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Abstract
The burden of stroke is high and is continually increasing due to a dramatic growth in the
world’s elderly population. Novel therapeutic strategies are therefore required. The pre-
sent study sought to determine the effect of laser acupuncture at GV20 on brain damage,
oxidative-status markers in the cerebral cortex, and superoxide dismutase in the mito-
chondria of an animal model of focal ischemic stroke. Wistar rats, weighing 300e350 g,
were divided into the following four groups: (1) control; (2) permanent occlusion of the
right middle cerebral artery (Rt.MCAO) alone; (3) Rt.MCAO plus sham laser acupuncture;
and (4) Rt.MCAO plus laser-acupuncture groups. Sham laser acupuncture or laser
acupuncture was performed once daily at the GV20 (Baihui) acupoint for 14 days
following Rt.MCAO. Half of the rats in each group were examined by 2,3,5-
triphenyltetrazolium chloride staining to determine the brain infarct volume, while the
other half were examined by biochemical assays to determine the malondialdehyde level,
and the glutathione peroxidase, catalase, and superoxide-dismutase activities in the
brain-cortex mitochondria. The results showed that laser acupuncture at GV20 signifi-
cantly decreased the brain infarct volume and malondialdehyde level, and increased
the catalase, glutathione peroxidase, and superoxide-dismutase activities in cerebral
ischemic rats. In conclusion, laser acupuncture at GV20 decreases the brain infarct vol-
ume in cerebral ischemic rats, at least in part due to decreased oxidative stress. Further
study is warranted to investigate other possible underlying mechanisms.
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1. Introduction

The burden of stroke is currently high and likely to increase i
future decades as a result of demographic and epidemiolog
ical transitions in populations. Although stroke can occur as
result of either ischemia or hemorrhage, approximately 87%
of strokes appear to occur due to ischemia [1]. It has bee
proposed that the brain damage caused by cerebral ischemi
is due to decreased oxygen and glucose delivery to brain tis
sue [2]. As a result, cells produce less adenosine triphosphat
(ATP), leading to less available energy and disturbance in th
homeostasis of ionic concentration gradients across plasm
membranes. While the primary function of the mitochondri
is the production of energy in the form of ATP [3], they ar
also involved in apoptosis, which is the regulation of cellula
metabolism and the generation of reactive oxygen specie
(ROS) [4]. Accumulating evidence suggests that the brai
damage inducedby cerebral ischemia, particularly during th
period following reperfusion, is accompanied by th
enhanced formation of oxygen free radicals in brain tissue
The excessive production of ROS, for example, superoxid
anions, hydroxyl radicals, and hydrogen peroxide, is a know
cause of oxidative stress and may result in cell injury [5]. I
addition, increases in the capability of the endogenous anti
oxidant system, decreases in ROS production, decreases i
neuroinflammation, and increases in ATP production ar
known to protect against brain damage from cerebra
ischemic stroke [6,7]. Thus, targeting one or more of thes
mechanisms may provide neuroprotection of the brai
following cerebral ischemia.

Low-level laser therapy (LLLT) has been clinically use
for the treatment of various conditions, including spinal
cord injury, Alzheimer’s disease, Parkinson’s disease
rheumatoid arthritis, brain injury, and stroke [8e10]
Moreover, it has a wide range of effects at molecular
cellular, and tissue levels, including the modulation of RO
and increasing ATP in the mitochondria [11]. Numerou
studies have investigated the effect of transcranial lase
therapy at a wavelength of 810 nm in animal models o
stroke [12]. Laser therapy at a wavelength of 810 nm i
highly effective in improving the neurological performanc
and in preventing cell death following traumatic brai
injury [13]. Laser acupuncture is a form of alternativ
medicine that combines traditional acupuncture and LLLT
Giving that the traditional-acupuncture stimulation at Bai
hui (GV20) has been used to treat anxiety, headache
dizziness, and stroke [14], it has been proposed that lase
acupuncture at GV20 may ameliorate cerebral ischemi
stroke. In the present study, therefore, I investigated th
effect of laser acupuncture at GV20 on brain damage
oxidative-status markers in cerebral cortex, and superoxid
dismutase (SOD) in the mitochondria of an animal model
where focal ischemic stroke is induced by the permanen
occlusion of the right middle cerebral artery (Rt.MCAO).

