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Abstract
Overproduction of neuronal nitric oxide synthase (nNOS)-derived NO is detrimental during
cerebral ischemia. Normobaric hyperoxia (NBO) has been shown to be neuroprotective, extending
the therapeutic time window for ischemic stroke, but the mechanism is not fully understood. In the
present study, using a rat model of ischemic stroke, we investigated the effect of early NBO
treatment on neuronal NO production. Male Sprague-Dawley rats were given normoxia (30% O2)
or NBO (95% O2) during 10, 30, 60 or 90 minutes filament occlusion of the middle cerebral
artery. NOx

− (nitrite plus nitrate) and 3-nitrotyrosine were measured in the ischemic cortex.
Ischemia caused a rapid increase in the production of NOx

−, with a peak at 10 minutes after
ischemia onset, then gradually declining to the baseline level at 60 minutes. NBO treatment
delayed the NOx

− production peak to 30 minutes and attenuated the total amount of NOx
−.

Ischemia also increased 3-nitrotyrosine formation, which was significantly reduced by NBO
treatment. Inhibition of nNOS by pre-treatment with 7-nitroindazole had similar effect as NBO
treatment on NOx

− and 3-nitrotyrosine production, and when combined with NBO, no further
reduction in NO production was observed. Furthermore, NBO treatment significantly decreased
brain infarct volume. Taken together, our findings demonstrate that delaying and attenuating the
early NO release from nNOS may be an important mechanism accounting for NBO’s
neuroprotection.
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1. INTRODUCTION
Excitotoxicity is well established as an important trigger and executioner of tissue damage in
focal cerebral ischemia. Excitotoxic mechanisms can cause acute cell death, but can also
initiate molecular events that lead to delayed cell death (Dirnagl et al. 1999). Nitric oxide
(NO) derived from constitutively expressed neuronal nitric oxide synthase (nNOS) and from
the inducible isoform (iNOS) expressed by many cell types in the brain is one of the
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important mediators in the excitotoxic injury cascades (Keynes and Garthwaite 2004; Moro
et al. 2004). Following cerebral ischemia, high concentration of glutamate released from
ischemic neurons activates several postsynaptic glutamate receptor/ion channel complexes,
most notably the N-methyl-D-aspartate (NMDA) receptor and its Ca2+ channel. Intracellular
Ca2+ influx activates several calcium dependent cytodestructive enzymes, including nNOS,
leading to high local NO concentrations (Samdani et al. 1997).

Excessive production of NO mediates cellular injury via several different mechanisms. NO
directly causes lipid peroxidation and depletes cellular energy via disruption of
mitochondrial enzymes and nucleic acids (Christopherson and Bredt 1997). In addition, NO
reacts readily with superoxide anion to form peroxynitrite, a reactive species capable of
producing extensive cellular and tissue destruction (Reiter et al. 2001). NO also triggers
neuronal death via apoptosis (Sugawara et al. 2004). And the magnitude of NO
overproduction correlates well with the severity of tissue injury (Matsui et al. 1999).
Moreover, pharmacologically selective nNOS inhibitors (Yoshida et al. 1994; Zhang et al.
1996b) or nNOS knockout (Ferriero et al. 1996; Panahian et al. 1996) attenuate the
infarction volume after focal cerebral ischemia.

In rodent experiments (Flynn and Auer 2002; Henninger et al. 2007; Henninger et al. 2008;
Hou et al. 2007; Kim et al. 2005; Liu et al. 2006; Shin et al. 2007; Singhal et al. 2002a;
Singhal et al. 2002b) and several clinical trials (Chiu et al. 2006; Singhal et al. 2005; Singhal
et al. 2007), we and others have documented that the delivery of 95% or 100% oxygen at
normal atmospheric pressure (normobaric hyperoxia, NBO) during transient focal cerebral
ischemia is neuroprotective, without increasing free radical generation (Kim et al. 2005; Liu
et al. 2006; Singhal et al. 2002b) or inducing vasoconstriction (Shin et al. 2007). Imaging
studies indicate that NBO slows down the process of ischemic cell death (Henninger et al.
2007; Singhal et al. 2002a; Singhal et al. 2007). These promising results have suggested that
NBO therapy might be a useful strategy to expand the narrow therapeutic time window or
“buy time” until reperfusion can be achieved. However, the neuroprotective mechanisms are
not understood clearly. Given the important role of nNOS-derived NO in excitotoxic
neuronal cell death at the acute phase of ischemic stroke, we hypothesized that attenuating
NO production in the ischemic brain may be an important mechanism via which NBO
therapy exerts its neuroprotection. In the present study, we tested this hypothesis by
investigating NO production and 3-nitrotyrosine formation in ischemic cortex of normoxic
and NBO-treated rats at early stages of ischemia. In order to understand the source of NO,
we also carried out parallel experiments in rats pre-treated with 7-nitroindazole (7-NI), an
nNOS selective inhibitor (Yoshida et al. 1994; Zhang et al. 1996b).

