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Abstract 
Objective: To investigate effects of Cornus officinalis Total Glycosides (COTG) and Cornus Polysac-
charide (CP) on myocardial protection and on expression of mitochondria biogenesis related gene 
of acute myocardial infarction (AMI) rats, Materials and Methods: Ninety-six SD rats of SPF level 
were randomly divided into 5 groups: sham operation group, model group, preventive treatment 
group, COTG treatment group, CP treatment group, and there were 12 cases in each one. By legat-
ing the left anterior descending branch of coronary artery method, acute myocardial infarction 
model was established. The rat of sham operation group and model group was intragastric admi-
nistered with physiological saline; other groups were given with corresponding drugs. The cardiac 
function, the myocardial infarct area, the expression of mitochondrial biogenesis genes such as 
PGC-1α, PGC-1β, NRF-1mRNA and GSK-3β mRNA, GSK-3β Protein Expression were analyzed. Re-
sults: The results revealed that compared with model group, myocardial infarction size, LVDs, 
LVDd, LVESV, LVEDP, and −dp/dt decreased; LVSP increased in preventive treatment group, COTG 
treatment group, and CP treatment group (p < 0.05); LVEDV increased in preventive treatment 
group (p < 0.05), PGC 1 alpha, and PGC 1 beta; the NRF-1 mRNA expression increased in preventive 
treatment group, COTG treatment group, and CP treatment group (p < 0.05). Compared with CP 
and COTG treatment group, PGClpha, beta PGC 1, the NRF-1 mRNA expression increased in pre-
ventive treatment group (p < 0.05). Compared with the sham operation group, GSK-3 beta mRNA 
and protein expression increased in model group, preventive treatment group, COTG treatment 
group, and CP treatment group (p < 0.05). Compared with model group, GSK-3 beta mRNA expres-
sion reduced in preventive treatment group, COTG treatment group, and CP treatment group (p < 
0.05). Conclusions: Cornus officinalis total glycosides and Cornus polysaccharides can effectively 
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protect myocardial mitochondria of acute myocardial infarction rats by activating GSK-3β signal-
ing pathways, and reduce the myocardial infarct size, which has great significance for improving 
cardiac function.  
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1. Introduction 
Currently in the clinics, acute myocardial infarction (AMI) is a still problem awaiting the settlement. It has been 
demonstrated that the traditional Chinese medicine of Cornus officinalis maintains anti-inflammatory function, 
has remarkable antioxidant activity and can inhibit myocardial hypertrophy. Specifically, it is propitious to pro-
tect the rat from myocardial injury [1], lessen myocardial hypertrophy caused by renovascular hypertension [2] 
and protect the cardiovascular of diabetic cardiomyopathy rats [3]. However, the protective mechanism of Cor-
nus officinalis on myocardial mitochondria in rats with acute myocardial infarction is rarely reported. As all we 
know that glycogen synthase kinase-3 beta (GSK-3β) is a multifunctional serine/threonine protein kinase. Re-
cent discoveries indicated that GSK-3β is closely interrelated with angiocardiopathy, such as myocardial ische-
mia reperfusion injury [4], myocardial hypertrophy [5], cardiomyocyte apoptosis [6], the occurrence and devel-
opment of atherosclerosis [7], the inflammatory response after myocardial infarction [8], heart failure [9], etc. 
Although there have been many studies on GSK-3β, it is unclear whether Cornus officinalis total glycosides and 
Cornus polysaccharides can protect myocardial mitochondria of acute myocardial infarction rats and whether 
protective effects could be achieved by GSK-3β signaling pathways. The aim of the present study was to explore 
the mechanism of mitochondrial protection of Cornus officinalis Sieb. et Zucc on acute myocardial infarction in 
rats. Additionally, the study explored whether GSK-3β signaling was involved in improving cardiac function. 

2. Materials and Methods 
2.1. Reagents and Drug 
Cornus medicinal materials were provided by Guangdong E-FONG pharmaceutical Co. Ltd. Extraction and de-
termination of Cornus officinalis total glycosides and Cornus polysaccharides from Cornus officinalis Sieb. et 
Zucc were completed by Professor Dongmei Sun [10] [11]. 

