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Electroacupuncture at Zusanli (ST-36)
Restores Impaired Interstitial Cells of
Cajal and Regulates Stem Cell Factor
Pathway in the Colon of Diabetic Rats

Juanjuan Xu, PhD1, Yan Chen, MS1, Shi Liu, PhD1, and
Xiaohua Hou, PhD, MD1

Abstract
The present study determined the effects of electroacupuncture on interstitial cells of Cajal and investigated whether changes in
the stem cell factor pathway were involved. Animals were assigned to normal, diabetic, diabetic plus sham stimulation, diabetic
plus low-frequency stimulation, and diabetic plus high-frequency stimulation groups. Electroacupuncture was performed daily for
8 weeks. In vitro contractility of colonic muscle strips were studied. Expression of c-kit (the marker of interstitial cells of Cajal)
and stem cell factor were measured. The results showed that (1) contraction of colonic muscle strips was significantly elevated in
low- and high-frequency stimulation groups and (2) in contrast to the diabetic group, the expressions of c-kit and stem cell factor
were markedly increased in the low- and high-frequency stimulation groups. These results indicate that both low- and high-
frequency stimulation can promote the contractility of colonic muscle strips partially through increasing the number of interstitial
cells of Cajal, and these effects could be mediated by an elevated endogenous stem cell factor.
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Disorders of gastrointestinal motility are known to occur fre-

quently in diabetic patients, including gastroparesis, constipa-

tion, and diarrhea,1 and affect blood glucose control and the

quality of life in patients with diabetes mellitus. The mechan-

ism of gastrointestinal dysmotility has been associated with

pathological changes in interstitial cells of Cajal.2 In patients

with diabetes, the phenomena of cellular degradation and

decrease in the number of interstitial cells of Cajal affect the

whole gastrointestinal tract.

Electroacupuncture, a modification of acupuncture, which

stimulates acupoints with electrical current instead of manual

manipulation, is a potential method of treating gastrointestinal

motility disorders.3 Although extensive studies have investi-

gated the effect of electroacupuncture on gastric motility,4-6

relatively little information exists to address its effect on the

colon. Electroacupuncture at the Zusanli (ST-36) acupoint has

been reported to accelerate colonic motility in conscious rats.7

Our previous study has found that electroacupuncture at ST-36

can promote distal colonic contractility through the cholinergic

pathway.8 Jin et al9 suggested that electroacupuncture is effec-

tive in the treatment of constipation. Recently, it has been

documented that electroacupuncture can increase the density

of interstitial cells of Cajal10 and upregulate the expression of

colonic c-kit (the marker of interstitial cells of Cajal) in

slow-transit constipated rats.11 However, the potential role of

electroacupuncture in the interstitial cells of Cajal in diabetic

rats have scarcely been investigated.

Interstitial cells of Cajal express c-kit protein (a receptor tyr-

osine kinase integral to interstitial cells of Cajal), which is the

receptor for the stem cell factor. The function and survival of

interstitial cells of Cajal depend on the activation of c-kit by the

stem cell factor. The stem cell factor includes 2 isoforms: the

soluble stem cell factor and membrane-bound stem cell factor.

The binding of c-kit and stem cell factor can activate tyrosine

kinase and a series of downstream signaling events that have

been known to be essential for the maintenance of interstitial

cells of Cajal phenotypes and differentiation and prolifera-

tion.12 Reduced expression of the stem cell factor has been
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reported in the colon of diabetic animals.13 Recently, it has

been reported that electroacupuncture could elevate stem cell

factor levels.10,14 However, it is unknown whether the regula-

tive role of electroacupuncture on interstitial cells of Cajal is

associated with the stem cell factor pathway.

The aims of our study were to evaluate the effect of electro-

acupuncture at ST-36 on interstitial cells of Cajal in the colon

of diabetic rats and to investigate whether the stem cell factor

signaling pathway was involved in the regulative effect of elec-

troacupuncture on interstitial cells of Cajal.

Materials and Methods

Animals

A total of 50 adult male Sprague-Dawley rats (250-350 g) were used in

the present study. Rats were purchased from the Experiment Animal

Center of Tongji Medical College, Huazhong University of Science

and Technology, Wuhan, China. They were housed under normal

laboratory conditions (12/12-hour light-dark cycle, 18�C-22�C) and

were given water ad libitum. The study was started after 1 week,

when the rats were adapted to the environment. All animals in our

study were treated strictly in accordance with the National Institutes

of Health Guide for the Care and Use of Laboratory Animals, and the

work was approved by the ethics committee of laboratory animals.

