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  This study aimed to investigate whether selective serotonin reuptake inhibitors (SSRIs) attenuate 
brain injury and facilitate recovery following photothrombotic cortical ischemia in mice. Male ICR mice 
were anesthetized and systemically administered Rose Bengal. Permanent focal ischemia was induced 
in the medial frontal and somatosensory cortices by irradiating the skull with cold light laser. The 
animals were treated with fluoxetine or sertraline once a day for 14 d starting 1 h after ischemic 
insult. Treatment with fluoxetine and sertraline significantly reduced the infarct size. The Evans blue 
extravasation indices of the fluoxetine- and sertraline-treated groups were significantly lower than that 
of the vehicle group. Treatment with fluoxetine and sertraline shifted the lower limit of the mean 
arterial blood pressure for cerebral blood flow autoregulation toward normal, and significantly increased 
the expression of heme oxygenase-1 (HO-1) and hypoxia-inducible factor-1α (HIF-1α) proteins in the 
ischemic region. These results suggest that SSRIs, such as fluoxetine and sertraline, facilitate recovery 
following photothrombotic cortical ischemia via enhancement of HO-1 and HIF-1α proteins expression, 
thereby providing a benefit in therapy of cerebral ischemia.
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INTRODUCTION

  Depression is a frequent and important problem among 
patients with stroke and presents as post-stroke depression 
in 20∼50% of stroke survivors (Starkstein and Robinson, 
1989; Andersen et al., 1994b; Bhogal et al., 2005). Post-stroke 
depression has negative effects on functional recovery 
(Parikh et al., 1990; Kotila et al., 1999), and these effects 
can be overcome by pharmacological treatment of depres-
sion (Gainotti et al., 2001). Although antidepressants have 
been effectively used to treat post-stroke depression (Pri-
meau, 1988; Gainotti et al., 2001; Paolucci et al., 2001), their 
prescription is critically influenced by their safety, toler-
ability, and their impact on co-morbid conditions (Rampello 
et al., 2005).
  Selective serotonin reuptake inhibitors (SSRIs) are wide-
ly used antidepressants, and may prove to be effective in 
the treatment of post-stroke depression because previous 
studies have reported that the symptoms of post-stroke de-
pression are related to serotonergic dysfunction in the brain 
(Kim et al., 2002). However, it is essential to understand 
the cerebrovascular effects of SSRIs, since serotonin is a 
potent vasoactive amine with complex actions on the cere-
bral arteries. SSRIs induce vasoconstriction of large cere-

bral arteries and vasodilatation of small cerebral vessels 
(Bonvento et al., 1991; Muhonen et al., 1997). 
  SSRI use may have a protective effect against the depres-
sion-related increase in the risk of ischemic stroke (Jakovl-
jevic and Tuomilehto, 2002). This possibility is based on 
the evidence that depression may increase the risk of ische-
mic stroke (Ramasubbu and Patten, 2003) and on the as-
sumption that depression is a common indication for treat-
ment with SSRIs.
  The expression of hypoxia-inducible factor (HIF)-1α 
(HIF-1α), a specific oxygen-regulated subunit of HIF-1, is 
tightly regulated by the cellular O2 concentration (Semenza, 
2001). HIF-1 has been suggested to represent a novel ther-
apeutic target in cerebrovascular disease, and HIF-1α gene 
therapy or treatment with HIF-1 activity inducers could 
provide protection against ischemia-induced cell death 
(Semenza, 2001). Emerging evidence suggests that after is-
chemia, HIF-1α exerts beneficial effects that favor neuronal 
survival (Semenza, 2000; Acker and Acker, 2004). 
  Heme oxygenase (HO)-1 (HO-1) is an inducible form of 
HO, which is the rate-limiting enzyme in the degradation 
of heme to yield equimolar quantities of biliverdin, carbon 
monoxide and iron (Marks et al., 1991; Verma et al., 1993; 
Maines, 1997), and has been demonstrated to be an HIF-1α- 
regulated gene (Lee et al., 1997; Dawn and Bolli, 2005). 
A growing body of evidence suggests that HO may play an 
important role in protection against cerebral ischemia, con-
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Fig. 1. Study design and drug treatment. rCBF, regional cerebral 
blood flow.

