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Velvet antler polypeptide (VAP) is the active compounds of velvet antler, an animal derived traditional 
Chinese medicine. In this work, the myocardial ischemia-reperfusion injury (MIRI) model was established 
to investigate the protective mechanism of VAP on MIRI in rats. Total 90 male Sprague Dawley (SD) 
rats were divided into the control, model (MIRI), positive (Diltiazem, DLZ, 20 mg/kg), VAP high, 
medium, low dose (VAP 300, 200, and 100 mg/kg) groups. After 21 days of intragastric administration, 
the electrocardiogram (ECG) changes in each group were detected. The activities of lactate dehydrogenase 
(LDH) and creatine kinase-MB (CK-MB) isoenzymes in serum, and superoxide dismutase (SOD), 
malondialdehyde (MDA), glutathione peroxidase (GSH-Px) and catalase (CAT) in myocardial tissue were 
detected by ELISA. Hematoxylin and eosin (HandE) staining was used to detect the histological changes 
of rat myocardium. Western blotting (WB) was used to detect the protein expression levels of nuclear 
factor erythroid 2-related factor 2 (Nrf2), heme oxygenase-1 (HO-1), and NADH quinone oxidoreductase 
1 (NQO1) in rat myocardial tissue. In the results, ECG showed that the MIRI model was successfully 
established; VAP can significantly reduce the activities of LDH, CK-MB in serum of rats, increase 
the activities of SOD, GSH-Px, CAT in myocardial tissue, reduce the activity of MDA in myocardial 
tissue, reduce interstitial edema and inflammatory infiltration, and improve the structural damage of rat 
myocardial tissue. The expression levels of HO-1, NQO1 and Nrf2 protein in rat myocardial tissue were 
up-regulated. In conclusion, VAP can improve the structural damage of rat myocardial tissue, improve the 
antioxidant activity of myocardial, and reduce oxidative stress injury. The relevant mechanism may be 
related to the regulation of Nrf2/ARE signaling pathway in rat myocardial tissue by VAP.

INTRODUCTION

Plaque deposition (atherosclerosis) in the coronary 
artery will lead to partial or complete blockage which 

blocks the blood supply to the myocardium and reduces the 
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blood flow to the heart, resulting in myocardial ischemia. 
When the plaque ruptures, it may lead to acute myocardial 
infarction (AMI), commonly known as heart attack, which 
will result in instantaneous myocardial ischemia and 
hypoxia, and directly lead to cell and tissue necrosis. To 
dredge blood vessels and thrombolysis in clinical will cause 
further damage to the heart, that is, myocardial ischemia-
reperfusion injury (MIRI) (Jennings et al., 1960). MIRI is 
commonly accompanied by inflammatory reaction, leading 
to reversible and irreversible damage to tissue vitality and 
organ function. It can further induce myocardial death 
(Li et al., 2020). Therefore, further research on MIRI to 
minimize its damage is of great significance.

MIRI is reported to be associated with reactive oxygen 
species (ROS) in body, the production of oxygen free 
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radicals (Cadenas, 2018), overload of calcium ion (Chang 
et al., 2019), white blood cell inflammation and the lack 
of high energy phosphoric acid compounds. Oxidative 
stress is reported to be one of the mechanisms involved 
in MIRI (Yang et al., 2021; Unal et al., 2017). Myocardial 
ischemia will cause a series of traumatic changes in 
myocardial cell ultrastructure, energy metabolism, cardiac 
function, electrophysiology, etc., and the damage to 
tissues and organs will be aggravated, leading to multiple 
organ failure (Zeng et al., 2018). Normally, lactate 
dehydrogenase (LDH) and creatine kinase-MB (CK-MB) 
exist in myocardial cells, the myocardial injury will lead 
to the increase of serum CK-MB and LDH due to the 
change of permeability. Therefore, they are commonly 
considered as early diagnostic indicators of AMI (Jiang et 
al., 2017; Herr et al., 2020), detecting the activity of LDH 
and CK-MB in serum can indirectly reflect the degree of 
myocardial damage (Lu et al., 2019). Studies have shown 
that by increasing the activities of superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase (GSH-Px) 
and reducing the activity of malondialdehyde (MDA), the 
oxidative stress damage caused by myocardial ischemia-
reperfusion can be suppressed (Tsikas, 2017; Shi et al., 
2017).