2. Materials and methods

2.1. Animals

Male Wistar rats (8 weeks old, weighing 300e350 g) wer
obtained from the National Laboratory Animal Cente
(Salaya, Nakhon Pathom). They were housed in groups o
five per cage in standard metal cages at 22 � 2 �C o
12:12 h of lightedark cycle. All animals were given fre
access to food and water ad libitum. All efforts were mad
to minimize animal suffering in accordance with the di
rectives for the laboratory use and care of animals, issue
by the Institutional Animal Care and Use Committee, Kho
Kaen University, Thailand (record number AEKKU 28/2558)

2.2. Animal treatment

All animals were randomly divided into four groups, an
each group comprised of 10 animals as follows:

(1) Group 1 (control group): Rats were given a sham
operation and received no treatment.

(2) Group 2 (Rt.MCAO group): A focal cerebral ischemi
was induced in rats by Rt.MCAO. No treatment wa
given.

(3) Group 3 (Rt.MCAO-plus-sham-laser-acupunctur
group): A focal cerebral ischemia was induced in rat
by Rt.MCAO, and laser acupuncture at a non-acupoin
located 5 mm next to Baihui (GV20) wa
administered.

(4) Group IV (Rt.MCAO plus laser-acupuncture group): A
focal cerebral ischemia was induced in rats b
Rt.MCAO, and laser acupuncture at the Baihui (GV20
point was administered.

All animals were treated with the assigned interventio
once daily for 14 days after the Rt.MCAO. Half of the rats i
each group were examined by 2,3,5-triphenyltetrazolium
chloride (TTC) staining to determine the brain infarct vol
ume, while the other half were examined by biochemica
assay to determine the malondialdehyde (MDA) level, an
the glutathione peroxidase (GSH-Px), catalase (CAT), an
SOD activities in the brain-cortex mitochondria.

2.3. Induction of focal cerebral ischemia

Before surgery, all experimental animals were fasted fo
12 h, but they were allowed free access to water. The rat
were anesthetized with an intraperitoneal injection o
pentobarbital sodium at a dose of 40 mg/kg body weight
Focal cerebral ischemia was induced by permanent intra
luminal Rt.MCAO [15]. In brief, the right common caroti
artery and the right external carotid artery were expose
through a ventral midline neck incision and were proximall
ligated. A silicone-coated round-tipped nylon monofilamen
(4-0) suture (The USS/DG[TM] division of United State
Surgical; Tyco Healthcare Group LP, Norwalk, CT, USA) wa
inserted into the common carotid artery just below th
carotid bifurcation, and advanced into the internal caroti
artery approximately 19 mm distal to the carotid bifurca
tion until a slight resistance was felt. Occlusion of the ori
gins of the anterior cerebral artery, the middle cerebra
artery, and the posterior communicating artery wa
thereby achieved. The wound was sutured, and the incisio
sites were infiltrated with 10% povidone-iodine solution fo
antiseptic postoperative care. The rats were then returne
to their cages with free access to food and water.
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2.4. Laser acupuncture

The rats were anesthetized with pentobarbital sodium at a
dose of 40 mg/kg body weight to minimize stress prior to
the laser-acupuncture treatment. The animals were
treated with laser acupuncture at the GV20 acupoint and
non-acupoint once daily for 14 days. The laser beam
(Weberneedle�, Lauenförde, Germany) was administered
at a wavelength of 810 nm, laser-module output of 100 mW,
as pulsed waves (50%), and laser spot diameter of 100 mm at
acupoint and non-acupoint for 10 min at each point.

2.5. Determination of brain infarct volume

Under deep anesthesia, the rats were perfused with cold
phosphate-buffered saline via the ascending aorta at the
end of the experiment. Then, the brains were removed and
cut coronally into 2-mm sections with a brain slicer. The
sections were immersed in 2% TTC (SigmaeAldrich, St.
Louis, MO, USA) for 30 min at 37 �C. The infarct areas were
traced and evaluated in all sections of the brain with the
aid of an Olympus light microscope model BH-2 (Olympus
optical co. LTD, Tokyo, Japan) using Image-Pro Plus 5.1
software (Media Cybernetics, Inc., Silver Spring, MD, USA),
and then were quantified by an image-analysis system [16].

2.6. Determination of oxidative-stress markers

The rats were perfused with cold phosphate-buffered saline
to remove blood from the brain tissue. This was then
rapidly removed and stored at �80 �C until used. The ce-
rebral cortex was separated and homogenized in a buffer
(10 mM sucrose, 10 mM TriseHCl, and 0.1 mM Ethyl-
enedinitrilo tetraacetic acid, EDTA (Sigma_Aldrich), and
then adjusted to pH 7.4).