Main reagents: Trizol (Invitrogen Batch No. 1373341); SuperScript III Reverse Transcriptase SYBRRRT-PCR 
Kit (Invitrogen Batch No. 18064014); Quantitative PCR Kit (Ta Ka Ra No. BK8803); BCA-100 Protein kit 
(Shanghai Shenergy Biotechnology Co. Ltd. No. K3000); Trisbase (Guangzhou Kanglong Biotechnology Co. 
Ltd. No. 2008616); 30% acrylamide/0.8% N N-methylene acrylamide (Shanghai Shenergy Biotechnology Co. 
Ltd. No. 091001); SDS sample loading buffer (Ta Ka Ra No. D606); Tween-20 (Guangzhou RayBiotech Co. 
Ltd. No. 20090510); Ammonium Persulfate (APS, Guangzhou RayBiotech Co. Ltd. No. 20100420); N,N,N',N'- 
tetramethylethylenediamine (TEMED, Sigma, No. T8133); β-action (Boster Biological Technology Co. Ltd. No. 
ba637); Second Antibody (Invitrogen No. SC465); Chemiluminescent substrate solution kit (Invitrogen No. 
20090813); Developing fixer Kit (Beyotime Institute of Biotechnology No. 080310); Methanol (Shantou Xilong 
Chemical Factory No. 080814); Chloroform (Guangzhou Ray Biotech Co. Ltd. No. 090504); Isopropanol 
(Guangzhou Ray Biotech Co. Ltd. No. 091012); 75% Alcohol (Guangzhou Ray Biotech Co. Ltd. No. 080918); 
Glycine (Guangzhou Kanglong Biotechnology Co. Ltd. No. 081107); 10% Chloral Hydrate (Sinopharm Chemi-
cal Reagent Co., Ltd. No. 090310); 4% Para Formaldehyde (Guangzhou Ray Biotech Co. Ltd. No. 20090922); 
Phosphate Buffer Solution (BioBasiclnc Canada No. 0910P06); Neutral Balsam (Guangzhou Ray Biotech Co. 
Ltd. No. 20090418). 

2.2. Animals 
96 of male Sprague-Dawley rats of SPF level, weighing 200 - 250 g, were provided by the Animal Experimental 
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Center of Southern Medical University (number of animal license SCXK 2006-0015). The experimental AMI 
model was induced by the ligation of the left anterior descending branch of coronary artery in 60 SD rats, as 
previously described [12] [13]. After 24 hours of operation, the 38 rats survived were randomly divided into 
three groups, including model of AMI group (n = 12), COTG treatment group (n = 13), CP treatment group (n = 
13). The other 36 rats were randomly divided into sham operation group (n = 12) and preventive treatment group 
(n = 24), 15 of which survived after occlusion of the left anterior descending coronaryartery. Among the 15 rats 
3 died after intragastric administration, namely, there were 12 rats in preventive treatment group. Reference to 
the existing research [14], experimental rats were given with 12 g/kg Cornus officinalis of crude drug, whose 
dose equivalent to 20 times clinical adult dosage. 

According to the extraction rate to determine the dose of COTG and CP. In sham operation group and AMI 
model group, rats were administered by intragastric with physiological saline in the preoperative and postopera-
tive 7 days. In the preventive treatment group, rats were given Cornus officinalis Total Glycosides before the 
operation for 7 days and were given physiological saline after a week. Rats in COTG treatment group and CP 
treatment group were given intragastric administration of physiologic saline in the preoperative 7 days, which 
were respectively administered with Cornus officinalis Total Glycosides and Cornus Polysaccharide in the 
postoperative 7 days. 

2.3. Echocardiography Examination 
On the fifteenth days, 6 rats in each group underwent echocardiographic examination after intraperitoneal injec-
tion anesthesia, including interventricular septum systolic thickness (IVSs), interventricularseptal diastolic 
thickness (IVSd), left ventricular posterior wall systolic thickness (PWs), posterior wall of left ventricular end 
diastolic thickness (PWd), systolic left ventricular diameter (LVDs), left ventricular diastolic diameter (LVDd), 
left ventricular end diastolic volume (LVEDv), left ventricular end systolic volume (LVESv), ejection fraction 
(EF) and fraction shortening (FS). 

2.4. Hemodynamic Detection 
The rats of other 6 rats in each group were anesthetized with 10% chloral hydrate injecting into the abdominal 
cavity with a dosage at 35 ml/kg, supine fixed in the operating table, right carotid artery intubation were per-
formed, three-limb tubes, Micro catheter, Pressure sensor and Recorder were connected after calibration, and 
then parameters of cardiac function were measured by means of multichannel physiologic recorder: aortic sys-
tolic pressure (SBP); aortic diastolic pressure (DBP); left ventricular end systolic pressure (LVESP); left ventri-
cular end diastolic pressure (LVEDP); maximal rate of rise of left ventricular pressure (+dp/dt max); maximal 
rate of decrease of left ventricular pressure (−dp/dt max). All of those indexes reflect left ventricular systolic and 
diastolic function. 

