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Abstract
AIM: To study the effect of moxibustion on Zusanli or 
Liangmeng point on gastric mucosa injury in stress-
induced ulcer rats and its correlation with the expression 
of heat shock protein 70 (HSP70).

METHODS: Sixty healthy SD rats (30 males, 30 females) 
were divided into control group, injury model group, 
Zushanli point group, Liangmeng point group. Stress 
gastric ulcer model was induced by binding cold stress 
method. Gastric mucosa ulcer injury (UI) index was 
calculated by Guth method. Gastric mucosa blood flow 
(GMBF) was recorded with a biological signal analyzer. 
Protein content and gene expression in gastric mucosal 
HSP70 were detected by immunohistochemistry (IHC) 
and reverse transcription polymerase chain reaction 
(RT-PCR). Thiobarbital method was used to determine 
malondialdehyde (MDA) content. Gastric mucosal 
endothelin (ET) and prostaglandin E2 (PGE2) were 
analyzed by radioimmunoassay.

RESULTS: High gastric mucosal UI index, high HSP70 
expression, low GMBF and PGF2, elevated MDA and ET 
were observed in gastric mucosa of rats subjected to 
cold stress. Moxibustion on Zusanli or Liangmeng point 
decreased rat gastric mucosal UI index, MDA and ET. 
Conversely, the expression of HSP70, GMBF, and PGE2 
was elevated in gastric mucosa after pretreatment 
with moxibustion on Zusanli or Liangmeng point. The 
observed parameters were significantly different between 
Zusanli and Liangmeng points. 

CONCLUSION: Pretreatment with moxibustion on 

Zusanli or Liangmeng point protects gastric mucosa 
against stress injury. This protection is associated with 
the higher expression of HSP70 mRNA and protein, 
leading to release of PGE2 and inhibition of MDA and ET, 
impairment of gastric mucosal index.
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INTRODUCTION
Recent studies indicate that moxibustion can protect 
gastric mucosa against injury[1-3]. However, its exact 
mechanism remains unclear. Several strategies have been 
proposed recently. Heat shock protein (HSP), the cellular self-
protective defense factor, is one of  the hot spots. HSP70 is 
one of  the important HSPs in gastric mucosal protection[4]. To 
explore the involvement of  HSP70 in gastric mucosal 
protection, we studied the effects of  moxibustion pretreat-
ment on the expression of  HSP70 mRNA expression and 
protein with the purpose of  clarifying its endogenous pro-
tective mechanism. We believe that the experiment results 
provide a useful tool to induce HSPs via traditional Chi-
nese medicine.

MATERIALS AND METHODS
Materials
Sixty healthy SD rats (30 males, 30 females), weighing 
200-250 g, were provided by College of  Animal Sciences 
& Technology, Hunan Agriculture University. Endothelin 
(ET) and malondialdehyde (MDA) detection kits were 
provided by Radioimmunoassay Institute of  Scientific 
and Technological Development Center of  PLA General 



Hospital. Other regents were of  analytical purity. Rabbit 
anti-rat HSP70 affinity-purified antibody and DEPC were 
purchased from Wuhan Boshide Company. SP detec-
tion kit and DAB yellowbrown color detection kit were 
purchased from Beijing Zhongshan Golden Bridge 
Biotech Limited Company. Trizol reagent kit was from 
Invitrogen (USA). AMV reverse transcription enzyme, 
RNasin, dNTPs, Taq DNA polymerase, 100 bp DNA 
ladder were from Promega (USA). PGE2 detection kit 
was from Institute of  Blood, Suzhou University. Aizhu  
was purchased from Suzhu Oriental Aiyong Institute 
(“Shenjiu 300 Jiu”, Oriental type 1).

Experiment design
The patients were divided into control group (Ⅰ), injury 
model group (Ⅱ), Zushanli point group (Ⅲ), Liangmeng 
point group (Ⅳ).

The control point[5] was located 1 cm from Liangmeng 
point and no specific point was located between knee joint 
and Zusanli.