2. RESULTS
2.1. Effects of NBO treatment on NOx− production in the ischemic cortex

The concentrations of NOx
− in the ischemic cortex were measured using the Griess method

following 10, 30, 60 and 90 minutes of ischemia. In both normoxic and NBO groups, the
production of NOx

− was time-dependent. In the normoxic groups, ischemia caused a rapid
increase in the production of NOx

− in the ischemic cortex (Fig. 1). The concentration of
NOx

− reached a peak at 10 minutes, which was 2.3-fold of the sham-control level (8.31 ±
0.93 vs. 3.62 ± 0.81 nmol/mg protein, n=5). Thereafter, the production of NOx

− gradually
declined, and returned to basal level at 60 minutes after the onset of MCAO. NBO treatment
both delayed and attenuated the ischemia-induced production of NOx

−. The NOx
−

production peak was shifted from 10 minutes to 30 minutes after ischemia onset, and the
peak amount of NOx

− was 6.91 ± 0.94 nmol/mg protein, n=5), a decrease of 17% as
compared to the normoxic group’s peak level. Additionally, the NOx

− level of NBO group
returned to basal level at 90 min after the onset of ischemia. Compared with the sham-
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control, there was no significant difference in the amount of NOx
− in the contralateral cortex

for both NBO and normoxic groups (data not shown).

2.2. Effects of NBO treatment on 3-nitrotyrosine formation in the ischemic cortex
Ischemia-induced NO generation is known to react with superoxide to form peroxynitrite,
leading to the formation of 3-notrotyrosine, which has been used as a biomarker for
peroxynitrite and as an indicator of NO-mediated brain injury. Using high pressure liquid
chromatography/electrochemical detection (HPLC-EC), we determined the formation of 3-
nitrotyrosine in ischemic cortex at 10, 30, and 60 minutes after MCAO onset. For both
normoxic and NBO groups, as shown in Fig. 2, the formation of 3-nitrotyrosine was
significantly increased at 30, and 60 minutes in the ischemic cortices compared to the sham-
control level. Moreover, NBO treatment decreased 3-nitrotyrosine formation by 30.5 ± 4.5%
(p<0.05, n=5) compared to the normoxic group at 30 minutes after ischemia onset.

2.3. Effects of selective nNOS inhibitor on the production of NO and 3-nitrotyrosine in
ischemic cortex

The above experiments demonstrate that NBO can reduce the production of NO, and its
nitration product, 3-nitrotyrosine. In order to investigate the source of NO production, we
used the nNOS selective inhibitor, 7-NI, and examined its effect on the production of NO
and 3-nitrotyrosine. Based on the time-course of NOx

− production in normoxic groups, we
chose the peak NOx

− production time point (10 minutes after ischemia onset) to clarify the
source of NO and to compare the effects of NBO and nNOS inhibitor on NO production. As
shown in Fig. 3, under normoxic conditions, pre-treatment with 7-NI significantly
suppressed NOx

− production in the ischemic cortex (p<0.05, n=4), indicating that nNOS is a
major source of NOx

− production. NBO treatment alone had similar effects as 7-NI on NOx
−

production. Importantly, when NBO was given to the rats that had been pre-treated with 7-
NI, no further reduction was observed for NO production. These results suggest that NBO
and 7-NI are likely acting through the same mechanism, i.e., through inhibition of nNOS.

We also studied the effects of NBO and 7-NI on 3-nitrotyrosine formation in the ischemic
cortex at its peak production time (30 minutes after ischemia onset). As shown in Fig. 4, 7-
NI suppressed the formation of 3-nitrotyrosine in ischemic cortex in both normoxic and
NBO group (p<0.05, n=4). Similarly, NBO partly suppressed the formation of 3-
nitrotyrosine compared to the normoxic group.

