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Abstract
The therapeutic strategy against autism, a severe neurological development disorder, is
one of the challenges of this decade. Recent findings show that oxidative stress plays a
crucial role on the pathophysiology of autism, and laser acupuncture at Shenmen (HT7)
can improve oxidative status in many neurological disorders. Therefore, we aimed to
assess the effect of laser acupuncture at HT7 on behavior disorders and oxidative stress
status in the cortex, striatum, and hippocampus of the valproic acid rat model of autism.
Laser acupuncture was performed once daily during postnatal day (PND) 14ePND 40.
Behavioral tests including rotarod, open-field, learning and memory, and social behavior
tests were performed during PND 14ePND 40. At the end of study, brain oxidative status
including malondialdehyde levels and the activities of superoxide dismutase, catalase,
and glutathione peroxidase were determined in the cortex, striatum, and hippocampus.
Laser acupuncture at HT7 significantly improved autistic-like behaviors. Decreased mal-
ondialdehyde levels were observed in all areas mentioned above, however, increased
glutathione peroxidase activity was observed only in the striatum and hippocampus. No
changes in superoxide dismutase and catalase activities were observed in any investi-
gated area of the brain. Therefore, our study suggests that laser acupuncture at HT7
partly mitigates autistic-like symptoms via improved oxidative status.
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utism, a severe and pervasive heterogeneous neuro-
evelopment disorder [1], is characterized by impaired
ocial interaction and communication, repetitive behav-
ral patterns, and restricted interests [2]. The etiology of
utism is still unclear, but it has been regarded as a mul-
ietiology disorder that is influenced by numerous factors,
cluding genetic, environmental, and immunological fac-
ors, as well as oxidative stress [3]. Several lines of evi-
ence have demonstrated that patients with autism show
levated levels of malondialdehyde (MDA) [4], a lipid per-
xidation product, together with decreased levels of main
cavenger enzymes, such as superoxide dismutase (SOD),
atalase (CAT), and glutathione peroxidase (GSH-Px) [5,6],
serum. Oxidative stress levels in the cortex and the

erebellar vermis are also elevated [7]. A proposal has been
ade that an elevation of oxidative stress in parts of the
rain can impair or disturb brain development, resulting in
he clinical manifestation of autism [4].
Recently, a randomized control trial study demonstrated

hat a 4-week electroacupuncture treatment at eight acu-
oints, Sisheencong (Ex-HN1), Yintang (EX-NH3), Neuguan
PC6), Shenmen (HT7), Taichong (LR3), Ear Naotean (AT3),
ar Shenmen (TF4), and Sanyinjiao (ST6), could improve
any symptoms in autism spectrum disorder, including so-
ial initiation, receptive language, motor skills, coordina-
ion, and attention span [8]. Our previous work also clearly
emonstrated that stimulation at HT7 could improve the
tatus of oxidative stress in the brain and improve cognitive
unction in an animal model of Alzheimer’s disease [9].
ased on this information and the crucial role of oxidative
tress in autism pathophysiology, as mentioned earlier,
ser acupuncture at HT7 has been thought to have a
eneficial effect on various symptoms of autism. To the
est of our knowledge, no scientific evidence concerning
his issue has been available until now. Therefore, the
urrent study aimed to determine the effect of laser
cupuncture at HT7 on behavior disorders and on the status
f oxidative stress in the cortex, striatum, and hippocam-
us of a valproic acid (VPA) rat model of autism.

. Materials and methods

.1. Animals

regnant female Wistar rats were obtained from the Na-
ional Laboratory Animal Center, Salaya, Nakorn Pathom,
hailand. Rat pups, both male and female, were housed
Figure 1 Schematic diagram for experimental protoc
ogether in cages maintained in a 12-hour light:dark cycle
nd given ad libitum access to food and water. The
xperimental protocols were approved by the Institutional
nimal Care and Use Committee, Khon Kaen University,
hailand (AEKKU 56/2556).
.2. Experimental protocol

