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Candesartan ameliorates acute myocardial infarction in rats
through inducible nitric oxide synthase, nuclear factor-kB,
monocyte chemoattractant protein-1, activator protein-1
and restoration of heat shock protein 72
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Abstract. Candesartan, an angiotensin II type 1 receptor
antagonist, has a variety of biological activities, including
antioxidant, anti-inflammatory and anticancer activities, with
specific pharmacological effects. The present study investigated
the mechanisms and protective effect of candesartan on acute
myocardial infarction in rats. Male Wistar rats (8-week-old)
were induced as a model of acute myocardial infarction and
treated with candesartan (0.25 mg/kg) for 2 weeks. The present
study first measured the activities of casein kinase (CK), the
MB isoenzyme of creatine kinase (CK-MB) and lactate dehy-
drogenase (LDH), the level of cardiac troponin T (¢InT) and
infarct size. Subsequently, western blot analysis was performed
to analyze the protein expression levels of inducible nitric
oxide synthase (iNOS) and heat shock protein 72 (HSP72) in
the rats. An enzyme linked immunosorbent assay was used
to detect iNOS and nuclear factor-kxB (NF-«B) activity. In
addition, gene expression levels of monocyte chemotactic
protein-1 (MCP-1) and activating protein-1 (AP-1) were deter-
mined using reverse transcription-quantitative polymerase

Correspondence to: Mr. Aiqun Ma, Department of Cardiovascular
Medicine, First Affiliated Hospital of Medical College of Xi'an
Jiaotong University, 277 Yanta West Road, Xi'an, Shaanxi 710061,
P.R. China

E-mail: aiqunma2014@163.com

Mr. Yong Zhang, First Department of Cardiology, Shaanxi
Provincial People's Hospital, Third Affiliated Hospital of Medical
College of Xi'an Jiaotong University, 256 West Friendship Road,
Xi'an, Shaanxi 710068, P.R. China

E-mail: zhangyong971292@163.com

Key words: candesartan, acute myocardial infarction, inducible
nitric oxide synthase, nuclear factor-kB, monocyte chemoattractant
protein-1, activator protein-1, restoration of heat shock protein 72

chain reaction analysis. Finally, the activities of caspase-3 and
caspase-9 were examined using colorimetric assay kits. In the
serum of the rat model of acute myocardial infarction, candes-
artan significantly increased the activities of CK, CK-MB and
LDH, and the level of cTnT. The infarction size was perfected
by candesartan treatment. Candesartan significantly reduced
the protein expression and activity of iNOS, the activity of
NF-«B p65, and the gene expression levels of MCP-1 and AP-1
in the rat model of acute myocardial infarction. Candesartan
increased the protein expression of HSP-72 in the acute
myocardial infarction rat model. However, candesartan did
not effect the levels of caspase-3 or caspase-9 in the rat model
of acute myocardial infarction. These results suggested that
candesartan ameliorates acute myocardial infarction in rats
through iNOS, NF-xB, MCP-1 and AP-1, and the restoration
of HSP72.

Introduction

The mechanism underlying acute myocardial infarction
involves the occurrence of atherosclerosis, followed by
atherosclerotic plaque rupture, hemorrhage and thrombosis
or coronary artery spasm, leading to complete or incomplete
coronary occlusion (1). The recurrence and mortality rates of
acute myocardial infarction are high in China, at ~10 and 16%,
respectively. Following an initial myocardial infarction, the
mortality rate of second relapse increases to >38% (2).