2.6.1. Protein determination
The method of Lowry et al [17] was used to determine the
protein concentration in the aforementioned brain-
homogenate samples, and bovine serum albumin (BSA)
was used as a standard. The amount of proteins in the
sample can be measured via reading the absorbance using a
spectrophotometer at 650 nm.

2.6.2. MDA level
The method of Okhawa et al [18] was used to determine the
MDA levels in the brain-homogenate samples via the
thiobarbituric-acid reaction. The colored end product was
read using a spectrophotometer at 540 nm. The results
were expressed as nmoles MDA/mg protein.

2.6.3. CAT activity
The CAT activity was measured in the supernatant by
recording the rate of decrease in H2O2 absorbance using a
spectrophotometer at 240 nm [19]. The activity of CAT was
expressed as units/mg protein.

2.6.4. GSH-Px level
GSH-Px was measured using a spectrophotometer recorded
at 340 nm, and its activity was determined using t-butyl
hydroperoxide as a substrate, and glutathione reductase
(GR) and dihydronicotinamide-adenine dinucleotide phos-
phate (NADPH) as enzymatic and non-enzymatic indicators,
respectively [20].

2.7. Isolation of mitochondria from the brain tissue
for the determination of SOD activity

The cortex brain area was isolated and homogenized in
mitochondrial isolation buffer (225 mM mannitol, 75 mM
sucrose, 1 mM Ethylene glycol-bis(2-aminoethylether)-
N,N,N0,N0-tetraacetic acid (EGTA), 20 mM 4-(2-hydrox-
yethyl)-1-piperazineethanesulfonic acid (HEPES), 0.1% BSA,
and 0.01% digitonin adjusted to pH 7.2 with potassium hy-
droxide (KOH)). The tissue homogenates were centrifuged
at 1000 g for 2 min at 4 �C. The supernatant was placed
aside, and the pellet was resuspended in 0.2 mL of the
isolation buffer and centrifuged again at 1000 g for 2 min.
The supernatants were combined and mixed with 0.07 mL
of 80 vol% Percoll solution (1 M sucrose, 50 mM HEPES, and
10 mM EGTA adjusted to pH 7.0 with KOH). A volume of
0.7 mL of 10% Percoll solution was gently layered on top,
and the mixture was centrifuged for 10 min at 18,500 g. The
10 vol% Percoll solution was prepared by diluting 80 vol%
Percoll solution with the isolation buffer. The mitochondrial
pellet was further purified by resuspending in the 0.7 mL of
the washing buffer (5 mM HEPES, 250 mM sucrose, 0.1 mM
EGTA, and 1 mg/mL of BSA adjusted to pH 7.2 with KOH)
and centrifuging for 5 min at 10,000 g. Thereafter, the final
mitochondrial pellet was suspended in 0.07 mL of the
washing buffer and stored at �80 �C until used [21]. The
SOD activity was determined using an SOD assay kit (Sig-
maeAldrich) according to the manufacturer’s instructions.

2.8. Statistical analysis

The data were expressed as mean value � the standard
error of the mean. The statistical significance of the data
was determined by one-way analysis of variance followed
by the post hoc least-significant-difference paired-com-
parison test. A p < 0.05 was considered statistically sig-
nificant. All data were processed with SPSS statistical
software (SPSS-IBM Inc., Chicago, IL, USA).

3. Results

3.1. Effect of laser acupuncture at GV20 on brain
infarct volume

Previous research had demonstrated that brain impair-
ments are related to the severity of the brain infarction.
Therefore, the present study determined the brain infarct
volume after treatment with laser acupuncture at GV20.
The results in Fig. 1 show that the animals with focal
ischemic stroke induced by permanent Rt.MCAO had a
significantly increased infarct volume (p < 0.05) compared
to the control group. In the laser-acupuncture-treated an-
imals, this infarct volume was significantly decreased in
both the cortical and subcortical areas (p < 0.05) compared
to the Rt.MCAO-alone group and the Rt.MCAO-plus-sham-
laser-acupuncture group.
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Figure 1 Effect of laser acupuncture at GV20 on brain infarct volume. (A) Representative sections of triphenyltetrazolium-
chloride-stained brains from animals in each treatment group. Dark staining is indicative of viable tissue, and the absence of
stain is indicative of an infarcted region. (B) Effect of laser acupuncture at GV20 on brain infarct volume in cerebral ischemic rats.
Values given are the mean � standard error of the mean (N Z 5). *p < 0.05 when compared to the control. yp < 0.05 when
compared to the Rt.MCAO-alone group. zp < 0.05 when compared to Rt.MCAO-plus-sham-laser-acupuncture group.
Rt.MCAO Z right middle cerebral artery occlusion.
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3.2. Effect of laser acupuncture at GV20 on
endogenous antioxidant enzymes

