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YPERBARIC OXYGEN TREATMENT ATTENUATED THE DECREASE
N REGIONAL GLUCOSE METABOLISM OF RATS SUBJECTED TO
OCAL CEREBRAL ISCHEMIA: A HIGH RESOLUTION POSITRON

MISSION TOMOGRAPHY STUDY
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bstract—Cerebral hypoxia may be the main component of
ell damage caused by ischemia. Previous studies demon-
trated a neuroprotective effect of early hyperbaric oxygen
HBO) treatment in various animal models of focal cerebral
schemia. Neuropathologic study showed that exposure of
BO may prevent cell death in ischemic cortex. In the present
tudy, we aimed to assess cellular function of ischemic rat
rain after HBO treatment by means of a high-resolution
ositron emission tomography scanner (microPET) used
pecifically for small animal imaging. The male Sprague–
awley rats were subjected to permanent middle cerebral
rtery occlusion (MCAO), with the regional cerebral blood
ow monitored in vivo by laser Doppler flowmetry. One hour
fter ischemia, HBO therapy (3 atm absolute, 1 h) was initi-
ted. Local cerebral glucose utilization in the ischemic area
as measured before, 1 h and 3 h after ischemia, with 2-[18F]-
uoro-2-deoxy-d-glucose (FDG) as a tracer. Neurological def-

cits and infarct volumes were assessed at 24 h after isch-
mia. Our study showed that early HBO therapy significantly
educed infarct volume of brain 24 h after ischemia. More-
ver, glucose utilization in the ischemic area underwent a

Corresponding author. Tel: �86-571-87784810; fax: �86-571-
7600162 (M. Lou), Tel: �86-571-87784710; fax: �86-571-87784750
M.-P. Ding).
-mail address: loumingxc@vip.sina.com (M. Lou), dingmeiping@

om.com (M.-P. Ding).
bbreviations: ATA, atm absolute; FDG, 2-[18F]-fluoro-2-deoxy-D-
lucose; GLUT, glucose transporters; HBO, hyperbaric oxygen or
yperbaric oxygenation; MCAO, middle cerebral artery occlusion;
icroPET, high-resolution positron emission tomography; PET,
ositron emission tomography; rCBF, regional cerebral blood flow;
CMRgl, regional cerebral metabolic rate for glucose; ROIs, regions of
e
nterest; SD, Sprague–Dawley; TTC, 2,3,5-triphenyltetrazolium chlo-
ide.

306-4522/07$30.00�0.00 © 2007 IBRO. Published by Elsevier Ltd. All rights reser
oi:10.1016/j.neuroscience.2007.01.046
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evere decrease during 1–3 h after MCAO, while the early
BO treatment significantly attenuated the decrease in cere-
ral metabolic rate of glucose in the ischemic core of
he cortex compared with controls. We report for the first time
he application of microPET to quantify the rates of glucose
etabolism in the ischemic core of rats exposed to HBO. Our

esults suggest that the early exposure of HBO can partially
everse the downward trend for glucose utilization in the
schemic core, which might contribute to the reported bene-
cial effects of early HBO therapy on permanent cerebral

schemia. © 2007 IBRO. Published by Elsevier Ltd. All rights
eserved.

ey words: hyperbaric oxygen, brain ischemia, positron
mission tomography, glucose utilization.

s a highly energy-consuming organ, the brain is vulner-
ble to glucose and oxygen deprivation. During cerebral

schemia, the reduction in the supply of oxygen and glu-
ose to the brain leads to mitochondrial oxidative phos-
horylation reduction and a rapid loss of high-energy phos-
hates such as ATP. It subsequently causes irreversible
euronal dysfunction in a short time (Taylor et al., 1985).
herefore, the metabolism of glucose and mitochondrial
xygen is a centrally important cellular function that appar-
ntly shows long-term alterations following focal cerebral

schemia (Sims and Anderson, 2002).
By increasing the oxygen content of blood and improv-