Inducible nitric oxide synthase (iNOS) is important in
angiogenesis and its generation. Nitric oxide generated by
iNOS catalysis may, in addition to inducing endothelial cell
migration and proliferation, mediate angiogenic action of
growth factors, including vascular endothelial growth factor,
fibroblast growth factor and transforming growth factor (3).
Liu et al reported that tirofiban reduces the size of the no-reflow
and infarct of acute myocardial infarction through suppression
of iNOS activity (4). Zaitone et al provided evidence that rosu-
vastatin promotes angiogenesis in acute myocardial infarction
via the control of iNOS in rats (5).
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Nuclear factor-kB (NF-kB) is present in almost all cells,
including neuronal and glial cells, as well as brain endothe-
lial cells and other cells, which can be combined specifically
with gene promoters or enhancer sequences of other cells to
promote transcription and expression, and are closely associ-
ated to the inflammatory response, immune response, and
the proliferation, differentiation and apoptosis of cells (6,7).
Sui et al suggested that huperzine A ameliorates the damage
induced by acute myocardial infarction through inhibition of
the expression of the NF-«B subunit p65 in rats. Qiao et al
demonstrated that anesthetic preconditioning protects rat
hearts from ischemia/reperfusion (I/R) injury through the
attenuation of NF-«kB activation (8).

Monocyte chemotactic protein-1 (MCP-1) promoter
sequence analysis has revealed that there is an activating
protein-1 (AP-1) binding site in the promoter region and NF-kB
binding sites, indicating that AP-1 activation is involved in
regulating the expression of MCP-1 (9). Interleukin-18 (IL-1)
induces the expression of MCP-1 through the activation of
NF-kB and AP-1, while the proteasome inhibitor induces
the expression of MCP-1 by the AP-1 signaling pathway (10).
Valen et al reported that NF-kB and AP-1 regulate the inflam-
matory genes in the hearts of patients with unstable angina (11),
and Xie et al suggested that activation of the AP-1 transcrip-
tion pathway may be important in ventricular remodeling of
myocardial infarction (12).

Several studies (13-15) have demonstrated the close asso-
ciation between heat shock protein 72 (HSP7) and myocardial
protection, and the extent of HSP72 induction and myocar-
dial protection intensity presents a positive correlation (13).
However, as the induction of the endogenous expression
of HSP72 requires sublethal stress, it cannot be used clini-
cally (11). Tanonaka er al suggested that trandolapril increases
tolerance against heat stress-induced deterioration of acute
myocardial infarction through HSP72 and HSP73 (13), and
Valen et al reported that unstable angina activates myocardial
infarction through the activation of HSP72, and the suppres-
sion of NF-xB and AP-1 (11).

Candesartan is an angiotensin II receptor antagonist,
belonging to diphenyl imidazole, with a similar effect to
losartan. The binding force of candesartan with angio-
tensin receptor 1 is 80 times higher, compared with that of
losartan (16,17). Candesartan restores reperfusion injury
through HSP72 in hereditary insulin-resistant rats (18). The
present study aimed to estimate the potential effects of cande-
sartan against acute myocardial infarction, examine whether
candesartan can treat acute myocardial infarction and further
investigate the mechanism underlying its effects.

Materials and methods

Drug administration. The chemical structure of candesartan
(Sigma-Aldrich; purity 98%) is indicated in Fig. 1, which
was dissolved in physiological saline. The casein kinase
(CK; cat. no. GA-PM0252MO; GenAsia Biotech, Co., Ltd.,
Shanghai China), the MB isoenzyme of creatine kinase
(CK-MB; cat. no. E-EL-R1327c; Elabscience Biotechnology
Co., Ltd., Wuhan, China), lactate dehydrogenase (LDH,;
cat. no. E-EL-R0338c, Elabscience Biotechnology Co.,
Ltd.) and cardiac troponin T (cTnT; cat. no. E-EL-R015Ic;
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Elabscience Biotechnology Co., Ltd.) commercial kits, and
iNOS (cat. no. E-EL-R0520c; Elabscience Biotechnology
Co., Ltd.), NF-kB p65 (cat. no. ybA467Ge; Shanghai Yantuo
Biotechnology) and MCP-1 (cat.no. E-EL-R0633c, Elabscience
Biotechnology Co., Ltd.) commercial enzyme linked immu-
nosorbent assay (ELISA) kits were purchased from Beyotime
Institute of Biotechnology (Nanjing, China). TRIzol reagent
was purchased from Invitrogen Life Technologies (Carlsbad,
CA, USA). A PrimeScript RT reagent kit was purchase
from Takara Biotechnology, Co., Ltd. (Dalian, China). The
Bicinchoninic Acid protein assay and caspase-3 and caspase-9
activities colorimetric kits were purchased from Sangon
Biotech Co., Ltd. (Shanghai, China).

