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Glucose is the primary energy substrate for neurons. Glucose transporter 3 (Glut3) localizes at the neuronal cellular membrane, which
transports glucose from the extracelluar space into neurons. Ischemia results in an increased energy demand that is associated with profound
changes in brain energy metabolism. Magnesium sulfate (MgSO4) ameliorates ischemia-induced neuronal death in the rat and gerbil model.
We investigated the effects of MgSO4 administration on the expression of Glut3 in cortex and hippocampus of gerbils during ischemia. The
focal cerebral ischemia was produced by unilateral occlusion of the right common carotid artery and right middle cerebral artery. Following
ischemia, Glut3 expression increased significantly versus non-ischemic (contra-lateral) cortex and hippocampus. MgSO4 treatment
significantly increased the level of Glut3 expression in the non-ischemic and ischemic cortex and hippocampus. We found that the
MgSO4-induced increase in Glut3 expression was not reversed by administration of U0126, a MEK kinase inhibitor. These results suggest that
other factors may function to modulate the MgSO4-induced Glut3 response. In all, our data showed that MgSO4 increases the expression of
Glut3 in the cortex and hippocampus of gerbil brains both in non-ischemia and ischemia status. However, the MEK signaling pathway might
not be involved in MgSO4-induced Glut3 expression following focal ischemia. Copyright # 2010 John Wiley & Sons, Ltd.
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INTRODUCTION

Cerebral ischemia results in a reduced cerebral glucose and
oxygen supply and decreases adenosine triphosphate
formation. It is well known that anaerobic metabolism
acceleration is enhanced during ischemia. Glucose is the
main energy substrate for the brain. Neuronal glucose uptake
relies on the facilitative glucose transporter isoform Glut3 at
the plasma membrane.1 In the 14 major facilitative glucose
transporters isoforms, Glut3, with a KM of 1.8mM,2 is the
most efficient isoform and play the major role in fueling
neurotransmission.1 Glut3 is predominantly expressed in
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cells with a high energy requirement, including neurons in
the brain, sperm, retina, circulating white blood cells and
placental trophoblasts.1,3,4 Accumulating investigations
have demonstrated that the expression of neuronal Glut3
was elevated in response to ischemic,5 traumatic brain
injury,6 and under conditions of energy stress such as
insulin-induced glucose deprivation,7 hyperglycemia of
diabetes mellitus,8 and water deprivation.8 However, only
little understanding has been reported about the regulation of
Glut3 protein in response to metabolic demand.

Recent studies have shown that hypoxic upregulation of
Glut3 in neurons, in BeWo choriocarcinoma cells, and in
articular chondrocytes are mediated by hypoxia-inducible
factor-1 (HIF-1).3,9–11 In neurons, phosphorylated cyclic
AMP-regulatory element-binding (pCREB) protein and the
mouse Y box-binding protein-1 (MSY-1) bind the Glut3
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promoter region and activate Glut3 expression.12 Phos-
phorylation of CREB has been linked to neuroprotection
both in vitro and in vivo ischemia models.13,14 CREB is
phosphorylated using multiple kinases including protein
kinase A (PKA), calcium-calmodulin kinases (CaMK),
protein kinase B (PKB), protein kinas C (PKC), and
mitogen-activated protein kinase/extracellular signal
regulated kinase (MAPK/ERK, MEK).15–17 MEK, an
upstream kinase of CREB, is a member of the mitogen-
activated protein kinase (MAPK) family that is involved in
diverse range of biological reactions. However, the role of
the MEK pathway in cerebral ischemia is still controversial
today.18,19

Magnesium (Mg2þ) is widely recognized for its
importance in a wide variety of critical cellular process,
including oxidative phosphorylation, glycolysis, cellular
respiration, and protein synthesis.20 More than 300 enzymes
resulted to be regulated by Mg2þ.21 Mg2þ influences growth
of vascular smooth muscle cells by modulating cell cycle
activation through mitogen-activated protein (MAP) kinase-
dependent pathways.22 The serum ionized magnesium was
lower than normal in patients shortly after a stroke had
occurred.23 Ischemia brain injury also decreases Mg2þ

concentration in the rat brain.24 Mg2þ treatment has been
shown to reduce the infarction volume, reduce regional
cerebral edema, reduce the injury-related motor, and
cognitive dysfunction.25 In addition, we previously reported
that Mg2þ administration can preserve the brain extracellu-
lar glucose level during cerebral ischemia and reperfusion.26

In addition, Glut3 is localized at the neuronal cellular
membrane, which plays the most important step in glucose
transport from the extracellular space into neuronal cells.
Therefore, we investigate whether Mg2þ treatment could
increase the expression of Glut3, and determine if Glut3
regulation by Mg2þ occurs via an ERK-CREB pathway
under ischemic conditions.