ng tissue oxygenation, hyperbaric oxygen (HBO) treat-
ent has been implicated as an attractive procedure for
se in cerebral ischemia. Multiple studies demonstrated
europrotective effects of early HBO treatment in various
nimal models of focal cerebral ischemia (Lou et al., 2004;
chabitz et al., 2004; Sunami et al., 2000). HBO therapy
as shown to increase tissue oxygen delivery, regulate
ost-ischemia metabolism, reduce brain edema, prevent
poptosis and enhance neuronal viability in ischemic rats
Badr et al., 2001; Sunami et al., 2000; Veltkamp et al.,
005; Yang et al., 2002; Yin et al., 2003). However, most of
hese results come from the neuropathologic analysis,
ithout in vivo evaluation of neuronal function.

Positron emission tomography (PET) is a noninvasive
maging technique that allows quantitative in vivo determi-
ations of the rates of various physiologic and biochemical
rocesses, with minimal invasiveness when doing so. Re-
ently, improvement in scanner resolution has allowed
ET to become a potential method to monitor cerebral
etabolic patterns in rat brain using small animal positron

mission tomography (microPET) (Cherry, 2004; Chatziio-

ved.
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nnou et al., 2001; Tai et al., 2003). These scanners
roduce high quality images that provide the researcher
ith information on relative tracer uptake in rats. Moreover,
icroPET can also be used in the early stage of acute
rain lesions, which cannot be accomplished in the clinical
ET studies because tracer kinetics is unwarranted and

mage acquisition is difficult in the early phase of acute
schemic stroke (Cherry and Gambhir, 2001).

The tracer 2-[18F]-fluoro-2-deoxy-D-glucose (FDG) is
he well-known radiotracer that frequently has been used
s a marker of metabolic activity for glucose. The level of
lucose utilization correlates with the degree of neuronal
ctivity (Chugani et al., 1991; Bruehl and Witte, 1995).
revious studies, with a microdialysis system, found that
arly HBO treatment decreased glucose concentration in
triatal extracellular fluid after focal cerebral ischemia
Badr et al., 2001). We thus deemed it worthy to investi-
ate whether HBO treatment enhances the glucose utili-
ation, which might be involved in the protective effect of
BO in cerebral ischemia. Therefore, in the present study,
high-resolution microPET scanner that employs novel

etector technology and that has been designed specifi-
ally for small animal imaging was used to investigate the
ate of glucose utilization during middle cerebral artery
cclusion (MCAO) in rats. The effect of HBO on the glu-
ose utilization was measured in the ischemic cortex at
ifferent duration after ischemia.

EXPERIMENTAL PROCEDURES

his study was approved by the Animal Research Committee of
hejiang University, School of Medicine. The study was carried
ut using male Sprague–Dawley (SD) rats weighing 200 g. The
xperimental procedure was approved by the Animal Research
ommittee of Zhejiang University, School of Medicine, and was
onducted in accordance with the guidelines of the U.S. National
nstitutes of Health on the Care and Use of Laboratory Animals.
very effort was made to minimize the number of animals used in

hese studies and their suffering. After an overnight fast, chloral
ydrate (400 mg/kg) injected intraperitoneally was used as anes-
hetic for all surgical procedures.

Animals were randomly assigned to the following groups:
roup A (baseline group): FDG injection and scans were per-
ormed on two rats 1 week before operation; group B (HBO
ithout ischemia group): HBO initiated 1 h and subsequent FDG

njection 3 h after sham-operation (n�2); group C (ischemia 1 h
roup): FDG injection starting 1 h after ischemia (n�3); group D
ischemia 3 h group, control group): FDG injection starting 3 h
fter ischemia (n�10); group E (HBO-treated group): HBO initi-
ted 1 h after ischemia and subsequent FDG injection starting 3 h
fter ischemia (n�10).

