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Pomegranate juice (Pg) has demonstrated cardiovascular beneficial effects. The cur-

rent research intends to investigate the roles of nitric oxide (NO) and antioxidants

in Pg‐induced cardioprotection against ischemia and reperfusion (I/R). Isolated hearts

from anesthetized rats were subjected to 30‐min global ischemia followed by 120‐min

reperfusion. The hearts in the test groups were treated with Pg, NG‐nitro‐L‐arginine

methyl ester (L‐NAME) or both throughout the experiment. In Pg group, left ventric-

ular developed pressure, rate of rise in left ventricular pressure (dp/dt max), and rate

pressure product were 83%, 55%, and 127%, respectively, higher than those of the

control group (p < 0.05). The infarct size declined to less than 40% (p < 0.0001),

and biomarkers of myocardial damage including creatine kinase‐MB, lactate dehydro-

genase, and troponin‐I, showed significant reductions (59%, 36%, and 94%, respec-

tively) compared with the control. Furthermore, the indices of oxidative status

including superoxide dismutase, glutathione peroxidase, catalase, and

malondialdehyde showed significant improvement (2.4, 1.7, 1.9, and 2.4 fold, respec-

tively). Most of these effects were mainly blocked by L‐NAME. These results suggest

potent cardioprotective effects for Pg against myocardial I/R injury. The current

results suggest a key role for NO for this cardioprotection; however, other mecha-

nisms seem to be also involved.
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1 | INTRODUCTION

Myocardial ischemia and reperfusion (I/R) is the most prevalent car-

diovascular disorder and the main cause of mortality worldwide

(Mathers & Loncar, 2006). The formation of thrombosis on an athero-

sclerotic plaque in coronary arteries is the major cause of the disease

that leads to an inadequate blood supply to the heart. In response to

this failure, a number of molecular and cellular complexes are acti-

vated. The main aim of the intensive research in this area is to mini-

mize the damage by intervening in these processes (Buja, 1998;

Reimer & Ideker, 1987; Reimer & Jennings, 1992).

Plenty of mechanisms such as accumulation of intracellular Na+,

H+, and Ca2+ ions (Buja, 2005); disturbed mitochondrial membrane

potential leading to the formation of permeability transition pore
wileyonlinelibrary.c
(mPTP); apoptosis; and autophagy are involved in the pathogenesis

of myocardial I/R injury (Turer & Hill, 2010). In addition, an increase

in reactive oxygen species (ROS) during I/R causes an oxidant or anti-

oxidant imbalance and is a key player in the etiology of the disease

(Zweier, Flaherty, & Weisfeldt, 1987). Plant origin antioxidants have

been widely used to ameliorate the damage via scavenging ROS

(Koltai, Tosaki, Hosford, & Braquet, 1989; Varga et al., 1999). The

endothelium‐derived nitric oxide (NO), a key regulator of intracellular

signaling pathways, is well known for its cardioprotective effects

against I/R injury. The protective effects of NO are mediated via acti-

vation of KATP channels, inhibition of mPTP formation, modulation of

electron transfer chain, production of cGMP, and antioxidants proper-

ties (Ferdinandy & Schulz, 2003; Maulik et al., 1995; Siu, Lotz, Ping, &

Cai, 2015; Xi, Jarrett, Hess, & Kukreja, 1999).
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There has been extensive research regarding the beneficial effects

of plant‐origin antioxidants on I/R injury. Using a working heart model,

the isolated hearts from rats pretreated with standardized grape

extract showed significant resistance to I/R injury (Cui, Juhasz, Tosaki,

Maulik, & Das, 2002). In a similar study, the kernel extract of sour

cherry (Prunus cerasus) caused a significant improvement in ventricular

function of isolated hearts (Bak et al., 2006; Czompa et al., 2014). Res-

veratrol, a natural phenol found in red grapes, has shown similar

cardioprotective effects in ischemic‐reperfused hearts (Lekli et al.,

2008; Mamunur Rahman, Bak, & Das, 2010).