2.5. HE Staining of Myocardial Tissue 
The 6 rats that had completed the hemodynamic detection were sacrificed, hearts were removed, subsequently, 
cut out the pieces of 1 or 2 tissue along the largest part of the left ventricular diameter, were immediately fixed 
in 4% para formaldehyde for 24 hand dehydrated with ethanol of gradient concentration, then cleared in xylene, 
finally embedded in paraffin. The tissue blocks were sectioned at 6 um thickness which used for HE stain. 

2.6. Myocardial Infarct Area 
Using Masson staining to detect myocardial infarct area of 6 rats, which had finished echocardiography exami-
nation. The details are summarized as follows: Left ventricular tissue were taken for paraffin sections at 3 - 5 um, 
were dewaxed and washed with distilled water, followed by Masson staining. Microscope digital image analysis 
system of Image-Pro-Plus 6.0 was applied to analyze the images of the stained myocardial sections. 

2.7. The Expression of Mitochondria Biogenesis Related Gene PGC-1α, PGC-1β and NRF-1 
Real-time fluorescent quantitative PCR method. Specific divided into the following steps: Firstly total RNA was 
isolated from the rat myocardial tissues using Trizol reagent. A260 and A280 absorption value were determined by 
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ultraviolet-visible spectrophotometer, the ratio of them determined the extraction of RNA. Secondly, reverse 
transcription: 1 ul Random Primer, 2.5 ug RNA and 1 ul 10 mM dNTP mix, added water to 13 ul, incubation for 
5 minutes at 65˚C, ice bath for at least 1 min, 4 ul 5* Frist-strand Buffer, 1 ul 0.1 MDTT and 1 ul RNase outTM 

Recombinate RNase Inhibitor were added in reaction products above, centrifugal to 5000 g/min, this was to mix 
reaction system, annealing at 25˚C for 5 min, elongation at 50˚C for 30 - 60 min, inactivation of reverse tran-
scriptase at 70˚C for 15min, total RNA was reverse transcribed into cDNA. Thirdly, real-time fluorescent quan-
titative PCR: the PCR reaction mix (final volume, 20 µl) consisted of: 10 µl SYBY, 0.4 µl primer mix, 2 µl 
template and 7.6 µl DEPC H2O. As an internal reference, the expression of beta-action mRNA in each sample 
was detected at the same time, according to the reaction conditions shown in the Table 1. Each experiment was 
independently repeated 3 - 5 times. The PCR cycling conditions were as follows: Initial denaturation at 95˚C for 
20 sec, followed denaturation at 95˚C for 10 sec, annealing at 60˚C for 20 - 60 sec, by 38 - 45 cycles of incuba-
tion at 70˚C for 1 sec, and solubility curve was drawn at 65˚C to 95˚C. The final result was copy number, when 
reached the setting values of Ct. The value of Ct decreased with increasing template concentration, therefore, the 
value of Ct, which showed in real-time fluorescent quantitative PCR, have an inverse relationship with the ex-
pression level of mRNA. 

2.8. The Expression of GSK-3β 
Using real time fluorescence quantitative PCR method, the primer sequences are shown in Table 1. 

2.9. Statistical Methods 
Statistical software package SPSS 13.0 was applied to analyze the data; measurement data are presented as 
means ± standard deviation; multiple groups means were compared with single factor analysis of variance; the 
comparison among groups was performed with LSD-t test; rank-sum test was applied for non-normal distribu-
tion of measurement data; p < 0.05 was considered with statistical significance. 

3. Results 
3.1. Comparisons of Echocardiography in Five Group (Table 2) 
The results indicated that EF and FS were significantly decreased, while LVDs, LVDd, LVESV and LVEDV 
were significantly increased, in model group compared with sham operation group (p < 0.05). Compared with 
model group, LVDs, LVDd and LVEDV were significantly decreased in preventive treatment group, COTG 
treatment group and CP treatment group, EF and FS were significantly increased, by contrast, LVESV were sig-
nificantly decreased in preventive treatment group (p < 0.05). Compared with preventive treatment group, in 
COTG treatment group were significantly increased, EF in CP treatment group were significantly decreased (p < 
0.05). EF and FS were significantly decreased in CP treatment group when compared with COTG treatment 
group (p < 0.05). 
 