ermanent MCAO

ermanent focal cerebral ischemia was produced by intraluminal
uture occlusion of the right MCAO using a 4-0 silicone-coated
ylon filament. Regional cerebral blood flow (rCBF) was continu-
usly monitored at one point (1 mm posterior to the bregma, 5 mm
rom the midline) on the surface of right hemisphere in the supply
erritory of the MCA before, during MCAO and immediately after
BO treatment by laser-Doppler-flowmetry (Periflux system 5000;
erimed, Stockholm, Sweden), as we used previously (Lou et al.,
006). Abrupt reduction in rCBF by approximately 70–80% indi-

ated a successful occlusion of the MCA. Rats in which the T
psilateral blood flow during ischemia was not reduced to less than
0% of baseline during the first 30 min of occlusion, or in which a
remature increase in the ipsilateral blood flow was recorded,
ere excluded from the experiments. Body temperature was
aintained at 37 °C with a heating pad. Physiological parameters

rectal temperature, arterial pH, PCO2, PO2, glucose, potassium,
odium, and chloride) were taken and analyzed in each group
hroughout the studies (Roche OMNI C; Roche Diagnostics
mbH, Mannheim, Germany). Blood samples were taken at base-

ine, 5 min after MCAO, and 1 min after HBO or control condition.

BO therapy

BO was performed in an experimental pressure chamber. HBO
as administered at a pressure of 3 atm absolute (3 ATA) for 1 h
ith 100% oxygen, starting at 1 h after MCAO. Compression and
ecompression were achieved within 5 min. The control group
eceived the same dose of anesthesia corresponding to time
oints of HBO.

DG injections and microPET scans

DG, with a specific activity of 500 Ci/mmol, was prepared in the
epartment of Nuclear Medicine. Rats were anesthetized and

njected i.v. with 0.5 mCi of pyrogen-free FDG into the tail vein,
fter which they were returned to their home cage in a room with
inimal ambient noise for the duration of the uptake period.
ollowing FDG uptake, the animals were placed in the microPET
canner, which consists of a 15 cm diameter ring of 96 position-
ensitive �-ray scintillation detectors with an intrinsic resolution
1.8 mm. Three-dimensional volumetric images were recon-

tructed using a maximum a posteriori probability algorithm and
he regional glucose metabolic rate was determined. Image res-
lution was 1.5 mm in the maximum a posteriori probability recon-
tructions and the transaxial image planes were separated by
.21 mm. To determine appropriate times for data acquisition,
uantitative dynamic scans were performed on six adult rats at 60,
20, 180 min following injection respectively. No differences were
ound for cortical metabolic rates at the different times following
njection. Therefore, for the relative quantitative studies presented
ere, we used images summed and averaged at 120 min post-
DG injection. Sufficient counts were collected on each scanner to
nsure that the data were limited by the resolution of the imaging
evice and not by statistical considerations.

valuation of neurological deficits

he neurological status of each rat was evaluated 24 h after
CAO by a blinded observer. The Garcia neurological grading

ystems were used to assess the effects of HBO (Garcia et al.,
995).

easurement of infarct volume

wenty-four hours after ischemia, histologic staining was per-
ormed using 2,3,5-triphenyltetrazolium chloride (TTC). Serial
.2-mm thick coronal sections were obtained in parallel with the
ET planes according to the stereotaxic rat-brain atlas (Paxinos
nd Watson, 1998). The stained sections were then photographed
nd infarct volumes were determined using ImageJ software
http://rsb.info.nih.gov/ij/). To compensate for the effects of brain
dema, the corrected infarct volume was calculated as described

n detail by Schabitz et al. (2000).

alculation of regional cerebral metabolic rate
or glucose (rCMRgl)

he representative coronal slices from FDG-PET images and the

TC-stained pictures from the same rat were manually compared.