Rats in groups Ⅰ, Ⅱ were not treated with moxibus-
tion, whereas rats in groups Ⅲ, Ⅳ were treated with 
moxibustion (4 times a day, 30 min each time, for 8 d) on 
the points located at one side. After the hair was removed, 
AiZhu was pasted on the points located on both sides (4 
times a day, 30 min each time, for 8 d). Seven days after 
moxibustion pretreatment, acute stress gastric ulcer model 
was established as previously described[6]. Rats in groups Ⅱ, 
Ⅲ, Ⅳ were treated for six days with no access to food and 
water for 24 h on the last day. These rats were submerged 
into 20℃ water at  the level of  bottom of  breastbone and  
released 10 h after submersion.

All animals were anesthetized with 10% urethane in-
traperitoneal injection 24 h after establishment of  stress 
model. Five rats in each group were used for immunohis-
tochemical analysis. The pylorus portion of  stomach was 
ligated and 3 mL of  4% formaldehyde was infused into the 
stomach from esophagus. The cardiac portion of  stomach 
was ligated after the needle was pulled out. The esophagus 
and duodenum were cut off  from the ligated sites. The 
stomach was extracted and dissected along the gastric 
greater curvature after 10 min. The stomach content was 
washed out with normal saline and fixed with 4% formal-
dehyde for 24 h. Paraffin sections were prepared.

The other rats were anesthetized and dissected as de-
scribed above. A small piece of  mucosa on the gastric sinas 
portion was prepared (about 50 mg), washed three times 
with 0.1% DEPC solution, and stored in liquid nitrogen. 
The other portions of  gastric mucosa were washed with 
ice cold normal saline. Gastric mucosa ulcer injury (UI) 
index was calculated and the gastric mucosa was weighed 
with an analytical balance. A certain amount of  normal sa-
line was added to the 1.5 mL/400 mg concentration. Gas-
tric mucosal tissue homogenate was prepared with a glass-
glass homogenizer and centrifuged at 35 000 r/min for 15 
min at 4℃. Supernatant was extracted and stored at -20℃ 
for assay.

According to GUTH method, the summary of  gastric 
mucosal impairment site length was calculated as UI in-
dex and expressed as millimeter. The standard score was: 

1 point: < or = 1 mm; 2 points: 1 mm < damage < 
or = 2 mm; 3 points: 2 mm < damage < or = 3 mm; 4 
points: 3 mm < damage < or = 4 mm; 5 points: > 4 mm. 
The UI index should be doubled if  the width of  injury 
was more than 2 mm.

HSP immunohistochemical assay
Paraffin sections (4 μm thick) were prepared. Tissue sec-
tions were deparaffinized and hydrated in xylenes and 
graded alcohol. The sections were incubated with primary 
anti-HSP70 diluted in buffer. PBS was used as negative 
control. The positive results were analyzed with the MIAS 
medical imaging analytical system. Five scopes on each 
section were quantified under microscope. The average 
density of  each section was calculated.

HSP70 mRNA expression
RT-PCT technique was used to analyze the expression of  
HSP70 mRNA in rat gastric mucosa. Total RNA was ex-
tracted from rat gastric mucosa with TRIzol method. Ten 
μL of  RNA sample was taken to analyze the purity and 
completeness of  RNA (Figure 1). Three mol/L and 1/10 
volume of  NaAc (pH 5.2) and ethanol were dehydrated 3 
times  and stored at -20℃ or -70℃.

