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Acupuncture is a traditional therapeutic technique 
originating from Chinese medicine (CM) which by 
inserting fine needles into specific points on the body 
to achieve a specific therapeutic goal. The dysfunction 
precipitated by myocardial ischemia and the death of 
cardiomyocyte(1) are the leading causes of morbidity 
and mortality among adults in industrialized countries. 
Experimental studies revealed that acupuncture could 
benefit many cardiovascular diseases,(2,3) including 
myocardial ischemia,(4) stress-induced hypertension 
or genetically associated hypertension, arrhythmia,(3,5) 
and heart failure. The rationale for electroacupuncture 
(EA) to treat cardiovascular diseases is due to its 
effects in inhibiting sympathetic outflow, reducing 
myocardial oxygen demand, improving microvascular 
flow and inhibiting vascular permeability.(4)

In the last decade, cell transplantation has 
emerged as an exciting therapeutics approach to 
repair infarcted myocardium and restore heart function 
following myocardial ischemia damage. Bone marrow-
derived mesenchymal stem cells (MSCs) represent 

a suitable sub-cell type for regeneration of infarcted 
myocardium.(6) They are immunosuppressive(7) 
and easy to harvest and expand in vitro, and can 
differentiate into cardiac muscles in vitro and in vivo.(8) 
Therefore, MSCs appear to be a promising seed cells for 
cardiac transplantation. However, cell transplantation 
strategies are limited by low engraftment,(8-10) and 
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ABSTRACT Objective: To investigate whether electroacupuncture (EA) can promote cell survival and enhance 
heart function of mesenchymal stem cells (MSCs) therapy. Methods: MSCs were isolated from bone marrow 
and expanded in Minimum Essential Medium Alpha (α-MEM). MI was induced in 72 Sprague-Dawley (S-D) rats 
by ligation of the left anterior descending coronary artery (LAD) for 30 min and reperfusion. MI rats randomly 
received injection of 1×106 DiI-labeled MSCs alone (n=24, MSC group), or plus electroacupuncture (EA) at 
Neiguan (PC6, n=24, EA+MSC group), or saline (n=24, saline group). EA treatment was performed for 4 days. 
Another 24 rats were subjected to chest-open surgery without LAD occlusion and treatment (sham group). Three 
time points, 4, 14 and 28 days (n=8 for each group) were included in this study. The survival of transplanted 
MSCs and the protective gene expression were analyzed by reverse transcriptase polymerase chain reaction 
(RT-PCR) and Western blot at day 4 and 14. Left ventricular remodeling, cardiac function, infarction area, fibrosis 
and capillary density were analyzed at day 28. Results: EA can enhance MSC survival (2.6-fold up) at day 4. Big 
capillary density was 53% higher in EA+MSC treated group than MSC alone group. Furthermore, the rats treated 
by EA reduced the fibrosis and had 36% smaller infarct size comparing to MSC alone. EA also attenuated left 
ventricular remodeling and enhanced the functional recovery of infarcted hearts at week 4. Conclusion: EA at 
Neiguan acupoint can promote the stem cell survival and improve ischemic heart function. EA could become a 
useful approach in stem cell therapy for ischemia heart diseases.  
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some side effects such as arrhythmia or incompatible, 
mechanical, electrophysiological function which is 
different from native cardiac myocytes. It has been 
observed that over 99% of MSCs died within 4 days 
after transplantation.(8) Transplantation 6×107 of MSCs 
into infarcted porcine hearts yielded only marginal 
improvement in cardiac function. This was caused at 
least in part by poor viability and increased apoptosis of 
the transplanted cells in ischemic environment.

In this study, we isolated MSCs from syngeneic 
rats' bone marrow and transplanted them into ischemic 
myocardium. Then we acupunctured at bilateral 
Neiguan (PC6) acupoint, a specific acupuncture point 
for treatment of cardiovascular abnormalities for 4 days. 
The effect of EA on stem cell survival and myocardium 
apoptosis was evaluated. We hypothesize that a 
combination of MSCs transplantation and EA treatment 
may reduce myocardial remodeling and enhance 
cardiac functional recovery after myocardlum infarction.