Pomegranate fruit has been used as an herbal medicine in differ-

ent countries (Langley, 2000). It has recently drawn great attention

of scientific research. Pomegranate juice is a rich source of antioxi-

dants such as ellagic tannin, gallotannins and anthocyanins, and flavo-

noids (Cerdá, Cerón, Tomás‐Barberán, & Espín, 2003; Gil, Tomás‐

Barberán, Hess‐Pierce, Holcroft, & Kader, 2000). The juice demon-

strates a significantly higher antioxidant activity compared with green

tea and red grapes (Gil et al., 2000).

In addition to other therapeutic effects, anticarcinogenic (Panth,

Manandhar, & Paudel, 2017), anti‐inflammatory (Asgary, Keshvari,

Sahebkar, & Hashemi, 2013), antinociceptive (González‐Trujano,

Pellicer, Mena, Moreno, & García‐Viguera, 2015), and cardiovascular

beneficial effects have been reported for the fruit (Davidson et al.,

2009; Haseeb, Khan, Ashruf, & Haqqi, 2017; Razani, Dastani, &

Kazerani, 2017). The juice has been reported to increase NO and pre-

vent its destruction by ROS (Maulik et al., 1995; Siu et al., 2015; Xi

et al., 1999). The current study aimed to evaluate the roles of nitric

oxide and antioxidants in cardioprotection of pomegranate juice (Pg)

against I/R injury.
2 | MATERIALS AND METHODS

The juice was prepared from the arils of the fruit using a manual

pomegranate juicer. The juice was then lyophilized (Zirbus, Germany)

and was stored under dry and dark conditions. The lyophilized powder

was reconstituted with Krebs solution (1.8 mg ml−1) and was then sup-

plemented to the perfusion solution (2%: v/v), where applicable.
2.1 | Measurement of the total phenolic content

Total phenol content of the lyophilized juice was measured using

Folin–Ciocalteu method (Singleton, Rossi, & Jr, 1965). Fifty milligrams

of the sample was dissolved in 100‐ml acidified methanol (HCl: 3%)

and distilled water (60:40, v:v). The solution was filtered, and then

100 μl was mixed with an equal volume of Folin–Ciocalteu reagent

(Sigma, USA) and 2 ml of sodium bicarbonate 2% solution. The sam-

ples were allowed to stay at room temperature for 2 hr, and then

the optical absorbance was measured at 750 nm. The total

phenol content was calculated according to gallic acid standard curve

(0–10 mg ml−1).

The main polyphenols of the juice were analysed using high‐per-

formance liquid chromatography‐mass spectroscopy (Agilent Technol-

ogy 6410‐QQQ, USA and Japan). Chromatographic separation of the

extract was carried out using a C18 column (250 × 4.6 mm; particle
size: 5 μm, 25 °C). A gradient protocol was employed: Solution A

contained 1% formic acid in distilled water, and Solution B was aceto-

nitrile (flow rate: 0.5 ml min−1). The percentage of Solution B was as

follows: 0–5 min: 5%, 5–10 min: 10%, 10–15 min: 15%, 15–20 min:

20%, 20–25 min: 60%, and 25–30 min: 90%. The effluent of the col-

umn passed through the photodiode array detector (760 nm) and then

was directed to the electrospray ionization interface and triple quadru-

pole mass spectrometer. A full scan mass spectrum (100–1,500 m/z) in

negative‐ion mode was employed for the electrospray ionization. The

temperatures of the electrospray source was 100 °C. The capillary and

cone voltages were 4.0 and 40 V, respectively. Nitrogen, as nebulising

gas, was set at 25 psi (velocity: 6 L/min, 300 °C). The data processing

was carried out using Agilent 6410 Triple Quad LC/MS Software. The

main ingredients were quantified according to their peak area.
2.2 | The animals

Adult male Wistar rats (250–300 g) were obtained from the Animal

House of the School of Veterinary Medicine, Ferdowsi University of

Mashhad. All procedures were in accordance with the Guidelines of

the Animal Welfare and Ethics Committee of the Ferdowsi University

of Mashhad.
2.3 | Experimental groups

A randomized block design was used. The hearts were divided into

four groups: (a) the control, (b) Pg 2%, (c) NG‐nitro‐L‐arginine methyl

ester (L‐NAME) 100 μM, and (d) Pg 2% plus L‐NAME 100 μM. All

the experimental groups experienced I/R. The test groups received

Pg/LNAME via perfusion solution prior to global ischemia and

throughout reperfusion.
2.4 | The Langendorff

The animals were anesthetized using thiopental sodium (50 mg k−1, ip).