Experimental Protocols

Animals were randomly divided into 5 groups: normal control group,

diabetic group, diabetic plus sham stimulation group (only acupunc-

ture but no electrical current, 30 minutes), diabetic plus low-

frequency stimulation group (10 Hz, 1-3 mA, 30 minutes), diabetic

plus high-frequency stimulation group (100 Hz, 1-3 mA, 30 minutes).

Diabetes was induced by intraperitoneal injection with streptozotocin

(Alexis Biochemicals, San Diego, CA) 60 mg kg�1 prepared in citrate

buffer (pH 4.5, Sigma, St Louis, MO, USA). Age-matched controls

were injected with citrate buffer at the same dose as the diabetic group.

The food and water supply was sufficient for free intake by animals

during the experimental period. Blood glucose and body weight were

measured before and 1 week after injection as well as prior to obtain-

ing specimens. Animals were considered diabetic if the random blood

glucose 1 week after streptozotocin injection was higher than

16.7 mmol/L.

Electroacupuncture was performed at ST-36 daily for 8 weeks.8

At the end of 8 weeks, animals were killed, and specimens of the

distal colon were obtained from each rat. Each specimen collected

from the animals was divided into 4 pieces of similar size, which

were then either immediately immersed in Kreb’s solution used for

the contractility study, or snap frozen in liquid nitrogen and stored at

�80�C for real-time polymerase chain reaction (PCR) and Western

blot analyses, or placed into 4% paraformaldehyde for immunohis-

tochemistry analysis.

Measurement and Analysis of the Contractile Activity of
Colonic Muscle Strips

In vitro experiments were performed on the distal colon. Circular mus-

cle strips measuring 7 � 2 � 1 mm3 were cut from the distal colon.15

Each strip was carefully tied at both ends by threads and immediately

mounted on the circular axis in a 25-mL organ bath filled with warmed

Kreb’s solution with the following composition (mmol/L): 119 NaCl,

4.7 KCl, 1.2 MgSO4, 1.2 K2HPO4, 2.5 CaCl2, 25 NaHCO3, and 11.1

D-glucose. The organ bath was maintained at 37�C and continuously

gassed with 5% CO2 and 95% oxygen to maintain a pH of 7.4. The

upper part of the thread was connected to isometric force transducers

(Fort-10, WPI, USA), which were connected to a chart recorder (MP-

100 system) to record contractile activity concurrently. Data were ana-

lyzed by Acknowledge 3.7.1 (Biopac Systems Inc, USA).

Experiments began following equilibration for at least 1 hour in an

organ bath. Cumulative concentrations of acetylcholine (10�7, 10�6,

10�5, 10�4, and 10�3 mol L�1), a cholinergic receptor agonist, were

consecutively applied to each muscle strip at 5-minute intervals. The

concentration–response curve for acetylcholine on spontaneous con-

tractile activity of colonic circular muscle strips was generated.

Then, we evaluated the contractions of muscle strips with intersti-

tial cells of Cajal removed, by methylene blue incubation and inten-

sive illumination.16 Muscle strips were incubated in Kreb’s

solution containing 50 mmol/L methylene blue at 37�C and gassed

with 95% O2 and 5% CO2 for 40 minutes in the dark. Then, the

muscle strips were immediately exposed to light (50 mW/cm2) for

5 minutes after methylene blue staining. The contractions of muscle

strips with interstitial cells of Cajal were measured as mentioned

above for the common muscle strips.

Concentration–response contractile curves of the muscle strips

before and after removal of interstitial cells of Cajal were compared.

The variation in percentage of mean area under the curve measured

every 5 minutes was calculated as percentage variation, reflecting

changes of effect–concentration curves before and after adding each

concentration of acetylcholine. The disparity in percentage variation

between common colonic muscle strips and muscle strips with inter-

stitial cells of Cajal removed, at each concentration of acetylcholine,

were calculated as percentage decrease reflecting changes of interstitial

cells of Cajal at each concentration in different groups. In this manner,

percentage decrease could be calculated as follows: Percentage

decrease ¼ Percentage variationbefore ICC removed � Percentage varia-

tionafter ICC removed. (Here, ICC refers to interstitial cells of Cajal.)