METHODS
Animals

A total of 96 female Sprague-Dawley rats (License 
No. SCXK-2007-004), weighting 180–220 g, were 
purchased from the Laboratory Animal Center of the 
Academy of Military Medical Sciences (Beijing, China). 
The animal protocol was approved by the Animal Care 
and Use Committee, Nankai University, China. 

Isolation and Expansion of MSCs
MSCs were isolated and selected on the basis 

of their preferential adherence to plastic surface of 
cell culture flasks as previous description.(11) The 
hematopoietic cells were depleted through medium 
change because the cells did not adhere to the culture 
dish. At 80% confluence, cells were harvested with 
0.25% trypsin and passaged at a ratio of 1:3. MSCs 
were identified with CD29, CD34 by FACS analysis. 
Cells were split and cultured till passage 4–5 for 
transplantation. 

DiI-labeling of MSCs
Prior to transplantation into the hearts, MSCs 

were labeled with DiI (Molecular Probes) according 
to the manufacturer's instructions and previously 
descriptions.(11) The lipophilic dye DiI binds to the cell 
membranes and serves as an important marker for 
tracking MSCs in the infarcted tissue. The harvested 
cells were resuspended into culture medium at a density 

of 106 per 250 μL and kept on ice (less than 1 h) until 
transplantation.

Acute Myocardial Infarction Model and MSC 
Transplantation

Acute myocardial infarction (AMI) model was 
developed in 72 rats. Briefly, rats were anesthetized by 
intraperitoneal injection with Pentobarbital (40 mg/kg; 
Roche Diagnostics, Switzerland). After intubating, the 
animals were mechanically ventilated supplemented 
with oxygen (1.5 L/min) using an Animal Ventilator 
Model ALC-V (Shanghai Alcott Bitech Co. Ltd., China). 
A left thoracotomy was performed followed by ligation 
of the middle of left anterior descending (LAD) artery for 
30 min followed by reperfusion. Infarction was visually 
confirmed by blanching of the anterolateral region of the 
left ventricle along with dyskinesis. After 30 min, 1×106 
MSCs were injected into five sites in the infarcted left 
ventricle (LV) of rats (MSC group, n=24). Then the 
rats of EA+MSC group (n=24) were treated by EA at 
Neiguan immediately after MSC transplantation. Control 
animals (saline group, n=24) underwent LAD ligation 
and only saline was injected. Sham operation (sham 
group, n=24) was performed by passing a suture needle 
around the LAD without ligation. Rats were sacrificed 
at day 4, 14 and 28 (n=8 per group at each time point), 
respectively.

EA at Bilateral Neiguan 
An EA instrument (Ying Di KWD808-1, China) was 

used to give EA stimulation at bilateral Neiguan acupoint 
(about 4 mm above the rat's wrist, on the medial face of 
the forearm, between the tendons of palmaris longus 
and flexor carpi radialis muscles) in EA+MSC group 
for 4 days. Previous studies have documented that 
the Neiguan (overlying the median nerves) on both 
forelimbs of small animals are analogous to those 
in human.(12) Two stainless steel needles (Suzhou 
Medical Appliance Factory, Huatuo, 0.19×10 mm) 
were inserted at both Neiguan points and connected 
to the instrument by output electrode wires. EA was 
applied with dense-disperse wave at 15/100 Hz, 
100 Hz for 2 s, then 15 Hz for 2 s, 5–6 V, 0.5 ms pulse 
width for 30 min. The fit current intensity was adjusted 
by observing slight repetitive paw twitches during 
electrical stimulation, indicating stimulation of motor 
fibers in the median nerve.(4,5)

