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Abstract
Heat-sensitive suspended moxibustion has a neuroprotective effect against focal cerebral ischemia/reperfusion injury, but the underly-
ing mechanisms remain unclear. The duration of heat-sensitive suspended moxibustion (usually from 30 minutes to 1 hour) is longer 
than traditional suspended moxibustion (usually 15 minutes). However, the effects of 15- and 35-minute suspended moxibustion in rats 
with cerebral ischemia/reperfusion injury are poorly understood. In this study, we performed 15- or 35-minute suspended moxibustion 
at acupoint Dazhui (GV14) in an adult rat model of focal cerebral ischemia/reperfusion injury. Infarct volume was evaluated with the 
2,3,5-triphenyltetrazolium chloride assay. Histopathological changes and neuronal apoptosis at the injury site were assessed by hematoxy-
lin-eosin staining and terminal deoxynucleotidyl transferase dUTP nick end labeling assay. Caspase-9 and caspase-3 expression at the in-
jury site was detected using immunofluorescent staining. Bax and Bcl-2 expression at the injury site was assessed using western blot assay. 
In the 35-minute moxibustion group, infarct volume was decreased, neuronal apoptosis was reduced, caspase-9, caspase-3 and Bax expres-
sion was lower, and Bcl-2 expression was increased, compared with the 15-minute moxibustion group. Our findings show that 35-minute 
moxibustion has a greater anti-apoptotic effect than 15-minute moxibustion after focal cerebral ischemia/reperfusion injury.

Key Words: nerve regeneration; suspended moxibustion; middle cerebral artery occlusion; cerebral ischemia/reperfusion injury; infarct volume; 
apoptosis; Bcl-2; Bax; caspase-9; caspase-3; neural regeneration; traditional Chinese medical therapy
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Introduction
Moxibustion is a traditional Chinese medical therapy us-
ing the burning of a preparation of dried mugwort (moxa). 
Similar to other Chinese herbal medicines (Cui et al., 2008; 
Gu et al., 2014), moxibustion is widely used in China for 
the treatment of various chronic diseases and symptoms 
of “deficient conditions” (weakness), including stroke. In-
direct moxibustion involves placing a lit cigar-like stick of 
dried mugwort either near a particular acupuncture point 
(acupoint) to heat the skin, or on an acupuncture needle in-
serted into the skin to heat the needle. Suspended moxibus-
tion is an indirect form of moxibustion in which the dried 
mugwort is placed at an acupoint without skin contact to 
stimulate circulation by warming the acupoints and induc-
ing smoother flow of blood and qi, to improve health and 
facilitate recovery from brain injury. The recent technique of 
heat-sensitive suspended moxibustion has been shown to be 
neuroprotective in stroke patients, with greater effectiveness 
than traditional suspended moxibustion (Zhang, 2006; Chen 
and Kang, 2007). In clinical practice, heat-sensitive suspend-
ed moxibustion improves recovery following cerebral infarc-
tion (Chen et al., 2009). Traditional moxibustion takes 15 
minutes (Sun et al., 2008; Chen et al., 2011b). The duration 
of heat-sensitive suspended moxibustion treatment ranges 
from 30 minutes to 1 hour (Chen et al., 2011a, b; Xiao et al., 
2013), which is longer than conventional moxibustion (ap-
proximately 15 minutes). Therefore, in the present study, we 
used a 35-minute treatment period for comparison with a 
15-minute treatment period.

Neuronal cell death in the ischemic brain is mediated by 
activation of caspase-dependent apoptotic signaling pathways 
(Love, 2003; Park and Jonas, 2017). A 40-minute period of 
suspended moxibustion reduces apoptosis, as assessed by ter-
minal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) assay (Chen et al., 2011a). Bax accelerates apoptotic 
processes, whereas Bcl-2 inhibits apoptotic cell death (Bre-
desen, 1995; Wang and Cui, 2013). In the ischemic region, 
the levels of Bax increase while the levels of Bcl-2 decrease 
(Won et al., 2006), leading to a release of cytochrome c from 
mitochondria. Cytochrome c initiates cell death following 
brain ischemia (Ouyang et al., 1999; Sugawara et al., 1999; 
Cao et al., 2004; Baydas et al., 2005; Hetz et al., 2005). Re-
ducing Bax levels and/or increasing Bcl-2 levels suppress the 
release of cytochrome c (Li et al., 2012; Lan et al., 2014). Once 
cytochrome c is released into the cytosol, it binds to apopto-
sis protease activating factor-1 and procaspase-9 to form the 
apoptosome, thereby activating caspase-9 and caspase-3, and 
initiating apoptotic cell death (Green, 2000; Li et al., 2012; 
Lan et al., 2014). Caspase-3 is the major executioner caspase 
in neurons (Baydas et al., 2005), and its protein levels increase 
significantly following focal cerebral ischemic injury in rats (Li 
et al., 2012; Lan et al., 2014).