Expressions of c-kit in Colon Tissue by Immunohisto-
chemistry Analysis

The immunohistochemical study was carried out under the following

conditions using antikit antibody (1:200, Santa Cruz Biotechnology,

Inc, Santa Cruz, CA) and antigoat Histostain-plus Kit (Jing Mei

Biotech, Shenzhen, China), which included secondary antibodies for

immunohistochemistry and HRP-linked streptavidin.

Distal colon tissue samples were fixed by 4% paraformaldehyde,

then processed for embedding and cut into sections. Paraffin tissue

sections of 5 mm were deparaffinized in xylene and hydrated in a

graded solution of ethanol. After endogenous peroxidase activity was

quenched with 3% hydrogen peroxide for 15 minutes, the specimens

were microwaved (at 750 W) for 5 minutes and were treated with nor-

mal rabbit serum in phosphate-buffered saline for 30 minutes to

diminish the nonspecific binding and then incubated with primary

antibody (c-kit, 1:200, Santa Cruz Biotechnology, Inc) in a moist

chamber overnight at 4�C. After washing 3 times with phosphate-

buffered saline (pH ¼ 7.2), incubation was carried out with

secondary antibodies (rabbit antigoat IgG) for 30 minutes at 37�C.

Later, the specimens were washed 3 times and incubated in a solution

containing diaminobenzidine and H2O2. The slides were washed

again, counterstained, and then dehydrated. Specificity of the antibody
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was confirmed by negative control in the absence of primary antibody

treatment.17 Two observers evaluated the slides using an Olympus

FV500 optical microscope (Olympus, Tokyo, Japan). Positive immu-

nostaining was evaluated at a magnification of 400.

The mRNA Expression of c-kit and Membrane-Bound
Stem Cell Factor in Colon Tissue by Real-Time PCRs

Total RNA was extracted using the TRIzol Reagent (Invitrogen Life

Technologies, 15596-026, Carlsbad, CA), and RNA samples were

reverse transcribed according to the instructions of the manufacturer

(ReverTra Ace-a, FSK-100). The specific primers used in our study

are listed in Table 1. PCRs were performed as described by the man-

ufacturer using the Toyobo Thunderbird SYBR Green polymerase

chain reactions Mix (QPS-201). The reaction was performed in

25 mL total volume containing 12.5 mL SYBR green/enzyme reaction

mix, 2.5 mM of primer, and 2 mL cDNA. The PCR conditions were

95�C for 1 minute, followed by 40 cycles at 95�C for 15 s, 58�C for

20 s, and 72�C for 20 s. Real-time detections were performed on an

ABI-StepOne Detection System (Applied Biosystems, Carlsbad, CA).

Melting curve analysis was performed by increasing the temperature

by 1�C from 72�C to 95�C and measuring the fluorescence at every

temperature point for a period of 20 s. Potential contaminations were

monitored using nontemplate controls. The transcript level of each spe-

cific gene was normalized to the b-actin amplification. The 2�DDCT

method was used to quantify the relative change of gene expression.

Expression of c-kit and Membrane-Bound Stem Cell
Factor in Colon Tissue by Western Blot Analysis

Distal colon specimens of about 0.5 g were ground into the cell sus-

pension with a blade. The suspension was centrifuged (Eppendorf

5403) at 12 000 g for 10 minutes at 4�C, and protein concentrations

were measured by the Bradford method. Then, equivalents of 50 mg

of extracted proteins were separated using 10% sodium dodecylsulfate

polyacrylamide gel electrophoresis and transferred to a PVDF (poly-

vinylidene fluoride) membrane (Millipore, Bedford, MA). The PVDF

membranes were blocked in 5% nonfat milk for 1 hour, followed by

incubation with primary antibodies against c-kit (1:200, Santa Cruz

Biotechnology, Inc) and stem cell factor (1:400, Abcam, Cambridge,

UK) at 37�C for 1 hour and then at 4�C overnight. Rabbit antirat actin

(1:400, Santa Cruz Biotechnology, Inc) served as the internal control.