at pups were randomly divided into four groups of 10 rats
5 females and 5 males) per group: control (naı̈ve intact)
roup; VPA group; VPA plus laser acupuncture at HT7 group;
nd VPA þ sham laser acupuncture. Rat pups not in the
ontrol group were treated with VPA and showed abnormal
eurodevelopment. Laser acupuncture was performed once
aily during postnatal days (PND) 14e40. Autism-like be-
aviors were observed using the rotarod, open-field, Morris
ater maze, and social behavior tests. On PND 41, the
triatum, hippocampus, and cortex were isolated and
xidative stress markers including MDA level and the ac-
ivities of SOD, CAT, and GSH-Px enzymes were assessed as
hown in Fig. 1.
.3. Autism-like condition induction

at pups at age 14 days with body weights of 18e30 g were
jected with sodium valproate (Sigma Aldrich, St Louis,
O, USA) at a dose of 400 mg/kg body weight via a subcu-
aneous route. Autism-like symptoms were confirmed by
sing the reduced weight gain measured in weekly in-
ervals, as well as the impaired olfactory discrimination on
ND 9, delayed eye opening on PNDs 13 and 14, and the
paired motor development (swim performance) on PNDs
and 12 as initial activities reflecting abnormal neuron
evelopment in pups [10].
.4. Laser acupuncture treatment

ive minutes prior to laser acupuncture treatment, rat
ups were separated and housed individually. A blue laser
eam (Xinland International Limited, Xi’an, Shaanxi,
hina) with a wavelength of 405 nm, a power output of
00 mW (0.100 J/second), and a diameter of 500 mm was
ontinually administered at HT7 on both the left and the
ight sides. The blue laser treatment was performed once
aily for 10 minutes from PND 14 to PND 40. In this study,
he sham laser acupuncture group was treated with laser
cupuncture at a location 2e4 mm lateral to HT7, as
hown in Fig. 2.
ol. PND Z postnatal day; VPA Z valproic acid.



Figure 2 Photographs of location of laser acupuncture at HT7 acupoint.
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2.5. Determination of behavior disorders

2.5.1. Rotarod test
Because children with autism often show difficulties in
motor coordination and skill movements (motor learning)
[11], we aimed to determine the effect of laser acupunc-
ture on motor coordination by using the rotarod test during
the period from PND 24 to PND 26. Rats were placed indi-
vidually on the rotating rod. The rotating speed was grad-
ually increased by 0.5 cm/second every 5 seconds, and the
time taken by each animal to maintain its balance on the
rod over a 5-minute period was recorded as the endurance
time [12].

2.5.2. Morris water maze test
The effect of laser acupuncture on memory was evaluated
based on the previous finding that autism patients often
display a memory deficit [13]. The determination of spatial
memory capacity via the water-maze test was performed
on PND 40. The water maze consists of a metal pool (170 cm
in diameter � 58 cm deep) filled with tap water (25�C,
40 cm deep) covered with nontoxic milk that was divided
into four quadrants (northeast, southeast, southwest, and
northwest). A removable platform was immersed below the
water level at the center of one quadrant. The time that
each animal spent trying to climb onto the immersed
platform was recorded as the escape latency. Twenty-four
hours later, the animal was re-exposed to the same condi-
tion, except that the immersed platform had been
removed. Time spent in the region that had previously
contained the platform was recorded as the retention time
[14].

2.5.3. Open-field test
The open-field test was carried out to determine general
locomotor activity and willingness to explore in rodents
based on the information that children with autism show
reduced environmental exploration [15]. On PND 40, the
open-field test was performed. In brief, each animal was
placed in the center of a large Plexiglas open-field chamber
and allowed to explore the apparatus for 5 minutes.
Grooming, rearing, and time spent on the periphery or in
the center were assessed using a video tracking system
[16].

2.5.4. Social interaction
Because impairment of social interactions is recognized as
an important clinical manifestation in autism, we evalu-
ated the effect of laser acupuncture on social in-
teractions. The animals were separated and housed
individually the night before the experiment to enhance
social interactions. On PND 40, two animals from the same
group, but different litters and cages, were placed into
the test cage under red light for 20 minutes. Pairs were
tested in a randomized order for groups, and the animals
did not differ by >15 g in body weight. The frequencies of
pinning (one rat lies on its back as the other stands with
two paws on top of the first rat), following, grooming each
other, sniffing of any body part, and sniffing of the ano-
genital body parts were taken as indicators of social
engagement [17].