firming that induction of the HO-1 protein following cere-
bral ischemia can lead to a beneficial outcome (Geddes et 
al., 1996; Nimura et al., 1996; Panahian et al., 1999; Bidmon 
et al., 2001; Fu et al., 2006).
  Thus, it was speculated that postischemic treatment with 
SSRIs would exert a favorable influence on progressive is-
chemic brain damage and alterations in cerebral hemody-
namics through the induction of HIF-1α and HO-1. In the 
present study, we investigated whether SSRIs such as 
fluoxetine and sertraline reduce brain injury and facilitate 
recovery following photothrombotic cortical ischemia in mice.

METHODS

Animals 

  The experiment was conducted in accordance with the 
Guidelines for Animal Experiments in Pusan National 
University School of Medicine. Male ICR mice weighing 25∼
30 g were obtained from Samtako (Osan, Gyeonggi-do, 
Korea). They were housed in an air-conditioned room at 22∼
25oC. Light was provided on a 12-h light/dark cycle with 
lights being switched on at 6:00 a.m. Food and water were 
provided ad libitum. 

Photothrombotic cortical ischemia

  Permanent focal ischemia was induced by cortical photo-
thrombotic vascular occlusion by the method of Schroeter 
et al. (2002) with slight modifications. The mice were anes-
thetized with chloral hydrate (450 mg/kg, i.p.) and were al-
lowed spontaneous respiration throughout the surgical 
procedure. The mice were placed in a head-holding adaptor 
(SG-4N; Narishige, Tokyo, Japan), and the rectal temper-
ature was monitored and maintained at 37±0.5oC using a 
heating pad (Homeothermic blanket system; Harvard 
Apparatus Inc., Edenbridge, Kent, UK). After midline scalp 
incision and pericranial tissue dissection, the bregma and 
lambda were identified. A fiber-optic bundle from a cold 
light source (KL 1500 LCD; Carl Zeiss, Göttingen, Germany) 
with a 4-mm aperture was centered at 2 mm lateral to the 
bregma using a micromanipulator. The aperture of the cold 
light source was placed as close to the skull as possible in 
order to avoid scattering of light, which could cause 
variability. The skull was then irradiated for 15 min start-
ing at 5 min after i.p. injection of rose bengal (0.1 ml of 
10 mg/ml; Sigma, St. Louis, MO, USA). Subsequently, the 
skin was sutured, and the mice were allowed to awaken. 
The sham group was treated in a manner similar to that 
described above except the irradiation and rose bengal 
injection. All mice tolerated the entire procedure very well, 
showed no visible neurological or behavioral deficits, and 
survived brain ischemia.

Study design and drug treatment

  The study design and timing of drug treatment are shown 
in Fig. 1. Fluoxetine HCl (Eli Lilly and Co. Ltd., Hampshire, 
UK) and sertraline HCl (Pfizer Inc., New York, NY, USA) 
were dissolved in saline and administered daily at doses 
of 10 and 20 mg/kg, respectively, starting at 1 h after ische-
mia induction and continuing for 14 d. The ischemic control 
and sham-operated control rats were injected with saline. 
All drugs were injected i.p. in a volume of 1 ml/100 g.

Measurement of the infarct size 

  The mice were anesthetized with urethane (1 g/kg, i.p.) 
and sacrificed by decapitation. The brain was quickly removed 
and chilled in ice-cold saline for 10 min. Five coronal sec-
tions (thickness, 2-mm) were cut using a mouse brain ma-
trix (RBM-2000C; ASI Instruments Inc., Warren, MI, USA) 
beginning 2 mm posterior to the anterior pole. The sections 
were then immersed in a saline solution containing 2% 
2,3,5-triphenyltetrazolium chloride (Sigma) at 37oC for 30 
min and were fixed by immersion in a 10% neutral buffered 
formalin solution (Bederson et al., 1986). The dorsal surfa-
ces of the sections were scanned with a digital camera, and 
the infarct area in each section was quantified using an 
image analyzing system (AxioVision LE; Carl Zeiss). The 
total infarct volume was determined by summation of the 
infarct areas of the 5 sections. The infarct volume was 
quantified by a standard computer-assisted image analysis 
technique.

