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ABSTRACT. This study aimed to investigate the effect of hydroxy 
safflower yellow A (HSYA) on myocardial apoptosis after acute 
myocardial infarction (AMI) in rats. We randomly divided 170 male 
Wistar rats into 6 groups (N = 23): normal control, sham, control, SY 
(90 mg/kg), HSYA high-dose (HSYA-H, 40 mg/kg), and HSYA low-
dose groups (HSYA-L, 20 mg/kg). Myocardial ischemic injury was 
induced by ligating the anterior descending coronary artery, and the 
degree of myocardial ischemia was evaluated using electrocardiography 
and nitroblue tetrazolium staining. Bax and Bcl-2 expressions in the 
ischemic myocardium were determined using immunohistochemical 
analysis. Peroxisome proliferator-activated receptor-γ (PPAR-γ) 
expression in the myocardium of rats with AMI was determined using 
reverse transcription-polymerase chain reaction. Compared to rats in the 
control group, those in the HYSA-H, HSYA-L, and SY groups showed 
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a decrease in the elevated ST segments and an increase in the infarct 
size. The rats in the drug-treated groups showed a significantly lower 
percentage of Bax-positive cells and a significantly higher percentage 
of Bcl-2-positive cells than those in the control group (P < 0.05). 
Moreover, mRNA expression of PPAR-γ in the ischemic myocardium 
of rats in the SY, HSYA-L, and HSYA-H groups was significantly 
lower than that in the control group (P < 0.05). Thus, HSYA and SY can 
attenuate myocardial ischemia in rats, possibly by increasing the level 
of Bcl-2/Bax, and PPAR-γ may be not a necessary link in this process.
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INTRODUCTION

Acute myocardial infarction (AMI) remains a leading cause of morbidity and mortal-
ity worldwide. The key point in controlling the progression of AMI and improving the prog-
nosis of patients with AMI is to decrease the factors that induce myocardial injury during drug 
treatment (Ferdinandy et al., 2007). A previous study has shown that myocardial ischemia, 
hypoxia, and reperfusion injury can be induced by myocardial apoptosis (Jin et al., 2013). 
Apoptosis is one of the main factors for determining the infarct size in patients with AMI. Bcl-
2/Bax, a factor regulating apoptosis, is the key in determining apoptosis (Prince et al., 2011). 
Previous studies have shown that peroxisome proliferator-activated receptor-γ (PPAR-γ) ago-
nists attenuate renal ischemia/reperfusion injury in rats (Sivarajah et al., 2003; Collino et al., 
2005; Letavernier et al., 2005). Moreover, a PPAR-γ agonist inhibits the proliferation of tumor 
cells by inducing apoptosis, which involve an increase in the level of Bcl-2/Bax (Li et al., 
2003; Tan et al., 2009; Liu et al., 2013).

Hydroxy safflower yellow A (HSYA) is the active ingredient and is extracted from the 
flower of the safflower plant, Carthamus tinctorius L.; HSYA inhibits platelet-activating fac-
tor receptor binding, and thus, is used to treat several ischemic diseases, including myocardial 
ischemia, cerebral ischemia, coronary heart disease, and cerebral thrombosis (Zhu et al., 2003, 
2005; Liu et al., 2008). However, whether HSYA can protect the ischemic myocardium by 
regulating the apoptotic factors remains to be clarified. Therefore, we designed this study to 
investigate the effect of HSYA on myocardial ischemia in rats with AMI and further explored 
its mechanism on myocardial apoptosis.

MATERIAL AND METHODS

Animals and reagents

We purchased 170 male Wistar rats aged 5-7 weeks, weighing 100 ± 20 g, from the 
Chinese Academy of Medical Sciences, Institute of Experimental Animals. Nitroblue tetra-
zolium (N-BT) was purchased from Sinopharm Chemical Reagent Co., Ltd. (bF20050421); 
diaminobenzidine staining kit was purchased from Beijing Boaosen Biotechnology Co., Ltd. 
The reverse transcriptase-polymerase chain reaction (RT-PCR) kit was purchased from Sigma, 
USA; the primers were provided by Invitrogen Corporation, USA.
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Experimental drug

The safflower yellow pigment injection [SY; 150 mg/branch, contains flavonoids (80 
mg) and hydroxy safflower yellow pigment A (HSYA; 67 mg)] was provided by Shanxi Hua-
hui Kai Tak Pharmaceutical Co., Ltd. 80302003; HSYA (98.1135%) from Taiyuan Hua Wei 
Pharmaceutical Co., Ltd. 20070910.