MATERIALS AND METHODS

Male gerbils (65–85 g) were obtained from the Laboratory
Animal Center at the Taichung Veterans General Hospital
(Taichung, Taiwan). These animals were allowed to
acclimate to their environmentally controlled quarters
(258C and 12 h:12 h light–dark cycle) before the exper-
iments. All protocols were approved by the Institutional
Animal Care and Use Committee of Central Taiwan
University of Science and Technology, Taichung, Taiwan,
and the principles of laboratory animal care (NIH
publications) were followed.

Animal model

The gerbil was anesthetized with chlorohydrate
(400mg kg�1) intraperitoneally and its body temperature
maintained at 378C with a heating pad (CMA/150). A
midline neck incision was made and the right carotid artery
was exposed and separated from the vago-sympathetic
trunks. The right carotid artery was loosely encircled with a
Copyright # 2010 John Wiley & Sons, Ltd.
4-O suture for later occlusion. The gerbil’s head was placed
in a stereotaxic frame (David Kopf, CA, USA) with the nose
bar positioned 4.0mm below the horizontal line. Following a
midline incision, the skull was partially removed to expose
the right middle cerebral artery. The middle cerebral artery
was loosely encircled with an 8-O suture for later occlusion.
A focal cerebral ischemia was induced by occlusion of the
right common carotid artery and the right cerebral artery
(CCAOþMCAO) for 30 or 60min. For reperfusion the
sutures were loosed and withdrawn. After 24 h reperfusion,
the animals were deeply anesthetized with chlorohydrate
and killed. For no reperfusion, at the end of occlusion the
animals were deeply anesthetized and killed. Animals
were treated with either a single saline injection or MgSO4

(90mg kg�1, i.p.) 30min prior to the occlusion. Isolated
cerebral hemispheres and incomplete cerebralWillie’s circle
are unique anatomical features of gerbils. Each brain
hemisphere seems to have an independent blood supply, thus
ischemia (ipsilateral) and non-ischemia (contra-lateral)
sides of the brain in one animal can be used simultaneously
to monitor the changes during cerebral ischemic events.
Moreover, damage and metabolic changes on the ipsilateral
side can be compared with those on the contra-lateral side,
which being almost intact can serve as a control.26 In
addition, we have shown previously,26 gerbils pretreated
with MgSO4 had significantly smaller brain infarct volumes
than gerbils without MgSO4 pretreatment after the 60min
CCAOþMCAO. The non-ischemia sides of the brain did
not have infarct areas after 60min right CCAOþMCAO.
We have found that ipsilateral infarction volume was
reduced by 38% by MgSO4 (90mg kg�1, i.p.,
10.6� 2.3mm3) compared with saline treatment
(17.1� 2mm3).

U0126 intracerebroventricular (ICV) administration

Chlorohydrate-anesthetized gerbils were injected with the
MEK inhibitor U0I26 (5ml, 100mmol L�1, in 3% dimethyl
sulfoxide) or vehicle (3% dimethyl sulfoxide) at a flow rate
of 5ml min�1 into the right lateral ventricle 45min before
the onset of CCAOþMCAO. The gerbil’s head was
placed in a stereotaxic frame with the nose bar positioned
4.0mm below the horizontal line. A stainless steel
cannula (26 gauge) was stereotaxically implanted into
the right lateral ventricle (AP-1.3mm, MLþ 2.0mm, and
DL-2.5mm from bregma).

Western blotting

Animals were killed and their brains quickly removed. The
primary ischemic lesions cortex and peri-infarct region
hippocampus were dissected.27 Cortex and hippocampus
were homogenized in ice-cold lysis buffer for 1min. The
homogenates were centrifuged at 12 000 g for 40min twice.
The supernatant was collected and stored at �708C for
further experiments. Protein concentration of tissue extracts
was determined using the Bradford method (Bio-Rad
Protein Assay, Hercules, CA). Protein homogenates were
Cell Biochem Funct 2010; 28: 313–320.