2.4. Effects of NBO treatment on brain tissue infarction
To demonstrate that the delayed and attenuated NO production observed above is associated
with improved final tissue outcome, we assessed the infarct volume by TTC staining after
22.5 hrs reperfusion following 90 min ischemia. We found that NBO treatment significantly
decreased total (hemispheric) infarct volume (Fig. 5), particularly in the cortical region.
Although the infarct volume in the subcortex (striatal) was also reduced, it was not
statistically significant.

3. DISCUSSION
In the present study, our results demonstrate that ischemia caused a rapid increase in NO end
products NOx

− (nitrate plus nitrite) in the ischemic cortex, reaching a peak at 10 minutes
(2.3-fold of the basal level) after the onset of ischemia, which then returned to baseline level
at 60 minutes in the normoxic rats. Consistent with our findings, others have documented
similar pattern of NO production during ischemia (Kader et al. 1993; Malinski et al. 1993;
Zhang et al. 1995). For the first time, our present study shows that NBO treatment both

Yuan et al. Page 3

Brain Res. Author manuscript; available in PMC 2011 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



delayed and attenuated ischemia-induced NO production, with a shift of the peak time from
10 minutes to 30 minutes, and a 17% reduction in its peak level.

NO is produced by three isoforms of nitric oxide synthase (NOS): type I or neuronal NOS
(nNOS), type II or inducible NOS (iNOS), and type III or endothelial NOS (eNOS)
(Marletta 1994). nNOS is constitutively expressed in neurons, eNOS is constitutively
expressed in endothelial cells, and iNOS is found in activated immune cells and in peri-
ischemic but not normal brain tissue (Marletta 1994). Enhanced NO production from eNOS
improves micro-circulation and ameliorates ischemic damage, whereas increased NO
production from nNOS or iNOS can promote ischemic damage via free radical damage,
micro-circulatory failure, and tissue inflammation (Iadecola 1997). It has been reported that
nNOS activity increases significantly 10 minutes after focal ischemia and returns to normal
after 60 minutes (Kader et al. 1993). Both the protein level and catalytic activity of eNOS
are upregulated within 1 hour and become maximal at 24 hours after cerebral ischemia
(Samdani et al. 1997). On the other hand, iNOS becomes detectable at 6–12 hours and is
maximal at 48 hours after cerebral ischemia (Samdani et al. 1997; Zhang et al. 1996a). Thus,
upregulation of nNOS and eNOS is likely to be responsible for the increased NO production
in the brain at early stages of focal cerebral ischemia. Furthermore, nNOS is likely the major
source of NO because nNOS activity is at least 20 times higher than that of eNOS in the
brain (Schmidt et al. 1993). In this study, we found that pre-treatment with selective nNOS
inhibitor 7-NI nearly abolished the overproduction of NO at 10 minutes of MCAO (Fig. 3),
indicating that the increased NO production was mainly derived from nNOS. Together with
our observation that combined treatment of 7-NI and NBO did not further decrease NO
production, we postulate that NBO delays and attenuates early NO production through
inhibition of nNOS, leading to reduced brain injury.

NO is a short-lived and relatively unreactive radical, but NO can combine with superoxide
to form the potent oxidant peroxynitrite, ONOO−, which has been shown to play a
significant role in NO-mediated ischemic and post-ischemic damage (Eliasson et al. 1999;
Gursoy-Ozdemir et al. 2000). Under normal physiological conditions, the concentration of
NO and superoxide is relatively low, and so is peroxynitrite production. However, under
pathological conditions in which NO production is increased, a significant amount of
peroxynitrite is formed. Nitration on the 3-position of tyrosine is a major result of
peroxynitrite attack on proteins. Protein nitration may be fundamentally related to, and
predictive of, oxidative cell injury (Kamat 2006) and nitrotyrosine itself is toxic.
Furthermore, this nitrated residue can also be used as a diagnostic marker for the formation
of peroxynitrite and indirectly for superoxide and nitric oxide generation. In the present
study, we found that the formation of 3-nitrotyrosine was significantly increased at 30
minutes of ischemia in the normoxic group, which was mostly inhibited by selective nNOS
inhibitor 7-NI (Fig. 4), further supporting that nNOS is the major source of NO production
at early stages of cerebral ischemia. Our finding that NBO treatment reduced 3-nitrotyrosine
production by 30% is consistent with its partial inhibition on NO production (Fig 1).