Preparation of a rat model of AMI

We intraperitoneally injected 3.5% chloral hydrate (0.8 mL/100 g) to anesthetize the 
rats. Upon fixing the rat on the back and after disinfection, the skin was cut in 4,5 intercostal 
skin, the thoracic cavity was opened, and the heart was exposed. The pericardium of the rat 
was cut, and the heart was extruded; the root of the left anterior descending coronary of the rat 
was ligated between the pulmonary cone and the left atrial appendage, threaded, and ligated 
on the bottom, 2-3 mm of the left atrial appendage root. Then, the thoracic cavity of the rat 
was sutured. The electrocardiogram (ECG) was recorded immediately before and after tho-
racotomy. The operation of the rats in the sham group was performed according to the same 
method as that used for the rats in the AMI group, except for ligation of the coronary artery.

Animal grouping and treatment

We grouped the 170 male Wistar rats as follows: Part I, 138 rats were randomly di-
vided into 6 groups (N = 23 each), namely normal control, sham, control, SY (positive control, 
90 mg/kg), HSYA high-dose (HSYA-H, 40 mg/kg), and HSYA low-dose groups (HSYA-L, 
20 mg/kg). However, 360 min after the ligation, two rats died in the control, HSYA-H, and 
HSYA-L groups, while one rat died in the SY group.

Part II: 32 rats were randomly divided into 4 groups (N = 8 each), namely control, SY, 
HSYA-H, and HSYA-L groups, and they were stained using N-BT for computing the myocar-
dial infarct size.

Administration of doses

According to a previous pharmacodynamic study, before injecting the rats with SY, 
those in the normal control, control, and sham groups were injected with the same volume of 
saline as that of SY. The drugs were injected immediately after the induction and 120 min after 
the induction of AMI.

Experimental animal

We killed 138 rats 360 min after ligation, and about 5 mL blood was collected from 
the abdominal aorta of rats. After centrifugation, the serum was collected and frozen at -80°C. 

We removed 6 hearts from each group, and fixed them with formalin. Then, the hearts 
were routinely embedded with paraffin for pathological and immunohistochemical examination. 
Further, 5 hearts from each group were removed and stored for molecular biological studies.

We killed the remaining 32 rats 360 min after ligation, and then, removed their hearts 
for N-BT staining to observe the degree of ischemia.
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Immunohistochemical analysis

We dewaxed and rehydrated serial 4-mm paraffin sections. The endogenous peroxidase 
activity was inhibited by incubation with 3% hydrogen peroxide. After blocking the sections 
with 20% (v/v) goat serum in phosphate-buffered saline, the sections were incubated overnight 
at 4°C with Bax antibody (1:200, Santa Cruz Biotechnology) or Bcl-2 antibody (1:200, Santa 
Cruz Biotechnology). Then, the sections were incubated with the appropriate secondary anti-
bodies. Positive areas were counted and reported as a percentage of the myocardial tissue. A 
negative control was incubated with either mouse or rat immunoglobulin G at the same dilution 
as that of the primary antibody. Blinded analysis of the positive immunostained sections was 
performed with the image-analysis program (Image Pro Plus, Media Cybernetics).

RT-PCR

We extracted total RNA from the frozen rat myocardial tissue by using the Trizol 
reagent according to manufacturer instructions. The concentration and purity of RNA were 
determined using the Thermo Scientific NanoDrop 2000 (Wilmington, DE, USA). First-
strand cDNA synthesis was performed using 2 mg total RNA in a reaction volume of 20 mL 
using Moloney-Murine Leukemia Virus (M-MLV) reverse transcriptase. We amplified 1 mL 
cDNA in a reaction volume of 20 mL by using SYBR® Premix ExTaqTM on an iCycler iQ 
Real-time Detection System. We used the following gene-specific primers: β-actin: sense, 
5'-AACACCCCAGCCATGTACG-3'; antisense, 5'-CGCTCAGGAGGAGCAATGA-3'; 
PPAR-γ: sense, 5'-GACCACTCCCACTCCTTTGA-3'; antisense, 5'-CGACATTCAATTGCCA
TGAG-3'. The reaction system (30 µL) consisted of the RT-PCR enzyme mix, 2 mL; 20X buffer 
(Mg2+ free), 1.5 mL; MgCl2 (25 mM), 1.5 mL; dNTP (10 mM), 1.0 mL; CX1 sense primer, 1.0 
mL, CX1 antisense primer, 1.0 mL; RNA, 2.0 mL; and dH2O, 20 mL. PCR amplification was 
performed as follows: initial denaturation at 95°C for 15 s, 35 cycles with denaturation at 95°C 
for 5 s, and annealing at 61°C for 15 s. Relative quantification was determined using the 2-ΔCt 
method with data normalized to the housekeeping gene β-actin.