2.6. Determination of oxidative stress markers

At the end of the study, all rats were sacrificed. The cortex,
striatum, and hippocampus were isolated and prepared as
homogenates for the determination of oxidative stress
markers. The oxidative stress marker MDA was evaluated
using a thiobarbituric acid-reacting substances assay [18].
CAT, SOD, and GSH-Px were determined using a spectro-
photometric method [19].

2.7. Statistical analysis

Data were presented as the mean � standard error of the
mean. The statistical significance of the data was deter-
mined using one-way analysis of variance (ANOVA), fol-
lowed by Duncan’s test. Statistical significance was
achieved for p < 0.05.
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.1. Effect of laser acupuncture at HT7 on behavior
isorders

ig. 3 shows the effect of laser acupuncture at HT7 on
ndurance time in the rotarod test. On PND 24, both VPA
nd VPA plus sham laser acupuncture groups significantly
ecreased endurance time (p < 0.01 all; compared with
ontrol group). Significant changes were also observed on
ND 25 (p < 0.001 and p < 0.01, respectively; compared
ith control group) and PND 26 (p < 0.01 and p < 0.05,
espectively; compared with control group). No significant
ifferences in this parameter were observed between the
PA and the VPA plus sham laser acupuncture groups. Laser
cupuncture at HT7 mitigated the decreased endurance
ime induced by VPA during PND 24ePND 26 (p < 0.05,
.01, and p < 0.05, respectively; compared with VPA
roup). However, significant changes were observed only
n PND 24ePND 25 (p < 0.05 and p < 0.01, respectively;
ompared with VPA plus sham laser treated group) when
ompared with VPA treated rats that received sham
cupuncture.
Locomotor and exploratory behaviors were assessed via

pen-field test and the results are shown in Fig. 4. Fig. 4A
eveals that both VPA and VPA plus sham laser acupuncture
ignificantly decreased time spent in the center area
p < 0.001 all; compared with control group) but increased
he time spent in the peripheral area (p < 0.01 all;
ompared with control group). Laser acupuncture at HT7
ignificantly mitigated the reduction of time spent in the
enter area and the increased time spent in the peripheral
rea induced by VPA (p < 0.05 all; compared with VPA
roup and p < 0.05 all; compared with VPA plus sham laser
cupuncture group). It was found that VPA did not induce
he significant changes on the number of rearing and
rooming as shown in Fig. 4B.
igure 3 Effect of laser acupuncture at the HT7 acupoint on motor
xpressed as mean � standard error of the mean (n Z 10). #, ##, ###p
he control group. *, **p < 0.05 and p < 0.01, respectively, compared
ompared with the VPA plus sham laser acupuncture group. PND Z
VPA and VPA plus sham laser acupuncture at HT7 groups
ignificantly decreased retention time in the Morris water
aze test (p < 0.001 all; compared with control group) but
ailed to produce a significant change of escape latency in
his test. Laser acupuncture at HT7 significantly attenuated
he decreased retention time in VPA treated rats
p < 0.001; compared with VPA group and p < 0.001;
ompared with VPA plus sham acupuncture group). No sig-
ificant changes in escape latency were observed in VPA
lus sham acupuncture and VPA plus laser acupuncture at
T7 when compared with VPA and control groups as shown
Fig. 5.
Induction of autism by VPA significantly decreased the

requencies of following, grooming, and sniffing (p < 0.05
ll; compared with the control group). The VPA plus sham
ser acupuncture group also showed the significant
ecrease in all parameters mentioned earlier (p < 0.05 all;
ompared with control group). Sham laser acupuncture
ailed to alleviate any of the reductions induced by VPA in
he frequencies of social behaviors; however, laser
cupuncture at HT7 significantly mitigated the decreases in
he frequencies of following and grooming (p < 0.05 all;
ompared with VPA group and p < 0.05 all; compared with
PA plus sham), as shown in Fig. 6.

