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Abstract
Electroacupuncture has been shown to induce a preconditioning effect in the brain. The
mechanisms for this protection are not fully elucidated. We hypothesize that this protection is
mediated by excitatory amino acid transporters (EAATs) that have been shown to be
neuroprotective. To test this hypothesis, two-month old male Sprague-Dawley rats and EAAT
type 3 (EAAT3) knockout mice received or did not receive 30-min electroacupuncture once a day
for 5 consecutive days. They were subjected to a 120-min middle cerebral arterial occlusion
(MCAO) at 24 h after the last electroacupuncture. Neurological outcome was assessed 2 days after
the MCAO. Brain tissues were harvested at 24 h after the last electroacupuncture for Western
blotting. Rats subjected to electroacupuncture at the Baihui acupoint had smaller brain infarct
volumes and better neurological deficit scores than control rats. Electroacupuncture increased
EAAT type 2 (EAAT2) in the cerebral cortex, tended to increase EAAT3 in the hippocampus, and
had no effect on EAAT type 1 expression. Dihydrokainate, an EAAT2 inhibitor, worsened the
neurological outcome of rats with electroacupuncture pretreatment. Electroacupuncture
pretreatment at the Baihui acupoint increased EAAT2 in the cerebral cortex and improved the
neurological outcome of EAAT3 knockout mice. Together, our results suggest that EAAT2 may
mediate the electroacupuncture preconditioning-induced neuroprotection.
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1. Introduction
Stroke is a leading cause of death and disability (Hoyert and Xu, 2012). The major
pathophysiology for stroke to lead to these poor outcomes is ischemic brain injury. It has
been a focus for medical research to identify interventions to reduce ischemic brain injury.
However, very few clinically practical and effective interventions have been developed so
far.

One of the promising approaches to reduce ischemic brain injury is to induce endogenous
protective mechanisms. Preconditioning in which a prior exposure of tissues or organs to a
stimulus or a drug reduces ischemia- or severe hypoxia-induced injury to the tissues or
organs is such an approach (Dirnagl et al., 2003). It has been shown that electroacupuncture
can induce a preconditioning effect in the brain (Ma et al., 2011; Wang et al., 2009).
Acupuncture is a critical component of traditional Chinese medicine. Electroacupuncture is
a modern technique that involves application of currents to a needle inserted at an acupoint
to improve and diversify the stimulations and to reduce the requirement of accurate
placement of the needle. This is because various forms of currents can be applied and the
currents can travel a short distance to stimulate the acupoint.

The mechanisms for electroacupuncture preconditioning-induced neuroprotection are not
fully understood. It is known that preconditioning-induced neuroprotection often requires
the synthesis of protective proteins (Dirnagl et al., 2003). Glutamate transporters (also called
excitatory amino acid transporters, EAATs), a group of proteins that transport the excitatory
amino acid neurotransmitters including glutamate from extracellular space to intracellular
compartments (Danbolt, 2001), have been shown to provide neuroprotection (Li and Zuo,
2011; Rao et al., 2001; Rothstein et al., 1996). In addition, studies have implicated the
involvement of EAATs in the neuroprotection induced by various preconditioning stimuli
(Bigdeli et al., 2008; Romera et al., 2007; Wang et al., 2007; Zheng and Zuo, 2003). Thus,
we hypothesize that EAATs mediate the electroacupuncture preconditioning-induced
neuroprotection. There are five EAATs. EAAT1 and EAAT2 are glial. EAAT3 and EAAT4
are neuronal. EAAT5 is mainly distributed in the retina. EAAT1 – 3 are widely expressed in
the central nervous system; whereas EAAT4 mainly exists in the cerebrum. Quantitatively,
EAAT2 and EAAT3 are the major glial and neuronal EAAT, respectively (Danbolt, 2001;
Rothstein et al., 1996). Thus, we designed this study to mainly determine the role of EAAT2
and EAAT3 in the electroacupuncture preconditioning-induced neuroprotection. Our study
showed that electroacupuncture increased EAAT2 in the cerebral cortex and that
dihydrokainate, an EAAT2 inhibitor, inhibited electroacupuncture-induced neuroprotection.