Assessment of blood-brain barrier permeability

  The degree of blood-brain barrier (BBB) disruption was 
assessed by the measurement of Evans blue dye leakage 
(Uyama et al., 1988; Demougeot et al., 2004) with slight 
modifications. Briefly, 1% Evans blue (Sigma) in saline was 
injected (3 ml/kg, i.v.) through the tail vein as a BBB per-
meability tracer 1 h before sacrifice. The mice were then 
anesthetized with urethane (1 g/kg, i.p.) and transcardially 
perfused with 200 ml of heparinized saline (10 U/ml heparin 
in saline) through the left ventricle at a pressure of 100 
mmHg till colorless perfusion fluid was obtained from the 
right atrium. The ipsilateral and contralateral cortices were 
then dissected, weighed, and homogenized in 1 ml of 0.1 
M PBS. After centrifugation for 5 min at 1,000 g, 0.7 ml 
of the supernatant was taken and 0.7 ml of 100% (w/v) tri-
chloroacetic acid was added to it. The mixture was then 
incubated at 4oC for 18 h. After centrifugation for 30 min 
at 1,000 g, the absorbance of Evans blue in the supernatant 
was measured at 610 nm using a spectrophotometer (UV- 
1201, UV-VIS Spectrophotometer; Shimadzu, Kyoto, Japan). 
The amount of Evans blue was quantified from a linear 
standard curve, and the changes in BBB permeability were 
expressed as the ratio of the ipsilateral to the contralateral 
cortex (Evans blue extravasation index).

Measurement of regional cerebral blood flow 

  A catheter was placed in the common carotid artery for 
measurement of the systemic arterial blood pressure 
(Statham P23D pressure transducer; Gould, Cleveland, OH, 
USA) and a femoral arterial catheter was inserted for with-
drawing and sampling of arterial blood. The blood was col-
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Fig. 2. Effects of fluoxetine and sertraline on infarct area (A) and 
volume (B) in mice. Animals were treated daily with fluoxetine (10 
mg/kg, i.p.) or sertraline (20 mg/kg, i.p.) for 14 d. Data are pre-
sented as mean±S.E.M. from 6 independent experiments. *p＜0.05, 
**p＜0.01, ***p＜0.001 vs. vehicle group.

Fig. 3. Evans blue extravasation in cerebral cortex after phototh-
rombotic cortical ischemia in mice. Mice were sacrificed at 1 h after 
Evans blue injection, at 24 h after drug treatment, and at 14 d after
photothrombotic cortical ischemia. The numbers in columns indicate
the numbers of animals. ###p＜0.001 vs. sham group. ***p＜0.001 
vs. vehicle group.

lected 10 min before and 10 min after ischemia for the pur-
pose of blood gas and pH determination (i-STAT Portable 
Clinical Analyzer; i-STAT Corporation, East Windsor, NJ, 
USA). The respiration was modulated and maintained to 
keep the changes in PaCO2 within 3∼4% of the baseline 
during the entire experimental period. Changes in the re-
gional cerebral blood flow (rCBF) were evaluated using a 
laser tissue blood flowmeter (FLO-N1; Omegawave, Tokyo, 
Japan). The laser Doppler probe (type ST-N; Omegawave) 
was placed on the same site as the cold light irradiation. 
The mean arterial blood pressure (MABP), which was re-
quired to maintain 80% of the baseline rCBF of the 
sham-operated group, expressed as the lower limit (LL) of 
autoregulation, was employed to analyze the CBF response.