Since increased brain NO concentration at the early stages of focal ischemia correlates with
a larger infarct volume and decreased brain NO concentration at this time is associated with
a smaller infarct volume (Chen et al. 2002), it is plausible to speculate that nNOS-derived
NO production and the resulting peroxynitrite contribute to early ischemic brain damage.
Indeed, earlier studies using pharmacological inhibitors (Yoshida et al. 1994; Zhang et al.
1996b) or nNOS knockout mice (Ferriero et al. 1996; Panahian et al. 1996) have
demonstrated a neuroprotective effect of nNOS inhibition in focal cerebral ischemia. We
and others have shown that NBO treatment is neuroprotective and several mechanisms have
been proposed: NBO improves tissue oxygenation and aerobic metabolism (Liu et al. 2006;
Shin et al. 2007; Singhal et al. 2007), inhibits peri-infarct depolarizations that contribute to
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infarct growth (Shin et al. 2007), preserves blood brain barrier integrity (Liu et al. 2009a;
Liu et al. 2009b), and favorably alters hemodynamic parameters such as cerebral blood
volume (Shin et al. 2007). Our present study showed that intro-ischemia NBO treatment
attenuated the infarction volume (measured at 24 hours post-ischemia) in the ischemic
cortex where the production of NO and 3-nitrotyrosine was also inhibited at much earlier
stroke stages. These results suggest that NBO may exert its neuroprotection by delaying and
attenuating nNOS-derived NO production and the resulting peroxynitrite.

By delaying and attenuating nNOS-derived NO production and the resulting peroxynitrite,
NBO might slow down the evolution of ischemic damage to the neuronal tissue and cerebral
vasculature, thus extending the time window for acute stroke treatment. As a fact, Kim et al
(Kim et al. 2005) documented that NBO therapy administered shortly after onset of stroke
slows down the transition of ischemia to infarction and extends the therapeutic time window
from 1 hour to 3 hours. Henninger et al recently showed that early NBO in combination with
tPA treatment beyond 3 hrs reduced infarct volumes without increasing hemorrhage volume
(Henninger et al. 2008). In a recent study, we also demonstrated that NBO treatment during
ischemia reduced tPA-associated neurovascular complications (Liu et al. 2009a). In the
present study, we did not perform experiments to further demonstrate whether there is a
causal link between the delay in NO production and the slowing down of tissue infarction in
NBO-treated rats. However, our results clearly indicate that NBO can both delay and
attenuate ischemia-induced NO release, which would thereby ameliorate NO-induced brain
damage at the early stages of ischemic stroke.

In summary, our results demonstrate that NBO treatment both delays and attenuates NO
production following cerebral ischemia, which may represent an important mechanism
contributing toward the observed neuroprotection by NBO treatment.

4. EXPERIMENTAL PROCEDURE
4.1. Animal Handling

The Laboratory Animal Care and Use Committee of the University of New Mexico
approved all experimental protocols. Adult male Sprague–Dawley rats (280–320 g; Charles
River Laboratories, MA) were used for all experiments. The rats were maintained in a
climate-controlled vivarium with a 12 hours light–dark cycle with free access to food and
water.

For all surgical procedures, 4.0% isoflurane in 30% O2:70% N2 was used for anesthesia
induction, and 1.75% for anesthesia maintenance. Rectal temperature was maintained at 37.5
± 0.5°C using a heating pad.

4.2. Preparation of Middle Cerebral Artery Occlusion (MCAO) Rat Model
The MCAO model used in this study were performed as described previously (Liu et al.
2006). A silicone rubber coated monofilament nylon suture with a diameter of 0.37 mm was
used for the MCAO. Continuous Laser–Doppler flowmetry (LDF; Perimed, North Royalton,
OH) was used to monitor regional cerebral perfusion to ensure adequacy of MCAO. Rats
that did not demonstrate a significant reduction of LDF values to at least 30% of the base
level after MCAO were excluded from this study. The sham-operated rats were subjected to
the same surgical procedures, except that the suture was advanced only 10 mm (not 19 mm)
above the bifurcation and withdrawn after 10 seconds.
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4.3. Normobaric Hyperoxia Therapy
NBO treatment was initiated by switching inspired gas from normoxia gas (30% O2) to
NBO (95% O2) for the indicated periods of time, and terminated by switching back to
normoxia, as described in detail previously (Liu et al. 2006).