.2. Effect of laser acupuncture at HT7 on
xidative stress markers

ig. 7 demonstrates that VPA-treated rats significantly
creased MDA levels in the striatum, hippocampus, and
erebral cortex, (p < 0.001, 0.05, and p < 0.01, respec-
ively, compared with the control group). The VPA plus
ham laser acupuncture group also increased MDA levels in
hose three areas (p < 0.001, p < 0.01, and p < 0.01,
espectively; compared with control group). Sham laser
cupuncture failed to produce any significant attenuation
ffect on the MDA levels in the three regions whereas
ser acupuncture at HT7 significantly mitigated the
coordination in rats exposed to valproic acid (VPA). Values are
< 0.05, p < 0.01, and p < 0.001, respectively, compared with
with the VPA group. þ, þþp < 0.05 and p < 0.01, respectively,
postnatal day.



Figure 4 Effect of laser acupuncture at the HT7 acupoint on: (A) locomotor; and (B) exploratory activities in rats exposed to
valproic acid (VPA). Values are expressed as mean � standard error of the mean (n Z 10). ##, ###p < 0.01 and p < 0.001,
respectively, compared with the control group. *p < 0.05 compared with the VPA group. þp < 0.05 compared with the VPA plus
sham laser acupuncture group. PND Z postnatal day.

Figure 5 Effect of laser acupuncture at the HT7 acupoint on retention time and escape latency using the Morris water maze test
in rats exposed to valproic acid (VPA). Values are expressed as mean � standard error of the mean (n Z 10). ###p < 0.001 compared
with the control group. ***p < 0.001 compared with the VPA group. þþþp < 0.001 compared with the VPA plus sham laser
acupuncture group. PND Z postnatal day.
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levations of the MDA levels in all areas investigated in
his study (p < 0.01, p < 0.05, and p < 0.05, respectively;
ompared with VPA group and p < 0.001, p < 0.01, and
< 0.05, respectively; compared with VPA plus sham

cupuncture group). VPA administration significantly
ecreased the SOD activities in the striatum, hippocam-
us, and cerebral cortex (p < 0.001 all; compared with
ontrol group). Significant reductions in the GSH-Px ac-
ivities were also observed in all areas mentioned earlier
p < 0.001, p < 0.001, and p < 0.05, respectively;
ompared with control group). However, decreased CAT
ctivity was observed only in the hippocampus area
p < 0.05; compared with control group). Sham laser
cupuncture did not significantly affect the above-
entioned changes in scavenger enzymes whereas laser
cupuncture at HT7 significantly attenuated the decrease
the GSH-Px activity in both the striatum and the
igure 7 Effect of laser acupuncture at the HT7 acupoint on the lev
the striatum, hippocampus, and cortex. Values are expressed as m
< 0.01, and p < 0.001, respectively, compared with the control grou
alproic acid (VPA) group. þ, þþ, þþþp < 0.05, p < 0.01, and p <

cupuncture group.
ippocampus (p < 0.05 and p < 0.001, respectively;
ompared with VPA plus sham acupuncture group and
< 0.05 all; compared with VPA plus sham acupuncture),
s shown in Figs. 8e10.
. Discussion

he development of various regions of mammal brains does
ot occur at a uniform pace. The timing of development
aries among species and can occur both prenatally and
ostnatally. In rodent species, the development of most
rain areas still persists during the postnatal period.
VPA was administered via a subcutaneous route on PND

, the time when the rodent brain experiences a growth
purt [20] and when all developmental processes, including
ell proliferation, synaptogenesis, elimination, and
el of malondialdehyde (MDA), a product of lipid peroxidation,
ean � standard error of the mean (n Z 10). #, ##, ###p < 0.05,
p. *, **p < 0.05 and p < 0.01, respectively, compared with the
0.001, respectively, compared with the VPA plus sham laser



Figure 8 Effect of laser acupuncture at the HT7 acupoint on the activity of superoxide dismutase (SOD) in the striatum, hip-
pocampus, and cortex. Values are expressed as mean � standard error of the mean (n Z 10). ###p < 0.001 compared with the
control group.