Animals. A total of 30 male Wistar rats (8-week-old; 280-300 g)
were purchased from The Animal Center of Xi'an Jiaotong
University, and animal experiments were performed in accor-
dance with the Guide for the Care and Use of Laboratory
Animals (19), and approved by the ethics committee of the Xi'an
Jiaotong University (Xi'an, China). These rats were provided
with access to water and rodent chow ad libitum, and were
housed under a 12 h/12 h light/dark cycle at 22-24°C.

Myocardial infarction induction and experimental groups.
Initially, all rats were anesthetized with sodium pentobarbitone
(40 mg/kg; Sigma-Aldrich) prior to surgery being performed.
The myocardial infarction rat model was induced by ligating
the left anterior descending coronary artery, as described
previously (20,21). The myocardial infarction rat model was
confirmed by regional cyanosis of the myocardial surface with
measurement of ST-segment elevation.

Briefly, the rats were divided into the following three
groups, one group per cage: Control group (n=10), comprising
normal rats administered with saline solution (0.1 ml/100 g);
vehicle group (n=10), comprising the myocardial infarction
rat model administered with saline solution (0.1 ml/100 g);
candesartan treatment group (n=10), comprising the myocar-
dial infarction rat model administered with candesartan
0.25 mg/kg for 2 weeks via the caudal vein, on the basis of
the previous report (18). Surgery was performed on the rats in
the myocardial infarction group by occlusion of the coronary
artery 30 mins following the final administration.

Measurement of the activities of CK, CK-MB, LDH and
the level of cInT. Following treatment with candesartan for
2 weeks, whole bloods samples were collected from the rats in
each group following occlusion of the coronary artery for 6 h.
Subsequently, the supernatants were centrifuged at 12,000 g
for 10 min at 4°C and were stored for subsequent measure-
ment at -20°C. According to the manufacturer's instructions
(Beyotime Institute of Biotechnology), the activities of CK,
CK-MB and LDH, and the level of ¢TnT in the rats were
determined using a suite of commercial kits according to the
manufacturer's instructions at 37°C.

Infarct size measurement. Following treatment with
candesartan for 2 weeks, three rats from each group were
sacrificed using decollation, then the hearts of the rats
were immediately harvested and washed with physiological
saline. The hearts of the rats were immediately washed with
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Figure 1. Chemical structure of candesartan.

physiological saline, and the infarct size was measured. The
left ventricle was placed at -80°C for 10 min following liga-
tion of the coronary artery for 6 h. Infarct size was measured
following the addition of 1% 2,3,5-triphenyltetrazolium
chloride (1.5%; Sigma-Aldrich) at 37°C for 30 min in the
dark (22,23). The size of the infarct area was measured by
the volume and weight, as a percentage of the left ventricle.
The heart areas exhibiting a brick red color were considered
to be normal myocardium, whereas the areas without color
were considered to be ischemic heart muscles.