4.4. Experimental protocol and tissue processing
Rats were randomly divided into normoxic and NBO groups, with five rats in each group.
The NBO treatment was started one minute after the onset of MCAO, and lasted for 10, 30,
60 or 90 minutes. Rats were sacrificed at 10, 30, 60 or 90 minutes after MCAO onset. Rat
heads were quickly removed and immersed in liquid nitrogen for 10 seconds and then the
brains were removed. Using a brain-cutting matrix, a 4-mm coronal section was made from
a region 3 mm away from the tip of the frontal lobe, which contained the main infarction
area according to our earlier studies with TTC staining (Liu et al. 2006; Liu et al. 2004). The
meninges were carefully removed, and then a longitudinal cut was made 2 mm away from
the midline between two hemispheres on each brain slice to exclude tissue primarily
supplied by the anterior cerebral artery. The right and left cortex were collected as ipsilateral
cortex (ischemic cortex) and contralateral cortex, respectively, and stored at −80°C until
further analysis.

All tissue samples were sonicated in ice-cold PBS (pH 7.4) for 15 seconds in a thermally
regulated sonicator (Branson Sonifier, Branson Corp., Danbury, CT). After sonication,
samples were centrifuged at 14,000 × g for 10 minutes at 4°C. The supernatants were
analyzed for protein contents, NOx

− (nitrite plus nitrate), and 3-nitrotyrosine. The protein
contents were measured by Bradford Assay (Biorad Laboratories, Richmond, CA). The
concentrations of NOx

− and 3-nitrotyrosine were assessed as described below.

4.5. NO production measurement
Total amount of NO end production, nitrate plus nitrite (NOx

−), was measured using a
commercial enzymatic nitric oxide assay kit (Oxford Biomedical Research, Oxford, MI), in
which the conversion of nitrate to nitrite by nitrate reductase is assayed using the Griess
reagent. Samples of each tissue were sonicated, as described above, and then centrifuged. 5
µl of each supernatant was mixed with 495 µl PBS, and filtered through a 3k MW cut-off
membrane (Pall Life Science, East Hills, NY). NOx

− was measured spectrophotometrically
according to manufacturer’s instructions. In each experimental group, five animals were
studied. Data are expressed as nanomole NOx

− per milligram protein.

4.6. HPLC-EC detection of 3-nitrotyrosine
Protein extraction and hydrolysis procedures, and HPLC-EC analysis and calculation were
performed as described before (Ding et al. 2005). In brief, tissue samples were sonicated and
centrifuged. Acetonitrile was added to the supernatant, gently centrifuged, and the pellets
were dissolved in 0.1 M NaOAc, pH 7.2 at a final concentration of protein at 4 mg/ml.
Twenty mg/ml protease (XIV from Streptomyces griseus, Sigma, St. Louis, MO) dissolved
in 0.1 M NaOAc, pH 7.2 were added to samples at a final ratio of 1:5 (w/w). The samples
were placed in a 50°C water bath for 18 hours. All hydrolyzed mixtures were then
transferred to a 3000 Da micro-filtration tube (Pall Life Science, East Hills, NY) to remove
intact protease or undigested protein. Filtrates were then analyzed on an ESA (Chelmsford,
MA) CoulArray HPLC instrument equipped with 12 electrochemical channels. The
analytical column was a TOSOHAAS (Mongtomeryville, PA) ODS 80-TM C-18 reverse
phase column, and the mobile phase was 50 mM sodium citrate/5% methanol (v/v), pH 4.7.
Both 3-nitrotyrosine and tyrosine were detected by the EC detector. The level of 3-
nitrotyrosine was expressed as the number of 3-nitrotyrosine per 1000 tyrosine.
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4.7. Treatment with nNOS inhibitor
We also carried out parallel experiments in animals pre-treated with 7-NI, an nNOS
selective inhibitor (Yoshida et al. 1994; Zhang et al. 1996b). The rats received either vehicle
(DMSO, n=4) or 7-NI (25 mg/kg, n=4). The drug was intraperitoneally injected 20 minutes
before the onset of ischemia, since maximal inhibition of nNOS activity occurred 30
minutes after systemic injection of 7-NI (MacKenzie et al. 1994). 7-NI at 25 mg/kg was
selected because this dose has been reported to effectively inhibit ischemia-induced NO
production (Jiang et al. 1999). Rats inhaled 30% O2 or 95% O2 one minute after the onset of
ischemia, and were sacrificed at 10 minutes or 30 minutes after the onset of ischemia, for
measurements of NOx

− and 3-nitrotyrosine, respectively.