Table 1. The primer sequences of target gene.                                                     

Gene Primer sequences Length (bp) 

PGC-1α 
Forward 5‘-ATG CAC TGA CAG ATG GAG ACG TGAC-3’ 

220 
Reverse 5‘-GTT CCT ATA CCA TAG TCA TGC ATTG-3’ 

PGC-1β 
Forward 5‘-ACTA TGA TCC CAC GTC TGA AGA GTC-3’ 

152 
Reverse 5‘-CCT TGT CTG AGG TAT TGA GGT ATTC-3’ 

NRF-1 
Forward 5‘-TTA CTC TGC TGT GGC TGA TGG-3’ 

92 
Reverse 5‘-CCT CTG ATG CTT GCG TCG TCT-3’ 

GSK-3β 
Forward 5‘-CCT TAA CCT GGT GCT GGA CT-3’ 

300 
Reverse 5‘-AGC TCT GGT GCC CTG TAG TA-3’ 
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3.2. Comparisons of Hemodynamic Results in Five Group (Table 3) 
Compared with sham group, HR, LVESP, SBP, dp dt max and −dp/dt max were significantly decreased in mod-
el group, LVEDP and DBP were significantly increased (p < 0.05). Compared with model group, preventive 
treatment group, COTG treatment group and CP treatment group, in which LVESP, SBP and −dp/dt max were 
significantly increased, LVEDP and DBP were significantly decreased (p < 0.05). Compared with preventive 
treatment group, SBP in COTG treatment group were significantly increased (p < 0.05). Compared with COTG 
treatment group, LVESP and SBP were significantly decreased (p < 0.05). 

3.3. Comparison on Pathological Results of Cardiac Tissue in Rats (Figure 1) 
After the HE staining, the structures of normal myocardium were seen clearly, with blue nucleus, bright red cell 
cytoplasm, various red in connective tissue, erythrocyte and eosinophilic granules, and blue or purple-blue cal-
cium salt and microorganisms. In infarct zone of model group, the positive dyeing intensity of myocardial tissue 
was evidently weakened, the amount of myocardial cells was greatly decreased, sarcoplasm of myocardial fibers 
was dissolved, the transverse striation disappeared, fibroblast proliferation, collagen deposition, nuclear con-
densation or fragmentation and leukocyte infiltration. Compared with model group, the degree of myocardial  
 
Table 2. The results of echocardiography in five groups.                                                        

Group Sham 
(n = 6) 

Model 
(n = 6) 

Prevention 
(n = 6) 

Cornus officinalis  
Total Glycosides 

(n = 6) 

Cornus  
polysaccharides 

(n = 6) 

IVSs 2.56 ± 0.38 2.83 ± 0.20 2.52 ± 0.26 2.77 ± 0.17 2.64 ± 0.26 

IVSd 1.48 ± 0.15 1.45 ± 0.12 1.45 ± 0.07 1.50 ± 0.09 1.39 ± 0.12 

PWs 2.73 ± 0.25 2.76 ± 0.12 2.72 ± 0.19 2.69 ± 0.16 2.70 ± 0.18 

PWd 1.42 ± 0.15 1.40 ± 0.15 1.39 ± 0.10 1.46 ± 0.11 1.40 ± 0.09 

LVDs 3.02 ± 0.27 5.66 ± 0.27a 4.74 ± 0.30ab 5.00 ± 0.17ab 4.94 ± 0.16ab 

LVDd 5.55 ± 0.17 6.74 ± 0.20a 5.97 ± 0.11ab 5.91 ± 0.18ab 6.04 ± 0.14ab 

LVESV 0.05 ± 0.17 0.19 ± 0.03a 0.14 ± 0.03ab 0.16 ± 0.03a 0.17 ± 0.05a 

LVEDV 0.30 ± 0.04 0.60 ± 0.04a 0.46 ± 0.05ab 0.48 ± 0.05ab 0.45 ± 0.03ab 

FS 58.80 ± 1.41 21.33 ± 1.93a 41.48 ± 1.40ab 52.72 ± 3.08abc 42.68 ± 3.30abd 

EF 91.88 ± 1.02 63.42 ± 4.40a 84.75 ± 4.78ab 82.23 ± 3.86ab 73.97 ± 3.45abcd 

ap < 0.05 vs. sham group; bp < 0.05 vs. model of AMI group; cp < 0.05 vs. preventive treatment group; dp < 0.05 vs. COTG treatment group. 
 