Western blot analysis of the protein expression levels of
iNOS and HSP-72. Following treatment with candesartan
for 2 weeks, cardiac cytosolic samples were collected from
each group following occlusion of the coronary artery for
6 h. The samples were incubated with 100 pl tissue lysis
buffer [1% (w/v) Triton, 0.1% SDS, 0.5% deoxycholate,
1 mmol/l EDTA, 20 mmol/l Tris (pH 7.4), 150 mmol/l NaCl,
10 mmol/l NaF; Beyotime Institute of Biotechnology] for
20 min on ice. Subsequently, the supernatants were centri-
fuged at 12,000 g for 10 min at 4°C and were stored for
subsequent measurement at -20°C. The protein concentra-
tions were determined using a Bicinchoninic Acid protein
assay kit (Sangon Biotech Co., Ltd.). An equal quantity of
total protein (30 ug) was fractioned on 12% sodium dodecyl
sulfate-polyacrylamide gels (Beyotime Institute of
Biotechnology), and transferred electrophoretically onto
polyvinylidene fluoride membranes (0.22 mm; EMD
Millipore, Billerica, MA, USA). The membranes were
blocked with phosphate-buffered saline (PBS) with 5%
non-fat milk to block nonspecific binding sites. Following
blocking, the membranes were incubated with monoclonal
rabbit anti-human anti-iNOS (1:1,500; cat. no. sc-49055;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA), mono-
clonal rabbit anti-HSP-72 (1:1,000; cat. no. sc-59570;
Santa Cruz Biotechnology, Inc.) and monoclonal rabbit
anti-B-actin (1:3,000; cat. no. D110007; Sango Bioscience,
Beijing, China) overnight at 4°C. The following day, the
membrane was detected by incubation with sheep anti-rabbit
IgG (1:10,000; cat. no. C000944; Sango Bioscience), conju-
gated with horseradish peroxidase at 37°C for 2 h. The
relative band intensity was determined using Chem Image
5500 software (UVP, Upland, CA, USA).

ELISA to determine the activities of iNOS and NF-xB p65.
Following treatment with candesartan for 2 weeks, whole
bloods samples were collected from the rats in each group,
following occlusion of the coronary artery for 6 h. Subsequently,
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the supernatant were centrifuged at 12,000 x g for 10 min at
4°C and were stored for subsequent measurement at -20°C.
According to the manufacturer's instructions (Beyotime Institute
of Biotechnology), the activities of iNOS and NF-«B p65 in the
rats were performed using a suite of commercial ELISA kits
according to the manufacturer’s instructions at 37°C.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR) analyses of the gene expression levels of
MCP-1 and AP-1. Following treatment with candesartan for
2 weeks, cardiac cytosolic samples were collected from each
group following occlusion of the coronary artery for 6 h. Total
RNA was obtained from the myocardial samples using TRIzol
reagent (Invitrogen Life Technologies). RNA (1 ug) was reverse
transcribed into cDNA using a One Step PrimeScript miRNA
cDNA Synthesis kit (Takara Bio, Inc.), according to the manu-
facturer's instructions. The gene expression levels of MCP-1
and AP-1 were measured by RT-qPCR using a CFX96 Touch
Real-Time PCR system (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) and a PrimeScript RT reagent kit, according to
manufacturer's instructions. The sequences of the AP-1
primers were as follows: Forward 5'-AACTGAAGCTCGCAC
TCTCG-3' and reverse 5"-TCAGCACAGATCTCCTTGGC-3".
The sequences of the MCP-1 primers were as follows: Forward
5-AAGTGTGATGACTCAGGTTTGCCCTGA-3' and reverse
5'-AAGTGTGATATCTCAGGTTTGCCCTGA-3". The
GAPDH primer sequences were as follows: Forward 5'-GCA
CCGTCAAGGCTGAGAAC-3' and reverse 5“TGGTGAAGA
CGCCAGTGGA-3'". The reaction was conducted with the
following conditions: 95°C for 5 min, 40 cycles of 95°C for
30 sec, 60°C for 30 sec and 72°C for 30 sec.

Measurement of caspase-3 and caspase-9 activities. Following
treatment with candesartan for 2 weeks, cardiac cytosolic
samples were collected from the rats in each group following
occlusion of the coronary artery for 6 h. A total of 50 ug
protein was incubated in solution buffer (Ac-DEVD-pNA for
caspase-3; Ac-LEHD-pNA for caspase-9; BD Biosciences,
San Jose, CA, USA) at 37°C for 30 min in the dark. According
to the manufacturer's instructions (Sangon Biotech Co., Ltd.),
the activities of caspase-3 and caspase-9 were measured at an
absorbance of 405 nm using a Bio-Rad 680 microplate reader
(Bio-Rad Laboratories, Inc.).