Figure 9 Effect of laser acupuncture at the HT7 acupoint on the activity of glutathione peroxidase (GSH-Px) in the striatum,
hippocampus, and cortex. Values are expressed as mean � standard error of the mean (n Z 10). #, ##, ###p<0.05, 0.01 and 0.001,
respectively, compared with the control group. *, **p < 0.05 and p < 0.01, respectively, compared with the valproic acid (VPA)
group. þp < 0.05 compared with the VPA plus sham laser acupuncture group.
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myelination in most cortical and subcortical regions have
not yet accomplished [21]. Therefore, the administered
VPA might be absorbed and transported to the brain either
via the choroid plexus (bloodecerebrospinal fluid barrier)
or via the bloodebrain barrier (blood capillary endothe-
lium), and triggered the oxidative stress imbalance [22]
giving rise to the damage of various brain structures such
as the cerebral cortex [23]. This finding was also in agree-
ment with our results demonstrating the elevation of MDA
levels in the cerebral cortex. In addition, our study
demonstrated that the elevation of oxidative stress
occurred not only in the cerebral cortex but also in the
striatum and the hippocampus. The elevation of oxidative
stress can affect various cellular components, such as
lipids, proteins, and DNA, and can affect metabolism and
cellular activity up to neurodegeneration. Based on the
crucial roles of the striatum in voluntary control [24] and in
learning and memory [25], the roles of the cortex in motor,
sensory, and social cognition [26], and the roles of both the
cortex and the hippocampus in learning [27], we suggest
that the abnormal motor behaviors might involve the
elevation of oxidative stress in the cortex and the striatum
whereas the impairment of learning might be associated
with elevations of oxidative stress in the hippocampus. The
elevation of oxidative stress in the cortex might also be
involved in anxiety [28], and social recognition [26]. Our
results also demonstrate that VPA-treated rats showed
elevated MDA levels in the cerebral cortex, striatum, and
hippocampus, together with decreased SOD and GSH-Px
activities in all investigated areas whereas decreased CAT
activity was observed only in the hippocampus. Therefore,
the decreased scavenger enzyme activities in the
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Figure 10 Effect of laser acupuncture at the HT7 acupoint on the activity of catalase in the striatum, hippocampus, and cortex.
Values are expressed as mean � standard error of the mean (n Z 10). #p < 0.05 compared with the control group.
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entioned areas might be responsible for the elevated MDA
vels.
In the VPA-treated rats, sham laser acupuncture failed

o have any positive effects on any of the changes induced
y VPA. However, laser acupuncture treated rats did reduce
he enhanced MDA level induced by VPA. This suggests that
he positive effect observed in this study might require
pecific laser stimulation at the HT7 acupoint. VPA-treated
ats that received laser stimulation at the HT7 acupoint
howed a decreased MDA level in the cerebral cortex
ithout any changes of the scavenger enzymes. Therefore,
he reduction in the MDA levels in the striatum and the
ippocampus might be due the enhanced scavenger en-
ymes, especially SOD and GSH-Px. Based on the lack of any
lose relationship between the MDA level and the activities
f scavenger enzymes in the cerebral cortex, the decreased
DA level in this area might be due to other factors such as
ecreased generation of oxidative stress, however, this
equires further investigation.
In an animal model of autism, laser acupuncture at the

T7 acupoint is a potential, noninvasive strategy for
epairing brain damage and reducing autism-like behaviors.
his effect is partly due to decreased oxidative stress in the
ortex, striatum, and hippocampus; thus this treatment
trategy has an advantage for treating autism. However,
urther research concerning the effect of treatment dura-
ion and the precise underlying mechanism, as well as
linical trial studies, is necessary.
[

isclosure statement

he authors declare that they have no conflicts of interest
nd no financial interests related to the material of this
anuscript.
[

[

cknowledgments

his study was supported by the Integrated Complementary
lternative Medicine Research and Development Center
nd Invitation Research of the Faculty of Medicine, and
raduate School, Khon Kaen University, Khon Kaen 40002,
hailand.
eferences

[1] Siniscalco D, Bradstreet JJ, Antonucci N. The promise of
regenerative medicine and stem cell research for the treat-
ment of autism. J Regen Med. 2012;1:1.