In this study, we compared the effects of suspended mox-
ibustion of 15- and 35-minute periods on brain infarction, 
apoptosis and neuronal expression levels of caspase-9, 
caspase-3, Bax and Bcl-2 in a rat model of focal cerebral 
ischemia/reperfusion injury.

Materials and Methods
Animals
Male Sprague-Dawley rats weighing 220–280 g were pur-
chased from the Experimental Animal Center of Jiangxi 
University of Traditional Chinese Medicine of China (SCXK 
(Gan) 2011-0003). Rats were housed under controlled con-
ditions (lights from 07:00–19:00, 50–60% humidity, 25°C) 
with free access to water and food. The experimental proce-
dure followed the National Institutes of Health Guide for the 
Care and Use of Laboratory Animals (NIH Publication No. 
8023, revised 1986). The study was approved by the Ethical 
Committee of Jiangxi University of Traditional Chinese 
Medicine (approval No. jzdwll20140013).

A total of 93 rats were randomly divided into the fol-
lowing five groups: normal (n = 3), sham surgery (n = 15), 
ischemia/reperfusion (I/R) (n = 25; middle cerebral artery 
occlusion (MCAO) only), 15-minute moxibustion (n = 25; 
MCAO + 15-minute moxibustion) and 35-minute moxibus-
tion (n = 25; MCAO + 35-minute moxibustion) groups. The 
experimental protocol is shown in Figure 1.

Preparation of rat focal cerebral I/R injury model
The rat model of focal cerebral I/R injury was prepared by 
performing 2 hours of MCAO followed by 3 days of reperfu-
sion in spontaneously breathing rats. All rats were anesthe-
tized with an intraperitoneal injection of sodium pentobar-
bital (3% w/v) at a dose of 40 mg/kg. Body temperature was 
maintained at 37.0 ± 0.5°C using a heat lamp and heating 
pad. MCAO was performed using the intraluminal filament 
method, as described previously (Sun et al., 2006, 2007, 
2008; Chen et al., 2011b). Briefly, a midline neck incision 
was made, and the left common carotid, internal carotid and 
external carotid arteries were isolated. The external carotid 
artery was ligated with 4-0 silk suture distal from the carotid 
bifurcation, and the common carotid artery was ligated with 
4-0 silk suture at the proximal end. Another 4-0 silk suture 
was tied loosely around the common carotid artery close to 
the carotid bifurcation. A piece of fishing line (Simago Fish-
ing Tackle Company, Hangzhou, Zhejiang Province, China), 
0.237 mm in diameter and 5 cm in length with a rounded 
tip, was introduced into a small incision in the common ca-
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Figure 1 Diagram of the experimental timeframe.
Sham group: Rats (n = 15) underwent general anesthesia and sham 
surgical procedure. Ischemia/reperfusion (I/R) group: rats (n = 25) 
underwent 2 hours of ischemia, followed by 3 days of reperfusion. M15 
group (n = 25): I/R rats given 15 minutes of suspended moxibustion 
at 2, 24, 48 and 72 hours after surgery (one treatment session per time 
point). M35 group (n = 25): I/R rats given 35 minutes of suspended 
moxibustion at 2, 24, 48 and 72 hours after surgery (one treatment ses-
sion per time point).
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rotid artery and gently advanced to the origin of the middle 
cerebral artery (20–22 mm from the carotid bifurcation). 
The silk suture around the common carotid artery stump 
was tied tightly to prevent bleeding and to secure the fishing 
line. After 2 hours of occlusion, the fishing line was with-
drawn to allow for reperfusion. Sham-operated rats were 
handled in the same way, but the middle cerebral artery was 
not occluded.