2. Materials and methods
2.1. Animals

The experimental protocol was approved by the Institutional Animal Care and Use
Committee at the University of Virginia. All animal experiments were carried out in
accordance with the National Institute of Health Guide for the Care and Use of Laboratory
Animals (NIH Publications No. 80–23) revised in 1996. All efforts were made to minimize
the number of animals used and their suffering.
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Two-month old male Sprague-Dawley rats (280 to 320 g) were from Charles River
Laboratories Inc, Wilmington, MA. The EAAT3 knockout mice (28 – 32 g) were
descendants of the strain established by Peghinni et al (Peghini et al., 1997). Their exon 1 of
eaat3 gene is disrupted by a neomycin resistance cassette. These mice were backcrossed
with wild-type CD-1 mice for more than 10 generations to produce a strain of EAAT3
knockout mice before our study. They have been backcrossed with wild-type CD-1 mice in
our laboratory at least once every 8 generations to prevent genetic drift as recommended
from the Banbury Conference (Silva et al., 1997). The CD-1 wild-type mice were from
Charles River Laboratories. Male 8-week-old EAAT3 knockout mice (28 to 32 g) were used
in our study. The lack of the EAAT3 protein expression in these mice has been confirmed by
our previous studies (Lee et al., 2010; Li and Zuo, 2011).

2.2. Electroacupuncture pretreatment
Electroacupuncture pretreatment was performed as we previously described (Wang et al.,
2009). Rats or mice were anesthetized with intraperitoneal sodium pentobarbital (40 mg/kg)
and inhaled oxygen by face mask gassed with 100% oxygen at 1 L/min. An
electroacupuncture needle (0.25 mm in diameter at the tip and 13 mm long; Suzhou Medical
Appliance Ltd, Suzhou, China) was inserted at the acupoint “Baihui (GV 20)” that is located
at the intersection of the sagittal midline and the line drawn to connect two ears. The needle
was connected to a generator (SDZ-V Electronic Acupuncture Treatment Instrument,
Suzhou Medical Appliance Ltd) that produced electric currents with the intensity of 1 mA
and frequency of 2/15 Hz. The stimulation was for 30 min per day for 5 consecutive days.
To assess whether the induced effects are specific to the stimulation of the Baihui acupoint,
animals were stimulated 1 cm lateral to the Baihui acupoint with the same current setting for
30 min per day for 5 consecutive days (Li et al., 2012). This treatment was called para-
electroacupuncture. Another group of rats received pentobarbital every day but without
electroacupuncture for 5 consecutive days. This group was called pentobarbital group.
Temporalis muscle temperature was monitored and maintained at 37.0°C ± 0.2°C by
warming blanket during the anesthesia. The heart rate, arterial blood oxygen saturation,
respiration rate were monitored during electroacupuncture treatment. The control animals
were placed in a chamber gassed with 100% oxygen for 30 min per day for 5 consecutive
days. The numbers of rats in each study group were as follows: 8 for the control group, 8 for
the pentobarbital group, 7 for the para-electroacupuncture group, 17 for the
electroacupuncture group, 7 for the dihydrokainate group and 6 for the dihydrokainate plus
electroacupuncture group.

2.3. Administration of dihydrokainate
Dihydrokainate (10 mg/kg, Tocris, Bristol, UK), a specific inhibitor of EAAT2, dissolved in
normal saline was intraperitoneally injected at 30 min before the onset of brain ischemia as
described before in rats (Chu et al., 2007).

2.4. Transient middle cerebral arterial occlusion
Focal cerebral ischemia was induced at 24 h after the last electroacupuncture by middle
cerebral artery occlusion (MCAO) as we previously described (Li and Zuo, 2009, 2011).
Briefly, rats were anesthetized with isoflurane and then intubated and mechanically
ventilated with pure O2 containing 2% isoflurane. Mice were anesthetized with 1.5%
isoflurane carried by pure O2 through a mask. The right common carotid artery, external
carotid artery, and internal carotid artery were isolated via a ventral midline neck incision. A
nylon monofilament with rounded tip (3-0 for rats and 6-0 for mice) (Beijing Sunbio
Biotech Co. Ltd., Beijing, China) was introduced into the right internal carotid artery via a
puncture in the external carotid artery and advanced until slight resistance was felt.
Isoflurane anesthesia was stopped immediately once the suture was in place. After recovery
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from anesthesia, animals were placed back into their cages with ad libitum access to food
and water. They were re-anesthetized by isoflurane for ~ 2 min at 120 min (rat) or 90 min
(mice) after the placement of the monofilament to remove this filament. During the surgery,
temporalis muscle temperature in rats or rectal temperature in mice was strictly maintained
at 37 ± 0.2 °C by a warming blanket. The inhaled and exhaled gases were also monitored
with a Datex infrared analyzer (Capnomac, Helsinki, Finland) and normal end-tidal carbon
dioxide concentrations were maintained. Their heart rates, breathing rates, and pulse
oximeter oxygen saturations were monitored continuously and noninvasively using a
MouseOX Murine Plus Oximeter System (Starr Life Sciences Corporation, Oakmont, PA,
USA) as we did before (Li and Zuo, 2011). After recovery from anesthesia, animals were
placed back in their cages with ad libitum access to food and water.