Heparin (50 IU) was injected via dorsal penile vein. The chest was

excised, and the heart was removed. It was immediately mounted on

Langendorff setup and was perfused with modified Krebs solution

containing (in mM) NaCl 118, NaHCO3 25, KCl 7.4, KH2PO4 2.1,

MgSO4 1.2, CaCl2 25.1, and glucose 11 with a flow rate of

10 ml min−1 (pH: 7.4; 37 °C). Throughout the experiment, the solution

was aerated with oxygen and carbon dioxide (95%:5%, v:v). Following

30‐min stabilization, global ischemia was induced by cessation of

Krebs solution inflow for 30 min. The hearts were then reperfused

for 120 min.

During the experiment, hemodynamic parameters including heart

rate (HR), coronary perfusion pressure (CPP), left ventricular devel-

oped pressure (LVDP), rate of rise in left ventricular pressure (dp/dt

max), and rate pressure product (RPP) were monitored constantly

using a PowerLab Electrophysiological Instrument (ML11, Australia).

CPP was measured through a three‐way stop cock just above the aor-

tic cannula using a pressure transducer (MLT844 Physiological Pres-

sure Transducer, ADInstruments). In order to measure LVDP, a small

latex balloon, which was connected to another pressure transducer,

was inserted into the left ventricle. Rate pressure product, an indicator

https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=ellagic+tannin
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of the mechanical activity of the heart, was calculated as HR multiplied

by LVDP.
2.5 | Biochemical parameters

The coronary effluent was sampled (10 ml) at specific time points for

biochemical analysis. The samples were aliquoted upon collection

and stored at −20 °C till assayed. Biochemical markers of myocardial

I/R injury including creatine kinase‐MB (CK‐MB) and lactate dehydro-

genase (LDH) were assayed using commercial spectrophotometric kits

(Pars Azmun, Iran). The level of troponin I (TnI) in the effluent was

measured using a chemiluminescence assay kit (Kate Vidas,

Biomerieux, France). As an indicator of nitric oxide (Lee et al., 1999),

the nitrite level of the coronary effluent collected at 2‐min reperfusion

was assayed using Griess method (Sib Biotec Co., Iran).

The heart homogenate was used for detection of the markers of

oxidative stress. The superoxide dismutase (SOD) activity was mea-

sured using a Ransod assay kit (Randox, Germany). This method is

based on the inhibitory effect of SOD on the generation of superoxide

radicals due to oxidation of xanthine and subsequent formation of a

red formazan dye (Arthur & Boyne, 1985; Suttle, 1986; Suttle &

McMurray, 1983; Woolliams, Wiener, Anderson, & McMurray,

1983). The level of glutathione peroxidase (GPX) in the heart homog-

enate was measured based on the method of Paglia and Valentine

(1967). Catalase (CAT) activity was determined based on the reaction

of hydrogen peroxide with ammonium molybdenum. The resultant

yellowish color was detected at 410 nm. The amount of

malondialdehyde (MDA), an indicator of lipid peroxidation, in the

homogenate was measured based on its reaction with thiobarbituric

acid (Latha & Pari, 2003). The total protein of the heart samples was

measured by biuret method (Pars Azmun, Iran).
2.6 | The infarct size

At the end of reperfusion, the hearts were dismounted from the aortic

cannula, were rapidly frozen using liquid nitrogen, and stored at −20 °C.