Figure 1. Glut3 expression in gerbil hippocampus at 24 h reperfusion after
focal cerebral ischemia. (A): The protein products of Glut3 extracted from
non-ischemia (contralateral) and ischemia (ipsilateral) hippocampus at 24 h
after right CCAOþMCAO in gerbils were measured by Western blots. (B):
bars represent the relative proteins quantification of Glut3 based on a-
tubulin and indicates the mean values�SD (n¼ 6). Values for ischemia
(ipsilateral) sides were normalized to the corresponding non-ischemia
(contra-lateral) sides value. ��p< 0.01

Figure 2. Glut3 expression in gerbil cortex at 24 h reperfusion after focal
cerebral ischemia. (A): The Glut3 protein products extracted from non-
ischemia (contralateral) and ischemia (ipsilateral) cortex at 24 h after right
CCAOþMCAO in gerbils were measured by Western blots. (B): bars
represent the relative proteins quantification of Glut3 on the basis of a-
tubulin and indicate mean values�SD (n¼ 6). Values for ischemia (ipsi-
lateral) sides were normalized to the corresponding non-ischemia (contra-
lateral) sides’ value. ��p< 0.01
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separated on a 10% SDS-PAGE with a constant voltage of
75V. Electrophoresed proteins were transferred to polyviny-
lidene difluoride (PVDF) membrane (Millipore, Bedford, MA,
0.45mm pore size) with a transfer apparatus (Bio-Rad). PVDF
membraneswere incubated in 5%non-fatmilk in TBS buffer at
room temperature for 1hour. Primary antibodies including
Glut3 (Santa Cruz Biotechnology, Santa Cruz, CA), and a-
tubulin (Neo Markers, Fremont, CA, USA) were diluted in
antibody binding buffer overnight at 48C. The blots were
washed three times in TBS buffer for 10min and then
immersed in the second antibody solution containing goat anti-
mouse IgG-HRP, goat anti-rabbit IgG-HRP (Santa Cruz) for
2 h and diluted in TBS buffer. The membranes were washed
three times for 10min in TBS buffer. The immunoblotted
proteins were visualized using an ECL Western blotting
luminal reagent and quantified using a Fujifilm LAS-3000
chemiluminescence detection system (Tokyo, Japan).

Statistical analysis

The protein levels were compared using one-way ANOVA
with pre-planned contrast comparison. In all cases, p< 0.05
was considered statistic significantly.

RESULTS

Cerebral ischemia increased Glut 3 expression in the
hippocampus and cortex of gerbils

The expression of neuronal Glut3 was assessed in the
hippocampus and cortex of the ischemia and sham non-
ischemia sides at 24 h after subjected gerbils that had been
treated with occlusion of the right common carotid artery
and the right cerebral artery (CCAOþMCAO). Focal
cerebral ischemia significantly increased both the levels of
Glut3 in the ischemic hippocampus and cortex, as compared
with non-ischemic hippocampus and cortex after ischemia
(Glut3, increase to 10 fold in hippocampus, p< 0.01; Glut3,
increase to 1.6 fold in cortex, Figures 1 and 2).

MgSO4-induced Glut 3 expression in gerbil
hippocampus

To identify the effects of MgSO4 on Glut3 expression, we
subjected gerbils that had been treated with MgSO4 or saline
for 30min before occlusion of the right common carotid
artery and the right cerebral artery (CCAOþMCAO), to
examine the protein levels of Glut3 expression in ischemic
and non-ischemic hippocampus at the end of 60min
ischemia. Focal cerebral ischemia significantly increased
the levels of Glut3 expression in the ischemic hippocampus,
as compared with non-ischemic hippocampus during
ischemia (Glut3, increase to 4 fold, p< 0.01, Figure 3).
Using these focal ischemic models by 60min CCAOþM-
MCAO, MgSO4 significantly increased Glut3 expression in
non-ischemic hippocampus (60min ischemia: Glut3,
increase to 3 fold, p< 0.01, Figure 3) and slightly increase
the levels of Glut3 expression in ischemic hippocampus
Copyright # 2010 John Wiley & Sons, Ltd.
(Figure 3), as compared with saline-treated gerbils. These
findings show that focal ischemia induces Glut3 expression
during ischemic period in gerbil hippocampus. MgSO4

administration upregulated Glut3 expression in non-
ischemic and in ischemic hippocampus.

MgSO4-induced Glut 3 expression during focal ischemia
in gerbil cortex

We subjected gerbils that had been treated with MgSO4 or
saline for 30min before occlusion of the right common
carotid artery and the right cerebral artery, to examine the
Cell Biochem Funct 2010; 28: 313–320.