Statistical analysis. All data were analyzed using SPSS 17.0
software (SPSS, Inc., Chicago, IL, USA) and are presented
as the mean + standard deviation. Statistical analyses were
performed using one-way analysis of variance, followed by
Dunnett's test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Candesartan suppresses the activities of CK, CK-MB and
LDH, and the level of cInT in a rat model of acute myocardial
infarction. To determine the protective effects of candesartan
on the heart of the acute myocardial infarction rat model, the
present study examined the activities of CK, CK-MB and
LDH, and the level of cInT in a rat model of acute myocardial
infarction. The measurements of serum levels of CK, CK-MB,
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Table I. Candesartan suppresses the activities of CK, CK-MB and LDH, and the level of cTnT in a rat model of myocardial

infarction.

Group CK (U/ml) CK-MB (IU/1) LDH (U/N) c¢TnT (U/ml)
Control 0.24+0.02 86.74+6.83 1711.14+353.58 0.08+0.03
Vehicle 0.91+0.05* 205.39+9.32* 5854.12+431.04* 0.57+0.05*
CAN (0.25) 0.43+0.03° 112.38+7.56° 3252.37+326.77° 0.25+0.03°

Data are presented as the mean + standard deviation. *P<0.01, vs. control group; "P<0.01, vs. vehicle group. Control, saline-treated normal rats;
Vehicle, saline-treated infarction model rats; CAN (0.25), candesartan (0.25 mg/kg)-treated infarction model rats.
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Figure 2. Candesartan suppresses infarct size in an acute myocardial infarction
rat model. Data are presented as the mean =+ standard deviation. "P<0.01, vs.
vehicle group. Control, saline-treated normal rats; Vehicle, saline-treated
infarction model rats; CAN (0.25), candesartan (0.25 mg/kg)-treated infarc-
tion model rats.

LDH and ¢InT in the control group, vehicle group and candes-
artan treatment group (0.25 mg/kg) are summarized in Table I.
The activities of CK, CK-MB and LDH, and the level of ¢cTnT
were significantly increased in the serum of the vehicle group,
compared with the control group. Pretreatment with candes-
artan at a dose of 0.25 mg/kg markedly reduced the activities
of CK, CK-MB and LDH, and the level of ¢ITnT in the serum
of the rat model of acute myocardial infarction, compared with
that in the vehicle group (Table I).

Candesartan suppresses infarct size in a rat model of acute
myocardial infarction. The infarct size in the vehicle group
was 42.56+1.23%. Following treatment with candesartan
(0.25 mg/kg), the infarct size of the acute myocardial infarction
group was significantly reduced to 31.89+2.11%, compared
with the vehicle group (Fig. 2).

Candesartan inhibits the expression and activity of iNOS in
a rat model of acute myocardial infarction. To more directly
determine whether candesartan (0.25 mg/kg) inhibited nitric
oxide in the rat model of acute myocardial infarction, the
protein expression of iNOS in the rat model of acute myocar-
dial infarction was evaluated using western blot analysis
in the present study. The protein expression of iNOS in the
vehicle group was significantly increased in the rat model
of acute myocardial infarction, compared with the control
group (Fig. 3A and B). However, following treatment with
candesartan at a dose of 0.25 mg/kg, a marked reduction in
the protein expression of iNOS was noted in the rat model of
acute myocardial infarction, compared with that in the vehicle
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Figure 3. Candesartan inhibits the expression and activity of iNOS in a rat
model of acute myocardial infarction. (A) Protein expression of iNOS was
measured using western blot analysis. (B) Statistical analysis of protein levels
of iNOS. (C) Statistical analysis of the activity of iNOS. Data are presented as
the mean =+ standard deviation. “P<0.01, vs. control group; “P<0.01, vs. vehicle
group. Control, saline-treated normal rats; Vehicle, saline-treated infarction
model rats; CAN (0.25), candesartan (0.25 mg/kg)-treated infarction model
rats; iNOS, inducible nitric oxide synthase.

group (Fig. 3A and B). In addition, the activity of iNOS in
the vehicle group was markedly elevated, compared with the
control group (Fig. 3C). In the candesartan treatment groups
(0.25 mg/kg), the activity of iNOS was significantly decreased,
compared with that in the control group (Fig. 3C).