In order to measure the infarct size, the hearts were thawed and were
FIGURE 1 The liquid chromatography‐mass spectroscopy chromatograp
cut into 2–3‐mm transverse slices. The slices were incubated with 1%

2,3,5‐triphenyltetrazolium chloride (TTC) in phosphate buffer (pH 7.4;

37 °C) for 20 min and were then fixed in phosphate‐buffered 4%

formaldehyde for 24 hr. The slices were photographed, and the

infarcted area was measured using Adobe Photoshop CS5 software

(Andreka et al., 2007).
2.7 | Statistical analysis

GraphPad Prism Software V5 (GraphPad Software Inc, USA) was used

for analysing the data and drawing the figures. Data are expressed as

mean ± standard error. The hemodynamic, CK, and LDH were com-

pared using two‐way analysis of variance. All other comparisons were

conducted using one‐way analysis of variance followed by Bonferroni

post hoc test. In all cases, p < 0.05 was considered as significant.
3 | RESULTS

3.1 | Chemical analysis of Pg

The total phenolic content of the juice was 4,200 mg/L. The main

polyphenols including ellagic acid, gallagic acid, gallic acid, and

punicalin were estimated to be 58.1%, 15.5%, 13.6%, and 12.8%,

respectively (Figure 1).
3.2 | Hemodynamics of the hearts

The results for CPP, HR, dp/dt max, LVDP, and RPP in various exper-

imental groups are shown in Table 1. Accordingly, prior to ischemia,

there are no significant differences among different experimental

groups. During ischemia, the parameters approached zero in all hearts.

At the beginning of reperfusion, HR was significantly higher in Pg

group compared with the control. The mean CCP was not statistically

different among different groups. All other hemodynamic parameters,

including LVDP, dp/dt max, and RPP were significantly higher in Pg

group compared with other groups, both at the beginning and at the
h of pomegranate juice
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TABLE 2 The effect of pomegranate juice on the release of creatine kinase‐MB (CK‐MB) and lactate dehydrogenase (LDH) from isolated rat
hearts

Time (min)

Stab Reperfusion

28 2 120

CK‐MB (μg/L)
C 21.6 ± 1.88 74.6 ± 5.6 57.15 ± 3.1
Pg 16.3 ± 0.95 33 ± 1.7* 21.8 ± 1.9*

PgL 20.8 ± 1.8 46.2 ± 1.8*# 35.9 ± 2.71*#

L 21 ± 1.3 122.7 ± 3.9*#+ 70.9 ± 2.8*#+

LDH (μg/L) C 124.9 ± 2 260.4 ± 7.2 223.7 ± 10.1
Pg 117.5 ± 3.6 174.5 ± 6* 137.5 ± 6.2*

PgL 126.2 ± 4.1 250.4 ± 5.9*# 189.6 ± 8.5*#

L 141.5 ± 9.2 315.2 ± 10.2*#+ 276.5 ± 14.7*#+

Note. The experimental groups (n = 10 each) consisted of the control (C), 2% pomegranate juice (Pg), 2% Pg plus L‐NAME (PgL), and L‐NAME (L). All hearts
experienced 30‐min stabilization (Stab), 30‐min global ischemia, and 120‐min reperfusion. All information are expressed as mean ± standard error. Statistical
significance has been shown by * (compared with the control), # (compared with Pg), or + (compared with PgL).
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end of reperfusion period. Other intergroup comparisons did not yield

statistical significance.
3.3 | Biochemical parameters

To evaluate the extent of myocardial damage, the levels of LDH, CK‐

MB (Table 2), and TnI (Figure 2) in the coronary effluent were mea-

sured. At the end of the stabilization period, these biomarkers were

not significantly different among the experimental groups. However,

the hearts treated with Pg had significantly lower levels of LDH and

CK‐MB compared with the control group, both at the beginning and

at the end of reperfusion (p < 0.0001). Both Pg and L‐NAME had sig-

nificant effects on these parameters. However, the interaction

between the two variables was only significant at the beginning of

reperfusion. The amounts of TnI in the coronary effluent of Pg and

PgL groups were less than 9% that of the control group
FIGURE 2 The effect of pomegranate juice on the release of
troponin I following myocardial ischemia and reperfusion. The
control group (C) was perfused with Krebs solution (n = 10), but the
perfusion solution of other experimental groups (n = 10 each) was
further supplemented with 2% pomegranate juice (Pg), Pg plus L‐
NAME (PgL), or L‐NAME (L). Following 30‐min stabilization (Stab), all
heart were subjected to 30‐min global ischemia and 120‐min
reperfusion. Data are shown as mean and standard error. The asterisk,
hash, and plus symbols indicate significant differences compared with
the control, Pg, or PgL groups, respectively
(p < 0.0001). This biomarker was not significantly different in L group

