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Abstract

Humanin (HN) is an anti-apoptotic peptide that suppresses neuronal cell death induced by
Alzheimer's disease, prion protein fragments, and serum deprivation. Recently, we demonstrated that
Gly!4-HN (HNG), a variant of HN in which the 14th amino acid serine is replaced with glycine, can
decrease apoptotic neuronal death and reduce infarct volume in a focal cerebral ischemia/reperfusion
mouse model. In this study, we postulate that the mechanism of HNG's neuroprotective effect is
mediated by the PI3K/Akt pathway. Oxygen-glucose deprivation (OGD) was performed in cultured
mouse primary cortical neurons for 60 min. The effect of HNG and PI3K/Akt inhibitors on OGD-
induced cell death was examined at 24 h after reperfusion. HNG increased cell viability after OGD
in primary cortical neurons, whereas the PI3K/AKkt inhibitors wortmannin and Akti-1/2 attenuated
the protective effect of HNG. HNG rapidly increased Akt phosphorylation, an effect that was
inhibited by wortmannin and Akti-1/2. Mouse brains were injected intraventricularly with HNG
before being subjected to middle cerebral artery occlusion (MCAO) for 75 min followed by 24 h
reperfusion. HNG treatment significantly elevated p-Akt levels after cerebral I/R injury and
decreased infarct volume. The protective effect of HNG on infarct size was attenuated by wortmannin
and Akti-1/2. Taken as a whole, these results suggest that PI3K/Akt activation mediates HNG's
protective effect against hypoxia/ischemia reperfusion injury.
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1. Introduction

Humanin (HN) is a recently identified 24-amino acid anti-apoptotic peptide that is best known
for its ability to suppress neuronal cell death induced by Alzheimer's disease-related insults,

such as amyloid beta (Ap) toxicity (Tajima et al., 2002). Recent studies have shown that HN
not only has neuroprotective effects on Ap toxicity but also inhibits apoptosis in many different
diseases. HN and a highly potent HN variant, Gly}4-HN (HNG), prevent apoptotic cell death
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induced by soluble prion protein fragments in rat cortical neurons (Sponne et al., 2004). HN
can reverse memory impairments induced by different toxic agents in vivo (Mamiya et al.,
2001; Krejcova et al., 2004). We recently showed that HNG protects against cerebral ischemia/
reperfusion (I/R) injury by inhibiting apoptotic cell death, reducing infarct volume, and
decreasing neurological deficits in mice (Xu et al., 2006).

Despite the above studies, the protective mechanisms and signaling pathways of HN are not
clear. Most importantly, the putative HN receptor on the cell membrane has not been cloned
or characterized (Hashimoto et al., 2001). Ying et al. (2004) reported that HN binds to a human
G protein-coupled formylpeptide receptor-like-1 (FPRL1), which induces chemotaxis of
mononuclear phagocytes and prevents Ap-induced apoptotic cell death by competitively
inhibiting Ap binding to FPRL1. Harada et al. (2004) also published findings that supported
this theory. However, Hashimoto et al. (2005) proposed that the HN receptor might belong to
a tyrosine kinase receptor family since a tyrosine kinase inhibitor (genistein) attenuates the
neuroprotective activity of HNG against A toxicity in F11 neuronal hybrid cells. These
investigators also found that HN-mediated protection is completely blocked by the expression
of a dominant-negative STATS3, suggesting that STAT3 is involved in HN's protective
mechanism. Our previous studies demonstrated that HNG exerts its neuroprotective effects on
cerebral ischemia injury by inhibiting the activation of the extracellular signal regulated kinase
(ERK), indicating that HNG's protective effect is at least partially mediated by the tyrosine
kinase RassMEK/ERK pathway (Xu et al., 2006). Finally, several studies reported that HN
inhibits apoptosis by binding intracellularly to Bax and Bid, thus blocking apoptosis
independently of receptors (Guo et al., 2003; Zhai et al., 2005).

