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It has been well documented that the Toll-like receptor 4 (TLR4)/NF-kB signaling pathway mediates early
inflammatory responses during myocardial ischemia and reperfusion (MI/R). Mycophenolate mofetil (MMF),
an immunosuppressive agent, has been shown to confer protective effects against ischemia/reperfusion
injury, possibly through its immunosuppressive and anti-inflammatory actions. The aim of the present
study was to investigate whether MMF could modulate the TLR4/NF-«B signaling, inhibit cell apoptosis and
subsequently attenuate MI/R injury. MMF (20 mg/kg) or vehicle was administered to SD rats by gavage. The
rats were then subjected to MI/R injury. The results showed that after MI/R, the expressions of myocardial
TLR4 and NF-«B were significantly increased, and apoptosis of cardiomyocytes was induced, as evidenced
by the decreased mitochondrial membrane potential (MMP), decreased Bcl-2 protein level, and increased
Bax expression. Administration of MMF attenuated MI/R injury. Further studies demonstrated that MMF
inhibited the induction of TLR4, NF-xB and Bax expression, and restored the expression of bcl-2. Moreover,
increased myeloperoxidase activity and serum level of tumor necrotic factor « induced by MI/R injury were
also inhibited by MMF treatment. In conclusion, our results demonstrated that MMF attenuates MI/R injury
through inhibition of the TLR4/NF-«B signaling pathway, which led to reduced inflammatory reaction and

subsequently myocardial cell apoptosis.

1. Introduction

Myocardial ischemia and reperfusion (MI/R) injury is a com-
plex pathophysiologic process which has been found to play an
important role in serious acute and chronic heart diseases such
as acute myocardial infarction and angina pectoris. Although the
exact mechanism responsible for MI/R injury is poorly under-
stood, it has been generally accepted that inflammatory response
and accumulation of neutrophils play a pivotal role in the patho-
genesis of MI/R injury (Steffens et al. 2009; Liang et al. 2014).
Toll-like receptor 4 (TLR4), one of the pattern recognition recep-
tors, has been found to play a crucial role in the induction of
inflammatory response and its activation has been linked to the
activation of nuclear factor kappa B (NF-kB) in several cell lines
(Heetal. 2014; Weng et al. 2013; Liu et al. 2013). Up-regulation
of the TRL4/NF-kB signaling pathway stimulated the release of
cytokines including tumor necrotic factor oo (TNF-a) and inter-
leukin 1 (IL-1), and also induced the infiltration of leukocytes
and monocytes (Arumugam et al. 2009; Wu et al. 2013). TNF-«a
in turn can initiate the inflammatory reaction during MI/R (Shi-
mamoto et al. 2006). TNF-a has a negative inotropic effect,
which can impair the systolic function of the myocardium,
lower the blood pressure, and also promote neutrophil adhesion
to endothelial cells, thus amplifying inflammation. Excessive
induction of inflammatory cytokines and activation of inflam-
matory cells including neutrophils have been recognized as all
key elements of the inflammatory response.
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It well known that MI/R injury is the acceleration of both apo-
ptosis and necrosis of cardiomyocytes at the onset of reperfusion
therapy. Further studies indicated that TLR4 has been proved to
play a pathogenic role in triggering cardiomyocytes apoptosis
during MI/R, and the pro-apoptotic effect of TLR4 has been
considered to be mediated by release of cytokines and sub-
sequent activated inflammatory responses (Ding et al. 2013).
During MI/R injury, myocardial apoptosis also can be regulated
by cytokines of TNF-a and interleukin 6 (IL-6), and further
enhanced by activated NF-«kB pathway, formation of oxygen free
radicals, as well as accumulation of the neutrophils (Hamacher
et al. 2006). TLR4 could be induced during the reperfusion
injury, which may lead to the release of cytokines, accumula-
tion of neutrophils, activated inflammation response, and finally
myocardial apoptosis. Increased myocardial apoptosis in turn
causes release of TNF-«, which may amplify the inflamma-
tory response by other cytokines through synergistic interaction
and further worsen the myocardial function. Considering the
important role of the TLR4 pathway and myocardial apopto-
sis, a therapeutic approach capable of inhibiting both the TLR4
pathway and subsequent cell apoptosis might be of potential to
become an effective strategy for treatment of MI/R injury.