Table 3. The hemodynamic results of rats in five groups.                                                      

Group Sham 
(n = 6) 

Model 
(n = 6) 

Prevention 
(n = 6) 

Cornus officinalis 
Total Glycosides 

(n = 6) 

Cornus 
polysaccharides 

(n = 6) 

HR 524.00 ± 16.00 481.00 ± 22.00a 467.00 ± 30.00a 456.00 ± 19.00a 461.00 ± 16.00a 

LVSP (mmHg) 124.51 ± 4.66 80.94 ± 6.51a 97.10 ± 5.35ab 99.47 ± 3.59ab 92.85 ± 1.56abc 

LVEDP (mmHg) 2.98 ± 0.48 23.50 ± 3.29a 14.95 ± 1.83ab 15.63 ± 1.76ab 16.03 ± 2.08ab 

SBP (mmHg) 113.73 ± 3.56 79.68 ± 5.28a 92.75 ± 3.35ab 98.01 ± 3.47abc 89.83 ± 1.63abd 

DBP (mmHg) 67.89 ± 5.20 93.19 ± 3.62a 70.92 ± 3.77a 70.34 ± 2.95b 68.22 ± 2.22b 

+dp/dt (mmHg/ms) 6.39 ± 1.06 4.53 ± 0.33a 4.39 ± 0.20a 4.77 ± 0.25a 4.32 ± 0.26a 

−dp/dt (mmHg/ms) 7.26 ± 0.27 4.59 ± 0.22a 5.58 ± 0.50ab 5.30 ± 0.17ab 5.45 ± 0.16ab 

ap < 0.05 vs. sham group; bp < 0.05 vs. model of AMI group; cp < 0.05 vs. preventive treatment group; dp < 0.05 vs. COTG treatment group. 
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(a)                              (b)                                (c) 

  
(d)                            (e) 

Figure 1. The pathological results of cardiac tissue in five groups (HE). (a) Sham group; (b) Model group; (c) Pre-
ventive group; (d) COTG group; (e) CP group.                                                       

 
damage was evidently reduced, the number of myocardial cells was increased, fibroblasts were slightly prolife-
rated, the number of white blood cell was reduced. 

3.4. Comparisons of Myocardial Infarct Area in Rat (Table 4) 
Cardiac weight, the heart to body weight ratio, the left ventricular mass and the infarct area in model group were 
significantly higher than that in sham operation group (p < 0.05). Compared with model group, the left ventricu-
lar mass and the infarct area were significantly decreased in preventive treatment group, COTG treatment group 
and CP treatment group; the cardiac weight was significantly decreased in COTG treatment group and CP 
treatment group; the heart to body weight ratio was significantly decreased in CP treatment group (p < 0.05). 
Compared with preventive treatment group, the cardiac weight was significantly decreased in COTG treatment 
group and CP treatment group (p < 0.05). 

3.5. Comparisons on the Ct Value of Mitochondria Biogenesis Gene Such as NRF-1, PGC-1Α 
and PGC-1Β in Five Groups (Table 5) 

Compared with sham operation group, the Ct value of NRF-1, PGC-1α and PGC-1β were significantly increased in 
model group (p < 0.05). Compared with model group, the Ct value of NRF-1 were significantly decreased in 
preventive treatment group, COTG treatment group and CP treatment group (p < 0.05), the Ct value of PGC-1α 
and PGC-1β were significantly decreased in preventive treatment group and CP treatment group (p < 0.05). 
Compared with preventive treatment group, the Ct value of NRF-1, PGC-1α and PGC-1β were significantly in-
creased in COTG treatment group and CP treatment group (p < 0.05). 