Echocardiography and Hemodynamics
Four weeks after cell transplantation, animals 
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were anesthetized (sodium pentobarbital, 40 mg/kg, 
intraperitoneally) and examined by using a Technos 
MPX DU8 echocardiographic system equipped 
with a 12.5-MHz transducer (Esaote, Genoa, Italy). 
Left ventricular dimensions at end-diastole (LVDd) 
and end-systole (LVDs), anterior wall end-diastolic 
thickness (AWT) and anterior wall amplitude (AWA) 
were measured. LV end-diastolic volume (LVEDV) was 
calculated as 7.0×LVDd3/(2.4+LVDd) and LV end-
systolic volume (LVESV) as 7.0×LVDs3/(2.4+LVDs). 
Fractional shortening (FS) was determined as [(LVDd-
LVDs)/LVDd]×100%, and ejection fraction (EF) was 
calculated as (LVEDV–LVESV)/LVEDV×100%. All 
measurements were averaged over 3 consecutive 
cycles and performed by a blinded investigator. For 
pressure-volume analysis, the rats were intubated and 
ventilated. A high fidelity, 2F microtip pressure catheter 
(model SPR-320, Millar Instruments, Houston, USA) 
was advanced into the LV through the right carotid 
artery and LV function [dP/dtmax, dP/dtmin, LV end-
systolic pressure (LVESP), LV end-diastolic pressure 
(LVEDP), mean arterial pressure (MAP)] was recorded 
using the Biopac physiological data acquisition system 
(MP150, Biopac Systems, Goleta, CA).

Reverse Transcriptase Polymerase Chain 
Reaction Analysis for Bcl-2/Bax Expression in 
the Ischemic Myocardium

Rats were sacrificed at day 4 or 14 after treatment. 
Hearts were perfused with cold saline and cut into two 
parts. One part was stored in liquid nitrogen for RNA 
and protein isolation. The other part was embedded in 
optimal cutting temperature (OCT) and cut into frozen 
sections for MSCs tracking. RNA was extracted from 
peri-infarction tissue using Trizol reagent (Invitrogen) 
according to the manufacturer's instructions. Reverse 
transcriptase polymerase chain reaction (RT-PCR) 
of the Bcl-2/Bax and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) genes was performed using 
1μg of total RNA. The sequences of Bcl-2 primers, 
forward: 5'-CTG GTG GAC AAC ATC GCT CTG-3'; 
reverse: 5'-GGT CTG CTG ACC TCA CTT GTG-3'. The 
sequences of Bax primers: forward: 5'-TTC ATC CAG 
GAT CGA GCA GAG-3'; reverse: 5'-TGA GGA CTC 
CAG CCA CAA AGA-3'. 

Western Blot Analysis for Bcl-2 and Bax
Western blot  analysis was performed to 

determine Bcl-2, Bax and Bcl-2/Bax expression in 
different treatment groups at day 4 and day 14. Protein 

samples were extracted by radio immunoprecipitation 
assay (RIPA) lysis buffer (Galen Biotech., China) and 
their concentration were detected by bicinchoninic 
acid (BCA) kit (Galen Biotech., China); the 50 mg of 
protein were mixed with an equal volume of sample 
buffer [containing 2% sodium dodecyl sulfate (SDS), 
100 mmol/L Tris, 0.2% bromophenol blue, 20% 
glycerol, and 200 mmol/L DL-dithiothreitol] and boiled 
for 15 min before loading into each well on 10% 
polyacrylamide gels. These electrophoresed proteins 
were transferred from the gel to the nitrocellulose 
membranes (Bio-Rad, USA). The membranes 
were incubated for 60 min with 5% dry milk in Tris-
buffered saline to block the non-specific binding 
sites. Membranes were immunoblotted overnight at 
4 ℃ with antibodies against Bcl-2 or Bax (Santa Cruz 
Biotech, USA) on a rocking platform. After three 5-min 
washings, the membranes were incubated for 1 h with 
HRP-conjugated secondary antibody, and developed 
with the ECL plus kit (Bio-Rad, USA). Protein 
expression was quantified by densitometry.

Histological Analysis
Animals were sacrificed immediately after the 

hemodynamics examination. Hearts were harvested 
and fixed in 4% polyformaldehyde. Five transverse 
slices from the base, mid-region, and apex were 
embedded in paraffin and processed into 5-μm for 
histochemical staining. 