Suspended moxibustion treatment
Dazhui points (GV14, in the depression of the spinous 
process of the seventh cervical vertebra, on the posterior 
median line), considered to be important for brain function 
(Luo, 2000), were heated by suspended moxibustion using a 
moxibustion cigar produced from mugwort (custom-made 
for use with animals, length 12 cm, diameter 0.6 cm, made 
in the Affiliated Hospital of Jiangxi University of Traditional 
Chinese Medicine, Nanchang, China) at a height of approx-
imately 3 cm over a hairless area of the skin once a day for 4 
days (i.e. at 2, 24, 48 and 72 hours after surgery).

Infarct volume assessment
After 3 days of reperfusion, rats were anesthetized with 
an intraperitoneal injection of sodium pentobarbital 3% 

(weight/volume) at a dose of 40 mg/kg, and the brains were 
removed and cut into 2-mm-thick coronal slices at the optic 
chiasm level, i.e., the coronal level at which the largest isch-
emic infarct was observed (Bederson et al., 1986; Simpkins 
et al., 1997; Sun et al., 2008). These slices were incubated 
for 30 minutes in 1% (weight/volume) 2,3,5-triphenyltetra-
zolium chloride (TTC) and fixed in 10% (v/v) formalin. The 
stained slices were photographed using a COOLPIX L1 cam-
era (Nikon, Tokyo, Japan). The ischemic lesion in each slice 
was measured using Infinity Analyze software (Lumenera 
Corporation, Ottawa, ON, Canada). The size of the ischemic 
lesion (expressed as a percentage) was calculated as the ratio 
of the area of the infarct to that of the whole slice.

Brain histological structures
After TTC staining and lesion area analysis, the slices were 
embedded in paraffin. A series of sequential 5 μm-thick sec-
tions were cut in the coronal plane and stained with hema-
toxylin and eosin. These sections were photographed with 
the use of an image analysis system (Leica 2000 microscope, 
LAS V3.7 software, Leica, Watzlar, Germany).

TUNEL assay
After 3 days of reperfusion, the brain was perfused with so-

 A   Figure 2 Infarct volume in the injured brain.
(A) Brain coronal sections were stained with 
2,3,5-triphenyltetrazolium chloride after 2 hours 
of middle cerebral artery occlusion followed 
by 3 days of reperfusion. The ischemic area 
remained white, while the intact area stained 
red. (B) Analysis of brain infarct volumes in the 
sham surgery, I/R and moxibustion groups. The 
data are presented as the mean ± SEM and were 
analyzed using one-way analysis of variance fol-
lowed by Dunnett’s test. *P < 0.05, vs. I/R group. 
Sham: Sham surgery group; I/R: I/R group; M15: 
15-minute moxibustion group; M35: 35-minute 
moxibustion group.

Figure 3 Pathological changes and apoptotic cells in the injured brain. 
(A) Photographs of brain sections stained with hematoxylin and eosin 3 days after reperfusion. Suspended moxibustion for 35 minutes alleviated 
the pathological changes. The arrows indicate cell loss. Scale bars: 100 μm. (B) Photographs of apoptotic cells (arrows) detected by the TUNEL 
assay 3 days after reperfusion in rats. The 35-minute moxibustion treatment decreased the total area of TUNEL-positive cells compared with the 
I/R and 15-minute moxibustion groups. Scale bars: 100 μm. (C) Quantitative analysis of the percentage of TUNEL-positive cells, expressed as the 
mean ± SEM (n = 3) and analyzed by one-way analysis of variance followed by Dunnett’s test. #P < 0.05, vs. sham group; *P < 0.05, vs. I/R group; 
ΔP < 0.05, vs. M15 group. Sham: Sham surgery group; I/R: I/R group; M15: 15-minute moxibustion group; M35: 35-minute moxibustion group. I/R: 
ischemia/reperfusion; TUNEL: terminal deoxynucleotidyl transferase dUTP nick end labeling.
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dium chloride and 4% formaldehyde, embedded in paraffin, 
and sectioned at a thickness of 4 μm. Apoptotic cells were 
then detected with the TUNEL assay using the KeyGEN In 
Situ Apoptosis Detection Kit, according to the manufacturer’s 
instructions (KGA7022, KeyGEN Biotech, Nanjing, China). 
Apoptotic nuclei were stained brown using this method. The 
area of TUNEL-positive cells was calculated as follows: the 
area of apoptotic cells (%) = The area of apoptotic cells/the 
total area of the image in a high-power field (200×) × 100%.