The PI3K/AKkt pathway is a central mediator in signal transduction pathways involved in cell
growth, cell survival, and metabolism (Brazil, Yang and Hemmings, 2004). The
neuroprotective role of the PI3K/Akt pathway in cerebral ischemia has been widely studied
(Janelidze et. al., 2001; Noshita et al., 2001; Shibata et al., 2002). In models of cerebral
ischemia, Akt phosphorylation increases at 1 h and 4 h after I/R, but decreases significantly
24 h after reperfusion (Janelidze et al., 2001, Shibata et al., 2002). Akt blocks apoptotic stimuli
by inactivating pro-apoptotic proteins such as Bad, caspase-9, and glycogen synthase
kinase-3pB. Akt also exerts anti-apoptotic effects by activating endothelial nitric oxide synthase
(eNOS) (Brazil, Yang and Hemmings, 2004)

Given the neuroprotective role of the PI3K/Akt pathway in cerebral ischemia, we hypothesized
that HN's neuroprotective effect involves the activation of the PI3K/Akt pathway after cerebral
I/R injury. In this study, we provide evidence that this is indeed the case by using an in vitro

oxygen-glucose deprivation (OGD) cell model and a focal cerebral I/R mouse model.

2.1. HNG protects against OGD-induced neuronal death

In our study, HNG (0.2 uM) treatment alone had no effect on the viability of the mouse cortical
neurons. After 60 min of OGD and 24 h reperfusion, cell viability decreased to 52.9 £ 0.93%
of the control. HNG treatment significantly reduced cell death induced by OGD (69.1 + 0.77%
of the control) (Figure 1, P<0.05).

2.2. PI3K/Akt inhibitors attenuate HNG's neuroprotective effects

To examine whether the protective effects of HNG are mediated by the PI3K/Akt pathway,
OGD-treated cortical neurons were incubated with HNG and a PI3K inhibitor wortmannin (1
uM) or an Akt inhibitor Akti-1/2 (1 uM). In our study, administration of wortmannin or
Akti-1/2 alone had no effect on cell survival after OGD. Cells exposed to either HNG and
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wortmannin or HNG and Akti-1/2 had significantly decreased cell viability compared with the
HNG-treated group (P<0.05) (Figure 1).

2.3. HNG activates Akt in primary cortical neurons

We next investigated whether the addition of HNG activates Akt. Treatment of mouse cortical
neurons with 0.2 pM HNG led to a time-dependent phosphorylation of Akt, with the maximal
level occurring at 10 min (Figure 2A). Wortmannin and AKkti-1/2 were used to block PI3K and
Akt pathways, respectively. Mouse cortical neurons were pretreated with 200 nM wortmannin
for 15 min or 1 uM Akti-1/2 for 30 min before incubating with 0.2 uM HNG for 10 min.
Quantification was performed with densitometric analysis of p-Akt and total Akt. As shown
in Figure 2 B,C, HNG upregulated p-Akt levels by 1.8-fold (P<0.05); this effect was attenuated
with wortmannin or Akti-1/2. A lower concentration of wortmannin was chosen because
wortmannin at 1 pM completely blunted p-Akt levels and made densitometric analysis
impossible.

2.4. HNG activates Akt in vivo

Given the protective effect of HNG in vitro, we tested the effect of HNG in an in vivo mouse
model of middle cerebral artery occlusion. As shown in our previous study (Xu et al, 2006),
mouse brains subjected to 75 min of ischemia experienced greater than 50% infarction 24 h
after ischemia/reperfusion. The heterogeneity of populations of live and dead cells hampers
the interpretation of p-Akt result. Therefore, Western blot analysis was performed after a period
of 30 min of ischemia and 6 h of reperfusion in the absence of Cell death. HNG treatment
increased the p-Akt level by two-fold compared with the saline-treated group (P<0.05, Figure
3).

2.5. Wortmannin reduces the protection of HNG on cerebral infarct volume

We investigated whether the protective effect of HNG on cerebral I/R injury could be blocked
by wortmannin, a PI13K inhibitor. The infarct size of wortmannin-treated mice (56.6 * 2.0%)
was comparable to that of vehicle-treated control mice (59.3 £ 2.6%, P>0.05, Figure 4C). The
infarct size in the HNG-treated group was significantly decreased compared to other groups
(29.2 £ 1.1%, P<0.01 for all other groups). The combination of HNG and wortmannin partially
blocked the protective effect of HNG on infarct size (44.2 £ 1.3%).