2.5. Evaluation of infarct volumes and neurological deficit scores
Neurological deficit scores of rats and mice were evaluated at 48 h and 24 h, respectively,
after the transient MCAO based on an eight-point scale by a person who was blind to the
group assignment of the animals. Rats and mice were scored as follows: 0, no apparent
deficits; 1, failure to extend left forepaw fully; 2, decreased grip of the left forelimb; 3,
spontaneous movement in all directions, contralateral circling only if pulled by the tail; 4,
circling or walking to the left; 5, walking only if stimulated; 6, unresponsiveness to
stimulation and with depressed level of consciousness; and 7, dead.

Cerebral infarct volumes were evaluated at 48 h (rats) and 24 h (mice) after the MCAO as
we described before (Li and Zuo, 2009, 2011). Briefly, brain was sliced into coronal 2-mm
(rats) or 1-mm (mice) thick slices. These slices were subjected to 2,3,5-triphenyltetrazolium
chloride staining. The infarct areas were analyzed using NIH Image 1.60 (NIH, Bethesda,
MD, USA). The sum of the infarct areas in the rostral and caudal sides of each brain slice
was divided by 2 to get the average infarct area of the brain slice. The infarct volume of the
brain slice was calculated by multiplying the average infarct area of the slice by the
thickness of the slice. The total infarct volume in the brain was the sum of infarct volume in
each brain slice. The ipsilateral hemisphere volume was measured in the same way. The
percentage of infarct volumes in the ipsilateral hemisphere volumes was calculated to
account for cerebral edema resulting from brain ischemia and tissue processing and to
correct for the individual difference in brain volumes (Swanson et al., 1990).

2.6. Western analysis
Brain cortices and hippocampus of rats or mice were collected at 24 h after the last
electroacupuncture without the MCAO. In another study, the right frontal cortex area 1
(Fr1), an ischemic penumbral brain region after MCAO (Li and Zuo, 2011; Zheng and Zuo,
2004), was harvested from rats at 2 h after MCAO. The brain tissues were homogenized on
ice in a lysis buffer containing 200 mM mannitol, 80 mM HEPES (pH 7.4), protease
inhibitor cocktail (Sigma-Aldrich, St Louis, MO, USA) and 1 mM
phenylmethanesulfonylfluoride. The tissue lysates were centrifuged at 1000 g for 10 min at
4°C and the supernatant was aspirated. The supernatant was centrifuged again at 100,000 g
for 1 h at 4°C. The supernatant was removed and the pellet was re-suspended in the lysis
buffer for Western blot (50 μg protein per lane). The following primary antibodies were
used in this study: the rabbit polyclonal anti-EAAT1 antibody (1:1000, Cell Signaling
Technology Inc, Danvers, MA, USA), the rabbit polyclonal anti-EAAT2 antibody (1:1000,
Cell Signaling Technology Inc), the rabbit polyclonal anti-EAAT3 antibody (1:500, Alpha
Diagnostic International Inc., San Antonio, TX, USA), the rabbit polyclonal anti-
glyceraldehydes 3-phosphate dehydrogenase (GAPDH) antibody (1:1000, Cell Signaling
Technology Inc.) and the rabbit polyclonal anti-β-actin antibody ((1:1000, Cell Signaling
Technology Inc.). The protein bands were visualized with the enhanced chemoluminescence
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methods. Quantitative analysis of the protein bands was performed using an Image-Quant
5.0 GE Healthcare Densitometer (GE Healthcare, Sunnyvale, CA). The densities of EAAT1,
EAAT2, and EAAT3 protein bands were normalized to those of GAPDH or β-actin in the
same samples to control for errors in protein sample loading and transferring during western
blotting. The results of EAATs under various conditions were normalized by the mean
values of the corresponding results in the control animals.