Immunofluorescent staining
After 3 days of reperfusion, rats were transcardially perfused 
with 4% paraformaldehyde after an intraperitoneal injection 
of sodium pentobarbital 3% (w/v) at a dose of 40 mg/kg. The 
brains were removed, and the cortices were separated and 
sectioned (35 μm thickness) on a freezing sliding microtome 
(Leica CM 1950; Leica). All sections were cryoprotected in 
an antifreeze solution for storage at –20°C. After rinsing 
with phosphate buffered saline (PBS), cortical sections were 
blocked with 10% goat serum (0.3% Triton X-100 in PBS) 
for 2 hours at 37°C, incubated at 4°C overnight with rabbit 
polyclonal antibody against cleaved caspase-9 (Asp353) 
(#9507, Cell Signaling Technology; 1:400) and rabbit 
polyclonal antibody against cleaved caspase-3 (Asp175) 
(#9661, Cell Signaling Technology; 1:400). After washing 
with PBS, sections were incubated for 1 hour at 37°C with 
rhodamine-labeled affinity purified antibody to rabbit IgG 
(H+L) produced in goat (No. 03-15-06, 1:200; KPL, Milford, 
MA, USA). Following rinsing with PBS (10 minutes × 3), 
sections were mounted on slides. The slides were imaged 
with a Leica DM 2000 microscope and Leica microscope 
software (LAS V3.7). Under the microscope, positive cells 
were counted in five random high-power fields (200×).

Reverse transcription-polymerase chain reaction
At 3 days of reperfusion, rats were anesthetized with an in-
traperitoneal injection of sodium pentobarbital 3% (w/v) at a 
dose of 40 mg/kg. The brains were removed and the cortices 
were dissected. Total RNA was isolated using TRIZOL re-
agent. cDNA was synthesized from each RNA using a ran-
dom primer and RevertAidTM M-MuLV reverse transcriptase 
(Fermentas), according to the manufacturer’s instructions. 
The obtained cDNA was used to determine the amount of 
Bcl-2 and Bax mRNA using PCR with Taq DNA polymerase 
(Fermentas). The primers used for amplification of the Bcl-
2 and Bax transcripts were as follows: Bcl-2 forward, 5′-
CCG GGA GAT CGT GAT GAA GT-3′ and reverse, 5′-
ATC CCA GCC TCC GTT ATC CT-3′, product size 600 
bp; Bax forward, 5′-CCA AGA AGC TGA GCG AGT GTC-
3′ and reverse, 5′-TGA GGA CTCCAG CCA CAA AGA-
3′; product size was 400 bp. PCR was performed in a final 
volume of 25 μL, containing 12.5 μL 2 × PCR master mix, 2 
μL cDNA, 1 μL forward primer, 1 μL reverse primer, and 8.5 
μL sterilized DEPC water. PCR was conducted in a Bio-Rad 
S1000 Thermal Cycler (Bio-Rad, Hercules, CA, USA), with 
the amplification condition of 94°C for 45 seconds, followed 

by 55°C for 60 seconds and then 72°C for 45 seconds, for 30 
cycles. The amplification products were analyzed with 1.6% 
agarose gel electrophoresis and observed with a gel imaging 
system (Bio-Rad). 

Western blot assay
After 3 days of reperfusion, rats were anesthetized with an 
intraperitoneal injection of sodium pentobarbital (3% w/v; 
40 mg/kg). The brains were removed, and the cortices were 
dissected and homogenized in RIPA buffer containing PMSF 
(2% w/v). The sample was centrifuged at 12,000 r/min for 20 
minutes at 4°C, and an aliquot of the supernatant was taken 
for protein concentration estimation using the BCA assay. 
Western blot assay was performed with 30 μg total protein 
extract separated on 10–12% SDS-PAGE gels that were 
subsequently transferred to a PVDF membrane (Millipore, 
Bedford, MA, USA). Blocking of membranes (5% nonfat dry 
milk or 5% bovine serum albumin), washes (Tris-buffered 
saline) and secondary antibody (goat anti-rabbit, 1:4,000; 
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., 
Beijing, China) incubations were all performed at room 
temperature for 1 hour, whereas primary antibodies were 
allowed to incubate overnight at 4°C (rabbit anti-Bcl-2, 
1:1,000; rabbit anti-Bax, 1:1,000; rabbit anti-β-actin, 1:1,000). 
These primary antibodies were all from Cell Signaling Tech-
nology. Signals were detected using the SuperSignal West 
Pico Chemiluminescence Substrate system (Thermo Scien-
tific, Waltham, MA, USA) by exposure to X-ray film.