Three μg of  total RNA was used for RT-PCR (20 μL 
total volume). Three μg RNA, 0.5 μg oligo (dT), 18 prim-
ers, 20 U RNasin, 10 mmol/L dNTPs, 5 × RT buffer, and 
10 U AMV reverse transcriptase were mixed and heated 
at 42℃ for 1 h. The cDNA product was used as PCR 
reaction source of  gene for analysis. The primeres of  rat 
HSP70 were synthesized by Invitrogen Biotech Company. 
The routine PCR reaction (25 μL total volume) included: 
2.5 μL 10 × PCR buffer, 1.5 mmol/L MgCl2, 200 μmol/L 
dNTPs, 2 μL cDNA, 0.1 μmol/L specific primers, 2 U 
Taq DNA polymer, and paraffin oil for cover. The HSP70 
cDNA in PCR products was 268 bp. The reaction condi-
tions were set at 94℃ for 2 min, at 94℃ for 30 s, at 56℃ 
for 30 s, at 72℃ for 30 s, for 35 cycles. The cDNA in PCR 
products was 426 bp. The reaction conditions were set at 
4℃ for 2 min, at 94℃ for 30 s, at 56℃ for 30 s, at 72℃ 30 s,  
for 25 cycles. Ten μL of  HSP70 cDNA and 10 μL of  
GAPDH were loaded onto 1.5 % agarose gel for electro-
phoresis. The absorbance (A) of  gel electrophoresis prod-
ucts was scanned and read. The ratio of  HSP70 cDNA/
GAPDH cDNA was used for observed parameters.

GMBF
Rats were anesthetized and operated along the mid-line 
of  abdomen to expose the stomach. Laser Doppler blood 
flow meter and miniature surface probes (Biopac Inc. 
USA) were used to record the blood flow. The acquired 
signal was converted to blood perfusion unit (BPU) and 
input into a computer. The curve was recorded with  
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Figure 1  RNA quality analysis.
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Acqknowledge v3.5 software. A 2 cm opening cut was 
made at the greater curvature of  stomach.  Laser probes 
were inserted into the sinus, bottom, greater and lesser 
curvature of  stomach. The data were obtained only af-
ter the measurement curve on the display became stable. 
Measurement was performed three times (15 s for each 
time) on each point for every rat. The average value was 
designated as the 10 s stabling curve. The final observed 
parameters were obtained from the average value of  four 
different points.

Measurement of ET, PGE2, and MDAin gastric mucosa
Radioimmunoassay was performed to detect ET and 
PGE2 in gastric mucosa according to the instructions of  
ready-use reagent from the Radioimmunoassay Institute 
of  Scientific and Technological Development Center of  
PLA General Hospital, and Institute of  Blood, Suzhou 
University, China. Thiobarbital was used to determine 
malondialdehyde (MDA) following the instructions from 
Radioimmunoassay Institute of  Scientific and Technologi-
cal Development Center of  PLA General Hospital.

Statistical analysis
The data were analyzed with SPSS 11.5 software and one 
way analysis of  variance (ANOVA), and expressed as mean 
± SD. P < 0.05 was considered statistically significant.

RESULTS
UI index, ET and PGE2 in gastric mucosa
As shown in Table 1, UI index was significantly lower in 
group Ⅲ than in groups Ⅱ, Ⅳ (P < 0.01) and no differ-
ence was observed between groups Ⅲ andⅠ (P > 0.05). 
UI Index was higher in group Ⅱ than in groupⅠ(P < 0.01). 
ET was markedly lower in group Ⅲ than in group Ⅱ (P 
< 0.05) and there was no difference between groups Ⅲ 
andⅠ (P > 0.05). ET was elevated in group Ⅱ after stress 
stimulation (P < 0.05 vs groupⅠ). PGE2 was significantly 

increased in group Ⅲ after moxibustion (P < 0.05 vs group Ⅱ). 
No difference was observed between groups Ⅲ andⅠ(P > 
0.05). PGE2 was lower in group Ⅱ than in groupⅠ(P < 0.05).

GMBF and MDA in gastric mucosa
As shown in Table 2, MDA was significantly lower in 
group Ⅲ than in group Ⅱ (P < 0.05) and no difference was 
observed between groups Ⅲ andⅠ(P > 0.05). MDA was 
higher in group Ⅱ than in groupⅠ(P < 0.05). Moxibustion 
also improved GMBF (P < 0.05 vs group Ⅱ) and no differ-
ence was observed between groups Ⅲ andⅠ. Cold stress 
stimulation alone attenuated GMBF (P < 0.01 vs groupⅠ).