Velvet antler is an animal origin traditional Chinese 
medicine that from the cartilaginous antler in the 
precalcified growth stage of the Cervidae family (Bao et 
al., 2018; Qi et al., 2020; Zhai et al., 2022). China is the 
region with the most abundant antler resources, and New 
Zealand is considered to be the largest antler producer in 
the world. Its main active ingredient extract, velvet antler 
polypeptide (VAP), has a variety of functions, such as anti-
inflammatory, promoting tissue wound healing, improving 
antioxidant capacity, enhancing immunity, antiviral 
pharmacological effects, etc. (Bai et al., 2017). Studies 
have shown that VAP had significant protective effects on 
acute ischemic myocardial injury in rats by anti-oxidation 
and anti-lipid peroxidation (Chen et al., 2009). However, 
there is lack of further research on the effect of VAP on 
MIRI and its mechanism.

In this study, MIRI rat model was established, VAP 
was intragastric administration to observe the effects of 
VAP on MIRI rats. This study aims to preliminary reveal 
the mechanism of VAP on MIRI, and provide a theoretical 
basis for the development and utilization of VAP.

MATERIALS AND METHODS

Materials and animals
VAP was prepared by the School of Pharmacy, 

Changchun University of Chinese Medicine (Xu et al., 
2020). The purity of VAP was about 28.7 g velvet antler 

containing 1.0 g VAP. The detailed reagents and materials 
were shown in Supplemantary Table S1. Total 90 male 
SD rats were adaptively fed at 24±1 °C, 12 h light /12 
h dark, with normal diet and water for 7 days before the 
experiment.

Experimental groups and preparation of MIRI model
After that, 90 rats were randomly divided into 6 

groups (15 rats per group): The control (Sham operation), 
model (MIRI), positive (DLZ, Diltiazem 20 mg/kg), VAP 
high (VAP 300 mg/kg), medium (VAP 200 mg/kg) and 
low (VAP 100 mg/kg) dosage groups, marked as MIRI + 
VAPH, MIRI + VAPM, MIRI + VAPL, respectively.

The above dosage was administered intragastric for 
21 days. 1 h after the last administration, to establish the 
MIRI model according to previous study (Simpson et al., 
1988) with slight revision. In brief, 20% urethane (700 
mg/kg, intraperitoneal injection) was used for anesthesia, 
and the limbs were fixed on the supine operating table with 
a rubber band (Dasagrandhi et al., 2018).

ECG observation and data acquisition
The ECG changes were observed using the PowerLab 

system (AD Instruments, Bella Vista, Australia) according 
to related study (Lin et al., 2019). Briefly, for each group 
of the rats, the skin from neck and chest was removed 
and the trachea was separated. The animal ventilator was 
connected for endotracheal intubation, with respiration 
rate of 60-80 times /min and ventilation rate of 20 mL/kg. 
The thoracic cavity was cut 3 mm from the left edge of 
the sternum to expose the heart. The needle was inserted 
at 0.2-0.3 cm from the lower edge of the left auricle, and 
the pulmonary artery was taken out. A self-made U-shaped 
rubber tube was inserted and then the descending coronary 
artery of the left anterior was ligated, and the heart was 
quickly put back to the chest. After 30 min, the ligature 
was released to restore the blood supply of the infarcted 
myocardia and reinfusion of myocardial ischemia was 
performed. ST segment elevation in the ECG of rats 
was used as an indicator of myocardial ischemia, and ST 
segment decrease of 1/2 indicated successful reperfusion.