2.6. Akti-1/2 reduces the protection of HNG on cerebral infarct volume

We next examined whether the protective effect of HNG on cerebral I/R injury could be blocked
by an Akt inhibitor, Akti-1/2 (Cheng et al., 2005). Akti-1/2 alone had no effect after cerebral
I/R compared with the vehicle-treated I/R control group (56.9 £ 2.1% vs. 59.3 £ 2.6%,
respectively; P>0.05, Figure 5). Infarct volume was significantly lower in the HNG and
Akti-1/2-treated I/R groups, compared with the HNG-treated I/R group (29.2 + 1.1%, P<0.01).
The combination of HNG and Akti-1/2 partially blocked the protective effect of HNG on infarct
size (47.0 £ 2.0%).

3. Discussion

This study demonstrated for the first time that HNG protects against hypoxia/ischemia both
in vitro and in vivo. The study also provides evidence that the mechanism of this protective
effect is mediated by the PI3K/Akt pathway. First, the protective effect of HNG in OGD-treated
neurons was attenuated in the presence of wortmannin and Akti-1/2 (Figure 1). Second, HNG
significantly increased p-Akt levels in cortical neurons, an increase that was abolished by both
wortmannin and Akti-1/2 (Figure 2). Finally, wortmannin and Akti-1/2 attenuated HNG's
protective effect on infarct volume (Figures 4, 5).
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Activation of Akt has been shown to play an important role in neuronal survival after cerebral
I/R injury. One study showed that transgenic mice overexpressing Aktl had 35% reduced
infarct volume after I/R (Ohba et al, 2004). Recently, ischemic post-conditioning by an episode
of 10 min of ischemia followed by 10 min of reperfusion has been demonstrated to reduce
infarct volume by 50%; the neuroprotective effect is thought to be mediated by the activation
of Akt (Pignataro et al, 2008). A number of neuroprotectants, including VEGF (Kaya et al.,
2005), GDNF (Jin et al., 2003), and erythropoietin (Kilic et al., 2005), exert their protective
effect through the PI3K/Akt pathway. Our study provides evidence that HNG's protective effect
also relies on the activation of the PI3K/Akt pathway, which agrees with the results of previous
studies.

In the initial step of Akt activation, membrane-bound receptor tyrosine kinase (RTK) is
phosphorylated. RTK phosphorylation activates PI3K, which generates
phosphatidylinositol-3,4,5-trisphosphate (PIP3) from phosphatidylinositol-4,5-bisphosphate
(PIP2). 3-Phosphoinositide-dependent protein kinase-1 (PDK1) in turn phosphorylates Akt at
Ser 473 or Thr 308. Activated Akt blocks apoptosis by inactivating several targets, including
Bad, glycogen synthase kinase-3p, forkhead transcription factors, or caspase-9 (Zhao et al.,
2006 for review). In our study, wortmannin and Akti-1/2 lead to an attenuation of HNG-
mediated protection, indicating that PI3K/Akt pathway plays a role in HNG's protection. One
issue that was not addressed in this study is whether p-Akt is inhibited completely by
wortmannin and Akti-1/2 in vivo, although we have shown complete blockade in vitro (Figure
2). It possible that wortmannin and Akti-1/2 only partially reduce Akt phosphorylation in vivo,
although it is also possible that HNG's protection is mediated by multiple signaling pathways.
This question will need to be addressed in future studies.

Hashimoto et al. (2005) demonstrated that HN can inhibit cell death induced by ASK1/INK
(apoptosis signal-regulating kinasel/c-Jun N-terminal kinase). Wang et al. (2005) found that
HN delays serum deprivation-induced apoptosis in K562 cells by downregulating the
expression of p38 MAP kinase. Our previous study demonstrated that HNG had no effect on
ischemia-induced p38 MAPK activation in vivo (Xu et al., 2006). A recent study indicated that
the Jak2/STAT3 pathway is involved in the protective mechanism of HN against A toxicity
(Hashimoto et al., 2005). Finally, our previous study showed that HNG can decrease phospho-
ERK levels in a focal cerebral I/R model (Xu et al., 2006). In the current study, we found that
wortmannin did not change the effect of HNG on ERK activation (data not shown), indirectly
supporting the idea of multiple signaling pathways. The full characterization of these other
signaling pathways awaits further investigation.

One issue not addressed by the current study is whether HN acts via a receptor or whether it
acts independently of a receptor on an intracellular level. The Jak2/STAT3 pathway plays an
important role in cerebral ischemia injury (Satriotomo et al., 2006). The possible involvement
of this pathway in HNG's neuroprotective effect warrants further investigation. Investigators
have argued that both the G protein-coupled receptor FPRL1/FPR2 and tyrosine kinase receptor
are related to HN's function (Hashimoto et al., 2001; Ying et al., 2004; Harada et al., 2004;
Hashimoto et al., 2005). It is possible that there is a tyrosine Kinase in the putative HN receptor
that activates the PI3K/Akt pathway. The resolution of this question will require the cloning
of the HN receptor.