HSP70 and HSPmRNA expression in gastric mucosa
The immunohistochemical results indicated that HSP70 
positive portion (yellow-brown color) was detected in cyto-
plasm, mostly in sinus of  stomach. Moxibustion on points 
significantly enhanced the expression of  HSP70 (P < 0.01 
vs group Ⅱ; P < 0.05 vs group Ⅳ). No difference was ob-
served between groups Ⅲ andⅠ) (P > 0.05). Interestingly, 
HSP70 expression was markedly higher in group Ⅱ than 
in groupⅠ(P < 0.05) (Table 2).

As shown in Figure 2, HSP70 gene expression was 
significantly elevated in group Ⅲ (P < 0.01 vs groupsⅠ, 
Ⅱ, and Ⅳ). Correspondingly, HSP70 gene expression also 
enhanced in group Ⅱ (P < 0.01 vs groupⅠ). 

A panel of  representative photomicrographs showed 
HSP70 staining in gastric mucosa from rats in different 
groups (Figure 3 A-D).

DISCUSSION
HSPs are a group of  highly conserved stress proteins and 
play an important role in maintaining body self-stability. 
The main functions of  HSPs are to promote cellular tol-
erance against stress factors, to maintain cellular normal 
physiological function, and to increase defense against 
and adaptation of  cells to deadly stimulation[7]. Over-
expression of  HSP70 has been observed in rats with acute 
and chronic gastric ulcer, chronic atrophic gastritis, and in 
patients with gastric cancer. The most leading over-expres-
sion of  HSP70 has been found in apparent pathological 
portion[8-10]. Over-expression of  HSP70 promotes ulcer 
healing by increasing gastric mucosal blood flow, and cell 
multiplication[11-13]. Expression of  HSP70 can also be in-

Table 1  Effects of moxibustion on UI,ET and PGE2 of gastric 
mucosa (mean ± SD)

Groups       UI ET (ng/L) PGE2 (ng/L)

    Ⅰ 12.0 ± 5.9d   173 ± 70c 1108 ± 486c

    Ⅱ 26.8 ± 9.8b   345 ± 285a 6227 ± 169a

    Ⅲ 14.1 ± 5.4 1485 ± 69 1064 ± 437
    Ⅳ 26.2 ± 7.7b 196 ± 124   693 ± 426a

aP < 0.05, bP < 0.01 vs group Ⅲ; cP < 0.05, dP < 0.01 vs group Ⅱ.

Table 2  Efects of moxibustion on gastric mucosal GMBF, MDA 
and HSP70 (mean ± SD)

Groups GMBF (mL/min) MDA (mol/L)  HSP70 (A) HSP70mRNA (A)

    Ⅰ     364 ± 169d   2925 ± 625c 0.021 ± 0.010c    0.616 ± 0.023b,d

    Ⅱ     139 ± 33a   3906 ± 768a 0.077 ± 0.057b    0.669 ± 0.007b

    Ⅲ     280 ± 173   2586 ± 252 0.133 ± 0.035    0.799 ± 0.042
    Ⅳ     142 ± 58a   3464 ± 1502a 0.059 ± 0.038a    0.733 ± 0.025b,d

aP < 0.05, bP < 0.01 vs group Ⅲ; cP < 0.05, dP < 0.01 vs group Ⅱ.
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Figure 2  HSP70 (A) and GAPDH cDNA (B) in gastric mucosa.
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duced with heat pretreatment, long term stimulation with 
low ethanol, and long term administration of  aspirin. The 
expression of  HSP70 is associated with adaptive cellular 
protection-tolerances to stimulation of  hyperthermia, high 
concentration of  alcohol, and high doses of  aspirin[14-16]. 
Moxibustion acts as a kind of  physiological mild stimulator 
to induce HSP70 production. This effect connects its ther-
apeutic application to immunogenic property for activation 
of  immunological system[17,18]. Our study indicates that 
cold stress stimulation could increase HSP70 protein and 
gene expressions in rat gastric mucosa (P < 0.05 vs control 
group), suggesting that pretreatment with moxibustion 
can significantly enhance the expressions of  HSP70 pro-
tein (P < 0.01 vs stress model group).