This was followed by incubation with horseradish peroxidase-linked

secondary antibody (1:6000, horseradish peroxidase-linked antigoat or

horseradish peroxidase-linked antirabbit, Jing Mei Biotech, Shenzhen,

China) for 1 hour at room temperature. Detection of protein was

achieved with enhanced chemiluminescence (ECL reagents, Amersham

Pharmacia Biotech, Piscataway, NJ), and the blot was subjected to

autoradiography.

Detection of Soluble Stem Cell Factor in Serum by
Enzyme-Linked Immunosorbent Assay

Blood samples amounting to 1 to 2 mL were taken from each animal.

The concentration of soluble stem cell factor in serum was measured

using the enzyme-linked immunosorbent assay kit (CSB-E04720r,

Cusabio Biotech Co, Ltd.) according to the manufacturer’s instruc-

tions. The standard curve of soluble stem cell factor was obtained

by spectrophotometrically measuring the standard with known con-

centrations at a wavelength of 450 + 2 nm, and the concentration

of soluble stem cell factor in each sample was determined by compar-

ing the optical density (OD) of the samples with the standard curve.

Measurement and Statistical Analysis

All data were expressed as mean values + standard deviation. Differ-

ences among multiple groups were evaluated by 1-way analysis of

variance (ANOVA). Contractility of muscle strips were analyzed

using 2-way ANOVA with Bonferroni’s post hoc test. Pearson’s cor-

relations and linear regressions were calculated to determine the rela-

tionship between c-kit protein expression and other experimental

variables, and P < .05 was taken as a statistically significant differ-

ence. Statistical analysis was performed by using SPSS 17.0 (SPSS

Inc, Chicago, IL).

Results

Body Weight and Blood Glucose Levels

No differences were noted in the baseline body weight among

the 5 groups (Figure 1A). At the end of 8 weeks, the body

weight of untreated diabetic rats did not increase, whereas the

high-frequency stimulation group gained weight during the

study period (P ¼ .000). In the sham and low-frequency sti-

mulation groups, body weight was not significantly altered

compared with the untreated diabetic group (P ¼ .283 and

.270).

Meanwhile, no differences were noted in the baseline

blood glucose among the 5 groups. All the diabetic rats in our

study displayed markedly increased blood glucose levels. At

the end of 8 weeks, the nonfasting blood glucose concentra-

tion in the untreated diabetic rats was nearly 5 times higher

than that of the controls (P ¼ .000). In the sham and low- and

high-frequency stimulation groups, blood glucose levels did

not show any significant changes compared with those of

untreated diabetic rats (P¼ .087, .063, and .252, respectively;

Figure 1B).

Table 1. Designed Primer of Stem Cell Factor and c-kit for Real-Time Polymerase Chain Reactions

Gene Primer 5’!3’ Size (bp) Gene Bank Accession Number

b-actin Sense CGTTGACATCCGTAAAGACCTC 110 NM_031144
Antisense TAGGAGCCAGGGCAGTAATCT

Stem cell factor Sense AGTCAAGTCTTACAAGGGCAG 252 NM_021843
Antisense CATACAAGGTCACGGGTAGC

c-kit Sense CTTTGGGAAGGTAGTTGAGG 222 D12524.1
Antisense CAGTATTCTGTAATGACCAGGG
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The Contractile Activity of Colonic Muscle Strips

The concentration–response contraction obtained for acetyl-

choline before and after removal of interstitial cells of Cajal

are shown in Figure 2A. When the concentration of acetyl-

choline was 10�3mol/L, colonic muscle strips contracted

sufficiently enough, and the percentage variation before

removal of interstitial cells of Cajal was markedly decreased

in the untreated diabetic group compared with controls (43.0

+ 9.6 vs 177.7 + 11.5, P ¼ .000), but it was elevated in

the low- and high-frequency stimulation groups (99.1 +
9.7 vs 43.0 + 9.6, P ¼ .000; 106.1 + 11.6 vs 43.0 +
9.6, P ¼ .000). Also, there was no significant difference

between the sham and untreated diabetic groups (47.8 +
4.7 vs 43.0 + 9.6, P ¼ .403).