We have shown previously that intraperitoneal administration of HNG after ischemia/
reperfusion reduces infarct volume (Xu et al, 2006), which suggests that HNG could be used
as a neuroprotective agent in the treatment of stroke. A complete understanding of the
mechanisms of HNG's protective effects will greatly facilitate the realization of its clinical
potential.
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4. Experimental Procedure

4.1. Materials and Animals

Humanin (HNG) was purchased from Peptide International, Inc. (Lexington, KY).
Wortmannin was obtained from Alomone (Israel). Akti-1/2 (Akt inhibitor V1I1) was purchased
from Calbiochem (San Diego, CA).

Male CD-1 mice, 25-30g, were purchased from Harlan (Indianapolis, IN). All animal
procedures were approved by the University Committee on Animal Care and Use of East
Tennessee State University.

4.2. Middle cerebral artery occlusion model

The MCAOQO model was performed as described previously (Xu et al., 2006). Briefly, after a
mouse was anesthetized with 7.2% chloral hydrate (400 mg/kg, i.p.), the right common carotid
artery (CCA), the right external carotid artery (ECA), and the internal carotid artery (ICA)
were exposed through a ventral midline neck incision. A 6-0 nylon monofilament (Ethilon,
Ethicon Inc., Somervill, NJ) coated with silicon resin (Heraeus, Kulzer, Germany) was
introduced into the right CCA and advanced until faint resistance was felt. Reperfusion was
achieved by withdrawing the suture after 75 min of occlusion to restore blood supply to the
middle cerebral artery (MCA) territory. Body temperature was maintained at 36.5-37.5°C
throughout the procedure from the start of the surgery until the animals recovered from
anesthesia. Occlusion and reperfusion of the MCA was monitored by a laser Doppler blood
flowmeter (Periflux 5010, PERIMED, Sweden) positioned 1 mm posterior and 3 mm lateral
to the bregma bilaterally.

4.3. Animal experimental groups

In each experiment, CD-1 mice were randomly divided into four groups (n=6-7): (1) vehicle-
treated I/R control group; (2) HNG-treated I/R group; (3) wortmannin or Akti-1/2-treated I/R
group; (4) HNG and wortmannin- or HNG and Akti-1/2-treated I/R groups. HNG-treated
groups were administered 0.1 ug HNG intraventricularly (i.c.v.) in 5 pl saline and 1 pl DMSO.
This dose was chosen based on results from our previous study (Xu et al., 2006). Wortmanninor
Akti-1/2-treated I/R groups were administered 43 ng wortmannin or 55 ng Akti-1/2 in 1 pl
DMSO with or without HNG. Saline-treated groups were administered 5 pl saline and 1 pl
DMSO. For the injection of HNG or saline into the contralateral ventricle to the ischemic side,
a small burr hole was made in the parietal region (0.5 mm posterior and 1.0 mm lateral to the
bregma on the left side). A 28G needle on a Hamilton syringe was inserted into the lateral
ventricle 2.5 mm in depth.

4.4. Evaluation of infarct volume

Mice were anesthetized and the brains were removed. Brains with subarachnoid hemorrhage
and/or clot formation in the MCA were eliminated from the analysis in this study. All brains
were sliced into 1 mm sections. Slices were incubated for 30 min in a 0.1% solution of 2,3,5-
triphenyltetrazolium chloride (TTC; Sigma, St. Louis, MO) at 37°C and then fixed in 10%
buffered formaldehyde solution. For analysis, the sections were photographed by a high-
resolution digital camera (Nikon Coolpix 5700). The cross-sectional area of infarction in the
right MCA territory of each brain slice was determined with a computerized image analysis
system (AlphaEase Image Analysis Software V 3.1.2). The total mean infarct area of each
section was calculated as the average of the area on its rostral and caudal surface. The
hemispheric lesion volume was calculated by multiplying the area by the thickness of slices.
The areas of the infarcted tissue and the areas of both hemispheres were calculated for each
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brain slice. The percent hemispheric infarct volume was calculated as described by Giffard and
Swanson (2005).