[2] American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, Text Revision. 4th ed. Washing-
ton: American Psychiatric Press; 2000.

[3] Chauhan A, Chauhan V. Oxidative stress in autism. Patho-
physiology. 2006;13:171e181.

[4] Chauhan A, Chauhan V, Brown WT, Cohen I. Oxidative stress in
autism: increased lipid peroxidation and reduced serum levels
of ceruloplasmin and transferringdthe antioxidant proteins.
Life Sci. 2004;75:2539e2549.

[5] Yorbik O, Sayal A, Akay C, Akbiyik DI, Sohmen T. Investigation
of antioxidant enzymes in children with autistic disorder.
Prostaglandins Leukot Essent Fatty Acids. 2002;67:341e343.

[6] Zoroglu SS, Armutcu F, Ozen S, Gurel A, Sivasli E, Yetkin O,
et al. Increased oxidative stress and altered activities of
erythrocyte free radical scavenging enzymes in autism. Eur
Arch Psychiatry Clin Neurosci. 2004;254:143e147.

[7] Sajdel-Sulkowska EM, Xu M, McGinnis W, Koibuchi N. Brain
region-specific changes in oxidative stress and neurotrophin
levels in autism spectrum disorders (ASD). Cerebellum. 2011;
10:43e48.

[8] Wong VC, Chen WX. Randomized controlled trial of electro-
acupuncture for autism spectrum disorder. Altern Med Rev.
2010;15:136e146.

[9] 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;6:247e251.

10] Schneider T, Przewłocki R. Behavioral alterations in rats pre-
natally exposed to valproic acid: animal model of autism.
Neuropsychopharmacology. 2005;30:80e89.

11] Fournier KA, Hass CJ, Naik SK, Lodha N, Cauraugh JH. Motor
coordination in autism spectrum disorders: a synthesis and
meta-analysis. J Autism Dev Disord. 2010;40:1227e1240.

12] Moy SS, Nadler JJ, Poe MD, Nonneman RJ, Young NB,
Koller BH, et al. Development of a mouse test for repetitive,
restricted behaviors: relevance to autism. Behav Brain Res.
2008;188:178e194.

http://refhub.elsevier.com/S2005-2901(15)00112-0/sref1
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref1
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref1
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref2
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref2
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref2
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref3
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref3
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref3
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref4
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref4
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref4
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref4
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref4
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref4
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref5
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref5
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref5
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref5
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref6
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref6
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref6
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref6
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref6
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref7
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref7
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref7
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref7
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref7
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref8
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref8
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref8
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref8
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref9
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref9
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref9
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref9
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref9
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref10
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref10
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref10
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref10
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref10
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref11
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref11
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref11
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref11
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref12
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref12
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref12
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref12
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref12


Laser Acupuncture Improves Experimental Autism 191
[13] Barendse EM, Hendriks MP, Jansen JF, Backes WH, Hofman PA,
et al. Working memory deficits in high-functioning adolescents
with autism spectrum disorders: neuropsychological and
neuroimaging correlates. J Neurodev Disord. 2013;5:5e14.

[14] Morris R. Developments of a water-maze procedure for
studying spatial learning in the rat. J Neurosci Meth. 1984;11:
47e60.

[15] Pierce K, Courchesne E. Evidence for a cerebellar role in
reduced exploration and stereotyped behavior in autism. Biol
Psychiatry. 2001;49:655e664.

[16] Pletnikov MV, Rubin SA, Vasudevan K, Moran TH, Carbone KM.
Developmental brain injury associated with abnormal play
behavior in neonatally Borna disease virus-infected Lewis
rats: a model of autism. Behav Brain Res. 1999;100:43e50.