RESULTS

Effect of HSYA on ECG and heart rate of rats with AMI

Compared to the rats in the sham group, those in the AMI group showed significant 
elevation of the ST segments on ECG after coronary artery occlusion (P < 0.05). This observa-
tion suggested that modeling was successful. After 360 min of modeling, the rats in the HSYA-
H and HSYA-L groups showed a decrease in the elevated ST segments compared to the rats in 
the control group (P < 0.05 or P < 0.01). The heart rates of rats with AMI in each drug group 
were not significantly different from those of the rats in the control group (P > 0.05; Figure 1).

Effect of HSYA on the myocardial infarct size of the rats 

The results of N-BT staining showed that compared to the control group, the SY and 
HYSA-H groups had a significant decrease in the infarct size (P < 0.05, P < 0.01). In addition, 
the infarct size of rats in the HSYA-L group decreased, but the decrease was not statistically 
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significant (P > 0.05). The infarct size of rats in the HSYA-H group decreased significantly 
compared to that of rats in the HSYA-L group (P < 0.01; Figure 2).

Figure 1. Electrocardiograms (ECGs) of the rats in each group after drug treatment. A. Sham group; B. model control 
group; C. SY treatment group; D. hydroxy safflower A low-dose (HSYA-L) treatment group; E. HSYA high-dose 
(HSYA-H) treatment group; F. comparison between the ST segments on the ECG of the rats in each group. *P < 0.01 
vs control group; #P < 0.05 vs control group.

Figure 2. Nitroblue tetrazolium (N-BT) staining of the hearts of rats in each group after drug treatment. A. Model 
control group; B. safflower yellow (SY) treatment group; C. hydroxy safflower yellow low-dose (HSYA-L) 
treatment group; D. HSYA high-dose (HSYA-H) treatment group; E. comparsion of the myocardial infarct size in 
the hearts of rats in each group. *P < 0.01 vs control group; #P<0.05 vs control group; ΔP < 0.01 vs HSYA-L group.
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Effect of HSYA on Bax and Bcl-2 expression of the AMI rats 

Results of immunohistochemical analysis showed that the Bax and Bcl-2 proteins 
presented a diffuse distribution in the ischemic myocardium, and were mainly located in the 
cytoplasm. A small amount of Bax protein expression could be detected in the ischemic myo-
cardium of rats in the sham group 360 min after AMI; the expression of Bax protein was sig-
nificantly increased in the AMI control group (P < 0.05). The expression of Bax and Bcl-2 in 
the ischemic myocardium of rats in the SY, HSYA-H, and HSYA-L groups was significantly 
lower than that in rats in the AMI control group (P < 0.01 or P < 0.05).

The expression of Bcl-2 in the ischemic myocardium of rats in the AMI control group 
was significantly lower than that in the sham group (P < 0.05), whereas the expression of Bcl-2 
in the ischemic myocardium of rats in the SY, HSYA-H, and HSYA-L groups was significantly 
higher than that in the AMI control group (P < 0.01).

In addition, the Bcl-2/Bax ratio of the rats in the AMI control group was significantly 
lower than that in the sham group (P < 0.05), while the Bcl-2/Bax ratio of the rats treated with 
the drugs significantly increased (P < 0.01). This finding suggested that HSYA can inhibit 
apoptosis in the ischemic myocardium. Our results showed that SY, HSYA-H, and HYSA-L 
can exert anti-apoptotic effects through down-regulation of Bax protein expression and up-
regulation of Bcl-2 protein expression (Figure 3).

Figure 3. Expressions of Bax and Bcl-2 in the ischemic myocardium of rats in each group after drug treatment. A. 
Expression of Bax in the ischemic myocardium of the rat in each group after drug treatment. B. Expression of Bcl-2 
in the ischemic myocardium of the rats in each group after drug treatment. C. Statistical comparison of Bax and Bcl-2 
expressions in the ischemic myocardium of rats in each group after drug treatment. D. Statistical comparison of the 
ratios of Bcl-2 to Bax in the ischemic myocardium of rats in each group after drug treatment. a. Normal control group; 
b. sham operation group; c. model control group; d. safflower yellow (SY) treatment group; e. hydroxy safflower yellow 
A low-dose (HSYA-L) treatment group; f. HSYA high-dose (HSYA-H) treatment group. #P < 0.05 vs sham group; *P < 
0.05 vs control group; **P < 0.01 vs control group; ΔP < 0.05 vs HSYA-L group; ΔΔP < 0.01 vs HSYA-L group.
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Effect of HSYA on mRNA expression of PPAR-γ in the myocardial tissue of rats

mRNA expression of PPAR-γ in the myocardial tissue of rats in the control group was 
significantly higher than that in the rats in the sham group (P < 0.05). Compared to the control 
group, the HSYA-H, HSYA-L, and SY groups showed a significant decrease in mRNA expres-
sion of PPAR-γ in the myocardial tissue of rats (P < 0.05; Figure 4).