To determine whether restoration of impaired interstitial

cells of Cajal was involved in the elevated contractility of the

electroacupuncture-pretreated group, the percentage decrease

between common muscle strips and muscle strips with intersti-

tial cells of Cajal removed were used to reflect the changes in

the interstitial cells of Cajal. As shown in Figure 2B, the

percentage decrease was significantly lower in the untreated

diabetic group than in the control group (P ¼ .000), but it was

greater in the low- and high-frequency stimulation groups

compared with the untreated diabetic group at 10�3 mol/L of

acetylcholine (P ¼ .010 and .028). There was no significant

change in the sham stimulation group compared with the

untreated diabetic group (P ¼ .999).

Figure 2. Contraction of colonic muscle strips in vitro: A. Contrac-
tion of colonic muscle strips in each group. B. When the concentration
of acetylcholine (Ach) was 10�3 mol/L, the percentage decrease
between before and after interstitial cells of Cajal were removed was
significantly increased in low- and high-frequency electroacupuncture
treated (LEA and HEA) groups compared with the diabetic (DM)
group.
*Significantly different from the DM group, P < .05.

Figure 1. Body weight and blood glucose in each group: A. No differ-
ences were noted in the baseline body weight among the 5 groups. At
the end of 8 weeks, the high-frequency electroacupuncture-treated
(HEA) group gained weight during the study period compared with
the diabetic (DM) group (P ¼ .000). B. All the diabetic rats displayed
markedly increased blood glucose levels. In the sham, low-frequency
electroacupuncture-treated (SEA, LEA), and HEA groups, blood glu-
cose levels did not show any significant changes compared with those
of untreated diabetic rats (P > .05).
*Significantly different from the DM group, P < .05.
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Expression of c-kit by Immunohistochemistry

Figure 3 shows the immunohistochemical staining of c-kit,

with a large number of c-kit-positive cells present in colon tis-

sue in normal rats. c-kit Expression was markedly decreased in

the untreated diabetic group. There was no significant change

in the sham stimulation group. However, in the low- and

high-frequency stimulation groups, the expression of c-kit was

increased.

The mRNA Expression of c-kit and Membrane-Bound
Stem Cell Factor in Colon Tissue by Real-Time PCRs

The mRNA expression of c-kit and membrane-bound stem

cell factor in colon tissue are shown in Figure 4. Real-

time PCR studies suggested that the mRNA levels of c-kit

and membrane-bound stem cell factor in colon tissue were

decreased markedly in the untreated diabetic group compared

with the control group (P ¼ .002 and .000). Significant

increases can be observed in the low-frequency (P ¼ .044 and

.032) and high-frequency stimulation groups (P ¼ .049 and

.000) compared with the untreated diabetic group. However,

there was no difference between the sham stimulation and the

untreated diabetic groups (P ¼ .930 and 1.000).

Expression of c-kit and Membrane-Bound Stem Cell
Factor in Colon Tissue by Western Blot Analysis

As shown in Figure 5, the protein expression of c-kit in the

untreated diabetic group was markedly decreased compared

with that in the control group (P ¼ .000). However, c-kit pro-

tein expression was significantly increased in the low- and

high-frequency stimulation groups compared with the

untreated diabetic group (P ¼ .000 and .000) and nearly

recovered to control values in the high-frequency stimulation

group. There was no difference between the sham stimulation

and untreated diabetic groups (P ¼ .222). Similar results were

obtained in the expression of membrane-bound stem cell factor.

Soluble Stem Cell Factor in Sera by Enzyme-Linked
Immunosorbent Assay

Besides membrane-bound stem cell factor in colon tissue, we

also evaluated the levels of soluble stem cell factor to deter-

mine the changes in soluble stem cell factor levels in serum.

In parallel to the expression of membrane-bound stem cell fac-

tor protein in colon tissue, soluble stem cell factor concentra-

tion in serum also displayed similar changes. In contrast to

the control group, soluble stem cell factor was decreased

Figure 3. Localization of interstitial cells of Cajal in colon tissue: interstitial cells of Cajal are indicated with black arrows. In untreated diabetic
rats and diabetic rats treated with sham stimulation, positive cells were decreased markedly. The treatment with low- and high-frequency elec-
troacupuncture stimulation (LEA and HEA) increased the number of interstitial cells of Cajal compared with the diabetic (DM) group.