Statistical analysis
SPSS 13.0 software (SPSS, Chicago, IL, USA) was used for 
statistical analysis. Quantitative data are expressed as the 
mean ± SEM and analyzed using one-way analyses of vari-
ance followed by Dunnett’s test. A value of P < 0.05 was 
considered statistically significant.

Results
35-minute suspended moxibustion reduced brain infarct 
volume
To investigate the effect of a 35-minute period of suspended 
moxibustion, infarct size was measured in the sham surgery 
and I/R groups treated with or without moxibustion (Fig-
ure 2A). Brain slices were stained with TTC after 2 hours 
of MCAO followed by 3 days of reperfusion. As shown in 
Figure 2B, the infarct volume was significantly reduced in 
the 35-minute moxibustion group (19.74%; n = 8) compared 
with the I/R group (44.94%; n = 9) (P < 0.05). Rats in the 
15-minute moxibustion group also showed a reduction in 
infarct size (27.31%; n = 7) compared with the I/R group, 
but the difference was not statistically significant (P > 0.05).

35-minute suspended moxibustion reduced pathological 
changes and neuronal loss
We further examined morphological changes and neuro-
nal loss in the rat brain after 2 hours of MCAO followed 
by 3 days of reperfusion to investigate the effects of a 
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35-minute period of suspended moxibustion. As shown by 
hematoxylin-eosin staining of the ipsilateral cerebral cor-
tex (Figure 3A), extensive brain damage characterized by 
severe neuronal cell loss was observed in both the I/R and 
15-minute moxibustion groups, compared with the normal 
and 35-minute moxibustion groups. Apoptotic cells in the 
ipsilateral cortex were assessed by TUNEL assay (Figure 
3B). The total area of TUNEL-positive cells was increased 
significantly in the I/R group compared with the sham sur-
gery group (P < 0.05). MCAO induced a significant increase 
in the total area of TUNEL-positive cells, while suspended 
moxibustion for 15 minutes (P < 0.05) and 35 minutes (P < 
0.05) decreased the total area of these apoptotic cells (Fig-
ure 3C). The anti-apoptotic effect of 35-minute suspended 
moxibustion was greater than that of 15-minute suspended 
moxibustion.

35-minute suspended moxibustion decreased the 
expression of caspase-9 and caspase-3
Caspase-9 and caspase-3 are the major effectors of apoptosis 
(Green, 2000; Li et al., 2012; Lan et al., 2014). We compared 
the numbers of caspase-9- and caspase-3-positive cells in 
ipsilateral cortical regions after 3 days of reperfusion among 
the treated and normal groups to clarify whether the neu-
roprotective effects of suspended moxibustion involve the 
suppression of apoptosis. As shown by immunofluorescence 
labeling (Figure 4), the total number of caspase-9-positive 
cells was significantly greater in the I/R group compared 
with the sham surgery group (P < 0.05). Suspended moxi-
bustion treatment for 15 or 35 minutes caused a significant 
reduction in the number of caspase-9-positive cells (P < 
0.05). The number of caspase-3-positive cells was significant-
ly greater in the I/R group than in the sham surgery group (P 
< 0.05). The 35-minute suspended moxibustion treatment 
caused a statistically significant reduction in the number 
of caspase-3-positive cells (P < 0.05), compared with the I/
R group. In comparison, the numbers of caspase-3-positive 
cells were similar in the 15-minute suspended moxibustion 
and I/R groups.

35-minute suspended moxibustion increased Bcl-2 
expression and decreased Bax expression
Bcl-2 and Bax are anti-apoptotic and pro-apoptotic factors, 
respectively (Oltvai et al., 1993). We therefore compared 
the mRNA and protein levels of Bcl-2 and Bax in ipsilateral 
cortical brain samples among the groups using RT-PCR 
and western blot assay (Figure 5). The ratio of Bcl-2 to Bax 
mRNA levels was significantly decreased in the I/R and 
15-minute suspended moxibustion groups, compared with 
the sham surgery group (both P < 0.05). The ratio of Bcl-2 
to Bax mRNA was similar to the sham control level in rats 
given the 35-minute suspended moxibustion treatment. 
Consistent with the changes in mRNA levels, the ratio of 
Bcl-2 to Bax protein was also significantly lower in the I/R 
and 15-minute suspended moxibustion groups, compared 
with the sham surgery or 35-minute suspended moxibustion 
groups (all P < 0.05).