Candesartan inhibits the activity of NF-kB in a rat model of
acute myocardial infarction. In order to corroborate the protec-
tion of candesartan on NF-kB p65 activity in a rat model of
acute myocardial infarction, the activity of NF-kB p65 in the
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Figure 4. Candesartan inhibits the expression of NF-«B in a rat model of
acute myocardial infarction. Data are presented as the mean + standard
deviation. “P<0.01, vs. control group; "P<0.01, vs. vehicle group. Control,
saline-treated normal rats; Vehicle, saline-treated infarction model rats;
CAN (0.25), candesartan (0.25 mg/kg)-treated infarction model rats; NF-kB,
nuclear factor xB.

oW st S

AP-1 gene expression
(fold of control)

, 1
0
Control Vehicle CAN (0.25)

Figure 5. Candesartan inhibits the expression of AP-1 in a rat model of acute
myocardial infarction. Data are presented as the mean + standard deviation.
“P<0.01, vs. control group; “P<0.01, vs. vehicle group. Control, saline-treated
normal rats; Vehicle, saline-treated infarction model rats; CAN (0.25), cande-
sartan (0.25 mg/kg)-treated infarction model rats; AP-1, activating protein-1.
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Figure 6. Candesartan inhibits the expression of MCP-1 in a rat model of
acute myocardial infarction. Data are presented as the mean + standard
deviation. "P<0.01, vs. control group; "P<0.01, vs. vehicle group. Control,
saline-treated normal rats; Vehicle, saline-treated infarction model rats;
CAN (0.25), candesartan (0.25 mg/kg)-treated infarction model rats; MCP-1,
monocyte chemotactic protein-1.

rat model of acute myocardial infarction was determined using
a commercial ELISA kit. The results demonstrated that the
activity of NF-«xB p65 in the vehicle group increased, compared
with the control group (Fig. 4). Notably, treatment with cande-
sartan (0.25 mg/kg) reversed the effects of increased NF-kB
po65 activity, which were observed in the vehicle group (Fig. 4).

Candesartan inhibits the expression of AP-1 in a rat model
of acute myocardial infarction. The present study aimed to
investigate whether candesartan (0.25 mg/kg) had protective
effects on the expression of AP-1 in the rat model of acute
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Figure 7. Candesartan restores the expression of HSP-72 in a rat model of
acute myocardial infarction. (A) Protein expression level of HSP-72 was
measured using western blot analysis. (B) Statistical analysis of protein levels
of HSP-72. Data are presented as the mean * standard deviation. "P<0.01,
vs. control group; “P<0.01, vs. vehicle group. Control, saline-treated normal
rats; Vehicle, saline-treated infarction model rats; CAN (0.25), candesartan
(0.25 mg/kg)-treated infarction model rats; HSP-72, heat shock protein-72.
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Figure 8. Effects of candesartan on the levels of caspase-3 and caspase-9 in a
rat model of acute myocardial infarction. The activities of (A) caspase-3 and
(B) caspase-9 were determined in the different treatment groups. Data are pre-
sented as the mean + standard deviation. "P<0.01, vs. control group; #P>0.05,
vs. vehicle group. Control, saline-treated normal rats; Vehicle, saline-treated
infarction model rats; CAN (0.25), candesartan (0.25 mg/kg)-treated infarc-
tion model rats.

myocardial infarction, The present study examined the gene
expression of AP-1 using RT-qPCR. In the left ventricle, the
gene expression of AP-1 in the vehicle group was markedly
elevated, compared with that in the control group (Fig. 5).
Ppretreatment with candesartan (0.25 mg/kg) was observed to
reduce the gen expression of AP-1, compared with that in the
vehicle group (Fig. 5).