[17] Vanderschuren LJ, Niesink RJ, Van Ree JM. The neurobiology
of social play behavior in rats. Neurosci Biobehav Rev. 1997;
21:309e326.

[18] Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal Biochem. 1979;
95:351e358.

[19] Jittiwat J, Wattanathorn J, Tong-un T, Muchimapura S,
Bunchonglikitkul C. Porcine brain extract attenuates memory
impairments induced by focal cerebral ischemia. Am J Appl
Sci. 2009;6:1662e1668.

[20] Ikonomidou C, Kaindl AM. Neuronal death and oxidative stress
in the developing brain. Antioxid Redox Signal. 2011;14:
1535e1550.
[21] Semple BD, Blomgren K, Gimlin K, Ferriero DM, Noble-
Haeusslein LJ. Brain development in rodents and humans:
identifying benchmarks of maturation and vulnerability to
injury across species. Prog Neurobiol. 2013;106:1e16.

[22] Auinger K, Müller V, Rudiger A, Maggiorini M. Valproic acid
intoxication imitating brain death. Am J Emerg Med. 2009;27:
1175e1177.

[23] Grillner S, Hellgren J, Ménard A, Saitoh K, Wikström MA.
Mechanisms for selection of basic motor programs e roles for
the striatum and pallidum. Trends Neurosci. 2005;28:
364e370.

[24] Doya K. Complementary roles of basal ganglia and cerebellum
in learning and motor control. Curr Opin Neurobiol. 2000;10:
732e739.

[25] Balleine BW, Delgado MR, Hikosaka O. The role of the dorsal
striatum in reward and decision-making. J Neurosci. 2007;27:
8161e8165.

[26] Cossu G, Boria S, Copioli C, Bracceschi R, Giuberti V,
Santelli E, et al. Motor representation of actions in children
with autism. PLoS One. 2012;7:e44779.

[27] Heck DH, Howell JW. Prefrontal cortical-cerebellar inter-
action deficits in autism spectrum disorders. Autism. 2013;
S4:1.

[28] Green SA, Rudie JD, Colich NL, Wood JJ, Shirinyan D,
Hernandez L, et al. Overreactive brain responses to sensory
stimuli in youth with autism spectrum disorders. J Am Acad
Child Adolesc Psychiatry. 2013;52:1158e1172.

http://refhub.elsevier.com/S2005-2901(15)00112-0/sref13
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref13
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref13
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref13
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref13
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref14
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref14
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref14
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref14
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref15
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref15
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref15
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref15
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref16
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref16
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref16
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref16
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref16
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref17
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref17
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref17
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref17
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref18
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref18
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref18
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref18
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref19
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref19
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref19
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref19
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref19
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref20
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref20
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref20
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref20
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref21
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref21
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref21
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref21
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref21
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref22
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref22
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref22
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref22
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref23
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref23
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref23
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref23
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref23
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref23
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref24
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref24
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref24
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref24
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref25
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref25
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref25
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref25
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref26
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref26
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref26
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref27
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref27
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref27
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref28
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref28
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref28
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref28
http://refhub.elsevier.com/S2005-2901(15)00112-0/sref28

	Laser Acupuncture Improves Behavioral Disorders and Brain Oxidative Stress Status in the Valproic Acid Rat Model of Autism
	1. Introduction
	2. Materials and methods
	2.1. Animals
	2.2. Experimental protocol
	2.3. Autism-like condition induction
	2.4. Laser acupuncture treatment
	2.5. Determination of behavior disorders
	2.5.1. Rotarod test
	2.5.2. Morris water maze test
	2.5.3. Open-field test
	2.5.4. Social interaction

	2.6. Determination of oxidative stress markers
	2.7. Statistical analysis

	3. Results
	3.1. Effect of laser acupuncture at HT7 on behavior disorders
	3.2. Effect of laser acupuncture at HT7 on oxidative stress markers

	4. Discussion
	Disclosure statement
	Acknowledgments
	References