The endogenous antioxidant enzymes CAT and GSH-Px, a
well as the oxidative-stress marker MDA, were also exam
ined in this study. In the animals with permanent Rt.MCAO
the MDA level was significantly increased, and the CAT an
GSH-Px activities were significantly decreased in the cere
bral cortex (p < 0.05) compared to the control group. In th
animals treated with laser acupuncture at GV20, the MDA
level was significantly less elevated, and the CAT and GSH
Px activities were significantly less diminished (p < 0.05
compared to the Rt.MCAO-alone group and the Rt.MCAO
plus-sham-laser-acupuncture group (Figs. 2e4).
d

Figure 2 Effect of laser acupuncture at GV20 on MDA level in
the cerebral cortex. The data are expressed as
mean � standard error of the mean (N Z 5). *p < 0.05 when
compared to the control. yp < 0.05 when compared to the
Rt.MCAO-alone group. zp < 0.05 when compared to Rt.MCAO-
plus-sham-laser-acupuncture group. MDA Z malondialdehyde;
Rt.MCAO Z right middle cerebral artery occlusion.
3.3. Effect of laser acupuncture at GV20 on the
activity of SOD in the mitochondria

Rt.MCAO induced a significant decrease in the mitochondria
SOD activity compared to the control group (p < 0.05), a
shown in Fig. 5. However, in the laser-acupuncture-treate
rats, the mitochondrial SOD activity was significantly les
diminished (p< 0.05) compared to the Rt.MCAO-alone grou
and the Rt.MCAO-plus-sham-laser-acupuncture group.

4. Discussion

The present study has demonstrated that focal ischemi
stroke induced by the permanent Rt.MCAO is accompanie
Figure 3 Effect of laser acupuncture at GV20 on CAT activity
in the cerebral cortex. The data are expressed as
mean � standard error of the mean (N Z 5). *p < 0.05 when
compared to the control. yp < 0.05 when compared to the
Rt.MCAO-alone group. zp < 0.05 when compared to the
Rt.MCAO-plus-sham-laser-acupuncture group. CAT, catalase;
Rt.MCAO Z right middle cerebral artery occlusion.



Figure 4 Effect of laser acupuncture at GV20 on GSH-Px ac-
tivity in the cerebral cortex. The data are expressed as
mean � standard error of the mean (N Z 5). *p < 0.05 when
compared to the control. yp < 0.05 when compared to the
Rt.MCAO-alone group. zp< 0.05whencompared to theRt.MCAO-
plus-sham-laser-acupuncture group. GSH-Px Z glutathione
peroxidase; Rt.MCAO Z right middle cerebral artery occlusion.

Figure 5 Effect of laser acupuncture at GV20 on the activity
of SOD in mitochondria. The data are expressed as
mean � standard error of the mean (N Z 5). *p < 0.05 when
compared to the control. yp < 0.05 when compared to the
Rt.MCAO-alone group. zp < 0.05 when compared to the
Rt.MCAO-plus-sham-laser-acupuncture group. Rt.MCAOZ right
middle cerebral artery occlusion; SOD Z superoxide
dismutase.
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by significantly increased infarct volume, but this infarct
volume is significantly smaller in both the cortical and
subcortical areas in the animals treated with laser
acupuncture at GV20. Previous studies have reported that,
in focal cerebral ischemia, there may be absolutely no
blood flow in the very central core of the ischemia, and that
this induces important changes, including energy failure.
This in turn causes depolarization of the neuronal mem-
brane, and excitatory neurotransmitters, such as gluta-
mate, are released together. A marked influx of Ca2þ into
neurons then occurs, followed by the occurrence of
recessive free-radical production, which provokes the
enzymatic process, leading to irreversible neuronal injury
[22]. Evidence suggests that LLLT has the potential to
stimulate tissue healing and repair after injury; increase
cell proliferation; improve microcirculation to the brain;
and reduce pain, inflammation, and swelling [23e25]. Laser
therapy at a wavelength of 810 nm is highly effective in
improving the neurological performance and in preventing
cell death following traumatic brain injury [13]. In addition,
there are several studies reporting that the traditional
GV20 acupuncture treatment significantly increases cere-
bral blood flow to the brain [26,27]. The combination of
acupuncture and laser therapy could therefore increase the
flow of Qi and blood circulation to the brain.