After 2 h reperfusion, rats were treated and samples 
were taken from the MIRI, DLZ and VAP groups. For 
the control group, only thoracotomy was performed and 
coronary artery was not ligated.

Determination of LDH and CK-MB in serum 
After reperfusion, the abdominal cavity of the rats 

was dissected, and blood sample was collected from the 
abdominal aorta. The contents of LDH, CK-MB were 
determined in serum according to the instruction of Elisa 
kit.
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Determination of MDA, SOD, GSH-Px and CAT in 
myocardial tissue

After reperfusion, 300 mg of myocardial tissue 
was taken from the ischemic area of the left ventricle 
immediately. The contents of MDA, SOD, GSH-Px and 
CAT in myocardial tissue were determined according to 
the instruction of Elisa kit (Zhao et al., 2019).

Hematoxylin and eosin (HandE) staining
After anesthesia, rats in each group were sacrificed, 

the myocardial tissue was cut off, washed with normal 
saline, and then placed in 4% paraformaldehyde fixation 
solution for later use. During the detection, the myocardial 
tissue was dehydrated, embedded and sectioned into 
paraffin sections. After staining with H and E, an optical 
microscope was used to observe the changes in tissue 
structure (Li et al., 2019).

Western blot analysis
The myocardial tissues of rats in each group were 

taken out and placed in a centrifuge tube. The lysate was 
added to ice homogenate, the supernatant was obtained 
after centrifugation, and put at -80°C for later use. The 
protein concentration of myocardial tissue in each group 
was calculated by bicinchoninic acid (BCA) assay 
(Bocian et al., 2020). The solution volume was calculated 
according to the sample concentration, and the protein 
was denatured by boiling after adding the sample buffer. 
Polyacrylamide gel was prepared and the denatured 
protein sample was added. Then, electrophoresis was 
performed at 90 V for 10 min, then it was performed again 
at 110 V for 100 min. 

After electrophoresis, the gel was removed and the 
membrane was transferred for 30 min at 200 mA under 
ice bath. The polyvinylidene fluoride (PVDF) membrane 
was taken out and sealed in the blocking solution at 4 °C 
overnight. Then the blocking solution was discarded, and 
the primary antibody diluent was added and incubated at 
room temperature for 1 h. After that, the secondary antibody 
diluent was blocked for 1 h. Then, the luminescence 
development and gel imaging analysis were performed, 
β-actin was used as internal standard protein to calculate 
the expression level of the target protein (Li et al., 2019; 
Sui et al., 2021).

Statistical analysis
SPSS 21.0 software (SPSS Inc. Chicago, IL, USA) 

was used for data processing, and the measurement data 
were expressed as mean ± standard error. Statistical 
significance was defined as p <0.05 and p <0.01.

RESULTS

ECG results of each group
ECG was synchronized and recorded by PowerLab. 

Except for the control group, ST-segment elevation or 
increased and widened QRS wave could be seen after 
ligation of the anterior descending branch of the left 
coronary artery in other groups, and ST-segment recovery 
was observed after reperfusion, suggesting that the rat 
MIRI model was successfully established (Fig. 1). The 
results of ECG showed that the ST segment of the ECG 
of rats was immediately elevated after the ligation of 
coronary arteries, and the ST segment decreased by 1/2 
after the ligation line was loosened, indicating that the 
modeling was successful.

Fig. 1. ECG changes of rats under treatment in each group. 
A, normal rats; B, ligation ischemia; C, reperfusion 30 min 
after ligation ischemia.

Changes of LDH, CK-MB Contents in serum
Compared to the control group, the activities of serum 

myocardial enzymes LDH and CK-MB in MIRI group 
were remarkably increased (p<0.01) (Fig. 2); compared to 
the MIRI group, the activities of LDH and CK-MB of 300, 
200, and 100 mg/kg rats in MIRI + VAP group and DLZ 
group were remarkably decreased (p<0.01) (Fig. 2).