compared with the control.
3.4 | Indices of oxidative stress

The biomarkers of oxidative stress including SOD, GPX, CAT, and

MDA were assayed in different experimental groups (Figure 3). The

level of SOD in Pg group was about 2.4 times that of the control group

(1.32 vs. 0.54 U mg protein−1; p < 0.0001). This parameter was signif-

icantly lower in PgL group (0.9 U mg protein−1) compared with Pg

group (p < 0.001). There was a significant difference between the con-

trol and L groups as well. The levels of GPX and CAT were significantly

higher in Pg group compared with all other groups, and no statistical

difference was observed among control, PgL, and L groups. The

amount of MDA in Pg group was 42% that of the control group

(4.04 vs. 9.62 nmol mg protein−1; p < 0.01). This index was signifi-

cantly higher in PgL group compared with Pg group, but L group was

not statistically different from the control.
3.5 | Nitrite levels

The nitrite level, as an indicator of nitric oxide, was measured in the

coronary effluent at the beginning of reperfusion (Figure 4). The

amount of this chemical was remarkably higher in Pg group compared

with the control (5.4 vs. 1.6 μM; p < 0.01). This parameter was signif-

icantly lower in PgL group. The nitrite level in L group was below that

of the control (p < 0.05).
3.6 | The infarct size

The extent of the infarcted area in the control group had an average of

51% (Figures 5, 6). The infarct size declined to 20% in Pg group

(p < 0.0001). This parameter was estimated 33% in PgL (p < 0.01 com-

pared with Pg group and p < 0.0001 compared with the control) and

59% in L groups (p < 0.0001 compared with the control).
4 | DISCUSSION

This study investigated the protective effect of Pg against I/R induced

myocardial injury in isolated rat heart. In order to verify the



FIGURE 3 The biomarkers of oxidative
stress following cardiac ischemia and
reperfusion. The control hearts (C) were
perfused with Krebs solution (n = 6), but the

test groups (n = 6 each) further received 2%
pomegranate juice (Pg), Pg and L‐NAME (PgL),
or L‐NAME (L). The rat isolated hearts were
subjected to global ischemia (30 min) followed
by reperfusion (120 min). The levels of
superoxide dismutase (SOD), glutathione
peroxidase (GPX), catalase (CAT), and
malondialdehyde (MDA) were measured in
tissue homogenates. *: p < 0.05 versus
control; #: p < 0.05 versus Pg; +: p < 0.05
versus PgL
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involvement of NO in this cardioprotection, an inhibitor of NO syn-

thase, L‐NAME, was employed. The release of nitrite, as an indicator

of NO, was also measured in the coronary effluent. Due to the exis-

tence of strong antioxidants in Pg, the markers of oxidative status

were also studied in this research.
FIGURE 4 The effect of pomegranate juice on the release of nitric
oxide from isolated hearts. All hearts underwent 30‐min global
ischemia and 120‐min reperfusion. The test hearts (n = 6 each) were
treated with 2% pomegranate juice (Pg), Pg and L‐NAME (PgL), or L‐
NAME (L) and were compared with the control (n = 6). The data are
represented as mean and standard error. The symbols *, #, and +
indicate p < 0.05 compared with the control, Pg, and PgL groups,
respectively
Pg improved the hemodynamic parameters upon reperfusion. This

effect was abolished when L‐NAME was added to the perfusion solu-

tion. This study suggested the involvement of NO in pomegranate‐

induced cardioprotection.

Myocardial cell death is one of the main outcomes of I/R injury.