In this experimental design, 5 mm next to Baihui (GV20)
has been chosen for the sham acupoint, which is close to
Sishencong (EX-HN1) [28]. The literature indicates that
Sishencong (EX-HN1) also has some effects to treat stroke
condition, but according to the traditional-Chinese-medicine
theory, it has a weaker effect on ischemic-stroke treatment
[29]. There are many acupoints located in the head, ac-
cording to the atlas of the rat acupoint. Therefore, it is
difficult to choose the sham acupoint that is far enough from
the other acupoints. Liu et al used a fluorodeoxyglucose-
based micro- positron emission tomography (PET) imaging
technique tomeasure the glucose level in the brain, and used
magnetic resonance imaging and TTC staining tomeasure the
brain area injured after ischemic stroke. They found that real
acupuncture had a positive effect in treating ischemic stroke
more than the sham-acupoint stimulus [29]. In addition, our
previous study also demonstrated that there was no signifi-
cant difference between the blank control (MCAO with no
treatment) and the non-acupoint stimulus [30].

It is important to note the methodological limitation of
this study. The author used the laser beam (Weberneedle
laser) at a wavelength of 810 nm, laser-module output of
100 mW, as pulsed waves (50%), and laser spot diameter of
100 mm at acupoint and non-acupoint for 10 min at each
point, resulting in an energy density of about 30 J. Litera-
ture reviews insist that the laser-acupuncture application
to stimulate acupoints on the body in chronic stroke pa-
tients was given at 51 J/cm2, and deeper points were
treated at 103 J/cm2 [31]. Moreover, the red laser stimu-
lation of the Baihui acupoint in an energy density of about
20 J/cm2 decreased the heart rate in human participants
[32], and laser beam at a wavelength of 405 nm, an output
power of 100 mW, and a spot diameter of 500 mm for
10 min applied at HT7 point could reduce the cognitive
impairment in the animal models of Alzheimer’s disease
[33]. On the other hand, laser acupuncture uses red or
near-infrared light with a wavelength between 600 and
1000 nm, and power between 5 and 500 mW, or LLLT with
1e4 J/cm2 per acupoint might have a photobiostimulation
effect [34]. Therefore, an energy density of about 30 J from
this study might more than low-level laser-acupuncture
application. Further studies, the optimal energy density or
instensity for laser acupuncture must be concerned on each
point, must make sure that the power energy is not too
high.

Given the crucial role of free radicals in the pathophysi-
ology of cerebral ischemia, the present study also deter-
mined the effect of laser acupuncture at GV20 on the lipid
peroxidation (LPO) and the activity of scavenger enzymes. It
was found that laser acupuncture at GV20 could decrease the
LPO product. Recent evidence supports the involvement of
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oxidative stress in brain injurymediated by cerebral ischemi
and stroke [35]. The roles of ROS and LPOhave been propose
to be important factors in the reduction of cerebral bloo
flow and reperfusion injury [36,37]. Neurodegeneration ha
also been postulated to be associated with ROS, whic
reacted with cellular macromolecules, such as lipids, pro
teins, and nucleic acids, leading to neuron damage [38]
Therefore, the endogenous-antioxidant-enzyme activity o
the ischemic brain was particularly important, and th
measurement of antioxidant enzymes could be used as a too
to assess the vulnerability of the ischemic-brain areas [39]
The present study showed that the permanent Rt.MCAO
significantly decreased the CAT, GSH-Px, and mitochondria
SOD activities in themitochondria of the cerebral cortex, an
increased the LPO product as mentioned earlier. Under thes
conditions, the administration of an 810-nm laser at GV2
significantly improved the activity of scavenger enzymes an
diminished the elevated MDA level. Numerous studies hav
investigated the effect of transcranial laser therapy at
wavelength of 810 nm in animal models of stroke [12]. Th
molecularmechanisms of LLLT have been reported to includ
increasing mitochondrial function and ATP production [11]
and the modulation of ROS and intracellular calcium, leadin
to antioxidant, anti-apoptotic, pro-proliferation, and anti
inflammatory activities [40,41]. Moreover, the stimulatio
of the Baihui point improves oxygenation and attenuates th
oxidative stress in the brain of cerebral ischemic rats [42].

In conclusion, the current study clearly demonstrate
that laser acupuncture at GV20 can integrate the beneficia
effects of the aforementioned two treatments, and i
related to antioxidant action. Thus, laser acupuncture is
novel and potentially useful therapeutic option for foca
stroke. Further research is warranted to determine i
additional mechanism(s) contribute to the beneficial ther
apeutic effects observed in this study.