Mycophenolate mofetil (MMF) is an immunosuppressive
agent and has been successfully applied in prevention and
treatment of rejection reaction after organ transplantation (Hal-
loran et al. 1997). In vivo, it acts as an inhibitor of the
inosine-5’-monophosphate dehydrogenase enzyme, the rate-
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Fig. 1: Effect of MMF treatment on myocardial infarct sizes (INF/WH %) in each group. A. Representative NBT staining of samples from rat ventricles subjected to different
treatment groups. B. Quantitative densitometric analysis of myocardial infarct sizes (INF/WH%). Values are presented as mean & S.E.M.; ** P<0.01 vs. Sham group, ##

P<0.01 vs. MI/R group.

controlling enzyme in the de novo biosynthesis of guanosine
and deoxyguanosine nucleotides. MMF administration led to
reduced lymphocyte proliferation and the transfer of cell adhe-
sion molecules, which involved in mediating the inflammatory
response. MMF has a variety of physiologic effects in addition
to its well known immunosuppressive activity (Allison et al.
2005), which may confer a beneficial effect on ischemia reper-
fusion injury (Farivar et al. 2005; Liu et al. 2009). In rat model
of ischemia-reperfusion injury, MMF treatment effectively
prevented the deterioration of renal function and interstitial
fibrosis. Moreover, the potential mechanisms underlying the
above protective effects of MMF has been associated with
decreased expressions of transforming growth factor-B1, mono-
cyte chemotactic protein 1 in macrophages (Jiang et al. 2012;
Yang et al. 2007; Chavez et al. 2007). A previous study has
demonstrated that TLR4 signaling was involved in the develop-
ment of renal ischemia/reperfusion injury, and MMF treatment
was associated with down-regulated TLR4 signaling, reduced
inflammatory responses and improved renal function (Zhang
et al. 2013). As to its effects in the cardiovascular system, it
has been demonstrated that MMF could be used as a powerful
immunosuppressant in cases of heart transplantation because
it could postpone the onset of cardiac allograft vasculopathy
(CAV) and reduce its progression (Kaczmarek et al. 2006; Dan-
del et al. 2010). Interestingly, TLR4 signaling and myocardial
apoptosis were also involved in the pathogenesis of MI/R injury
(Tian et al. 2010; Hua et al. 2007). Therefore we hypothesized
that MMF may have a beneficial effect on MI/R injury via reg-
ulation of the TLR4 pathway and subsequent attenuation of the
myocardial apoptosis.

2. Investigations, and results

2.1. MMF reduced the area of myocardial infarction
induced by MI/R

The effect of MMF treatment on sizes of myocardial infarction
was determined by NBT staining. As shown in Fig. 1, the area

of light red represents the infarction region and the dark blue
area represents normal myocardial tissue. Compared with the
MI/R group, MMF treatment significantly reduced the sizes of
myocardial infarction (p <0.01).

2.2. MMF attenuated the morphological disorders in
myocardium induced by MI/R

Myocardium from the sham group was normal in mor-
phology, with cell membranes remaining integrated, and no
characteristics of apoptosis, necrosis, or other pathological
changes. The myocardium from the MI/R group showed local
swelling, myocardial necrosis, distorted cardiac muscles and
breaked fibers; whereas treatment with MMF attenuated the
above morphological disorders, as represented by well-arranged
myocardial fibers and integrated structure (Fig. 2).

2.3. The effect of MMF on mitochondrial membrane
potential ()

The mitochondrial membrane potential (MMP) was determined
as an index of early myocardial apoptosis by JC-1 assay. JC-1 is
a cationic dye that accumulates in mitochondria. Monomers of
JC-1 dye fluoresce in the green range, whereas JC-1 aggregates
fluoresce in the red range. Therefore, a decrease in red fluores-
cence intensity represents mitochondrial swelling. Dominance
of red fluorescence over green fluorescence is a feature of normal
myocardial cells, suggesting preservation of functional integrity
of mitochondria. In the present study a significantly decreased
ratio of red fluorescence to green fluorescence was observed in
the MI/R group compared with the sham group. Whereas the
ratio was markedly increased in the MMF treated group com-
pared with MI/R group, indicating that MMF could partially
restore the reduced MMP, therefore inhibiting early myocardial
apoptosis (Fig. 3).