Figure 4. mRNA expressions of c-kit (A) and membrane-bound stem cell factor (M-SCF) (B) in the distal colon. Significant increases were
observed in low- and high-frequency electroacupuncture-treated (LEA and HEA) groups compared with the diabetic (DM) group. However,
there was no significant change between sham stimulation (SEA) and DM groups.
*Significantly different from the DM group, P < .05.
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significantly in the untreated diabetic group. However, diabetic

rats treated with low- and high-frequency stimulation had

increased soluble stem cell factor levels compared with the

untreated diabetic group (29.6 + 6.9 vs 13.3 + 4.9 pg mL�1,

P¼ .000; 25.4 + 8.9 vs 13.3 + 4.9 pg mL�1, P¼ .001). No dif-

ferences were noted between the sham stimulation and untreated

diabetic groups (15.7 + 4.4 vs 13.3 + 4.9 pg mL�1, P ¼ .475).

Correlation and Regression Analysis

To detect the association between soluble stem cell factor,

membrane-bound stem cell factor, and c-kit, Pearson’s correla-

tions and linear regression were evaluated between c-kit protein

expression, soluble stem cell factor, and membrane-bound stem

cell factor in the 5 groups. The correlations between soluble stem

cell factor, membrane-bound stem cell factor, and c-kit protein

expression were as follows: soluble stem cell factor, r ¼ 0.577

(P ¼ .000); membrane-bound stem cell factor, r ¼ 0.972 (P ¼
.000). In the linear regression analysis, soluble stem cell factor

and membrane-bound stem cell factor were entered as depen-

dent variables (R2 ¼ 0.949), and the result suggested that only

the membrane-bound stem cell factor had significant correla-

tion with c-kit protein expression (P ¼ .000). The regression

equation was Y ¼ �0.062 þ 0.003X1 þ 0.968X2 (X1 is the

soluble stem cell factor and X2 the membrane-bound stem cell

factor). In a further stepwise regression analysis, it seemed

that the membrane-bound stem cell factor was the only inde-

pendent effect of the potential determinant on the c-kit protein

expression (R2 ¼ 0.945; P ¼ .000); no significant correlations

were observed between c-kit and soluble stem cell factor (P¼
.148), with the regression equation being Y ¼ �0.024 þ
1.007X2 (Figure 6).

Discussion

In the current study, we demonstrated that electroacupuncture

at ST-36 could stimulate the contractility of colonic muscle

Figure 5. Western blot analysis of c-kit and membrane-bound stem cell factor (M-SCF) in the distal colon: The protein expression of M-SCF (A, E)
and c-kit (B, D) were decreased in the diabetic (DM) group. However, they were significantly increased in the low- and high-frequency
electroacupuncture-treated (LEA and HEA) groups. There were no differences between the sham stimulation (SEA) and DM groups.
*Significantly different from the DM group, P < .05.

Figure 6. Correlations between c-kit and membrane-bound stem cell
factor (M-SCF): There was a significant and high, positive correlation
between c-kit and M-SCF levels (R2 ¼ 0.9454; P ¼ .000). Each point
represents the value from each individual rat.
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strips and restore impaired interstitial cells of Cajal in the colon

of diabetic rats; this is accompanied by upregulation of the stem

cell factor both in the colon tissue and in serum.

There are some studies that reported stimulating effects

of electroacupuncture on colonic motility in vivo.7,8 However,

the effects of electroacupuncture on colonic muscle strip in

vitro and the precise mechanisms underlying electroacupunc-

ture on colonic motility have scarcely been investigated. The

hypothesis that impaired interstitial cells of Cajal could be

restored by the process of electroacupuncture has been pro-

posed on the basis of previous studies.10,11 In line with this

hypothesis, removal of interstitial cells of Cajal by methylene

blue and exposure to light was used in our study.16 The effects

of methylene blue and light exposure in muscle strips were

specific only to interstitial cells of Cajal, without affecting the

enteric nerve system and smooth muscle cells.16,18 In our study,

the contractility of common muscle strips in the untreated dia-

betic group was markedly decreased compared with controls,

but it was elevated in the low- and high-frequency stimulation

groups. Moreover, when interstitial cells of Cajal were

removed, the percentage decrease was significantly lower in

the untreated diabetic group than in controls, but it was

greater in the low- and high-frequency stimulation groups

compared with the untreated diabetic group. This phenom-

enon implies that pretreatment with electroacupuncture, not

only high-frequency but also low-frequency treatment, had

a restoring effect on impaired interstitial cells of Cajal, which

may be attributed to the stimulatory effect on the contractility

of colonic muscle strips.