Disclosure statement

I have read the submitted manuscript that includes m
name as an author and vouch for its accuracy. I certify that
have participated sufficiently in the conception, design
analysis of the data of this work and the writing of thi
manuscript. I really believe my work represents valid an
honest work. The author declare no conflict of interest.

Acknowledgments

This study was supported by a grant from the Faculty o
Medicine, Mahasarakham University, Mahasarakham
Thailand (Grant number 8/59). The author is extremel
grateful to Dr Tim Cushnie for suggestions on the manu
script. Finally, the author also gratefully acknowledges th
Integrative Complementary Alternative Medicine Researc
and Development Center, Faculty of Medicine, Khon Kae
University for cooperation and full support.

References

[1] Chen H, Yoshioka H, Kim GS, Jung JE, Okami N, Sakata H
et al. Oxidative stress in ischemic brain damage: mechanism
of cell death and potential molecular targets for neuro
protection. Antioxid Redox Signal. 2011;14(8):1505e1517.

[2] Moustafa RR, Baron JC. Pathophysiology of ischaemic stroke
insights from imaging, and implications for therapy and dru
discovery. Br J Pharmacol. 2008;153(1):44e54.

[3] Chih CP, Roberts EL. Energy substrates for neurons durin
neural activity: a critical review of the astrocyteeneuro
lactate shuttle hypothesis. J Cereb Blood Flow Metab. 2003
23:1263e1281.

[4] Detmer SA, Chan DC. Functions and dysfunctions of mito
chondrial dynamics. Nat Rev Mol Cell Biol. 2007;8:870e879.

[5] Traystman RJ, Kirsch JR, Koehler RC. Oxygen radical mecha
nisms of brain injury following ischemia and reperfusion.
Appl Physiol. 1991;71(4):1185e1195.

[6] Shirley R, Ord EN, Work LM. Oxidative stress and the use o
antioxidants in stroke. Antioxidants (Basel). 2014;3(3)
472e501.

[7] Watts LT, Lloyd R, Garling RJ, Duong T. Stroke neuro
protection: targeting mitochondria. Brain Sci. 2013;3(2)
540e560.

[8] Ekim A, Armagan O, Tascioglu F, Oner C, Colak M. Effect o
low level laser therapy in rheumatoid arthritis patients wit
carpal tunnel syndrome. Swiss Med Wkly. 2007;137(23e24)
347e352.

[9] Anders JJ. The potential of light therapy for central nervou
system injury and disease. Photomed Laser Surg. 2009;27(3)
379e380.

[10] Detaboada L, Ilic S, Leichliter-Martha S, Oron U, Oron A
Streeter J. Transcranial application of low-energy laser irra
diation improves neurological deficits in rats following acut
stroke. Lasers Surg Med. 2006;38(1):70e73.

[11] Chen AC, Arany PR, Huang YY, Tomkinson EM, Sharma SK
Kharkwal GB, et al. Low-level laser therapy activates NF-k
via generation of reactive oxygen species in mouse embryoni
fibroblasts. PLoS One. 2011;6(7). e22453.

[12] Streeter J, De Taboada L, Oron U. Mechanisms of action o
light therapy for stroke and acute myocardial infarction
Mitochondrion. 2004;4(5e6):569e576.

[13] Wu Q, Xuan W, Ando T, Xu T, Huang L, Huang YY, et al. Low
level laser therapy for closed-head traumatic brain injury i
mice: effect of different wavelengths. Lasers Surg Med. 2010
44(3):218e226.

[14] Satoh H. Acute effects of acupuncture treatment with Baihu
(GV20) on human arterial stiffness and wave reflection.
Acupunct Meridian Stud. 2009;2(2):130e134.

[15] Longa EZ, Weinstein PR, Carlson S, Cummins R. Reversibl
middle cerebral artery occlusion without craniectomy in rats
Stroke. 1989;20(1):84e91.

[16] Shimamura N, Matchett G, Yatsushige H, Calvert JW
Ohkuma H, Zhang J. Inhibition of integrin alphavbeta3 ame
liorates focal cerebral ischemic damage in the rat middl
cerebral artery occlusion model. Stroke. 2006;37(7)
1902e1909.

[17] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein mea
surement with the Folin phenol reagent. J Biol Chem. 1951
193(1):265e275.