2.7. Statistical analysis
All data, except for neurological deficit scores, are presented as mean ± S.E.M. and were
analyzed by Student’s t-test or one-way analysis of variance followed by Student-Newman-
Keuls method as appropriate. Neurological deficit scores were analyzed with rank sum test
or one way analysis of variance on ranks with Dunn’s post-hoc test as appropriate. A P <
0.05 was considered statistically significant. All statistical analysis was performed with
SigmaStat software (SYSTAT Software, Inc., Point Richmond, CA, USA).

3. Results
There were no significant differences in the heart rates, pulse oxygen saturation, and
respiratory rates among the various groups (data not shown). One, three and two rats died in
the para-electroacupuncture, dihydrokainate and dihydrokainate plus electroacupuncture
groups, respectively, before the end of the 2-day observation period. These deaths occurred
at 16 h or longer after the MCAO. There was no death in other three groups of rats. The
death rates of the three groups in which death occurred were not different from that of
control group. The data of the dead rats contributed to the final data of neurological deficit
scores but did not contribute to the infarct volumes.

Similar to the previous studies (Ma et al., 2011; Xiong et al., 2003), rats pretreated with
electroacupuncture had smaller infarct volumes and better neurological deficit scores than
control rats. The infarct volumes and neurological deficit scores were similar among the
control, pentobarbital and para-electroacupuncture groups (Fig. 1). Dihydrokainate injected
30 min before the MCAO significantly worsened the neurological deficit scores when
compared to control group. Dihydrokainate also significantly worsened the neurological
deficit scores in rats with electroacupuncture pretreatment when compared to
electroacupuncture alone. There were no differences in the infarct volumes and neurological
deficit scores between the dihydrokainate alone and dihydrokainate plus electroacupuncture
groups (Fig. 1).

At 24 h after the last electroacupuncture without the MCAO, EAAT1 expression in the
cerebral cortex and hippocampus was not significantly different among the control,
pentobarbital, para-electroacupuncture and electroacupuncture groups. EAAT2 expression in
the cerebral cortex of rats with electroacupuncture was significantly higher than that in the
control rats. This difference was not observed in the hippocampus. Electroacupuncture
tended to increase EAAT3 expression in the hippocampus (P = 0.158) when compared with
control condition (Fig. 2). Similarly, rats with electroacupuncture preconditioning had a
higher EAAT2 expression in the right Fr1 at 2 h after the right MCAO than control rats (Fig.
3).

Eleven and nine EAAT3 knockout mice were used for the control and electroacupuncture
groups, respectively. Two mice in the control group died before the end of the 24 h
observation period. Electroacupuncture pretreatment at the Baihui acupoint significantly
reduced the infarct volumes and improved the neurological deficit scores in the EAAT3
knockout mice (Fig. 4). Electroacupuncture also increased EAAT2 expression in the
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cerebral cortex and hippocampus. Electroacupuncture did not affect the expression of
EAAT1 in the cerebral cortex or hippocampus (Fig. 5).

4. Discussion
Similar to our previous finding (Ma et al., 2011; Xiong et al., 2003), we showed here that
electroacupuncture at Baihui reduced brain infarct volumes and improved neurological
function in rats. These effects are specific due to electronic current stimulation to the
acupoint because rats received pentobarbital or para-electroacupuncture did not have these
beneficial effects. These results clearly suggest that electroacupuncture at certain acupoints
can induce a preconditioning effect against focal brain ischemia. We selected Baihui
because stimulation of this acupoint affects neurochemical expression. For example, Baihui
stimulation increases brain-derived neurotrophic factor in the hippocampus (Hwang et al.,
2010). In addition, Baihui stimulation has been shown to induce preconditioning effect in
the brain (Ma et al., 2011; Wang et al., 2009).