Figure 3. MgSO4 increases Glut3 expression in gerbil hippocampus. (A): The protein products of Glut3 extracted from non-ischemia and ischemia
hippocampus at the end of 60min right CCAOþMCAO in the two saline-treated and two MgSO4-treated gerbils were measured by Western blots. (B): bars
represent the relative Glut3 proteins quantification on the basis of a-tubulin and indicate mean values� SD (n¼ 6 in each group). MgSO4 significantly induced a
marked increase of expression Glut3 in non-ischemia hippocampus, ��p< 0.01
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protein levels of Glut3 expression in ischemic and non-
ischemic cortex at the end of ischemia. Focal cerebral
ischemia for 30min significantly increased the levels of
Glut3 expression in the ischemic cortex, as compared with
non-ischemic cortex during ischemia (Glut3, increase to 2.7
fold, p< 0.01, Figure 4(a)). Similarly, after ischemia for
60min, Glut3 levels were also significantly increased at the
end of ischemia (Glut3, increase to 19 fold, p< 0.01,
Figure 4(b)). Using these focal ischemic models by 30 and
60min CCAOþMCAO, MgSO4 significantly increased
Glut3 expression both in non-ischemic cortex (30 and
60min ischemia: Glut3, increase to 1.7 and 13 fold,
p< 0.01, Figure 4(a) and 4(b)) and in ischemic cortex (30
and 60min ischemia: Glut3, increase to 1.2 and 1.7 fold,
p< 0.05, Figure 4(a) and 4(b)), as compared with saline-
treated gerbils. These findings indicate that focal ischemia
induces Glut3 expression during an ischemic period in the
gerbil cortex. MgSO4 administration significantly upregu-
lated Glut3 expression both in non-ischemic and in ischemic
cortexes.

ERK signaling is not essential for MgSO4-induced Glut3
expression during ischemia on gerbil cortexes

MgSO4 has been identified as the upstream activator of ERK
signaling. Therefore, we first examined the possible role for
ERK signaling in MgSO4-induced Glut3 expression in
ischemia cerebral cortex of gerbils. To investigate if the
MEK/ERK signaling pathway was involved in the ability of
MgSO4 to induce CREB phosphorylation and activate the
expression of Glut3 proteins, the MEK inhibitor (U0126) or
vehicle was administered into the right lateral ventricle at
45min before ischemia. As shown in our previous results,
Copyright # 2010 John Wiley & Sons, Ltd.
U0126 administration blocked the MgSO4-induced the
phosphorylation of MEK1/2, ERK1/2 and CREB in the
ischemic cortex of gerbils. But the expression level of Glut3
proteins did not attenuated by the pretreatment of U0126 in
the ischemic cortex of gerbils (Figure 5). Our previous
results demonstrated U0126 effectively infused into the
ventricles to inhibit its target MEK1/2, and suggested a
critical role of ERK signaling in the ability of MgSO4 to
maintain CREB phosphorylation. However, these signaling
pathways did not participate in the MgSO4-induced
activation of Glut3 protein expression.

DISCUSSION

Glucose uptake by the brain necessitates the expression of a
glucose transport system across the neuronal membrane.
The Glut3 glucose transporter is the major form present on
neuronal cells and permits the transport of glucose across the
neuronal membrane. In the present study, we demonstrated
that the neuronal specific Glut3 expression significantly
increased after focal cerebral ischemia in the primary
ischemic lesions cortex and peri-infarct region hippocampus
of gerbils. MgSO4 administration significantly increased
Glut3 expression both in non-ischemic and ischemic cortex
and hippocampus, as compared with saline-treated gerbils.
The results showed that focal ischemia exposure increased
Glut3 levels. We demonstrated that ERK signaling pathway
did not involved in Glut3 expression in MgSO4-treated focal
ischemia brains of gerbils.
Previous investigations in rats examined the regulation of

Glut3 expression in the brain following ischemic injury has
provided equivocal results. Transient focal ischemia has
been shown to increase Glut3 mRNA and protein levels in
Cell Biochem Funct 2010; 28: 313–320.