http://rsb.info.nih.gov/ij/
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nalysis of scans was accomplished by drawing the regions of
nterest (ROIs) around the area of hypometabolism in right
arietal cortex on the microPET images, which was within the

schemic core in the corresponding TTC-stained slice. Two
ontiguous coronal slices containing the selected region on the
icroPET images were analyzed, and the average density for

he same-sized ROIs from two slices was calculated. The meta-
olic activity of the left cortex was also evaluated. Results were
xpressed as percentage hypometabolism obtained by the for-
ula: average signal intensity right/average signal intensity

eft�100, as described by Kornblum et al. (2000). Therefore,
alues between 1 and 100 denote depression. To verify the re-
roducibility of the ROIs placement, two different readers sepa-
ately drew the ROIs on the same regions of each animal and the
esults were compared.

tatistical analyses

tudent’s t-test was used for comparison of physiological param-
ter, percentage hypometabolism of glucose, neurological score
nd infarct volume between control and HBO-treated group. Com-
arison of percentage hypometabolism of glucose between 1 h
nd 3 h control group was also made by Student’s t-test. Linear
egression analysis was performed to correlate the percentage
ypometabolism of glucose by 3 h with TTC-defined cortical

nfarct volumes in the same control rats. A probability value
0.05 was considered significant. Data are expressed as
eans�S.E.M.

RESULTS

hysiological parameters

ith the exception of post-HBO pO2 levels in the HBO-
reated group (117.1�5.00 mm Hg versus 85.2�3.48 mm
g [Control], P�0.01, n�10), arterial pH, pCO2, potas-
ium, sodium, chloride and blood glucose were not signif-
cantly different between the groups (Table 1).

CBF

n immediate decrease of the blood flow displayed the
orrect position of the filament at the origin of the MCA.
he low blood flow was maintained at approximately 20%
f the pre-ischemic baseline level during the monitoring
fter permanent MCAO. No difference in rCBF was seen
etween the groups. HBO treatment did not significantly
hange the regional blood flow (Table 1).

eurological evaluation

t baseline, the neurological status was equal between the
roups. The total neurological score was increased in
BO-treated group but failed to reach statistical signifi-
ance (11.1�0.47 [Control] versus 12.2�0.30 [HBO-
reated], P�0.077, n�10). However, when we separately
nalyzed the six functions of the Garcia grading system,
he significant improvement in symmetry of the movement
f four limbs and forepaw outstretching was observed in
he HBO-treated rats 24 h after ischemic onset (Fig. 1b).

nfarct volumetry

issue sections stained with TTC showed a reproducible
nfarct zone involving the frontoparietal neocortex, caudate

utamen, and globus pallidus in control animals. A signif- t
cant reduction of the infarct volume was found when HBO
nitiated 1 h after MCAO (Fig. 2). The total infarct volume
as reduced by 25% (202�12 mm3 [Control] versus
53�18 mm3 [HBO-treated], P�0.05, n�10) and cortical

nfarct volume was reduced by 32% (129�8 mm3 [Control]
ersus 90�15 mm3 [HBO-treated], P�0.05, n�10).

CMRgl

DG-microPET images were of high quality and allowed
elineation between cortical and subcortical structures.
aseline quantitative microPET studies did not show met-
bolic asymmetry in any structure. Representative FDG-
icroPET images are presented in Fig. 3. There was no
etabolic asymmetry in the right and left hemispheres of

at receiving HBO after sham-operation (Fig. 3A). By 1 h
fter MCAO, the mild decrease was observed in the right
arietal cortex (Fig. 3B), while a significant increase was
vident in the border of ischemic area from the surrounding
lice (the upper slice in Fig. 3B). By 3 h after MCAO, the
ypometabolic region was enlarged distinctly and great
ecreases were observed in the right parietal cortex (Fig.
C), while it was lessened significantly in the ischemic rats
eceiving HBO 1 h after MCAO (Fig. 3D), compared with
ontrols. Quantitative analysis showed that metabolic ac-

able 1. rCBF, arterial blood oxygen, carbon dioxide, and pH values
nd glucose, sodium, potassium, and chloride concentrations in con-

rol and HBO-treated rats throughout the study

arameter Control
(n�10)