Our previous study suggests that electroacupuncture preconditioning involves cannabinoid
receptors 2 to provide neuroprotection (Ma et al., 2011). However, it is not clear which
protective proteins may be induced by electroacupuncture for the preconditioning effects in
the brain. Multiple studies have shown the protective role of EAATs, especially EAAT2 and
EAAT3, in the brain against ischemia (Li and Zuo, 2011; Rao et al., 2001; Rothstein et al.,
1996). As the first step to determine whether EAATs are involved in the electroacupuncture
preconditioning-induced neuroprotection, we quantified the EAAT expression in the
presence and absence of electroacupuncture. Our results showed that electroacupuncture at
Baihui significantly increased EAAT2 in the cerebral cortex and that this increase persisted
after the MCAO. We also showed that dihydrokainate attenuated the electroacupuncture
preconditioning-induced neuroprotection. Dihydrokainate is a non-transportable EAAT
inhibitor and is more than 130-fold selective for EAAT2 (Ki = 23 μM) over EAAT1 (Ki > 3
mM) and EAAT3 (Ki > 3 mM) (Arriza et al., 1994). Together, our results suggest the
involvement of EAAT2 in this neuroprotection. Our results do not support the role of
EAAT3 in the electroacupuncture preconditioning-induced neuroprotection because
electroacupuncture at Baihui did not significantly increase EAAT3 expression and
electroacupuncture at Baihui induced an increase of EAAT2 expression in the brain of the
EAAT3 knockout mice and a preconditioning effect in these mice.

We showed that rats received dihydrokainate only had worse neurological function than rats
in the control group. This result is consistent with the previous finding that increased
EAAT2 before brain ischemia reduce ischemic brain injury (Chu et al., 2007). Our result
also suggests an important role of basal EAAT2 expression in providing neuroprotection
against brain ischemia.

There is strong evidence for the protective effects of EAAT2 in the literature. An early study
showed that EAAT2 knockdown in rats induced excitotoxicity (Rothstein et al., 1996). This
result is consistent with our finding that dihydrokainate alone worsened neurological deficit
scores after the MCAO. Rats with EAAT2 knockdown have poorer neurological outcome
after focal brain ischemia (Rao et al., 2001). Increased EAAT2 using ceftriaxone before
permanent or transient focal brain ischemia improves neurological outcome (Chu et al.,
2007). Increased EEAT2 also plays a role in the neuroprotection induced by ischemic
preconditioning and citicoline (Hurtado et al., 2008; Romera et al., 2007). More importantly,
patients with a polymorphism in the EAAT2 promoter that decreases EAAT2 expression
also have a higher frequency of early neurological worsening (Mallolas et al., 2006).
Similarly, there is evidence to suggest a protective role of EAAT3 because EAAT3
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knockout mice have worse neurological outcome after brain ischemia (Li and Zuo, 2011;
Won et al., 2010).

One important question that needs to be addressed is how EAATs may provide
neuroprotection. Ischemia and reperfusion significantly increase extracellular glutamate
concentrations, which is a major secondary insult after brain ischemia to cause cell injury
(Lipton, 1999). EAATs may uptake and bind extracellular glutamate in the ischemic
penumbral brain tissue and, therefore, be protective. EAAT3 is the major mechanism in
mature neurons to take up cysteine that is a substrate for glutathione synthesis. Glutathione
is a critical component for antioxidant defenses and intracellular zinc binding. Thus, lack of
EAAT3 worsens the oxidative stress and increases intracellular free zinc, which leads to cell
injury after brain ischemia (Li and Zuo, 2011; Won et al., 2010).

The possible involvement of EAATs in the preconditioning-induced neuroprotection is
based on mainly two lines of evidence in the literature. The first line of evidence is that
preconditioning stimuli, such as normobaric hyperoxia, increase the expression of EAATs
(Bigdeli et al., 2008). The second line of evidence is that general EAAT inhibitors reduce
neuroprotection induced by preconditioning stimuli, such as volatile anesthetics (Wang et
al., 2007; Zheng and Zuo, 2003). However, it is not known yet which subtype of EAATs
may be involved in the preconditioning-induced neuroprotection. Our data suggest the role
of EAAT2 in the electroacupuncture preconditioning-induced neuroprotection.

We showed in this study that electroacupuncture preconditioning increased EAAT2
expression in the cerebral cortex but not in the hippocampus. This result suggests a brain
region-specific effect of electroacupuncture. The reasons for this finding are not clear.
However, it is known that an acupoint has certain functions and stimulation of the acupoint
may only affect certain regions or organs.