To detect fibrosis and infarct size in cardiac 
muscles, heart tissue sections were stained with 
hematoxylin-eosin and Sirius red F3BA (0.1% picric 
acid; Sigma-Aldrich, USA). The infarcted area with 
an increase in collagen content was shown as 
Sirius red-positive and examined using polarization 
microscopy. The percentage of the fibrotic area was 
calculated as (fibrosis area/total LV area) ×100. The 
measurement of area of fibrosis was determined by 
Image J software (NIH) based on 5 separate sections. 
Histological analysis of the infarct size was performed 
by both looking at thin sections of the gross specimen 
and via microscopic examination.

To detect microvascular density (MVD) in the 
peri-infarct area, anti-von Willebrand factor (vWF) 
antibody was used. For quantification of positively 
stained vessels, five sections within the infarct zone of 
each animal were analyzed by a blinded investigator. 
Capillaries were counted in 5 randomly chosen high-
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power fields (400×) in five sections per animal. The 
results were expressed as capillaries per high power 
field. Then the big capillaries were counted in the same 
400× feild as previous report.(11) 

F o r  i m m u n o h i s t o l o g i c a l  d e t e c t i o n  o f 
transdifferentiated cells, paraffin tissue sections were 
incubated with monoclonal goat antibody. Sections 
were placed in primary antibody overnight at 4 ℃. 
On the following day, the sections were incubated 
with fluorescein isothiocyanate (FITC) conjugated 
goat anti-mouse IgG (Santa Cruz Biotech, USA). 
Endothelial-like cells were stained for vWF (primary 
antibody: polyclonal anti-vWF antibody, Santa 
Cruz Biotech; secondary antibody: FITC, Molecular 
Probes). Cardiac-like cells were stained for α-actinin 
(primary antibody: monoclonal anti-α-actinin antibody, 
secondary antibody: FITC, Molecular Probes). Those 
cells with double colors of red DiI and green FITC 
were considered transdifferentiated cells coming from 
the grafted MSCs. For the surviving assessment of 
transplanted MSCs, the number of DiI positive cells 
was counted in five randomly selected high-power 
tields under a microscope. 

Statistical Analysis
All data were expressed as mean ± standard 

error and were calculated by SPSS 11.5 statistic 
software. One-way ANOVA was employed to compare 
the differences between groups. Least significant 
difference (equal variances) and Dunnett's T3 (non-
equal variances) post hoc tests were used to test the 
differences between groups. All tests were 2-tailed, 
and significance was accepted at P<0.05.

RESULTS
Derivation and Characterization of MSCs 

The morphology of rat MSCs from bone marrow 
displayed a homogenous spindle-shaped population 
(Figure 1A). High expression of MSCs marker CD29 
was observed (Figure 1B), but hematopoietic markers 
CD34 (Figure 1C) and CD45 were down-regulated 
(Figure 1D).  

EA Improved Surviving and Inhibited Apoptosis 
Rate of MSCs in Infarcted Myocardium

At day 4 after cell transplantation, a 2.6-fold 
increase of MSCs engraftment in EA treatment group 
comparing to MSCs group was observed (Figure 2), 
suggesting that EA improved MSCs engraftment.

      

Figure 1. Culturing and Characterization of MSC
Notes: A: spindle-shaped MSC population at 4th passage; B, 

C and D: quantitative analysis of cell markers expression by FACS; 
MSCs express high level of mesenchymal stem cells marker CD29 
but almost negative for hematopoietic markers CD34 and CD45

A

Figure 2. Representative Images of Grafted 
MSCs in the Infarcted Rat Myocardium 

4 Days Following MSC Injection
Notes: A: MSC group, B: EA+MSC group; DiI-labeled 

MSCs (red) were clearly identified

A B

The expression of Bcl-2 and Bax in the infracted 
myocardium was detected for both mRNA and protein. 
There was a significant increase in the ratio of Bcl-2/
Bax in MSCs and EA+MSCs-treated hearts compared 
to saline-treated hearts both in mRNA and protein levels 
(Figure 3). There was no significant difference in the 
ratio of Bcl-2/Bax mRNA expression between the MSC 
group and EA+MSC group at day 4 or 14 (Figure 3B, 
P<0.05). However, EA significantly increased the protein 
ratio of Bcl-2/Bax compared to the MSC group (Figure 
3D, P<0.05). The improved ratio of Bcl-2/Bax indicates 
that EA can protect the myocardium form apoptosis.