HBO
(n�10)

aseline
pH 7.30�0.03 7.30�0.01
pCO2, mm Hg 63.0�4.79 63.4�2.26
pO2, mm Hg 83.3�4.85 84.7�1.03
Glucose, mg/dl 136.8�6.52 136.5�7.85
K�, mmol/l 4.34�0.18 4.68�0.13
Na�, mmol/l 133.1�1.54 133.5�0.85
Cl�, mmol/l 95.0�2.58 96.0�1.58
Min after ischemia
rCBF, % of baseline 19.1�2.45 19.2�2.47
pH 7.30�0.02 7.30�0.01
pCO2, mm Hg 63.8�3.52 63.7�3.30
pO2, mm Hg 83.9�4.28 84.3�1.46
Glucose, mg/dl 134.5�9.20 133.8�9.05
K�, mmol/l 4.38�0.16 4.86�0.06
Na�, mmol/l 131.1�0.90 132.3�0.72
Cl�, mmol/l 94.2�1.04 97.0�1.53
Min after control condition or HBO
rCBF, % of baseline 20.3�2.80 19.7�2.44
pH 7.30�0.03 7.31�0.02
pCO2, mm Hg 60.3�1.08 60.3�1.68
pO2, mm Hg 85.2�3.48 117.1�5.00**
Glucose, mg/dl 133.5�11.3 140.2�10.2
K�, mmol/l 4.71�0.33 4.62�0.19
Na�, mmol/l 132.3�1.16 132.3�1.33
Cl�, mmol/l 96.8�1.85 97.9�1.85

Post-HBO pO2-levels in the HBO-group were significantly higher
ompared to baseline values as well as values in the control group at
he same time (**P�0.01).
ivity of ischemic core in the parietal cortex underwent a
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ignificant depression from 1 to 3 h after ischemia (Fig. 4).
owever, substantial increase of metabolic activity in the

schemic core was observed in the HBO-treated rats
68�5.5 [Control] versus 84�3.4 [HBO-treated], P�0.05,
�10). Regression analysis indicated the infarct volume of
ortex at 24 h after ischemia was inversely related to the
ercentage hypometabolism of glucose in the cortical isch-
mic core at 3 h of MCAO (r2�0.728, P�0.05, n�10).

DISCUSSION

n the present study, we investigated in vivo whether HBO
reatment reduces infarct volume and whether early HBO
reatment influences glucose utilization during focal cere-
ral ischemia. The major findings in the present study

nclude: (1) HBO (3 ATA, 60 min) initiated 1 h after per-
anent MCAO reduced infarct volume. (2) The rate of
lucose utilization in the ischemic core underwent a severe
ecrease during 1–3 h after MCAO. (3) Early HBO treat-

ig. 2. Infarct volumetry assessed 24 h after MCAO. Total (hemi-
pheric), cortical and subcortical infarct volumes are displayed sepa-
ately. HBO treatment significantly reduced the cortical and total infarct

ig. 1. Neurological scores in the rats assessed by the Garcia grading
igher neurological scores. The total neurological score was increased
he significant improvement in symmetry of the movement of four limbs
hile there were no significant differences in spontaneous activity (A
eurological scores are expressed as mean�S.E.M., n�10, * P�0.0
r
olume. Data are presented as mean�S.E.M., n�10, * P�0.05 sta-
istical comparisons with the control group.
ent significantly attenuated the decrease in the rate of
lucose utilization in the ischemic core. Our results sug-
ested that the maintenance of glucose utilization in the

schemic core by HBO might contribute to the neuropro-
ective effect of HBO treatment. To the best of our knowl-
dge, we reported for the first time the application of mi-
roPET to quantify rates of glucose metabolism in the

schemic rats exposed to HBO therapy.
HBO has proved highly effective in reducing lesion size