Figure 4. mRNA expression of peroxisome proliferator-activated receptor γ (PPAR-γ) in the ischemic myocardium 
of rats in each group after drug treatment. A. mRNA expressions of PPAR-γ in the ischemic myocardium of rats in 
each group after drug treatment. B. Graph of mRNA expression of PPAR-γ in each group after drug treatment. #P < 
0.05 vs sham group; *P < 0.05 vs control group.

DISCUSSION

HSYA is isolated from the dried flower of C. tinctorius L., and is the active ingredient 
of the safflower plant; HSYA inhibits platelet-activating factor receptor binding, and thus, is 
used to treat several ischemic diseases, including myocardial ischemia, cerebral ischemia, 
coronary heart disease, and cerebral thrombosis (Zhu et al., 2003, 2005; Liu et al., 2008). In a 
previous study, we showed that HSYA protects the myocardium from ischemia and decreases 
the levels of cardiac troponin T and creatine kinase MB in the serum of rats with AMI (Fu et 
al., 2011). Previous studies have shown that in ischemia and reperfusion damage, apoptosis 
in the myocardium is involved in the pathogenesis of heart diseases, including myocardial 
infarction and dilated cardiomyopathy (Ho et al., 2003; Wann et al., 2006). Therefore, based 
on the key role of apoptosis in the process of AMI, in this study, our data showed that HSYA 
can attenuate myocardial ischemia in rats. An increase in the level of Bcl-2/Bax may be the 
possible mechanism by which HSYA and SY attenuate myocardial ischemia, and PPAR-γ is a 
necessary link in this process.

Apoptosis can have a marked effect myocardial ischemia, and myocardial ischemia 
can be prevented by inhibiting apoptosis. Apoptosis is regulated by induction and repression 
of gene expression. Bcl-2 has an anti-apoptotic effect and promotes cell survival. Binding of 
Bax with Bcl-2 inhibits apoptosis, while the formation of Bax dimers induces apoptosis. Bax 
dimers are formed when Bax is overexpressed. Generally, once the pro-apoptotic process is 
activated, expression of related anti-apoptotic proteins increases (Mo et al., 2011). A previous 
study showed that HSYA enhances the survival of endothelial cells under hypoxia, which 
may be correlated with its effect of up-regulating the Bcl-2/Bax ratio and promoting the 
accumulation of the HIF-1 alpha protein (Ji et al., 2008). Our results showed that HSYA can 
induce anti-apoptotic effects by down-regulating the expression of the Bax protein and up-
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regulating the expression of the Bcl-2 protein.
PPAR-γ belongs to the family of nuclear hormone receptor transcription factors. Re-

cent studies showed that PPAR-γ agonists such as the thiazolidine compound troglitazone 
play an important role in the anti-ischemic reperfusion injury. Myocardial ischemic injury is 
associated with the activation and aggregation of inflammatory cells, and PPAR-γ is highly 
expressed in the ischemic damage zone and is involved in the pathological process of anti-
ischemic reperfusion injury. In addition, recent studies have shown that PPAR-γ agonists at-
tenuate renal ischemia/reperfusion injury in rats (Sivarajah et al., 2003; Collino et al., 2005; 
Letavernier et al., 2005). Moreover, a PPAR-γ agonist inhibits the proliferation of tumor cells 
by inducing apoptosis, which involves an increase in the level of Bax/Bcl-2 (Li et al., 2003; 
Tan et al., 2009; Liu et al., 2013).

It indicated that treatment with high and low doses of HSYA significantly inhibited 
PPAR-γ expression. However, these results showed that HSYA inhibits the expression of 
PPAR-γ after ischemia. We believe that HSYA has an effect on myocardial ischemia, and we 
have explained the possible reasons for this effect.

In this study, we only focused on one time point (360 min after ischemia) to inves-
tigate the mechanism of action of HSYA, and whether the dynamic PPAR-γ expression after 
AMI remains to be clarified. Thus, further studies to determine the time-dependent effects of 
HSYA on AMI should be performed. Moreover, whether the increased expression of PPAR-γ 
has protective effects after MI remains to be clarified. Some studies have shown that in the 
acute phase of myocardial ischemia-reperfusion injury, troglitazone not only has a myocardial 
protective effect, but it also increases the incidence of ventricular fibrillation and the risk of 
death (Prince et al., 2011). These results suggest that PPAR-γ expression varies at different 
time points after ischemia, and the time-dependent expression of PPAR-γ is helpful to explain 
whether PPAR-γ is involved in the protective mechanism of myocardial injury.

In summary, our findings suggest that HSYA and SY can attenuate myocardial isch-
emia in rats. An increase in the level of Bcl-2/Bax may be the possible mechanism by which 
HSYA and SY exert protective effects against myocardial ischemia, and PPAR-γ may not be a 
necessary link in this process.
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