Fig. 2: Effect of MMF treatment on histopathological changes in heart tissue of different groups. Sham group: The myocardial fibers are well arranged with normal staining of
the nuclei. MI/R group: myocardial fibers are partially ruptured and lysed. Several red blood cells are observed. MI/R + MMF group: Morphological change significantly

improved with only slight edema in the interstitial tissues.
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Fig. 3: Effect of MMF on MMP of the cardiomyocytes in each group. A: the
fluorescence of JC-1 monomers (green) and JC-1 aggregates (red) B: Ratio of
red to green fluorescence. Values are presented as mean = S.E.M.; **P <0.01
vs. Sham group, ## P <0.01 vs. MI/R group.

2.4. The effect of MMF on Bcl-2 and Bax expression

The Bcl-2 family consists of pro-apoptotic (e.g. Bax) and
anti-apoptotic (e.g. Bcl-2) members. The interactions between
pro-apoptotic and anti-apoptotic proteins regulated the possi-
bility of cells to survive or undergo apoptosis after a certain
stimulus or injury. So in the present study, expressions of Bax
and Bcl-2 in the myocardium were also determined as another
index of myocardial apoptosis by western blot. Results of our
current study showed that myocardial Bax expression was sig-
nificantly increased, while Bcl-2 expression was significantly
decreased in the MI/R group as compared with the sham group
(Fig. 4). MMF administration increased the expression of Bcl-2
while decreased the expression of Bax compared with those in
myocardium from the MI/R group, indicating that MMF may
reduce myocardial apoptosis subjected to MI/R injury by regu-
lation of Bcl-2 family proteins.
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Fig. 4: Effect of MMF treatment on expressions of Bax and bcl-2 proteins in each
group as detected by western blot. A. Representative Immunoblots of samples
from rat ventricles subjected to different treatment groups. B. Quantitative
densitometric analysis of Bax and bcl-2 with B-actin as an internal standard.
1: sham group; 2: MI/R group; 3: MI/R + MMF group. Values are presented
as mean = S.E.M.; ##P <0.01 vs. Sham group, ## P <0.01 vs. MI/R group.
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2.5. MMF reduced TLR4 expression in the myocardium
subjected to MI/R

Protein level of TLR4 was determined by immunohistochem-
istry and western blot in the current study. As shown in Fig. 5,
TLR4 expression was significantly increased in the myocardium
of MI/R group as compared with that from the sham group. Inter-
estingly, treatment with MMF reduced the protein level of TLR4
in the myocardium as proved by both the immunohistochemistry
and western blot, which suggested that inhibition of TLR4 may
be involved in the protective effects of MMF to MI/R.

2.6. MMF reduced NF-«B in the myocardium subjected
to MI/R

To further investigate the effect of MMF on TLR4 medi-
ated signaling pathway, NF-kB, a downstream molecule of the
TLR4 signaling pathway was determined. The results from
western blotting analyses showed that the expression of NF-
kB was up-regulated in the MI/R group compared with sham
group, whereas administration of MMF sigficantly decreased
the expression of NF-kB. These results demonstrated that inhi-
bition of TLR4/NF-«kB signaling pathway may be an important
mechanism underlying the potential protective effects of MMF
to MI/R (Fig. 6).

2.7. MMF inhibited the infiltration of the neutrophilic
cells in the myocardium subjected to MI/R

The activity of MPO in the myocardium reflects, at least in part,
the infiltration of neutrophilic cells. Results of our study indi-
cated that the MPO activity in the myocardium from the MI/R
group was dramatically higher as compared with that from the
sham group. Moreover, MMF treatment significantly decreased
myocardial MPO activity, suggesting that MMF can inhibit the
infiltration neutrophilic cells in MI/R (Fig. 7).

2.8. MMF inhibited TNF-« level in the serum subjected
to MI/R

In order to further verify the effect of MMF on the TLR4/NF-
kB signaling, serum TNF-« levels were determined in rats from
each groups. As shown in Fig. 8, MMF significantly reduced
the serum level of TNF-a as compared with the MI/R group,
demonstrating that treatment with MMF may confer its cardio-
protective effect by reducing TNF-a in MI/R injury.

3. Discussion

In the present study, we provided the evidence for the first time
that administration of MMF before MI/R attenuated the area
of myocardial infarction, improved morphological disorders in
myocardial issues subjected to MI/R injury. Furthermore, this
potential cardioprotective effect of MMF may be related to the
inhibition of TLR4 and NF-«B signaling, reduction of myocar-
dial cell apoptosis, attenuation of neutrophilic cell accumulation,
and inhibition of serum TNF-a in MI/R injury. These results
indicated that MMF treatment has protective effect against MI/R
injury probably via inhibition of the TLR4/NF-kB signaling
pathway, and subsequent myocardial apoptosis and inflamma-
tory response.

