote organ)
that leads to activation of various
kinases, e.g., protein kinase C-g,
tyrosine  kinases, and mitogen-
activated protein kinase, which
activate transcription factors and then
leads to myocardial gene transcription
including iNOS, cyclooxygenase-2,
and manganese superoxide
dismutase"™*®.  Although, the exact
role of iNOS-derived NO in cardiac
protection is still unknown; several
roles were suggested including:
enhanced coronary perfusion @,
reduced myocardial oxygen
consumption®,  enhanced  ATP-
sensitive K* channel activity®”, and
inhibition of platelet adhesion to
endothelial cells®".

On the other hand, other studies
were in disagreement with the present
study®>*** they have concluded that
iNOS exerts detrimental effects in the
setting of myocardial infarction and
suggested that activation of iNOS
could have a negative effect on
cardiac performance ®¥. They have
attributed this effect to the ability of
iNOS to produce excessive amounts
of NO, which reacts with the
superoxide anion (O, "), generating the
highly reactive oxidant peroxynitraite
(OONO"), they added that iNOS is
capable of generating 0,
independently of NO production
which leads to formation of H,O,.
These two effects of iINOS increase
the production of reactive oxygen
species (ROS) that lead to further
tissue damage®*>*.

However, in the present study it
was proposed that this detrimental
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effect can be obtained by massive
induction of iNOS, which may not be
the case in the current study. In such a
way INOS can serve diverse
physiological functions. Moreover,
the level of iINOS gene expression in
this study was accompanied by
increased GPx activity, which has a
scavenging effect on H,O, denoting
another beneficial effect of RIPC. In
addition the expressed iNOS gene did
not interfere with the GPx activity as
evident by the positive correlation
between their levels in group IV,
which is a controversial finding to the
recently emerged evidence that GPx
activity in myocytes is attenuated by
elevated iNOS activity®™?.

In conclusion, a simple remote
ischemic  preconditioning from
skeletal muscles performed 24 h
before ischemia-reperfusion,
enhanced the recovery of the heart
developed pressure following I/R,
reduced the post-ischemic CK level,
reduced the myocardial infarction size
and was accompanied by an increase
of GPx activity and upregulation of
iNOS gene expression. The function
of iNOS in the cardiovascular system
remains largely enigmatic and by
using a rabbit model of RIPC, the
present study provides new insights
into the possible protective role
against lethal ischemia/reperfusion
injury, with a significant elevation of
myocardial GPx activity.
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