EA Improved Cardiac Function and Inhibit 
Remodel ing by Echocardiographic  and 
Hemodynamic Assessment 

At week 4 post transplantation, the ventricular 
remodeling was accompanied by decreased EF and 
FS in the saline animals. However, EF and FS were 
preserved in MSCs and EA+MSCs groups. EA had 
a better trend to increase the EF and FS than MSCs 
alone. Anterior wall thickness (AWT) and anterior wall 
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amplitude (AWA) were decreased in all rats subjected 
to AMI comparing to the sham-operated animals. 
Injection of MSCs partially increased AWT and AWA, 
but the greatest increase was seen in the rats treated 

Figure 3. Expressions of Bcl-2 and Bax in 
Ischemia Heart Detected by RT-PCR and 

Western Blot at Day 4 and 14
Notes: A: representative RT-PCR for Bcl-2, Bax and GAPDH; 

B: the mRNA radio of Bcl-2/Bax; C: representative western blotting 
for Bcl-2, Bax and β-actin; D: the protein radio of Bcl-2/Bax. 
P<0.05, compared with the saline group at the same time point; 
△P<0.05, compared with the MSC group at the same time point
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Table 1. Echocardiographic Assessment of Cardiac Function 4 Weeks after MSC Transplantation ( ±SE)
Group n   EF (%)   FS (%) AWT (mm) AWA (mm) LVDd (mm) LVDs (mm)

Sham 8 84.7±1.7 54.9±2.2 1.78±0.11 1.58±0.05 5.49±0.33 2.49±0.21

Saline 8 45.3±4.7 23.7±2.8 1.06±0.12 0.68±0.10 7.68±0.33 5.90±0.45

MSC 8 64.7±5.4 △ 37.7±4.4 △ 1.24±0.08 0.74±0.12 6.80±0.32 4.29±0.42 △

EA+MSC 8 69.5±6.4 △ 43.1±6.1△ 1.45±0.10 △ 0.94±0.15 7.08±0.48 4.20±0.65△

Notes: P<0.05, compared with the sham group, △P<0.05, compared with the saline group

Table 2. Hemodynamic Assessment of Cardiac Function 4 Weeks after MSC Therapy ( ±SE)
Group n dP/dtmax (mm Hg/s) dP/dtmin (mm Hg/s) LVESP (mm Hg) LVEDP (mm Hg) MAP (mm Hg)

Sham 6 13785±826 –10888±367 149.8±6.6 –4.2±1.2 135.0±2.9

Saline 7 10975±618   –7876±535 124.0±2.2  –6.0±0.9 115.0±3.8

MSC 8 11822±310   –8444±295 133.8±1.7 △ –5.8±0.4 126.0±2.2△

EA+MSC 8 12897±1271△ –10001±108△ 157.8±7.5△ –3.1±0.8△ 140.0±3.4△▲

Notes: P<0.05, compared with the sham group, △P<0.05, compared with the saline, group, ▲P<0.05, compared with the MSC group
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with EA and MSC transplantation, especial for AWT. 
Similar to EF and FS, LVDs was significantly restored 
in the MSC and EA+MSC groups. MSCs or EA+MSCs 
treatment had no significant effect on in LVDd 
comparing to saline group (Table 1).

In addition, invasive hemodynamic was carried 
out and data were highlighted in Table 2. The values 
of the maximum and minimum first derivative of LV 
pressure (dP/dtmax and dP/dtmin) were significantly 
decreased in the infarcted rats which treated with saline 
or MSCs, compared to the sham rats. In contrast, dP/
dtmax and dP/dtmin of the EA+MSCs groups showed a 
significant increase compared with saline-treated rats. 
LVESP was significantly decreased in the saline-treated 
rats, indicating systolic dysfunction. Interestingly, 
LVESP and LVEDP were fully restored in the EA+MSC 
group, but not in the MSC group. MAP was decreased 
in the saline-treated animals, treatment with MSCs or 
EA+MSCs restored the MAP value to levels similar to 
the sham group. 