3.6. Comparisons on the Ct Value of GSK-3β in Myocardial Tissue of Rats 
Compared with sham operation group, the Ct value of GSK-3β was significantly decreased in model group (p < 
0.05). Compared with model group, the Ct value of GSK-3β in CP treatment group was significantly increased 
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Table 4. The myocardial infarct area in five groups.                                                                 

Group Sham 
(n = 12) 

Model 
(n = 12) 

Prevention 
(n = 12) 

Cornus officinalis 
Total Glysides  

(n = 12) 

Cornus  
polysachrides 

(n = 12) 

Preoperative  
bodyweight (g) 207.50 ± 7.23 204.50 ± 7.62 205.42 ± 7.82 203.75 ± 7.42 204.17 ± 7.64 

Postoperative  
bodyweight (g) 234.17 ± 5.57 232.00 ± 7.15 232.92 ± 6.56 230.00 ± 6.74 231.67 ± 7.78 

Cardiac 
weight (mg) 678.00 ± 12.12 703.20 ± 11.60a 696.67 ± 7.68a 686.42 ± 3.90abc 688.14 ± 6.43abc 

Heart to body  
weight ratio 2.90 ± 0.03 3.03 ± 0.07a 2.99 ± 0.06a 2.99 ± 0.07a 2.97 ± 0.07ab 

Left ventricular  
mass (mg) 537.17 ± 9.89 600.30 ± 19.67a 565.67 ± 10.23ab 565.00 ± 9.40ab 572.75 ± 8.09ab 

Infarct area %  
(n = 6) 1.20 ± 1.02 34.50 ± 5.06a 28.72 ± 2.36ab 26.58 ± 1.78ab 26.18 ± 1.38ab 

ap < 0.05 vs. sham group; bp < 0.05 vs. model of AMI group; cp < 0.05 vs. preventive treatment group; dp < 0.05 vs. COTG treatment group. 
 
Table 5. The Ct value of NRF-1, PGC-1α and PGC-1β in mitochondria biogenesis gene of five groups.                        

Group Sham 
(n = 10) 

Model 
(n = 10) 

Prevention 
(n = 10) 

Cornus officinalis 
Total Glycosides 

(n = 10) 

Cornus  
polysaccharides 

(n = 10) 

NRF-1 8.04 ± 0.47 9.08 ± 0.67a 6.13 ± 0.88ab 7.31 ± 0.48abc 7.56 ± 0.44abc 

PGC-1α 6.45 ± 1.14 9.15 ± 0.91a 5.95 ± 0.91ab 8.46 ± 1.09ac 7.74 ± 1.17abc 

PGC-1β 5.30 ± 0.99 7.06 ± 0.61a 4.26 ± 0.64ab 6.67 ± 0.80ac 6.19 ± 0.61abc 

ap < 0.05 vs. sham group; bp < 0.05 vs. model of AMI group; cp < 0.05 vs. preventive treatment group; dp < 0.05 vs. COTG treatment group. 
 
(p < 0.05), which was higher than preventive treatment group and COTG treatment group (p < 0.05) (Table 6). 

4. Discussion 
Cornus officinalis Sieb. et Zucc. was first recorded in the “Shen Nong’s Herbal Classic”, which is a tonic of tra-
ditional Chinese herbal drug, with the function of nourishing liver and kidney and astringent. According to 
modern pharmacological studies, chemical constituents of Cornus officenalis mainly include volatile compo-
nents, glycosides (Cornus officinalis total glycosides, morroniside and loganin, etc.), polysaccharides, tannins, or-
ganic acids (malol, gallic acid, oleanolic acid, tartaric acid and malic acid, etc.) and other chemical composition 
[14] [15]. In recent years, research results have shown that Cornus officinalis extracts have great effect on an-
ti-tumor [16] [17], anti-diabetic [18], lipid-lowering [19], anti-neurodegenerative disease [20], anti-osteoporosis 
[21], anti-aging [22] and improving sexual function [23] etc. Specifically, Cornus officinalis polysaccharide has 
comparatively conspicuous effects on antioxidant, cleaning effects on free radical [24]-[27] and promoting ef-
fects on humoral immunity, cellular immunity and nonspecific immunity of rats [28] [29]. Cornus officinalis 
glycosides, in addition, have anti-inflammatory effects [1] [30] [31]. In cardiovascular disease, the effective 
components of Cornus officinalis can attenuate myocardial ischemia reperfusion injury [1], lower blood pressure, 
reverse myocardial hypertrophy, improve cardiac function [2], protect blood vessel, regulate vascular function, 
stabilize the milieu interne [3], etc. The research result shows that COTG and CP can improve cardiac function 
of rats, prevent myocardial hypertrophy and reduce myocardial infarct size. 