Candesartan inhibits the expression of MCP-1 in a rat model of
acute myocardial infarction. The present study further analyzed
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the protective effects of candesartan on the activity of MCP-1 in
the rat model of acute myocardial infarction, by determining the
gene expression levels of MCP-1 using RT-qPCR. In the vehicle
group, the gene expression of MCP-1 was remarkably increased,
compared with that in the control group (Fig. 6). However,
following treatment with candesartan (0.25 mg/kg) for 2 weeks,
the gene expression of MCP-1 was decreased significantly,
compared with that in the vehicle group (Fig. 6).

Candesartan restores the expression of HSP-72 in a rat model
of acute myocardial infarction. To more directly determine
whether candesartan restores the expression of HSP-72 in a rat
model of acute myocardial infarction, the protein expression of
HSP-72 was determined using western blot analysis the present
study. The protein expression of HSP-72 in the vehicle group
was markedly decreased, compared with that in the control
group (Fig. 7A and B). By contrast, pretreatment with candes-
artan (0.25 mg/kg) increased the protein expression of HSP-72,
compared with that in the vehicle group (Fig. 7A and B).

Candesartan alters the activities of caspase-3 and caspase-9
in a rat model of acute myocardial infarction. To investigate
the mechanism of candesartan on acute myocardial infarction,
the activities of caspase-3 and caspase-9 were examined using
colorimetric kits in the present study. The activities of caspase-3
and caspase-9 in the vehicle group were markedly increased,
compared with those in the control group (Fig. 8A and B).
However, these activities were not altered following treatment
with candesartan (0.25 mg/kg) in the candesartan treatment
group, compared with the vehicle group (Fig. 8A and B).

Discussion

With economic developments in society and the improve-
ment of living standards, more individuals are being found to
exhibit high blood pressure, high cholesterol and high blood
sugar, and patients with angina pectoris and myocardial
infarction are also following an increasing trend (24). The
irreversible necrosis caused by myocardial ischemic myocar-
dial disease results in repeated episodes of heart failure,
which is the leading cause of mortality worldwide (25). In the
present study, the activities of CK, CK-MB and LDH, and the
level of cInT were observed to increase in the serum of a rat
model of acute myocardial infarction following candesartan
(0.25 mg/kg) treatment. In addition, the size of the acute
myocardial infarction was significantly reduced in these rats.
Suzuki et al reported that candesartan is more effective than
angiotensin-converting enzyme inhibitors in preventing left
ventricular remodeling following acute myocardial infarc-
tion (26).

There are two types of NOS for endothelial cells and
cardiomyocytes: Primary NOS of calcium/calmodulin-depen-
dence and iNOS of calcium/calmodulinnon-dependence (27).
Endothelial cells synthesize a small quantity of nitric oxide
under physiological conditions by primary NOS, which is
important in the diffusion of nitric oxide into vascular smooth
muscle cells, vascular relaxation through cyclic guanosine
monophosphate pathway; entering the bloodstream to inhibit
the activation, adhesion and aggregation of platelets and
leukocytes; reducing the generation of superoxide radicals
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through direct inhibition of reduced nicotinamide adenine
dinucleotide phosphate oxidase in neutrophils; and regulating
the expression of adhesion molecules in neutrophils and
endothelial cells (28). Following acute myocardial infarction,
the basic function of coronary artery endothelial cells and the
release function of nitric oxide stimulation by acetylcholine
are impaired, and neutrophil-endothelial cell adhesion is
promoted. The present study found that the protein expres-
sion and activity of iNOS were significantly reduced in a rat
model of acute myocardial infarction. Bian et al reported the
association between the effects of candesartan and NOS in
spontaneous hypertensive rats (29), and Miller ef al identified
that candesartan attenuates diabetic retinal vascular pathology
by the reduction of iNOS (30).