Histologic Assessment of Infarcted Size and 
MSC Engraftment

Representative histological sections at week 4 
following AMI with saline or MSC injection were shown 
in Figure 4. Both MSC treated and EA+MSC treated AMI 
animals showed smaller infarction size (23.2%±2.3% in 
the MSC group; 14.6%±1.8% in the EA+MSC group) 
compared with the saline treated animals (30.4%±4.5%). 
EA+MSCs treatment significantly reduced infarction 
size compared to the saline group (P<0.05) or MSC 
group (37% reduction, P<0.05). There is no significant 
difference between the saline and MSC groups. These 
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Capillary density at the peri-infarcted area of the 
AMI was determined based on vWF immunostaining 
4 weeks after cell transplantation. Both MSC and 
EA+MSC groups significantly increased the number 
of all size capillaries compared with the saline group. 
However, there was no significant difference between 
the two treatment groups. But there was a significant 
increase in big capillary density in EA+MSC (6.1±1.4 
vessels per HPF 400×, n=8) groups compared to saline 
group (3.3±1.7 vessels per HPF 400×, n=7) and MSC 
(4.0±1.2 vessels per HPF 400×, n=5), see Figure 6. 

 

Figure 5. EA Reduced the Fibrosis in 
Infarcted Hearts of Rats (n=6)

Notes: A–D: representative histological sections stained 
with Sirius red; A: sham group, B: saline group, C: MSC group, D: 
EA+MSC group; P<0.05, compared with the saline group
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Figure 6. EA Increased the Capillary 
Density in Ischemic Myocardium

Notes: A–C: representative histological sections stained 
for vWF positive capillaries. A: saline group; B: MSC group; 
C: EA+MSC group; P<0.05, compared with the saline group, 
△P<0.05, compared with the MSC group 

results suggested that EA could reduce the infarcted area 
significantly when combined with MSC transplantation 
into ischemic myocardium.
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Figure 4. Comparison of the Infarcted 
Size of Rats among Groups (n= 8)

Notes: A: sham group; B: saline group; C: MSC group; D: 
EA+MSC group

AMI would result in ventricular remodeling after 4 
weeks, exhibiting typical histologic changes including 
extensive collagen deposition which led to fibrosis in 
the infracted area. EA+MSCs treatment significantly 
reduced the collagen deposition and inhibited the 
fibrosis significantly (Figure 5). 

The transdifferentiation of MSCs was observed 
by immunohistology in MSC and EA+MSC groups, but 
there was no significant difference between the two 
groups. Those cells with double colors of red DiI and 
green FITC are transdifferentiated cells coming from 
graft MSCs. Representative images from EA+MSC 
group were shown in Figure 7. Cardiac-like cells were 
stained positive for α-actinin (Figures 7A–7C) and 
endothelial-like cells were stained positive for vWF 
(Figures 7D and 7E). 

 DISCUSSION
In this study, we demonstrated that EA at Neiguan 

acupoint combined with MSCs transplantation could 
attenuate LV remodeling, reduce myocardial infarction 
and fibrosis, and improve cardiac function. Our results 
revealed that the mechanism of EA in protecting the 
grafted MSCs from apoptosis is the increased Bcl-2/
Bax expression ratio and the improved microcirculation 



• 579 •Chin J Integr Med 2013 Aug;19(8):573-581

stimulated by EA.