In cardiac myocyte, mitochondrial mass is 1/3 of myocardial mass. Nevertheless, the content of mitochondria in 
tissues is not static, which can be synthesized to meet the needs of the body in a certain condition [28]. Ideally, the 
mitochondrial biogenesis is that enough normal mitochondria replace the damaged mitochondria to meet the 
needs of myocardial energy. Mitochondrial biogenesis program in heart can exhibit adaptive remodeling fol-
lowing biomechanical and oxidative stress, to protect myocardium metabolism [29]. The transcriptional coacti-  
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Table 6. The Ct value of GSK-3β in myocardial tissue of five groups.                                               

Group Sham 
(n = 12) 

Model 
(n = 12) 

Prevention 
(n = 12) 

Cornus officinalis Total Glycosides 
(n = 12) 

Cornus polysaccharides 
(n = 12) 

GSK-3β 6.90 ± 0.83 4.69 ± 0.72a 4.46 ± 0.88a 5.08 ± 0.72 5.98 ± 0.42abcd 
ap < 0.05 vs. sham group; bp < 0.05 vs. model of AMI group; cp < 0.05 vs. preventive treatment group; dp < 0.05 vs. COTG treatment group. 
 
vator PGC-1, and especially PGC-1a and PGC-1 beta, are important regulation factors of mitochondrial biosyn-
thesis and energy metabolism [30]-[33]. NRF-1 can turn on the mitochondrial TFA gene; in turn, mtTFA gene 
can activate gene which produces mitochondria [31]-[33]. 

Abnormalities in mitochondrial biogenesis can lead to cardiac dysfunction. It has been exhaustively demon-
strated that mitochondrial biogenesis can make the heart easier to tolerate the injury caused by ischemia, whose 
principle mainly includes that mitochondrial biogenesis can improve cardiomyocyte energy metabolism and in-
hibit myocardial apoptosis [34]. Liu J. et al. [35] have demonstrated that attenuation of mitochondrial biogenesis 
and enhanced oxidative stress can lead to increased ischemic myocardial injury and impaired recovery of func-
tion after reperfusion. Some studies have shown that mitochondrial biogenesis impairment is an early event in 
the development of heart failure, boosting mitochondrial biogenesis to be beneficial for the treatment of heart 
failure [36] [37]. Therefore, abnormalities in mitochondrial biogenesis will aggravate the injury of myocardial 
infarction and eventually lead to heart failure. A number of studies clearly indicate that GSK-3β is closely cor-
related with myocardial protection, related to inhibition of apoptosis and protection of myocardial mitochondria 
[38] [39]. However, the study about effects of GSK-3 on mitochondria is rare. 

Would the mitochondrial biogenesis become a therapeutic target for increasing myocardial tolerability to 
anoxic injury? Would Cornus officinalis Total Glycosides and Cornus polysaccharide improve myocardial 
ischemia injury by promoting mitochondrial biogenesis? Would preventive treatment reduce myocardial injury 
after myocardial infarction? The related research is very few. Our earlier studies have confirmed that the effec-
tive components of Cornus officinalis have protective effect on acute myocardial infarction in rat myocardium, 
improving cardiac function in rats and reducing myocardial infarct size, which might be achieved by effect of 
anti-oxidative damage and anti-inflammation. On the basis of this study, combined with the important role of 
mitochondria in cells, the aim of our study is to investigate the mechanism of Cornus officinalison myocardial 
protection. The study found that expression of related genes such as PGC-1α, PGC-1β, NRF-1 mRNA in rat 
myocardial mitochondria decreased after acute myocardial infarction, and furthermore, myocardial ischemia 
hindered mitochondrial biogenesis, resulting in energy metabolism disorder of cardiomyocyte, which aggravated 
ischemic injury. Whether prevention or treatment administration, Cornus officinalis Total Glycosides and Poly-
saccharide can promote myocardial mitochondrial biogenesis, and the promoting effect of COTG prevention 
group is more significant than that of COTG treatment group and CP treatment group. It is further demonstrated 
that the myocardial cell had a beneficial change after treating with Cornus officinalis Total Glycosides and Po-
lysaccharide. Specifically, quantity of mitochondria increased to improve myocardial cell energy metabolism, 
adapting ischemia and hemodynamic changes after myocardial infarction. However only preventive medication 
does not completely reverse the myocardial damage. This research indicates that Cornus officinalis Total Glyco-
sides and Polysaccharide can reduce expression of GSK-3β mRNA to reduce myocardial injury. Their protective 
effects on the mitochondria of cadiocytes might be achieved by GSK-3β signal pathway, which has not been 
found in previous studies. 
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