NF-«B has a central regulatory role in a variety of tissue
and organ injuries (31). As a nuclear transcription factor
with multi-directional regulation effect, NF-kB regulates the
expression of a number of important immune factors, and
may be involved in the promotion of inflammatory cytokine
and chemokine generation, the proliferation differentiation of
fibroblasts, extracellular matrix crosslinking and apoptosis,
and is involved in the process of acute myocardial infarction,
promoting the progression of acute myocardial infarction
disease (7,32,33). Therefore its role in the development of acute
myocardial infarction cannot be ignored. In the present study,
candesartan was observed to attenuate NF-kB p65 activity in
the rat model of acute myocardial infarction. Furthermore,
Hadi ef al reported that candesartan significantly attenu-
ates atherosclerotic lesions and significantly reduces NF-kB
activity in rabbits (34). In addition, Ishrat et al demonstrated
that candesartan reduces hemorrhage in rat embolic stroke
through a reduction in NF-kB activity (35).

MCP-1 is a chemokine of CC-type cells, involved as
signaling molecules. There are NF-kB and AP-1 binding sites
in the gene promoter site, which can be combined with the
DNA binding sequence of NF-«B, thus activating the tran-
scription of the gene. Experiments have demonstrated that
MCP-1 can protect neonatal myocardial cells of mice from
hypoxic death, and its cytoprotective and chemotaxis effects
are achieved through different signaling mechanisms. In the
present study, the gene expression of MCP-1 was decreased by
candesartan treatment. Candesartan has also been observed
to inhibit LPS-induced gene expression through the suppres-
sion of MCP-1 protein concentrations in human renal tubular
epithelial cells (36). Hadi er al reported that candesartan
retards the progression of atherosclerosis via reducing MCP-1,
NF-«xf and oxidative pathways (34).

The AP-1 transcription factor is an important target of
intracellular c-Jun N-terminal kinase/stress-activated protein
kinase protein products, encoded by immediate early genes in
the nucleus, c-fos and c-Jun, from Fos and Jun family proteins
respectively, which form homogenous or heterogeneous
dimers through combination in a leucine zipper structure, to
constitute the AP-1 transcription factor (11). The results of
the present study demonstrated that candesartan reduced the
gene expression of AP-1 in a rat model of acute myocardial
infarction. Tharaux et al indicated that AP-1-receptor antago-
nism by candesartan activates the collagen I gene through
the mitogen-acitvated protein/extracellular-signal regulated
kinase pathway (37).
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Previous studies have reported that HSP70 is an impor-
tant cardioprotective protein, which is involved in delayed
myocardial protection. (38,39) It has been demonstrated that
heat shock for 24 h can increase myocardial tolerance to I/R
injury, manifested by a reduction in infarct size (18). There
are two types of method known to increase HSP72 content
in cardiomyocytes. The first is the induction of the endog-
enous expression of HSP72, usually realized by heat stress
at sublethal doses or by other harmful stimulating factors,
including ischemia, hypoxia, ethanol, heavy metal salts and
infection (40). The second is to guide exogenous HSP70
genes, to increase the expression levels of cardiac HSP72 by
transgenic technology (11). The present study demonstrated
that candesartan increased the protein expression of HSP-72
in a rat model of acute myocardial infarction. Taniguchi et al
also suggested that candesartan protects against reperfusion
injury in hereditary insulin-resistant rats through recovery of
the expression of HSP72 (18).

Previous studies have revealed that candesartan improves
peak systolic pressure, however, it does not alter the level of
apoptosis or the expression of caspase-3 (41-43). Therefore, the
present study examined the association between the protec-
tive effect of candesartan on acute myocardial infarction and
the apoptosis of myocardial cells. In the present study, cande-
sartan had no affect on cell apoptosis in acute myocardial
infarction, or on the activities of caspase-3 and caspase-9 in
the rat model of acute myocardial infarction. These results
indicated that the protective effect of candesartan on acute
myocardial infarction may involve several pathways. In
conclusion, the present study demonstrated that the protective
effect of candesartan ameliorated acute myocardial infarction
in rats and revealed that its activity regulated iNOS, NF-«B,
MCP-1, AP-1 and HSP72 in the rat model of acute myocardial
infarction. Further investigations are required to clarify the
other key signaling pathways of the interaction between the
protective effect of candesartan and acute myocardial infarc-
tion.

Further investigations are required to clarify the other
signaling pathways underlying the interaction between the
protective effects of candesartan and acute myocardial infarc-
tion for clinical application.
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