Discussion
In this study, we found that the duration of suspended 
moxibustion at acupoint Dazhui (GV14) on the dorsome-
dial neck is critical for optimal neuroprotection. Suspended 
moxibustion for 35 minutes significantly reduced infarct 
volume and neuronal loss after focal cerebral I/R injury. In 
addition, suspended moxibustion for 35 minutes altered lev-
els of apoptosis-related proteins—it decreased caspase levels, 
and it increased Bcl-2 and reduced Bax levels in the cortices 
of rats after the focal cerebral I/R injury. Our findings collec-
tively suggest that the neuroprotective effects of 35-minute 
suspended moxibustion are superior to those of 15-minute 
suspended moxibustion.

Previous controlled trials have demonstrated an en-
hancement of recovery in stroke patients given 15-minute 
traditional suspended moxibustion on the fixed acupoints 
(Zhang et al., 2005; Rao et al., 2006); however, some other 
studies have shown contrasting results (Lee et al., 2010). 
The newly developed technique of heat-sensitive suspend-
ed moxibustion has a substantially improved therapeutic 
effect compared with traditional suspended moxibustion 
(Chen and Kang, 2007). The amount of moxibustion is crit-
ical when applying heat-sensitive suspended moxibustion. 
When other factors are constant, the duration of suspended 
moxibustion is a key factor in optimizing efficacy (Zhang, 
2006; Chen and Kang, 2007; Chen et al., 2009). In clinical 
practice, the duration of heat-sensitive suspended moxi-
bustion ranges from 30 minutes to 1 hour, which is usually 
longer than conventional moxibustion (usually around 15 
minutes). Prolonged application of moxibustion above cer-
tain acupoints can induce not only internal heat-sensation, 
but also physically detectable elevated temperature at loca-
tions distant to the suspended moxibustion acupoint. The 
acupoint, according to ancient Chinese medical theory, rep-
resents the region of the body surface that can be sensitized 
under pathological conditions. The locations of acupoints 
are arranged along the meridians. Moxibustion at an acu-
point penetrates deeply into the body along the meridians, 
which can conduct the heat to distant regions. When such 
distant heat occurs, the efficacy of moxibustion increases 
(Chen et al., 2010a).

Generally, distant heat first appears in the patient at ap-
proximately 15 minutes into suspended moxibustion treat-
ment (Chen et al., 2010b). After 15 minutes, a rapid increase 
in distant heat is exhibited in the patients and maintained 
until the end of the treatment, usually 30 minutes to one 
hour. A 40-minute suspended moxibustion treatment caus-
es a measurable increase in tail temperature in a rat model 
of MCAO, and this effect is not observed in rats given a 
15-minute treatment (Chen et al., 2011b). Similarly, sus-
pended moxibustion for 35 minutes has neuroprotective 
effects in a rat stroke model (Xiao et al., 2013). Consistent 
with these previous reports, we found here that suspended 
moxibustion for 35 minutes, but not 15 minutes, over a 
period of 3 days (four sessions in total) markedly reduced 
infarct volume and neuronal loss in rats subjected to I/R 
injury. Our findings suggest that prolonged moxibustion 
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is capable of stimulating the heat-sensitive acupoints and 
gradually transfers heat to distant areas. According to tradi-
tional Chinese medicine, moxibustion functions by restor-
ing the balance and flow of “vital energy” through sensitized 
acupoints, although there is currently no clear physiological 
correlate of this theory. In addition, it remains unknown 

how the moxibustion heat stimulus exerts its therapeutic 
effects. However, clinical observations suggest that moxibus-
tion improves health by regulating homeostasis. We conjec-
ture that acupoints might function as switches that control 
the complex internal regulatory system. Under pathological 
conditions, the acupoints become heat-sensitive. Prolonged 