[18] Okhawa H, Ohishi N, Yagi K. Assay for lipid peroxides in anima
tissue by thiobarbituric acid reaction. Anal Biochem. 1979;99
351e358.

[19] Goldblith SA, Proctor BE. Photometric determination o
catalase activity. J Biol Chem. 1950;187(2):705e709.

[20] Wendel A. Glutathione peroxidase. Methods Enzymol. 1981
77:325e333.

[21] Caspersen CS, Sosunov A, Utkina-Sosunova I, Ratner V
Starkov AA, Ten VS. An isolation method for assessment o
brain mitochondria function in neonatal mice with hypo
xiceischemic brain injury. Dev Neurosci. 2008;30(5)
319e324.

http://refhub.elsevier.com/S2005-2901(17)30013-4/sref1
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref1
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref1
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref1
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref1
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref2
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref2
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref2
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref2
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref3
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref3
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref3
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref3
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref3
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref3
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref4
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref4
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref4
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref5
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref5
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref5
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref5
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref6
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref6
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref6
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref6
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref7
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref7
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref7
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref7
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref8
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref8
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref8
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref8
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref8
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref8
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref9
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref9
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref9
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref9
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref10
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref10
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref10
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref10
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref10
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref11
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref11
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref11
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref11
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref12
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref12
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref12
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref12
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref12
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref13
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref13
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref13
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref13
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref13
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref14
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref14
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref14
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref14
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref15
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref15
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref15
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref15
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref16
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref16
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref16
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref16
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref16
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref16
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref17
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref17
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref17
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref17
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref18
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref18
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref18
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref18
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref19
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref19
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref19
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref20
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref20
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref20
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref21
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref21
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref21
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref21
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref21
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref21
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref21


330 J. Jittiwat
[22] Adachi N. Cerebral ischemia and brain histamine. Brain Res
Brain Res Rev. 2005;50(2):275e286.

[23] Kreisler M, Christoffers AB, Al-Haj H, Willershausen B,
d’Hoedt B. Low level 809-nm diode laser-induced in vitro
stimulation of the proliferation of human gingival fibroblasts.
Lasers Surg Med. 2002;30(5):365e369.

[24] Peplow PV, Chung TY, Ryan B, Baxter GD. Laser photo-
biomodulation of gene expression and release of growth fac-
tors and cytokines from cells in culture: a review of human
and animal studies. Photomed Laser Surg. 2011;29(5):
285e304.

[25] Xuan W, Vatansever F, Huang L, Wu Q, Xuan Y, Dai T, et al.
Transcranial low-level laser therapy improves neurological
performance in traumatic brain injury in mice: effect of
treatment repetition regimen. PLoS One. 2013;8(1):e53454.

[26] Byeon HS, Moon SK, Park SU, Jung WS, Park JM, Ko CN, et al.
Effects of GV20 acupuncture on cerebral blood flow velocity
of middle cerebral artery and anterior cerebral artery terri-
tories, and CO2 reactivity during hypocapnia in normal sub-
jects. J Altern Complement Med. 2011;17(3):219e224.

[27] Wang WW, Xie CL, Lu L, Zheng GQ. A systematic review and
meta-analysis of Baihui (GV20)-based scalp acupuncture in
experimental ischemic stroke. Sci Rep. 2014;4:3981.

[28] Hua X, Li C, Zhou H, Song D, Hu Y. The determination of rat
acupoint atlas. Laboratory Animal and Animal Experiment.
1991;1:1e5.

[29] Liu H, Shen X, Tang H, Li J, Xiang T, Yu W. Using microPET
imaging in quantitative verification of the acupuncture effect
in ischemia stroke treatment. Sci Rep. 2013;3:1070.

[30] Jittiwat J, Wattanathorn J. Ginger pharmacopuncture im-
proves cognitive impairment and oxidative stress following
cerebral ischemia. J Acupunct Meridian Stud. 2012;5(6):
295e300.

[31] Naeser MA, Stiassny-Eder D, Galler V, Hobbs J, Bachman D,
Lannin L. Laser acupuncture in the treatment of paralysis in
stroke patients: a CT scan lesion site study. Am J Acupunct.
1995;23(1):13e28.
[32] Litscher G, Wang L, Wang X, Gaischek I. Laser acupuncture:
two acupoints (Baihui, Neiguan) and two modalities of laser
(658 nm, 405 nm) induce different effects in neurovegetative
parameters. Evid Based Complement Alternat Med. 2013;
2013:6. http://dx.doi.org/10.1155/2013/432764.