The death of transplanted MSCs is easy to occur 
at the early several days in the ischemic heart. Toma, 
et al(8) found that there was high level of donor cell 
death within 4 days after grafting into injured hearts. 
Multiple mechanisms could contribute to death of 
graft cells, such as loss of survival signal from matrix 
attachments or cell-cell contact, delivery of oxygen 
and substrates via diffusion, or host inflammatory 
response and so on. Various pro-apoptotic or cytotoxic 
factors for molecular mechanisms of death of native 
or exogenous stem cells in the ischemic hearts, and 
ischemic/reperfusion damage to the implanted stem 
cells incurred from repeated bouts of ischemia have 
been reported.(13) To reduce this attrition, the molecular 
mechanisms for the grafted cell death need to be 
identified and a graft cell death prevention strategy 
should be devised. The present study reveals that 4 
days EA at Neiguan could protect transplanted MSCs 
against apoptosis and increase cell survival after 
implantation. It was similar to our previous findings 
that MSCs genetically modified with Akt 1 gene could 
reduce MSCs apoptosis in vivo and in vitro.(14)

In the present study, EA at Neiguan not only 
reduced MSCs' apoptosis, but also inhibited the 
apoptosis of ischemic myocardium, and the role could 
last for 14 days at least. Furthermore, EA+MSC group 
increased the ability of anti-apoptosis of ischemic 
myocardium significantly higher than MSC group 
which might result in the effect of heart functional 

recovery of EA group at 4 weeks. The possible 
mechanism of EA action is related to increased grafted 
MSCs(8,13) or EA's special effects on cardiovascular 
diseases.(2,3) 

There are currently debates on whether MSCs 
injected exogenously are engrafted to become new 
myocytes or if they act as paracrine cells, secreting 
cardioprotect ive proteins.  Many researchers 
demonstrated that MSC could transdifferentiate 
into new myocytes or endothelial cells.(15) Our study 
also showed cardiac muscle differentiation and 
vascular wall cell differentiation of MSC in ischemic 
myocardium. As paracrine cells, it was reported that 
graft MSCs can secrete several important survival 
factors, which could protect or salvage endangered 
ischemic myocardium.(14) Our results showed that 
EA could increase the survival of MSCs, which 
might contribute to new cardiac tissue regenerate 
and secretion of important survival factors, and then 
improve cardiac function more significantly than those 
of MSCs transplantation alone.

Neiguan, located between the tendons of 
palmaris longus and flexor carpi radialis muscles 
2 cm above the wrist, overlying the median nerves, 
have been used extensively for treatment of human 
cardiovascular abnormalities.(16) It is thought to have 
point specificity for cardiovascular disease in CM. 
EA at Neiguan improved heart function suggests 
that EA has independent roles on AMI as previous 
studies(4,17) besides increasing MSC survival and 

 Figure 7. Transdifferentiation into Cardiocytes(α-actinin) and Endothelial Cells
Notes: A: α-actinin-FITC, green; B: DiI, red; C: merge A and B (arrow: a cardiocyte); D: vWF-FITC, green; E: DiI, red; F: merge D 

and E (arrow: an endothelial cell of blood vessel)
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inhibiting apoptosis in ischemic myocardial. Li, et al(4) 
demonstrated that stimulation of the median nerve to 
mimic electroacupuncture diminishes regional AMI 
triggered by a sympathetically mediated increase in 
cardiac oxygen demand. The mechanism of this effect 
is related to reduction in cardiac oxygen demand, 
secondary to a diminished pressor response. Tsou, 
et al(17) conclude that EA at bilateral Neiguan prevents 
and attenuates ischemia/reperfusion injury to the 
heart, and this approach may provide an applicable 
and preventative alternative for patients with ischemic 
heart disease. Moreover, EA at Neiguan has been 
used for the treatment of heart failure.

Another observation is that EA with MSCs 
transplantation resulted in more big vessels in EA+MSC 
group. The underlying mechanism of this is unclear. 
Graft MSCs require vasculature to provide blood 
supply for their survival in the early phase. EA could 
improve microvascular flow and reduce edema and 
capillary stasis. It also can inhibit early-phase vascular 
permeability, impair leukocyte adherence to vascular 
endothelium, and suppress exudative reaction equally 
to indocin, aspirin, or piroxicam. These studies suggest 
that significantly increased big capillary density might 
be owing to the role of EA rather than angiogenesis 
from MSCs. EA immediately after transplantation could 
increase the microvascular blood flow by reducing 
edema and capillary stasis, which is linearly correlated 
with the increased survival rate of the transplanted cells 
and the augmentation of antiapoptosis ability for MSCs 
and ischemia host heart. 