The most effective therapy for ischemia-induced myocardium
damage is to restore the blood supply of the myocardium imme-
diately. However, reperfusion therapy itself can cause injury
to the myocardium, probably via a robust local and systemic
inflammatory response which may deteriorate tissue injury and
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Fig. 5:

Effect of MMF treatment on myocardial TLR4 expression in each group. A: Representative immunohistochemistry of TLR4 from rat ventricles. The brown in the

cytoplasm repents the expression of TLR4. B. Representative immunoblots of samples from rat ventricles subjected to different treatment groups. C. Quantitative
densitometric analysis of TLR4 protein with 3-actin as an internal standard. 1: sham group; 2: MI/R group; 3: MI/R + MMF group. Values are presented as

mean + S.E.M.; ##P <0.01 vs. Sham group, ## P <0.01 vs. MI/R group.
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Fig. 6: Effect of MMF treatment on myocardial NF-kB expression in each group. A.
Representative immunoblots of samples from rat ventricles subjected to
different treatment groups. B. Quantitative densitometric analysis of NF-kB
protein with B-actin as an internal standard. 1: sham group; 2: MI/R group; 3:
MI/R + MMF group. Values are presented as mean + S.E.M.; **P <0.01 vs.
Sham group, ## P <0.01 vs. MI/R group.

adversely affect left ventricular recovery (Frangogiannis et al.
2002). Toll-like receptor 4 (TLR4), has been recognized as one
of the pattern recognition receptors not only participating in
the immune response, but also contributing to the inflammatory
response of I/R injury (Ha et al. 2010; Li et al. 2010; Kac-
zorowski et al. 2009). TLR4-deficient mice have been found
to have significantly smaller infarctions, fewer neutrophilic
infiltrations and fewer lipid peroxides and less complement
deposition compared with control mice after MI/R (Oyama et al.
2004), which is consistent with the notion that besides its role
in innate immune responses, TLR4 serves as a proinflammatory
agent in murine myocardial ischemia-reperfusion injury. It has
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Fig. 7: Effect of MMF treatment on MPO activity in the myocardium from rats in
each group. MMF treatment significantly deduced the MPO activity
subjected to MI/R injury. Values are presented as mean &= S.E.M.; **P <0.01
vs. Sham group, ## P <0.01 vs. MI/R group.
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Fig. 8: Effect of MMF treatment on serum TNF-« level in each group. MMF
treatment significantly deduced the TNF-a level subjected to MI/R injury.
Values are presented as mean = S.E.M.; **P <0.01 vs. Sham group, ##
P<0.01 vs. MI/R group.

also been reported that TLR4 deficiency led to activated ERK
and PI3K pathways, which further attenuated I/R induced p38
and JNK signaling activation and eventually conferred protec-
tive effects to myocardium from I/R injury (Hua et al. 2007;
Zhao et al. 2009). In addition, deletion of TLR4 abrogated both
systemic and intragraft inflammatory responses induced by cold
I/R (Kaczorowski et al. 2007). Also, studies have indicated that
the effect of TLR4 in regulation of inflammatory response in
MI/R injury was related to activation of NF-kB and other pro-
inflammatory cytokines including TNF-a and IL-1{, et al. (Yang
et al. 2011; van and Bogers 2008; Ding et al. 2012). In our
study, enhanced expressions of TLR4 and NF-kB were observed
during MI/R injury, which were consistent with these previous
observations. Interestingly, administration of MMF before MI/R
injury markedly reduced the expressions of TLR4 and NF-«B,
in parallel with a reduced inflammatory response as indicated
by lowered TNF-a and MPO levels, which may underlying its
effects of reduced infarction area and improved morphological
change. These results demonstrated that MMF may confer a
protective effect to MI/R probably due to its anti-inflammatory
properties.