4.8. Quantification of Brain Infarction
In order to investigate the impact of NBO treatment on brain infarction volume under our
experimental conditions, ten rats were randomly divided into normoxic and NBO groups,
with five rats in each group. The MCA was occluded for 90 minutes and then reperfused. In
the normoxic groups, 30% O2 was administered one minute after MCAO; in the NBO
group, a NBO gas mixture of 95% O2 was administered and lasted until the end of the 90-
minute ischemia. Rats were sacrificed at 22.5 hours after reperfusion. The brain was rapidly
removed, cooled in ice-cold saline for 10 minutes, and cut into 2 mm coronal sections. Brain
slices were stained with 2,3,5-triphenyletetrazolium chloride (TTC) for 30 minutes in the
dark. Total (hemispheric), cortical, and subcortical (striatal) infarction volumes were
measured with Image Pro Plus software.

4.9. Statistics
Statistical analysis of data was carried out using ANOVA. Differences between means were
regarded as statistically significant if p<0.05.

Research Highlights

• NBO treatment delays and attenuates the production of NOx
− and 3-

nitrotyrosine.

• Early NBO treatment inhibits NO release from nNOS.

• Reducing NO production is an important mechanism of neuroprotection by
NBO.

List of abbreviations

NBO Normobaric hyperoxia

NO nitric oxide

nNOS neuronal nitric oxide synthase

NOx− nitrite plus nitrate

NMDA N-methyl-D-aspartate

7-NI 7-nitroindazole

LDF Laser–Doppler flowmetry

MCAO middle cerebral artery occlusion

TTC 2,3,5-triphenyltetrazolium chloride
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HPLC-EC high pressure liquid chromatography/electrochemical detection

3-NT 3-nitrotyrosine.
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Fig. 1.
The time-course of NOx

− (nitrate plus nitrite) production in ischemic cortices of MCAO
rats. In both normoxic (30% O2) and NBO (95% O2) groups, the production of NOx

− was
time-dependent. Compared with normoxic groups, NBO treatment delayed and attenuated
the production of NOx

−. Data were expressed as Mean ± S.D. * P<0.05 versus sham-control
level, n=5.
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Fig. 2.
The effect of NBO treatment on 3-nitrotyrosine (3-NT) production in ischemic cortices of
MCAO rats. In both the normoxic (30% O2) and the NBO (95% O2) groups, the formation
of 3-NT was time-dependent, both peaked at 30 minutes and NBO treatment significantly
attenuated the production peak level of 3-NT. Data were expressed as Mean ± S.D. * P<0.05
versus the level of sham-control, # P<0.05 versus the level of normoxic group, n=5.
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Fig. 3.
The effects of NBO (95% O2) and nNOS inhibitor (7-NI) on the production of NOx

− (nitrite
plus nitrate) in ischemic cortex at 10 minutes after MCAO onset. 7-NI (25 mg/kg) was
intraperitoneally injected 20 minutes before the onset of ischemia. Compared with the
normoxic (30% O2) group, both NBO and 7-NI significantly suppressed the production of
NOx

−. Data were expressed as Mean ± S.D. * P<0.05 versus normoxic group, n=4.
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Fig. 4.
The effects of NBO (95% O2) and nNOS inhibitor (7-NI) treatments on the formation of 3-
nitrotyrosine (3-NT) in ischemic cortex at 30 minutes after MCAO onset. 7-NI (25 mg/kg)
was intraperitoneally injected 20 minutes before the onset of ischemia. Compared with
normoxic (30% O2) group, both NBO and 7-NI significantly suppressed the formation of 3-
NT. Data were expressed as Mean ± S.D. * P<0.05, versus normoxic group, n=4.
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Fig. 5.
The effect of NBO on brain infarct volume. TTC staining illustrating infarct brain region
(pale zones) of normoxic group (A) and NBO group (B) after 22.5 hrs reperfusion following
90 min ischemia, scale bar = 3 mm. (C) NBO treatment (95% O2) significantly decreased
the infarct volume. Data were expressed as Mean ± S.D. * P<0.05 versus normoxic group,
n=5.
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