4.5. Primary cortical neuron culture

Embryonic day 16-18 mice were obtained from pregnant CD-1 mice anesthetized with
tribromoethanol (350 mg/kg, i.p.). Meninges were carefully removed and cerebral cortices
were isolated from the mouse brains. Cerebral cortices were dissociated with 8.2 U/ml papain
(Worthington Biochemical, Lakewood, NJ) for 30 min at 37°C. Fetal bovine serum and trypsin
inhibitor were used to stop digestion. Tissues were then triturated with a Pasteur pipette. Freshly
dissociated cells were seeded at 2x10° cells/cm? into 96-well plastic plates coated with L-
polyornithine (10 pg/ml) and then incubated in Neurobasal medium (Invitrogen, Carlshad, CA)
with 2% B-27 supplement, Glutamax (1:100) (Invitrogen, Calsbad, CA), penicillin, and
streptomycin at 37°C with 5% CO, and 95% air. The medium was changed 24 h after plating,
and half of the medium was changed every 3 d. Experiments were conducted at the DIV 10
after culture. Immunocytochemical analysis of neuronal marker protein gene product 9.5 (PGP
9.5) (Chemicon International, Inc., Temecula, CA) was used to confirm the purity of neuronal
cells.

4.6. Oxygen-glucose deprivation (OGD)

Culture medium in a 96-well plate was removed and rinsed with 1x Hank's balanced salt
solution (HBSS, 140 mM NaCl, 5 mM KCI, 2 mM CaCl,, 10 mM HEPES, 30 uM glycine, pH
7.4). Cultured cortical neurons were incubated in the pre-gassed HBSS buffer containing 0.2
uM HNG, 0.1 uM wortmannin, or 1 uM Akti-1/2 and then the plate was placed in a Billups-
Rothenberg modular incubator chamber (Del Mar, CA), flushed with mixed gas of 5% CO,
and 95% N, for 10 min. The chamber was then sealed and placed into a humidified CO,
incubator at 37°C. After 60 min in the hypoxic chamber, the OGD treatment was stopped by
replacing HBSS with Neurobasal medium supplemented with B27 containing HNG and/or
wortmannin or Akti-1/2. The plate was placed back to normoxic conditions and incubated for
24 h for the cell viability determination. Control culture plates in the presence of HNG or
inhibitors were exposed to oxygenated HBSS containing 5.5 mM glucose in normoxic
conditions during the same period as the OGD cultures.

4.7. Cell viability assay

Cell viability was assessed by the ability of the viable cells to metabolize 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2(4-sulfophenyl)2-H-tetrazolium, inner
salt (MTS), as described previously (Cory et al., 1991). At 24 h of OGD treatment in cultured
cortical neurons, 10 ul of MTS solution (5 mg/ml; Promega, Madison, WI) was added to each
well and the cells were maintained in growth medium for 3 h at 37°C. Absorbance was
subsequently measured at 490 nm. Untreated cells were considered as control and the culture
medium without cells in the presence of MTS solution was used as solution background. Cell
viability was expressed as the percentage of the untreated control. For the MTS assay, there
were eight samples in each group, and the experiment was repeated at least 3 times.

4.8. Western blot analysis

Mouse primary cortical neurons were incubated for 4 h in Neurobasal medium without B27.
HNG was added directly to the conditioned medium for 10 min or 30 min at a final
concentration of 0.2 uM. This concentration was chosen based on our previous studies on
mouse heart-derived endothelial cells and rat myoblast H9c¢2 cells (unpublished data). In some
experiments, cells were pretreated with 0.1 uM wortmannin for 15 min or 1 uM Akti-1/2 for
30 min before HNG treatment. Cells were harvested in a buffer containing 20 mM Tris-HCI
(pH 7.8), 137 mM NaCl, 15% glycerol, 1% Triton X-100, 2 ng/ml each of leupeptin, aprotinin,
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and pepstatin, 2 mM benzamidine, 20 mM NaF, 10 mM sodium pyrophosphate, 1 mM sodium
vanadate, 25 mM beta-glycerophosphate, and 1 mM phenylmethylsulfonylfluoride and
PhosSTOP (Roche, Indianapolis, IN).