Changes of MDA, SOD, GSH-Px and CAT Contents in 
myocardial tissue

MDA, SOD, GSH-Px and CAT contents in 
myocardial tissue were measured. The results showed that, 
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compared with control group, MDA level in MIRI group 
was remarkably increased (p<0.01) (Fig. 3A), while SOD, 
GSH-Px, CAT levels were significantly decreased (p<0.05, 
p<0.01) (Fig. 3B, C). Compared with the MIRI group, the 
MDA level in the myocardial tissues in DLZ group and all 
MIRI + VAP groups were significant decreased (p<0.01, 
p<0.05) (Fig. 3A), while the levels of SOD, GSH-Px and 
CAT were remarkably increased (p<0.01, p<0.05) (Fig. 
3B, C).

Fig. 2. LDH (A) and CK-MB (B) activities in serum of 
each group.
Note: ## p<0.01, compared with control group; ** p<0.01, 
compared with MIRI group.

Fig. 3. MDA (A), SOD (B), GSH-Px (C) and CAT (D) 
activities in myocardial tissue.
Note: Compared with the control group, # p<0.05, ## 
p<0.01; Compared with MIRI group,* p<0.05, ** p<0.01.

The histological changes of myocardial tissue
It can be seen from Figure 4, the myocardial cells in 

the control group were orderly arranged, with complete 
cell structure, no intercellular edema, no inflammatory 

infiltration, and no degeneration and necrosis of cells. In 
the MIRI group, the myocardial fibers were disordered, the 
cell tissues were denaturated and necrotic, the interstitial 
edema was obvious, and the myocardial tissues were 
infiltrated by a large number of inflammatory cells. 

In the positive DLZ group and the VAP groups, the 
damage of myocardial structure was significantly reduced, 
a small amount of cell degeneration and necrosis, interstitial 
edema was reduced, and a small amount of inflammatory 
cell infiltration was observed, especially in the DLZ group 
and MIRI + VAP-H group (Fig. 4).

Fig. 4. H and E staining of myocardial tissue in each group 
(×300). A, Control group; B, MIRI group; C, DLZ group; 
D, MIRI + VAP-H group; E, MIRI + VAP-M group; F, 
MIRI + VAP-L group.

The expression levels of Nrf2, HO-1, and NQO1 in 
myocardial tissue

The gray scale densitometric analyses were conducted 
using β-actin as an internal reference (Fig. 5). The results 
showed that, compared with the control group, the 
difference of Nrf2 protein expression in the cytoplasm of 
MIRI group was not obvious (Fig. 5A, B). The expression 
level in the nucleus was remarkably increased (p<0.01) 
(Fig. 5D). Compared to the MIRI group, the difference of 
Nrf2 protein expression in the cytoplasm of administration 
group was not obvious (Fig. 5A, B), but the Nrf2 protein 
expression level in the nucleus was increased (p<0.01) 
(Fig. 5D). Compared with the control group, the protein 
expression levels of HO-1 and NQO1 in MIRI group were 
increased (p<0.01) (Fig. 5A, C, E). Compared to MIRI 
group, the protein expressions of HO-1 and NQO1 in 
DLZ group and VAP administration groups were increased 
(p<0.01, p<0.05) (Fig. 5A, C, E). The protein expression 
levels of HO-1 and NQO1 in DLZ group, MIRI + VAP-H 
group and MIRI + VAP-M group were more significant 
than those in other groups (p<0.01) (Fig. 5A, C, E). This 
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suggested that VAP could promote the Nrf2/ARE signaling 
pathway in MIRI rats.

Fig. 5. Effects of VAP on the expression of Nrf2 (A, B, 
D), HO-1 (A, C), NQO1 (A, E) in MIRI rats by Western 
blotting. 
Note: Compared with Control group, ## p<0.01; Compared 
with MIRI group, * p<0.05, ** p<0.01.