nd improving neurologic outcome in conditions like stroke
Gunther et al., 2005; Yang et al., 2002; Schabitz et al.,
004; Sunami et al., 2000). Our previous studies sug-
ested that the therapeutic window for the single use of
BO may be approximately 6 h in transient MCAO, but no
europrotective effect was found even in HBO adminis-
ered 3 h after permanent MCAO (Lou et al., 2004). The
mportance of the therapeutic window concept may explain
he failure of some previous HBO studies where therapy
as considerably delayed (Anderson et al., 1991; Roos et
l., 1998). We doubted that HBO administered 3 h after
ermanent MCAO might also be delayed, thus, the effect
f HBO treatment used 1 h after permanent MCAO was
urther investigated in the present study. Interestingly, we
ound that the infarct volume was significantly reduced by
5% when HBO initiated 1 h after MCAO. It was reported
hat 2–4 h of focal ischemia caused as great a degree of
nfarction as permanent focal ischemia in rats (Kaplan et
l., 1991; Memezawa et al., 1992), suggesting the impor-
ance of the oxygen and/or glucose supply during the first
–4 h of focal ischemia. Therefore, an earlier therapeutic
indow of HBO treatment is needed for cerebral ischemia
ithout reperfusion than with reperfusion. Additionally,
BO treatment improved only the recovery of motor func-

ions at 24 h after ischemia, including symmetry of move-
ent of four limbs and forepaw outstretching, while the
verall improvement in the neurologic deficits failed to

at 24 h after ischemia. Rats with better neurologic outcomes received
treated group but failed to reach statistical significance (a). However,
forepaw outstretching (C) were observed in the HBO-treated rats (b),
g (D), body proprioception (E) and response to vibrissae touch (F).
cal comparisons with the control group.
system
in HBO-
(B) and

), climbin
each statistical significance. This finding stresses the im-



p
f

p
d
j

h
s
o
e
o
a
t
i
c
t
t
e
e
e
v
j
g
s
p
s

F
r
H
(
s 3 h after
g iving HB

F
t
p
a
t
i
r
i

M. Lou et al. / Neuroscience 146 (2007) 555–561 559
ortance of a separate evaluation of motor and sensory
unctions in the assessment of the functional benefit of

ig. 3. Effects of HBO treatment on metabolic activity of glucose ima
econstructed using the maximum a posteriori probability algorithm. The
BO after sham-operation (A). The rCBF was decreased in the right he

see cross in B, C, D). By 1 h after MCAO, the mild decrease of meta
ignificant increase was also evident in the border of ischemic area. By
roup (C), while it was lessened significantly in the ischemic rats rece

ig. 4. Relative quantitation of the metabolic activity of ischemic core in
he cortex following MCAO. Results were expressed as percentage hy-
ometabolism obtained by the formula: average signal intensity right/
verage signal intensity left�100. Metabolic activity of ischemic core in
he parietal cortex underwent a significant depression from 1 to 3 h after
schemia, while substantial increase was observed in the HBO-treated
S
ats. Data are presented as mean�S.E.M., * P�0.05 statistical compar-
sons with the control group by 3 h after MCAO (n�10).
otential neuroprotective agents. HBO may improve motor
ysfunction after ischemic insult, which represents the ma-

or focus in stroke rehabilitation.
Our studies also showed the major changes in cellular

andling of glucose in the post-ischemic brain. In fact,
imilar changes were also reported previously by the use
f [14C]deoxyglucose autoradiographic method (Belayev
t al., 1997). The mild decrease in glucose utilization at 1 h
f ischemia may be explained by the rapid increase of
naerobic glycolysis of cerebral glucose. It was shown that
he activity of phosphofructokinase, the principal rate-lim-
ting enzyme of glycolysis, was stimulated when ATP con-
entration was low (Erecinska, 1989). On the other hand,
he excessive release of glutamate under oxygen depriva-
ion also directly contributes to the heterogeneous accel-
ration of glucose metabolism (Sasaki et al., 2005). How-
ver, the sustaining imbalance between the reduced en-
rgy supply and normal cellular energy demand triggers
arious metabolic cascades, which lead to irreversible in-