To study the activation of Akt by HNG in vivo, HNG-treated mice were sacrificed after 30 min
of ischemia followed by 6 h of reperfusion. The right hemisphere was quickly removed and
pulverized into powder in liquid nitrogen. Brains were homogenized in the lysis buffer as
described above. Protein concentration was determined by the Bio-Rad protein assay (BioRad,
Hercules, CA). Aliquots of 30 ug of lysates were electrophoresed on 12% SDS-PAGE and
transferred to nitrocellulose membranes. Western blot analysis was carried out with antibodies
against p-Akt (Ser473) and total Akt (Cell Signaling Technology). Blots were developed with
the ECL chemiluminescence system (GE Healthcare, Piscataway, NJ) and were captured on
autoradiographic films (Kodak). Films were scanned, and densitometric analysis of the bands
was performed with AlphaEase Image Analysis Software.

4.9. Statistical analysis

All data are expressed as mean £ SEM. Differences between groups were determined with the
Student's t test for p-Akt level; differences among groups were compared by one-way analysis
of variance (ANOVA) followed by Tukey's multiple-comparison test if there was a significant
difference between groups. Differences were deemed statistically significant if P <0.05.
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Figure 1.

The effects of HNG and the PI13K/Akt inhibitors wortmannin and Akti-1/2 on OGD-induced
cell death in primary cortical neurons. OGD experiments were conducted in cultured mouse
cortical neurons at DIV 10. Primary cortical neurons were incubated with 0.2 uM HNG, 0.1
wM wortmannin (W), or 1 uM Akti-1/2 (Akti) in glucose-free HBSS in a hypoxia chamber for
60 min. The plate was then restored to normoxic conditions. Cell viability was assessed by the
MTS assay at 24 h of reperfusion. Control culture plates in the presence of HNG, wortmannin,
or Akti-1/2 were exposed to oxygenated HBSS containing 5.5 mM glucose in normoxic
condition. Bars represent mean £ SEM of 8 samples. * P<0.01 versus the OGD group; #, versus
the OGD+HNG group.
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Figure 2.

The effect of inhibitors on p-Akt in primary cortical neurons. Primary mouse neurons were
treated with 0.2 pM HNG for 10 min or 30 min. Western blot analyses were carried out with
30 pug of homogenate using antibodies against p-Akt (Ser473). A duplicate blot was probed
with antibodies against total Akt (A). In B, neurons were pretreated with 0.1 pM wortmannin
for 15 min or 1 uM Akti-1/2 for 30 min before treatment with 0.2 uM HNG for 10 min. Total
Akt and p-Akt levels were determined by Western blot analysis. Bar graph shows a
densitometric analysis of the relative intensity of p-Akt, normalized against total Akt (C). Data
represent means = SEM from 4 samples. *P<0.05 versus control cells.
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Figure 3.

The effect of HNG on p-Akt level after cerebral I/R injury. Mice were treated with HNG (0.1
ug, i.c.v.) or a same volume of saline 30 min before ischemia. After 30 min of ischemia and 6
h of reperfusion, brains were removed and the ischemic hemispheres were used for Western
blot analysis. (A) Representative photographs of p-Akt and total Akt. (B) Quantitative analysis
of the ratio of p-Akt to total Akt after cerebral ischemia in saline (NS) group and HNG group.
Bars represent mean = SEM of 3 brains. *P<0.01 versus NS group.
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Figure 4.

The effects of PI3K inhibitor wortmannin on neuroprotection of HNG on cerebral I/R injury.
Mice were pretreated with wortmannin (43 ng, i.c.v ) or vehicle (DMSO) 60 min before
ischemia. HNG (0.1 pg, i.c.v.) or saline was administered 30 min before ischemia. After 75
min of ischemia and 24 h of reperfusion, cerebral infarct volume was determined by TTC
staining. Quantitative analysis of cerebral infarct volume in four groups was shown. Bars
represent mean + SEM of 6-7 brains. *P<0.01; NS, not significant; Con, control group.
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Figure 5.

The effect of Akti-1/2 on neuroprotection of HNG on cerebral I/R injury. Mice were pretreated
with Akti-1/2 (55 ng, i.c.v.) or vehicle (DMSO) 60 min before ischemia. HNG (0.1 g, i.c.v.)
or saline was administered 30 min before ischemia. After 75 min of ischemia and 24 h of
reperfusion, cerebral infarct volume was determined by TTC staining. Quantitative analysis of
cerebral infarct volume in four groups was shown. Bars represent mean + SEM of 6-7 brains.
*P<0.01; NS, not significant; Con, control group.
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