Stress gastric injury is attributed to some factors that 
decrease the function of  gastric mucosa defense system 
and relatively increase the function of  impairment system. 
Endogenous prostaglandins are a kind of  protective sub-
stances in gastric mucosa and can increase secretion of  
gastric media and biocarbonate, promoting surface hydro-
phobity and gastric mucosal blood flow. Conversely, endo-
thelin, a potent vasoconstrictor, constricts gastric mucosal 
blood flow leading to dysfunction of  gastric circulation 
and damage to gastric mucosa[19]. Our results showed high-
er PGE2 and lower ET in group Ⅲ (moxibustion, P < 0.05), 
which were related to the improvement of  gastric mucosal 
damage (P < 0.01). Oxidative stress plays an important 
role in stress-induced gastric mucosal injury and involves 
cellular apoptosis. It was reported that MDA increases 3 h 
after stress and reaches its peak within 6-12 h[20]. Free radi-
cal generation increases after long time exposure to stress. 
The free radical scavenger system is insufficient to remove 
the newly generated free radicals and leads to damage to 
gastric mucosa[21]. Electro-acupunture on Zusanli point 
decreases plasma MDA and improves oxygen free radical 

metabolism. These effects are related to its protective ef-
fects against stress[22]. In our study, gastric mucosal MDA 
was higher in group Ⅱ than in groupsⅠand Ⅲ (P < 0.05), 
indicating that moxibustion decreases gastric mucosal 
MDA and protects gastric mucosa against oxidative injury.

Channel connection with Zang and Fu organs (viscera) 
is one of  the important theories in traditional Chinese 
medicine. “Twelve channels connect with arms and body 
surface outwardly and associate with Zang and Fu organs 
inwardly”. This theory has been described in detail in 
<<LingSu•HaiLun, miractous pivot, name of  a book>>. 
Foot Yangming Wei Channel is a channel full of  Qi and 
blood, and participates in the circulation of  14 channels 
and provides the sources for Qi and blood. It is one of  
the essential elements of  Channel theory. Stomach (Wei) is 
the “field of  water and food” and converts ingestant into 
nutrients and blood. Spleen and stomach (PiWei) are the 
essential parts for growth and development. Zusanli point, 
a co-point in bottom of  stomach (Wei) and Wei Channel, 
is a first selection point for stomach disease. Liangmeng 
point is another point in foot Zusanli stomach channel. 
The present study indicated that moxibustion pretreatment 
on Zusanli and Liangmeng points increased HSP70 protein 
and gene expressions and PGE2 in gastric mucosa (P < 0.05 
or 0.01 vs moxibustion pretreatment on no specific point).  
Moxibustion reduced damage to gastric mucosa (P < 0.01) 
and the enhanced MDA induced by gastric mucosal stress 
and exerted antioxidation, suggesting that Zusanli and 
Liangmeng points protect gastric mucosa against stress 
injury by a point-specific mechanism. These results 
provide strong evidence for the treatment of  digestive 
illness with acupuncture method.

Moxibustion can prevent and cure diseases through 
mild warm stimulation and point-channel action. Mod-
ern clinical and experimental studies have confirmed that 

DAB × 400B

D DAB × 400

A DAB × 400

C DAB × 400

Figure 3  Positive expression of HSP70 in 
blank rat gastric parietal cell cytoplasm (A), 
HSP70 mRNA expression in cytoplasm of 
model rat stomach and gastric mucosa (B), 
positive expression of HSP70 and nuclear 
expression in cytoplasm (C), positive 
expression of HSP70 in a small amount of 
cytoplasm (D).
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moxibustion has analgesic effects and improves blood cir-
culation. Metabolism dysfunction, activity of  Zang and Fu 
organs, and immunological function can also be improved 
with moxibustion[22].

In summary, moxibustion protects gastric mucosa 
against stress injury, which is related to the induction of  
HSP70 protein and mRNA expression. These results 
provide an alternative pathway to trigger endogenous pro-
tective substances with acupuncture. Effective induction 
of  HSPs with means of  traditional Chinese medicine is 
a useful tool to provoke endogenous defense system for 
prevention and treatment of  diseases. However, whether 
moxibustion-induced HSP70 expression can protect other 
tissues or organs against stress injury remains to be further 
studied.
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