Numerous experimental studies have shown that 
the mechanisms mediating the therapeutic effects of 
EA at Neiguan for acute MI and chronic heart failure 
are related to influence sympathetic neural activity.(4) 
EA appears to be able to inhibit sympathetic outflow 
and clinical events associated with heightened 
sympathetic activity. It causes the release of opioids 
in many regions in the hypothalamus, midbrain, and 
medulla,(18) and inhibits cardiovascular neurons in the 
rostral ventrolateral medulla (rVLM) that activating 
the opioid, γ-aminobutyricacid (GABA), and 5 
hydroxytryptamin (5-HT) receptors. However, the 
single lower frequency (2-4 Hz) of EA was often used 
in these experiments.(4,5,18) In our experiment, a dense-
disperse wave which taking turns in two frequencys 
(15 Hz and 100 Hz) was used. As previous report,(2) 
we believe that the rationale of using low and high 

frequency alternatively could avoid nerve tolerance 
induced by continuous nerve stimulation by a fixed 
frequency. Previous studies have shown that EA 
of different frequencies is mediated by different 
kinds of opioid peptides. Thus, low frequency (2 Hz) 
EA increases the release of enkepahins and beta-
endorphin in the central nervous system, whereas 
high frequency EA (100 Hz) may influence the 
cardiovascular system through another opioid 
neurotransmitter/neuromodulator, dynorphin.(16) Many 
groups including us in China use a dense-disperse 
wave to treat cardiovascular diseases.(2) Obviously, 
the effect and mechanism of EA with different 
frequency parameter to treat cardiovascular diseases 
need further investigation.

Based on previous observation that >99% of 
MSCs died within 4 days after transplantation,(8) EA 
was used only for 4 days after MSCs transplantation. 
Concerning a short 4-day EA, there is an interesting 
aspect of EA which has prolonged effects. Thirty 
minutes of EA can evoke inhibition of rVLM premotor 
sympathetic activity that lasts for over 1 h after 
stimulation and can induce a long clinical response 
in spontaneously hypertensive (SHR) rats lasting for 
more than 10–12 h. These responses have led to 
treatment regimens of 30 to 45 min of acupuncture 
administered two to three times per week for 2 to 
4 weeks.(19) These support our design for 4-day EA 
treatment. On the other hand, if the objective is about 
preventing ventricular remodeling and heart failure, 
EA used for two to three times per week for several 
weeks is a better choice. 

Our previous work has comparatively analyzed 
the characteristic of stem cells and the essence 
(Jing) theory in CM. We consider that stem cells 
have a close relation with the congenital essence, 
and we put forward a new integrated theory that 
stem cells have the same properties of congenital 
essence in CM, and they are existence formation 
of congenital essence in cell level.(20) Accordingly, 
we think that MSCs transplantation is equal to tonify 
essence into injured myocardium. EA at Neiguan 
can regulate the flow of qi, promote blood circulation 
and dredge the obstructed meridians.(21) Our results 
showed that combination of EA at Neiguan and MSC 
transplantation had an integrated effect on AMI, 
supporting our previous hypothesis that tonifying 
essence and qi might be a new and special strategy 



• 581 •Chin J Integr Med 2013 Aug;19(8):573-581

for AMI and heart failure. This study offered scientific 
evidences for stem cell-essence theory and it 
might give some new clues for basic research and 
clinical application in complementary and integrative 
medicine.

In summary, we have demonstrated that EA at 
Neiguan point combining with MSCs transplantation 
could ameliorate LV remodeling, improve cardiac 
function, and enhance MSCs' survival and inhibit the 
apoptosis rate of MSCs. The mechanism of which is 
related to the role of EA in improving microcirculation 
in ischemia myocardium besides anti-apoptosis. 
These data suggest that EA at Neiguan could be of 
significant value in improving the effectiveness of cell 
therapy in ischemic hearts. This is the first study using 
EA at Neiguan acupoint for improving survival of graft 
stem cells in ischemic myocardium.
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