Figure 4 Immunofluorescence labeling for 
caspase-9 and caspase-3 in the injured rat 
cortex.
Brain slices were prepared 3 days after sham 
surgery or after I/R (2 hours of middle cerebral 
artery occlusion followed by 3 days of reper-
fusion). (A) Immunofluorescence images of 
caspase-9 and caspase-3 labeling in the cortex 
3 days after I/R. Caspase-positive cells were 
stained red. Scale bars: 100 μm. Quantitative 
analysis of the number of caspase-9-positive 
cells (B) and caspase-3-positive cells (C). The 
numbers of caspase-positive cells were counted 
in five random high-power fields (200×) and 
are presented as the mean ± SEM (n = 3) and 
analyzed using one-way analysis of variance 
followed by Dunnett’s test. #P < 0.05, vs. sham 
group; *P < 0.05, vs. I/R group; ΔP < 0.05, vs. 
M15 group. Sham: Sham surgery group; I/R: I/
R group; M15: 15-minute moxibustion group; 
M35: 35-minute moxibustion group.
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moxibustion at the heat-sensitive acupoints might activate 
the regulatory system and enhance the internal ability to 
correct the imbalance by inducing rapid, precise and opti-
mal responses to harmful stimuli.

Apoptosis, an energy-requiring process resulting in nucle-
ar fragmentation and cytoplasmic condensation, contributes 
to cell death and cerebral I/R injury (Chomova et al., 2012; 
Ye et al., 2012; Zhang et al., 2012; Sanderson et al., 2013; 
Talha et al., 2013). Apoptosis involves the induction of in-
trinsic and extrinsic caspase-dependent signaling pathways 
(Love, 2003). Apoptosis is also regulated by the Bcl-2 family 
of proteins, including the anti-apoptotic protein Bcl-2 and 
the pro-apoptotic protein Bax (Oltvai et al., 1993; Bredesen, 
1995; Wang and Cui, 2013). The balance between Bcl-2 and 
Bax determines the mitochondrial response to apoptotic 
stimuli, which induces activation of caspase-9, an intrinsic 
pathway in I/R injury (Fliss and Gattinger, 1996; Murriel et 
al., 2004; Lan et al., 2014). Mitochondria play major roles 
in normal cellular functions. It is the main site of energy 
production, and participates in intracellular Ca2+ cycling 
and the synthesis of many intracellular signaling molecules 
(Saraste, 1999; Halestrap, 2006; Feissner et al., 2009). Mito-
chondria are central in ischemic injury, and are therefore 
key targets of therapeutic strategies (Thaveau et al., 2007; 
Charles et al., 2011). The disruption of mitochondrial mem-
brane potential is believed to be an early event in apoptosis. 
Bax, which is inactivated by Bcl-2, can cause a disruption 
of the mitochondrial membrane potential, leading to the 
release of pro-apoptotic factors, such as cytochrome c, and 
the subsequent activation of caspase-9 and caspase-3. A 
change in the ratio of Bcl-2 to Bax is a critical determinant 
of cell fate (Oltvai et al., 1993). Our results demonstrate that 
a 35-minute period of suspended moxibustion is needed to 
prevent the ischemia-induced reduction in the Bcl-2 to Bax 
ratio, suggesting that prolonged moxibustion is required to 
mitigate ischemic cell death. The I/R-induced up-regulation 
of caspase-9 was largely prevented by the 15-minute and 
35-minute treatment period, suggesting high sensitivity 
of this caspase to moxibustion. In contrast, suppression of 
caspase-3 expression was only seen following the 35-minute 
treatment.

Caspase-9 participates in the intrinsic apoptotic pathway 
(Wang and Cui, 2013), whereas caspase-3 participates in 
both the intrinsic and extrinsic (caspase-8 dependent) path-
ways (Fliss and Gattinger, 1996; Ouyang et al., 1999; Love, 
2003; Zhang, 2006; Li et al., 2009). Our data suggest that 
suspended moxibustion predominantly affects the mito-
chondria-dependent intrinsic pathway. However, it remains 
unknown how the heat delivered by moxibustion regulates 
the apoptotic process. Nonetheless, acupoints appear to be 
sensitized during I/R insults, suggesting that an imbalance 
in the internal force causes not only physical symptoms, but 
also molecular and cellular perturbations. Persistent appli-
cation of moxibustion for 35 minutes during this sensitized 
state is required to correct the homeostatic imbalance.

In conclusion, the neuroprotective effects of heat-sensitive 
suspended moxibustion after I/R injury involve modula-

tion of the mitochondrial apoptotic pathway. The longer 
35-minute moxibustion treatment suppressed this apoptotic 
pathway more robustly than the shorter 15-minute session. 
Additional studies are needed to identify the specific molec-
ular targets of this modulation.
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