In summary, we have shown that electroacupuncture at Baihui induces brain ischemic
tolerance in rats and mice. This effect may be mediated by EAAT2.
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Research highlights

• Electroacupunture preconditioning reduce ischemic brain injury in rats and mice

• Electroacupunture increases glutamate transporter type 2 expression in rat
cerebral cortex

• Electroacupunture preconditioning in the brain may be mediated by glutamate
transporter type 2
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Fig. 1. Electroacupuncture preconditioning improved histological and neurological function
outcome after focal brain ischemia in adult rats
A: Brain sections after 2,3,5-triphenyltetrazolium chloride staining from representative rats
in various groups. B: Percentage of brain infarct volume in ipsilateral hemisphere volume.
Results are the means ± S.E.M. (n = 5 – 17). C: Neurological deficit scores evaluated
immediately before the animals were euthanized for the assessment of infarct volumes (data
are presented in panel B) or assigned 7 to the animals that died before this end time point for
observation. Results are presented in a box plot format (n = 6 – 17). ●: lowest or highest
score (the score will not show up if it falls in the 95% interval); between lines: 95% interval
of the data; inside boxes: 25 – 75% interval including the median of the data. * P < 0.05
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compared with control group. ^ P < 0.05 compared with electroacupuncture preconditioning
group. Con: animals inhaling oxygen for 30 min each day for 5 consecutive days; PB:
pentobarbital; PEA: para-electroacupuncture; EA: electroacupuncture; DHK:
dihydrokainate.
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Fig. 2. Effects of electroacupuncture on excitatory amino acid transporter (EAAT) expression in
rats
Cerebral cortex and hippocampus were harvested for Western blotting at 24 h after the last
electroacupuncture without the MCAO. The EAAT1, EAAT2 and EAAT3 expression is
presented in the panels A, B and C. Representative Western blots are shown in the left panel
and the graphic presentation of the EAAT protein abundance quantified by integrating the
volume of autoradiograms from 5 rats for each experimental condition is shown in the right
panel. Values in graphs are the means ± S.E.M. * P < 0.05 compared with control rats
inhaling oxygen 30 min each day for 5 days. GAPDH: glyceraldehydes 3-phosphate
dehydrogenase; Hippo: hippocampus.
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Fig. 3. Effects of electroacupuncture on excitatory amino acid transporter type 2 (EAAT2)
expression in the frontal cortex area 1 of rats after the middle cerebral arterial occlusion
(MCAO)
The brain tissues were harvested for Western blotting at 2 h after the MCAO. Representative
Western blots are shown on the top panel and the graphic presentation of the EAAT2 protein
abundance quantified by integrating the volume of autoradiograms from 4 rats for each
experimental condition is shown in the low panel. Values in graphs are the means ± S.E.M.
* P < 0.05 compared with control rats inhaling oxygen 30 min each day for 5 days. ^ P <
0.05 compared with rats after MCAO only. GAPDH: glyceraldehydes 3-phosphate
dehydrogenase; EA: electroacupuncture.
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Fig. 4. Electroacupuncture preconditioning improved histological and neurological function
outcome after focal brain ischemia in excitatory amino acid transporter type 3 (EAAT3)
knockout mice
A: Brain sections after 2,3,5-triphenyltetrazolium chloride staining from representative mice
in various groups. B: Percentage of brain infarct volume in ipsilateral hemisphere volume.
Results are the means ± S.E.M. (n = 9). C: Neurological deficit scores evaluated
immediately before the animals were euthanized for the assessment of infarct sizes (data are
presented in panel B) or assigned 7 to the animals that died before this end time point for
observation. Results are presented in a box plot format (n = 9 – 11). ●: lowest or highest
score (the score will not show up if it falls in the 95% interval); between lines: 95% interval
of the data; inside boxes: 25 – 75% interval including the median of the data. * P < 0.05
compared with middle cerebral arterial occlusion (MCAO) only group that inhaled oxygen
30 min each day for 5 days before the MCAO.
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Fig. 5. Effects of electroacupuncture on excitatory amino acid transporter (EAAT) expression in
EAAT type 3 knockout mice
Cerebral cortex and hippocampus were harvested for Western blotting at 24 h after the last
electroacupuncture without the MCAO. The EAAT1 and EAAT2 expression is presented in
the panels A and B, respectively. Representative Western blots are shown on the top panel
and the graphic presentation of the EAAT protein abundance quantified by integrating the
volume of autoradiograms from 5 mice for each experimental condition is shown on the
bottom panel. Values in graphs are the means ± S.E.M. * P < 0.05 compared with control
mice inhaling oxygen 30 min each day for 5 days. GAPDH: glyceraldehydes 3-phosphate
dehydrogenase; EA: electroacupuncture.
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