The extent of the damage was assessed via measurement of CK‐MB,
FIGURE 5 The effect of pomegranate juice on the extent of the
infarcted area following myocardial ischemia (30 min) and
reperfusion (120 min). The experimental groups (n = 10 each)
consisted of the control (C), 2% pomegranate juice (Pg), Pg plus L‐
NAME (PgL), and L‐NAME (L). All results are based on mean and
standard error. Statistical significance compared with the control, Pg,
and PgL groups are represented by *, #, and + symbols, respectively



FIGURE 6 The cardiac slices in different
experimental groups. The isolated perfused
hearts from all experimental group were
subjected to 30‐min ischemia, followed by
120‐min reperfusion. The test groups received
pomegranate juice (2%: Pg), 3‐NG‐nitro‐L‐
arginine methyl ester (L), or both (PgL)
dissolved in the perfusion solution and were
compared with the control group (C). The
hearts were sliced and stained with 2,3,5‐
triphenyltetrazolium chloride for 30 min
[Colour figure can be viewed at
wileyonlinelibrary.com]
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LDH, and TnI, as markers of cardiac cell damage, as well as TTC stain-

ing. The results suggest strong protective effects for the juice against

I/R‐induced cell death. Addition of L‐NAME to the perfusion solution

could attenuate, but not abolish, this effect, suggesting that NO is not

alone in this process.

Reactive oxygen species play an important role in the pathogenesis

of I/R‐induced cell injury (Hearse & Tosaki, 1987a, 1987b; Zweier et al.,

1987). Regarding the potent antioxidants such as polyphenols, flavo-

noids, and anthocyanins (Aviram & Rosenblat, 2012) in Pg, it was

hypothesized that the juice could protect the heart against hypoxia

and reoxygenation stress via scavenging ROS. Accordingly, the markers

of oxidative stress including SOD, GPX, CAT, and MDA were analysed

in the homogenates of the hearts. These markers suggest remarkable

improvement in the oxidative status of the hearts in the presence of

the juice. However, this effect was partially disappeared in the presence

of the NO synthase inhibitor, L‐NAME. This suggests that the increased

level of NO due to Pg plays a partial role in the observed effect.

Pg possesses strong antioxidants ingredient such as polyphenols,

flavonoids, and anthocyanins (Aviram et al., 2002). The juice has

shown the highest polyphenol content and the most potent antioxi-

dant activity compared with other studied fruit juices (Gil et al.,

2000; Seeram et al., 2006). The juice has been shown to increase tis-

sue level of the cardioprotective mediator, NO. In fact, the juice pre-

vents the destruction of NO via neutralizing ROS (Ignarro, Byrns,

Sumi, de Nigris, & Napoli, 2006). In addition, this procedure prevents

the formation of the highly reactive and cytotoxic oxidant,

peroxynitrite, thereby minimizes myocardial damage following I/R

(Ferdinandy & Schulz, 2003; Liu, Zou, Slaughter, & Wang, 1997). L‐

NAME competes with L‐argining, the natural substrate of nitric oxide,

on the active site of eNOS, thus inhibiting the activity of the enzyme

(Levick, 2009). According to the current results, L‐NAME, per se, had

minimal effects on the studied indices of oxidative stress. However,

this NOS inhibitor significantly diminished the beneficial effects of

Pg in this regard. The authors did not encounter another research

regarding the impact of NO on the oxidative status of Pg‐treated

hearts. This is while the effects of nitric oxide on antioxidant enzymes

of other organs are controversial (Dobashi, Pahan, Chahal, & Singh,

1997; Kostic, Andric, Maric, & Kovacevic, 2000; Rotzinger, Aragon,

Rogan, Amir, & Amit, 1995). Apperantly, further research is needed

to clarify the current findings.