Figure 4. (a): MgSO4 increases Glut3 expression at the end of 30min focal ischemia in gerbil cortex. (A): The Glut3 protein products extracted from non-
ischemia and ischemia cortex at the end of 30min right CCAOþMCAO in the two saline-treated and two MgSO4-treated gerbils were measured by Western
blots. (B): bars represent the relative proteins quantification of Glut3 based on a-tubulin and indicate mean values� SD (n¼ 6 in each group). MgSO4

significantly induced a marked increase in Glut3 expression in non-ischemia cortex and ischemia cortex, ��p< 0.01. (b). MgSO4 increases Glut3 expression at
the end of 60min focal ischemia in gerbil cortex. (A): The protein products of Glut3 extracted from non-ischemia and ischemia cortex at the end of 60min right
CCAOþMCAO in the two saline-treated and two MgSO4-treated gerbils were measured. (B): bars represent the relative proteins quantification of Glut3
expression based on a-tubulin and indicate mean values� SD (n¼ 6 in each group). MgSO4 significantly induced a marked increase of Glut3 expression both in
non-ischemia cortex and in ischemia cortex, ��p< 0.01
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rat brain.5 Postnatal hypoxic-ischemic brain injury also
induced an increase in neuronal Glut3 expression.28 In this
study, we found the increased expression of Glut3 proteins
was observed in the primary ischemic lesion cortex as well
as in the peri-infarct region hippocampus. Previous studies
have demonstrated that MCAO induces an increase in
glutamate release and cerebral glucose utilization in the
Copyright # 2010 John Wiley & Sons, Ltd.
ipsilateral hippocampus.29 Our findings show that expres-
sion of Glut3 protein increases in the hippocampus after
focal cerebral ischemia, suggesting that Glut3 protein
expression seemed up-regulated in the peri-infarct area,
which may be beneficial for cell survival during the post-
ischemic spreading depression of cerebral blood flow and
metabolic activity.29,30
Cell Biochem Funct 2010; 28: 313–320.



Figure 5. MgSO4 did not act via MAPK signaling to induce ERK phos-
phorylation and Glut3 protein expression. (A): The Glut3 protein products
extracted from ischemia cortex at the end of 60min right CCAOþMCAO in
the two saline-treated, two MgSO4-treated couple with received vehicle
ICV, and two MgSO4-treated coupled with U0126 ICV received gerbils
measured by Western blots. (B): bars represent the relative proteins quanti-
fication of Glut3 based on a-tubulin and indicate mean values�SD (n¼ 6 in
each group). MgSO4 caused a significant increase in Glut3 protein expres-
sion, �p< 0.05; ��p< 0.01. U0126 did not prevent Glut3 protein expression
in the ischemia cortex of gerbils, �p< 0.05; ��p< 0.01
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The increased expression of Glut3 proteins after ischemic
attempts to preserve the cellular glucose supply, and that
may perhaps initiate cellular repair mechanisms. In the
immature rat brain, Glut3 levels were found to initially
increase following ischemic injury, which occurred along
with an increase in anti-apoptotic Bcl-2 protein. But at the
later time, the compensatory increase in Glut3 disappeared
but was associated with a decline in Bcl-2 proteins and the
neuronal apoptosis occurred.28,31 Thus, the modulation of
Glut3 expression should serve to protect neurons during
neurotoxic insult. In this study, we found that treatment of
MgSO4 significantly upregulated the expression of Glut3,
this might contribute to MgSO4-induced neuroprotection
following focal cerebral ischemia. Many reports suggest
enzymes involved in glucose utilization appear to be
regulated by changes in Mg2þ content. In human
erythrocytes, removing extracellular Mg2þ or chelating
intracellular Mg2þ markedly slowing down the glycolytic
rate and limiting the amount of glucose transported into the
erythrocytes.32 This effect depends in part on the inhibition
of the hexokinase-phosphofructokinase system by a
decrease in Mg2þ levels. Interestingly, several reports
suggest Mg2þ fluxed in and out of the cell may has a role
with glucose transport following hormonal stimulation of b-
pancreatic islets,33 hepatocytes,34,35 and cardiac cells.36

Most of these studies suggested that Mg2þ has a role in
regulating many glycolysis-related enzymes. Glucose
uptake is proportional to the amount of glucose transporter
Copyright # 2010 John Wiley & Sons, Ltd.
available at the plasma membrane, our present data
suggested that Mg2þ may affect the glucose utilization by
altering the Glut3 protein expression.
Recent studies have demonstrated that the expression and

activation of Glut3 is regulated by the AMP-activated protein
kinase (AMPK).37 AMPK plays a pivotal role in energy
homeostasis. AMPKmay have a role in protecting the neuron
from metabolic stress including glucose deprivation, ische-
mia, and hypoxia in neurons both in vivo and in vitro.38–40