Decrease in the number of interstitial cells of Cajal in

diabetes has been reported in animal models19-21 as well as

in people with diabetes.22 The model of diabetes in our study

was established successfully. To provide sufficient assess-

ment of the interstitial cells of Cajal in the colon, immunohis-

tochemistry, real-time PCRs, and Western blot were

performed. In the current study, Western blot showed an

80% loss of interstitial cells of Cajal in the colon of diabetic

rats compared with the control group, which is consistent

with previous findings.19 Our study also found that the

expression of c-kit increased significantly in low- and high-

frequency-stimulation-treated diabetic rats but was not altered

in the sham stimulation group, suggesting that electroacu-

puncture, both low and high frequency, has the capability to

increase the expression of c-kit in diabetic rats. This was con-

sistent with the previous results.10,11

In addition to investigating the effect of electroacupuncture

on interstitial cells of Cajal, the experiment was also designed

to study the possible mechanisms involved. The stem cell fac-

tor is essential for maintaining the function and survival of

interstitial cells of Cajal.23 Together with injury to the intersti-

tial cells of Cajal, diabetic rats also showed a reduced expres-

sion of stem cell factor in both serum and colon tissue in our

study. These findings were consistent with those of previous

studies.13,24,25 Other studies have reported that the abnormal-

ities of interstitial cells of Cajal can attributed to a deficiency

in the endogenous stem cell factor.25 The exogenous stem cell

factor can partially reverse the pathological changes in intersti-

tial cells of Cajal.23,25 The role of the stem cell factor in the

development of interstitial cells of Cajal has been studied

extensively in vivo and in vitro.25,26

Moreover, it was reported that electroacupuncture could

elevate the soluble stem cell factor level,14 but there is no

study of electroacupuncture on the membrane-bound stem cell

factor. Little information about stem cell factor levels in

electroacupuncture-treated diabetic animal and human tissue

is available. In the present study, we demonstrated that both

soluble stem cell factor and membrane-bound stem cell factor

were increased significantly in low- and high-frequency-

stimulation-treated diabetic rats, indicating that the increased

expression of stem cell factor might be involved in the

mechanism of electroacupuncture on colonic contractility and

interstitial cells of Cajal.

In our study, we noticed that the changes in both

soluble stem cell factor and membrane-bound stem cell factor

paralleled the c-kit protein expression. Although both had sig-

nificant correlations with c-kit, regression analyses indicated

that membrane-bound stem cell factor was the only indepen-

dent effect of the potential determinant to c-kit protein expres-

sion, and there was a significant positive correlation between

them. This suggests that the higher the membrane-bound stem

cell factor level was, the more c-kit was expressed in colon tis-

sue. Our results are consistent with the observation that

membrane-bound stem cell factor is a more effective agonist

for c-kit receptor compared with soluble stem cell factor and

preferentially stimulates the c-kit receptor.26,27

Weight loss and hyperglycemia were the 2 main parameters

that characterized the streptozotocin-induced diabetic rats.28 Li

et al29 reported that electroacupuncture could increase the

appetite, sleep, and body weight. In the current study, diabetic

rats treated with high-frequency stimulation exhibited an

increase in body weight. Blood glucose levels after treatment

with different modalities of electroacupuncture were not

significantly lower than those of untreated diabetic rats, and

they were still hyperglycemic. Our results indicate that electro-

acupuncture can increase the body weight of diabetic rats but

has no effect on blood glucose.

In conclusion, electroacupuncture at ST-36 can promote

the contractility of colonic muscle strips partially through

increasing the number of interstitial cells of Cajal in diabetic

rats, and these effects may be mediated by elevated endogenous

membrane-bound stem cell factor levels but are not related to

blood glucose levels.
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28. Izbéki F, Wittman T, Rosztóczy A, et al. Immediate insulin

treatment prevents gut motility alterations and loss of nitrer-

gic neurons in the ileum and colon of rats with

streptozotocin-induced diabetes. Diabetes Res Clin Pract.

2008;80:192-198.

29. Li HY, Zhang R, Cui CL, et al. Damage of splenic T lymphocyte

proliferation and differentiation and its normalization by electro-

acupuncture in morphine-dependent mice mode [published

online ahead of print June 9, 2011]. Evid Based Complement

Alternat Med.

Xu et al 125



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