There are few reports regarding the therapeutic effects of pome-

granate fruit against myocardial I/R. This group had previously shown
beneficial effects for the juice on the performance of isolated rat heart

following global I/R (Rahimi, 2013). In an in vivo model of coronary

occlusion and reperfusion in rat, pomegranate polyphenols caused sig-

nificant reductions in LDH and CK‐MB biomarkers (Dong, Tong, Liu, &

Gao, 2012). In another study, pretreatment of rats with Pg for 30 days

reduced the markers of cardiac damage and lipid peroxidation and

attenuated the infarct size following isoproterenol‐induced myocardial

infarction (Jadeja, Thounaojam, Patel, Devkar, & Ramachandran,

2010). Consistent with the reports in animal studies, we showed in a

clinical trial that 5 days of treatment with Pg caused a significant

reduction in serum TnI of patients hospitalized for myocardial infarc-

tion (Razani et al., 2017).

The underlying mechanisms regarding the cardioprotective effect

of Pg are not well understood. Regarding the potent antioxidant prop-

erties of the fruit, it is conceivable to attribute the therapeutic effect,

at least partly, to destruction of ROS. During reperfusion, highly reac-

tive oxidants are accumulated within cardiomyocytes. The resultant

lipid peroxidation and oxidation of proteins leads to cell damage and

death (Schmitt & Dirsch, 2009; Zweier et al., 1987). In this study, the

markers of oxidative stress showed remarkable declines due to pome-

granate treatment. Similar results have been reported by other

researchers under in vivo conditions (Dong et al., 2012; Jadeja et al.,

2010) including a clinical trial performed by our team (Razani et al.,

2017). The current study, however, did not investigate the mechanism

behind the increased NO levels. Accordingly, the possible effect of Pg

on NO synthase activity should be also investigated.

Nitric oxide is an essential modulator of cardiovascular system. It

plays a key role in the regulation of cardiac inotropy and chronotropy.

Although inhibitors of constitutive NO do not interfere with cardiac

function, NO donors may provoke negative inotropic and chronotropic

responses in the heart (Han, Shimoni, & Giles, 1994; Hare & Colucci,

1995). In addition to these effects, NO is protective against myocar-

dial I/R injury (Burwell & Brookes, 2008). In fact, NO improves heart

function through several different mechanisms: First, nitric oxide

increases the activity of KATP channels in both sarcolemmal and mito-

chondrial membranes of cardiomyocytes. As a result, the action poten-

tial and the duration of contraction is shortened. This means less need

for adenosine triphosphate (ATP), and therefore, less cardiac damage

(Gross & Auchampach, 1992; Qian, Levasseur, Yoshida, & Kukreja,

1996). Second, NO has an inhibitory effect on calcium overload in car-

diac myocytes (Jones & Bolli, 2006). Third, NO preserves cellular

homeostasis via inhibition of mitochondrial permeability transition

http://wileyonlinelibrary.com
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pore (Kim, Ohshima, Pediaditakis, & Lemasters, 2004). Finally, NO

activates cyclooxygenase‐2, which results in formation of

cytoprotective prostanoids and leads to inhibition of proapoptotic

proteins (Jones & Bolli, 2006).

Consistent to the current results, the beneficial role of NO follow-

ing myocardial hypoxia and reperfusion has been reported by other

researchers. Using an ex vivo model, the NO donor, S‐nitroso‐N‐

acetylpenicillamine, caused a significant reduction in infarct size and

myocardial injury (Kanno et al., 2000). Similar effects were observed

in an in vivo model when nitrite, a biological precursor of NO, was

injected into the left ventricle prior to the induction of myocardial

infarction (Duranski et al., 2005). In another study, pretreatment of

rats with rosuvastatin, an inhibitor of 3‐hydroxy‐3‐methyl‐glutaryl

coenzyme A‐reductase, for 3 weeks, attenuated cardiomyocyte dam-

age in excised hearts subjected to global I/R (Di Napoli et al., 2005).

Consistent to these reports, the key role of NO in preconditioning

and postconditioning is well documented (Jones & Bolli, 2006).

This study investigated the involvement of antioxidants and NO in

cardioprotection caused by Pg following global I/R in isolated rat

heart. The treatment significantly improved the markers of oxidative

stress. The consequent rise in tissue level of NO had a pivotal role

but could not fully justify the results. The antioxidative properties

and the subsequent rise in NO levels seem to play crucial roles in

cardioprotective effects of pomegranate.
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