[33] Sutalangka C, Wattanathorn J, Muchimapura S, Thukham-
Mee W, Wannanon P, Tong-un T. Laser acupuncture improves
memory impairment in an animal model of Alzheimer’s dis-
ease. J Acupunct Meridian Stud. 2013;6(5):247e251.

[34] Hu W-L, Hung Y-C, Hung I-L. Explore laser acupuncture’s role.
2013. Available at: http://dx.doi.org/10.5772/55092 [Date
accessed: March 6, 2013].

[35] Landmesser U, Harrison DG. Oxidative stress and vascular
damage in hypertension. Coron Artery Dis. 2001;12(6):
455e461.

[36] Adibhatla RM, Hatcher JF. Phospholipase A(2), reactive oxy-
gen species, and lipid peroxidation in CNS pathologies. BMB
Rep. 2008;41(8):560e567.

[37] Granger DN, Kvietys PR. Reperfusion injury and reactive oxy-
gen species: the evolution of a concept. Redox Biol. 2015;6:
524e551.

[38] Halliwell B. Role of free radicals in the neurodegenerative
diseases: therapeutic implications for antioxidant treatment.
Drugs Aging. 2001;18(9):685e716.

[39] Siesjo BK. Pathophysiology and treatment of focal cerebral
ischemia, part I: pathophysiology. J Neurosurg. 2008;108(3):
616e631.

[40] Huang YY, Chen AC, Carroll JD, Hamblin MR. Biphasic dose
response in low level light therapy. Dose Response. 2009;7(4):
358e383.

[41] Quirk BJ, Torbey M, Buchmann E, Verma S, Whelan HT. Near-
infrared photobiomodulation in an animal model of traumatic
brain injury: improvements at the behavioral and biochemical
levels. Photomed Laser Surg. 2012;30(9):523e529.

[42] Hou X, Zhang R, Lv H, Cai X, Xie G, Song X. Acupuncture at
Baihui and Dazhui reduces brain cell apoptosis in heroin
readdicts. Neural Reqen Res. 2014;9(2):164e170.

http://refhub.elsevier.com/S2005-2901(17)30013-4/sref22
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref22
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref22
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref23
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref23
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref23
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref23
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref23
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref24
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref24
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref24
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref24
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref24
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref24
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref25
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref25
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref25
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref25
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref26
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref26
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref26
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref26
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref26
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref26
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref26
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref27
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref27
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref27
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref28
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref28
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref28
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref28
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref29
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref29
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref29
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref30
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref30
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref30
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref30
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref30
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref31
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref31
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref31
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref31
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref31
http://dx.doi.org/10.1155/2013/432764
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref33
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref33
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref33
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref33
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref33
http://dx.doi.org/10.5772/55092
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref35
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref35
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref35
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref35
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref36
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref36
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref36
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref36
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref37
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref37
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref37
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref37
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref38
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref38
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref38
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref38
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref39
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref39
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref39
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref39
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref40
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref40
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref40
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref40
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref41
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref41
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref41
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref41
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref41
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref42
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref42
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref42
http://refhub.elsevier.com/S2005-2901(17)30013-4/sref42

	Laser Acupuncture at GV20 Improves Brain Damage and Oxidative Stress in Animal Model of Focal Ischemic Stroke
	1. Introduction
	2. Materials and methods
	2.1. Animals
	2.2. Animal treatment
	2.3. Induction of focal cerebral ischemia
	2.4. Laser acupuncture
	2.5. Determination of brain infarct volume
	2.6. Determination of oxidative-stress markers
	2.6.1. Protein determination
	2.6.2. MDA level
	2.6.3. CAT activity
	2.6.4. GSH-Px level

	2.7. Isolation of mitochondria from the brain tissue for the determination of SOD activity
	2.8. Statistical analysis

	3. Results
	3.1. Effect of laser acupuncture at GV20 on brain infarct volume
	3.2. Effect of laser acupuncture at GV20 on endogenous antioxidant enzymes
	3.3. Effect of laser acupuncture at GV20 on the activity of SOD in the mitochondria

	4. Discussion
	Disclosure statement
	Acknowledgments
	References