AMPK activity is dependent on the AMP:ATP ratio in the
cell.37 Within the cell, 80% of cytosolic Mg2þ is bound to
ATP. It is not known in our study whether Mg2þ directly or
indirectly activate the AMPK by changes in cellular energy
levels. Among the biological functions of Mg2þ, its
predominant action is by controlling ATP utilization in
reactions in which ATP serves as a substrate or phosphate
donor (e.g., adenotriphosphatases (ATPases), which catalyze
ATP convert to ADP and AMP). Phosphate and phosphoryl
transfer reactions are ubiquitous in cellular biochemistry, and
require Mg2þ as an essential cofactor.41 In the case of
nucleotide triphosphate hydrolysis, the catalytic role of Mg2þ

in promoting the reaction has been identified with the
activation of the b-phosphate toward protonation and the
formation of a pyrophosphate leaving group and the relief of
electrostatic repulsion between an incoming neucleophile and
the terminal phosphate group.42 Thus, it is conceivable that
this Mg2þ-sensitive ATPases enzymes play a regulatory role
in signal transduction through changes in Mg2þ levels.
Therefore, the AMPK activity and its regulation of Glut3
expression and activation may be induced by changes in
cellular energy levels in response to altered Mg2þ levels.
Future studies will be designed to determine whether the
AMP:ATP ratio andAMPK activity are involved in theMg2þ-
induced Glut3 response.
The Glut3 gene dose not posses a TATA box but has a GC-

rich sequences in the regulatory region.43 The GC box-
binding factors Sp1 and Sp3 have been demonstrated to
regulate Glut3 transcription in an opposite way, with Sp1-
mediated suppression and Sp3-mediated activation of Glut3
transcription.43 In addition, phosphorylated CREB protein on
serine 133 and the mouse Y box-binding protein (MSY-1)
have been observed to bind the Glut3 promoter region
and activate Glut3 expression in neurons.12 These studies
suggested that Sp1/Sp3 and MSY-1 may mediate the
transcriptional activation of Glut3 during neurodevelopment;
whereas pCREB protein may regulate Glut3 expression to
mediate the amount of neuronal glucose transport necessary
to meet the energy demand.12,43 CREB phosphorylation has
been shown to provide neuroprotection in experimental
stroke animal models.14,44 The CREB phosphorylation can be
mediated through several kinases including MAPK/ERK,
PKA, CaMK, PKB and PKC.17 Since cell cycle activation and
growth regulation vascular smooth muscle cells by Mg2þ

occurs via ERK1/2-dependent pathways.22 Waas et al., found
that Mg2þ directly activated the serine/threonine specific
protein kinase ERK2.45 Our previous study has shown that
MgSO4 treatment significantly upregulates CREB phos-
phorylation and CREB-mediated Bcl-2 expression in gerbils
Cell Biochem Funct 2010; 28: 313–320.
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subjected to focal ischemia (submitted data). We also found
that ERK inhibition, an upstream CREB kinase, by U0126
attenuated CREB phosphorylation and expression levels of
Bcl-2 by MgSO4 following ischemia. Conversely, this study
found that U0126 pretreatment did not alter the Glut3
expression by MgSO4 in the ischemic cortex of gerbils. This
result suggested that Glut3 upregulation expression in
MgSO4-treated gerbils subjected to focal ischemia was not
induced by ERK MAPK-mediated CREB phosphorylation.
Because CREB phosphorylation can be mediated through
several kinases, another cascade pathway other than ERK
might be involved in CREB phosphorylation byMgSO4 in the
ischemic cortex. However, another unclear factor yet to be
identified may play a role in regulating Glut3 expression.
Because many studies indicated that ischemia promotes early
dephosphorylation and CREB inactivation,46,47 our previous
report also found that ischemia alone reduced the CREB
phosphorylation level in gerbils at the end of 60min focal
ischemia. Our noticeable result showed that the increase in
Glut3 expression was also observed at this identical time
point. Therefore, it still remains to be determined which
factors might regulate Glut3 expression during ischemia, and
during the regulation of magnesium ion.4

Administration of MgSO4 dramatically induced a marked
increase in Glut3 expression in the gerbil cortex whether in
the presence or absence of ischemia. In addition, our
previous study indicated that MgSO4 administration can
preserve the brain glucose level during cerebral ischemia
and reperfusion. These results all support the hypothesis that
MgSO4 may increase the ability of neurons to take up
glucose after cerebral ischemia via Glut3 to support an
increased energy demand imposed by the injury.
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