ury and cell death (Lipton, 1999; Jonas et al., 1999). Thus,
lucose utilization finally fell to �60% normal by 3 h,
uggesting significant compromise of cell function at this
oint. This is consistent with the previous result which
howed massive pan-cellular death in the core within 3 h in

the microPET scanner. Images were taken from the same scan and
o metabolic asymmetry in the right and left hemisphere of rat receiving
detected by laser-Doppler-flowmetry in the supply territory of the MCA

tivity of glucose was observed in the right parietal cortex (B), while a
MCAO, the hypometabolic region was enlarged distinctly in the control
O 1 h after MCAO (D).
ged on
re was n

misphere
bolic ac
D rats (Osborne et al., 1987). In contrast, the increased
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CMRgl was clearly observed in the ischemic core after
eing exposed to HBO treatment by 3 h of ischemia in the
resent study. Such reversal of the downward trend for
lucose utilization distinctly indicates that cell function in
he ischemic core was partially preserved by HBO at that
ime point. Moreover, we found that the cortical infarct
olume at 24 h after ischemia was inversely related to the
ercentage hypometabolism of glucose at 3 h of MCAO in

he same rat. It is likely that the compromise of cell function
n the ischemic core by 3 h of ischemia may predetermine
he subsequent ischemic injury. Thus, our results sug-
ested that the preserved glucose utilization by HBO might
revent the progression of tissue infarction, via the main-
enance of cell function in the ischemic core.

It is shown that a major determinant of the uptake of
DG is the activity of Na�,K�-ATPase, which represents
50% of the total cerebral energy consumption. HBO

reatment has been previously reported to preserve isch-
mia-induced significant decrease in the hippocampal
a�,K�-ATPase activity during global cerebral ischemia

Mrsic-Pelcic et al., 2004). Although this might account for
he increased uptake of FDG, the precise details of the
elationship between HBO treatment and improved glu-
ose utilization remain obscure. Our data showed that the
ffect of HBO on glucose utilization did not result from the

ncrease of blood glucose, indicating that changes in oxy-
en did not affect supply of glucose. With the use of a
icrodialysis system, Badr et al. (2001) found that glucose

oncentration in striatal extracellular fluid was increased
fter ischemia-reperfusion, while HBO treatment de-
reased glucose almost to the control (preocclusion) level.
ctually, it is clear that FDG used in tracer concentrations

s a valuable marker of glucose uptake and phosphoryla-
ion, since it is transported into cells through glucose trans-
orters (GLUT) and phosphorylated by hexokinase to glu-
ose 6-phosphate. Glucose enters the brain through 55-
Da GLUT-1 localized on endothelial cells of the blood–
rain barrier, whereas GLUT-3 mediates this process in
eurons (Lubec et al., 2000). Recently, it was demon-
trated that HBO treatment promoted a transient increase
n the expression of GLUT-1 and GLUT-3 after a neonatal
ypoxic–ischemic insult (Calvert et al., 2006). The present
esults suggest that the transient upregulation of the ex-
ression of GLUTs by HBO treatment may contribute to
he reversed uptake of FDG. Future work will focus on the
nteractions of HBO treatment and the expression of the
LUT family.

CONCLUSION

n conclusion, we observed that early exposure of HBO
an partially reverse the downward trend for glucose utili-
ation in the ischemic core of the cortex, which might
ontribute to the reduction of the infarct volume after per-
anent cerebral ischemia in rats. This finding has signifi-

ant implications for our understanding of the neuroprotec-
ive effect of early HBO therapy. It is assumed that cell
eath observed in the infarct core is beyond the reach of

herapeutics (Jonas et al., 1999), the present study pro-
ides a novel target for study to explore the cellular mech-
nism in the ischemic core.
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