Another main component of MI/R injury is myocardial apopto-
sis, which has been found to be initiated during ischemia while
largely executed during reperfusion (Zhao et al. 2000). Using a
gene defective mice model, Ding et al. (2013) demonstrated that
TLR4 and its related pathway contributed to the development of
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myocardial apoptosis. In order to further investigate the mecha-
nism of MMF on MI/R injury, we examined mitochondrial status
and the expressions of Bax and Bcl-2, two important patho-
physiologic processes involved in the regulation of myocardial
apoptosis. Apoptosis can be initiated via two alternative sig-
nal pathways: the extrinsic pathway, which acts through death
receptors on cell surfaces, and the intrinsic pathway, which acts
through the mitochondria (Cohen 1997). Disruption of MMP
was associated with early apoptosis resulting from MI/R injury
(Wang et al. 2013). The mitochondria-dependent pathway is
regulated by members of the Bcl-2 family proteins which includ-
ing both the pro-apoptotic proteins (Bax) and the anti-apoptotic
proteins (Bcl-2). As shown in the current study, the ratio of JC-
1 aggregates to monomers decreased, and pro-apoptotic (Bax)
protein expression increased while anti-apoptotic (Bcl-2) pro-
tein expression decrease in the MI/R group. However, MMF
treatment not only inhibited the TLR4/NF-«kB pathway, but
also attenuated myocardial apoptosis, as confirmed by increased
MMP, Bcl-2 expressions and decreased Bax expression. It has
been demonstrated that apoptosis can also be induced by inflam-
matory cytokines such as TNF-o (Xu et al. 2011) and IL-6,
which can be enhanced by TLR4 and its-related pathway (Ding
et al. 2013). Excessive TNF-« after I/R interaction with TNF-a
receptor type 1 (TNFR1) could induce cell apoptosis (Chen et al.
2007; Shen et al. 2006), which in turn amplify the inflammatory
response. Subsequently, augmented inflammatory response and
apoptosis work in concert to worsen the cardiac function. It is
noteworthy that results from our current study revealed the both
TNF-a level and apoptotic regulatory proteins were dramati-
cally reduced by administration of MMF compared with that of
MI/R group.

Despite the fact that our study provide the first evidence that
MMF treatment may protect the myocardium form MI/R by
inhibition of TLR4/NF-«kB signaling pathway, and subsequent
myocardial apoptosis and inflammation, our study also have
limitations. We measured the effect of MMF on inflamma-
tory response and apoptosis just using pharmacological method
in a rat model, which cannot indicate a causative relation-
ship between MMF administration and reduced inflammatory
response or attenuated apoptosis. Therefore, further study using
signaling inhibitors or small interfering RNAs were still needed.
In conclusion, our study demonstrated that the administration of
MMF before MI/R confers beneficial effect to the heart, and the
mechanism may involve in the down regulation of TLR4/NF-
kB pathway, and reducing of myocardial apoptosis. MMF, a
powerful immunosuppressant capable of delay the onset of car-
diac allograft vasculopathy (CAV) and reduce its progression
(Kaczmarek et al. 2006; Dandel et al. 2010), also have cardio-
protective effect in a rat model of MI/R. These results provide
the theoretical basis for that use of MMF as part of an immuno-
suppressant regimen may also confer potential protective effects
against MI/R injury.

4. Experimental

The experimental protocols were approved by Committee of Shangdong
University for the Use of Experimental Animals for Research and Teaching.

4.1. Animal model of myocardial ischemia-reperfusion and
experimental protocols

Male SD rats (250-300 g) were subjected to 30 min of myocardial ischemia
and 2 h of reperfusion, as described previously (Hadi etal. 2013). Briefly, rats
were anesthetized with pentobarbital sodium (45 mg/kg, IP). Ischemia was
induced by exteriorizing the heart with a left thoracic incision, and followed
by a slipknot (5-0 silk) around the left anterior descending coronary artery
(LAD). After 30 min of ischemia, the slipknot was released and the animal
received 120 min of myocardial reperfusion.
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Rats were randomly assigned to one of the following three experimental
groups: (1) sham group, for which the silk was drilled underneath the LAD
but the LAD was not ligated; (2) MI/R group, for which LAD was ligated for
30 min and followed by 120 min of reperfusion; (3) MI/R + MMF group, for
which MMF (20 mg/kg, dissolved in 0.5% sodium carboxymethylcellulose)
was daily administered by gavage 5 days prior to the induction of ischemia
until the animals were killed (Liu et al. 2009).