DISCUSSION

The overall research route of this study is shown 
in Supplementary Figure S1. Generally, LDH, CK-MB 
exist in myocardial cells, while less in serum. However, 
when myocardial injury occurs, resulting in the cell 
permeability increases, thus the content of LDH, CK-
MB in serum increases (Hu et al., 2017). Therefore, the 
detection of LDH, CK-MB can be used as indicators to 
reflect the degree of myocardial cell injury (Cheng et al., 
2018). The results of this study showed that, the activities 
of LDH, CK-MB in serum of rats administered with 
VAP were significantly decreased, suggesting that VAP 
can significantly reduce the injury of myocardial cells in 
ischemia reperfusion injury.

Oxidative stress is one of the main factors causing 
myocardial cell injury and even death during ischemia-
reperfusion (Chen et al., 2017). SOD and CAT belong to 
enzymatic antioxidants, while GSH-PX belongs to non-
enzymatic antioxidants, both of which can scavenge ROS 
in vivo (Wang et al., 2018). MDA is one of the important 
products of lipid peroxidation in cell membrane, the increase 
of MDA concentration will cause serious damage to cell 
membrane. Therefore, the change of MDA content can be 
used as an indicator of the degree of lipid peroxidation of 
cell membrane (Tsikas, 2017; Shi et al., 2017). The results 
of this study showed that VAP at different concentrations 
could reduce the level of MDA and increase the levels of 
SOD, CAT and GSH-Px in myocardial cells, suggesting 
that the anti-oxidative stress effect of VAP was important 

in its myocardial protection.
Ischemic reperfusion injury leads to disorder, 

looseness and irregularity of myocardial fibers. In addition, 
it also shows excessive staining or disappearance of nuclei, 
rupture of myocardial fibers, massive bleeding, and many 
inflammatory cells can be seen between myocardial fibers 
(Zhang et al., 2016; Li et al., 2017; Chen et al., 2019). 
The results of H and E staining showed that, there were 
obvious pathologic changes in myocardial tissue of the 
MIRI group. While in DLZ group and all the VAP groups, 
the myocardial fiber fracture, myocardial hemorrhage 
and inflammatory cells between myocardial fibers 
were decreased, suggesting that VAP could improve the 
pathological changes of myocardial tissue injury by MIRI.

Nrf2 is a major factor regulating cell redox 
homeostasis. Therefore, Nrf2/ARE signaling pathway 
plays an important role in cardiac resistance to reperfusion 
injury (Bai et al., 2017; Lee et al., 2017). In this study, 
the results of Western blotting showed that in DLZ group 
and all the VAP groups, the expression of Nrf2 in the 
nucleus was significantly increased (Bellezza et al., 2018), 
while that had no significant effect on the total content 
of Nrf2, indicating that ischemia-reperfusion injury and 
VAP treatment could promote Nrf2 phosphorylation and 
nuclear transfer (Fujiki et al., 2019). In addition, the 
protein expressions of HO-1 and NQO1 increased in VAP 
groups, indicating that ischemia reperfusion injury has a 
stress stimulation effect on the protein expression of HO-1 
and NQO1 (Lin et al., 2020; Li et al., 2019). These results 
suggested that VAP can activate the protein expression 
level of Nrf2 in myocardial cells and upregulate the protein 
expression levels of HO-1 and NQO1. The development 
and utilization of VAP will provide an alternative option 
in clinic, and will also promote the breeding industry of 
Cervidae family.

CONCLUSION

In summary, this study found that VAP can improve 
the structural damage of myocardial tissue in MIRI rats, 
improve the antioxidant activity of myocardium, and 
reduce oxidative stress injury. The mechanism may be 
related to the regulation of Nrf2/ARE signaling pathway 
in myocardial tissue by VAP. This study provides a new 
possibility and experimental basis for VAP to be used as a 
potential drug to prevent and treat MIRI.
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