4.2. Determination of the size of myocardial infarction

At the end of reperfusion, size of myocardial infarction was determined by
NBT staining technique with a digital imaging system. The heart tissues
were quickly removed to a —20°C refrigerator for cryopreservation, before
they were cut into 1 mm slices. The tissue sections were placed in 1% NBT
solution and incubated for 15 min, and then placed in 4% formaldehyde
solution overnight. NBT stained area (dark blue after staining, non-infarct
area) and non-NBT stained area (light red area after staining, infarct area)
were analyzed with a digital imaging system by computer. Proportions of
infarct myocardial to the whole myocardial tissues (infarct area/whole heart
area %) were then calculated.

4.3. HE staining and immunohistochemical evaluation

Myocardial tissues were fixed in 4% formaldehyde solution overnight
before they were gradiently dehydrated with ethanol. After 24 h, tissues
were embedded in paraffin, cut into 5um sections, and stained with
hematoxylin-eosin (HE) staining to evaluate morphological changes. For
immunohistochemical analyses of TLR4, paraffin was removed, and 10%
rabbit serum was used to block non-specific binding sites within these slices.
After being rinsed in PBS once, the sections were treated with TLR4 primary
antibody, and then incubated in 4 °C overnight. The sections were rinsed in
PBS three times, treated with secondary antibody, and incubated in 37 °C
for another 1 h. The slices were subsequently rinsed in PBS for three times,
treated with DAB, washed with PBS, counterstained with hematoxylin, and
mounted for observation under light microscopy.

4.4. Western blot

The protein concentrations of the samples were determined by the Brad-
ford method. After boiling the samples for 5 min, the protein samples were
fractionated by SDS-PAGE and transferred to a PVDF membrane (Mil-
lipore, Bedford, MA). The membranes were blocked with milk powder
at room temperature for 2h, before they were incubated with primary
antibodies of TLR4, NF-kB, Bax and Bcl-2 at 4°C overnight. Follow-
ing primary antibody incubations, membranes were further incubated
with horseradish peroxidase-linked secondary antibodies (anti-rabbit, anti-
mouse, or anti-goat IgGs). Detection of the bands was performed with
enhanced chemiluminescence reagents (ZSGB-BIO, China).

4.5. Isolation of the cardiomyocytes

After reperfusion for 2 h, the heart was quickly excised, mounted on a perfu-
sion system, and perfused via the aorta with Tyrode solution under constant
flow conditions (10 ml/min) for 5 min, which was followed by perfusion with
nominally Ca>*-free Tyrode for another 8 min. Tissue digestion was initiated
by adding 18 mg type II collagenase into 50 ml of Ca’*-free Tyrode, which
contained 20 mg BSA. After 10 min, the type II collagenase was washed out
by 5min perfusion with Ca®*-free Tyrode. All the solutions were inflated
with 95% O, and 5% CO,. The right ventricle was cut off first, and then
the interventricular septum followed by the left ventricle. Separate ventric-
ular parts were dispersed mechanically, and cardiomyocyte solutions were
adjusted to the same cell density and transferred to culture medium.

4.6. Assessment of mitochondrial membrane potential (1)

Cardiomyocytes were incubated with of 2 uM JC-1 at 37 °C for 20 minutes,
and centrifuged at 600 g for 4 min. After the supernatant was aspirated, the
cells with JC-1 buffer solution were resuspended. The above centrifugation,
aspiration, and resuspension were repeated. Thereafter, labeled cells were
analyzed and quantified by fluorescence microscope (Leica. DMI3000 B,
Germany).

4.7. Detection of levels of myeloperoxidase

Each neutrophilic cell contains a certain amount of MPO. The characteristics
of hydrogen peroxide reduction can be used to analyze the activity of the
enzyme and quantitatively determination of the amount of the neutrophilics.
Therefore, the activities of MPO may reflect the degrees of neutrophilic
infiltration in the myocardium. After reperfusion, the myocardial tissue was
placed at —20°C refrigerator for preservation. MPO test kits were applied
to determine the activities of MPO in the myocardial tissue.

Pharmazie 69 (2014)
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4.8. Enzyme-linked immunosorbent assay (ELISA)

Blood samples were collected at the time of heart harvest, and the serum was
prepared and assayed for TNF-a by ELISA kit following the manufacturers’
instructions.

4.9. Statistic analysis

All data are expressed as mean = standard errors (SEM). Statistical analy-
sis was performed using one-way ANOVA followed by Bonferroni’s test.
Differences were considered as statistically significant if p <0.05.
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