Western blot analysis of HIF-1α and HO-1 protein 
expression 

  The brain cortical samples were homogenized in 5 vol-
umes of an ice-cold lysis buffer (50 mM Tris-HCl, pH 8.0; 
150 mM NaCl; 1 mM EDTA; 1% Triton X-100; 10% glycerol; 
100 μg/ml phenylmethylsulfonyl fluoride; 1 mM sodium or-
thovanadate; and 5 mM sodium fluoride). Following cen-
trifugation at 14,000 g for 7 min, 50 μg of total protein from 
each sample was loaded into a 10% SDS-polyacrylamide 
electrophoresis gel and transferred onto a nitrocellulose 
membrane (Amersham Biosciences Inc., Piscataway, NJ, 
USA). After blocking with non-fat milk, the membrane was 
incubated with the following primary antibodies: Anti-HIF- 
1α mouse monoclonal antibody (1：1,000, Clone H1α67; 
Biomol, Hamburg, Germany), rabbit HO-1 polyclonal anti-
body (1：1,000; Stressgen Biotechnologies Co., Victoria, BC, 
Canada), and mouse monoclonal β-actin antibody (1：1,000; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA). The im-
munoreactive bands were visualized using the chemilu-
minescent reagent of the Supersignal West Dura Extended 
Duration Substrate Kit (Pierce Chemical, Rockford, IL, 
USA). The band signals were quantified using a GS-710 
calibrated imaging densitometer (Bio-Rad, Hercules, CA, 
USA). The values were expressed as the ratio of HO-1 or 
HIF-1α protein expression to β-actin.

Statistical analysis

  The data are expressed as the mean±S.E.M. The stat-
istical differences between the groups were determined ei-
ther by nonlinear regression analysis for changes in the 
rCBF in response to the changes in MABP or by one-way 
analysis of variance followed by Tukey's multiple compar-
isons test using a statistical software (Prism, version 3.03; 
GraphPad Software Inc., San Diego, CA). The significance 
was defined as p＜0.05.

RESULTS

Infarct size

  The infarct size, including the infarct area and volume, 
was measured at 14 d after the first dose of fluoxetine or 
sertraline. At 14 d after the first dose of fluoxetine, the in-
farct area was significantly reduced in sections 2, 3, and 
4 (p＜0.05, p＜0.05, and p＜0.01, respectively; Fig. 2A), 
thereby bringing about significant reductions in the infarct 
volume (p＜0.001; Fig. 2B). Even in case of sertraline, the 
infarct size, including the infarct area and volume, showed 
a similar reduction (Fig. 2).

Evans blue extravasation

  The effect of fluoxetine and sertraline on BBB perme-
ability after photothrombotic cortical ischemia is shown in 
Fig. 3. The mice were sacrificed at 1 h after Evans blue 
injection, at 24 h after drug treatment, and at 14 d after 
photothrombotic cortical ischemia. In the ischemic control 
group, photothrombotic cortical ischemia induced a 3.3-fold 
increase in the Evans blue extravasation index, which was 
expressed as the ratio of the Evans blue content in the ipsi-
lateral cortex to that in the contralateral cortex, implying 
enhanced BBB permeability (p＜0.001). The Evans blue ex-
travasation indices of the fluoxetine- and sertraline-treated 
groups were significantly lower than that of the ve-
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Fig. 4. Effects of fluoxetine and sertraline on regional cerebral blood 
flow (rCBF) response to changes in mean arterial blood pressure 
(MABP). Animals were treated daily with fluoxetine (10 mg/kg, i.p.) 
or sertraline (20 mg/kg, i.p.) for 14 d. The numbers in parentheses 
indicate the numbers of animals.

Fig. 5. Effects of fluoxetine and sertraline on hypoxia-inducible 
factor-1α (HIF-1α) and heme oxygense-1 (HO-1) protein expression 
in photothrombotic ischemic cortex. Animals were treated daily 
with fluoxetine (10 mg/kg, i.p.) or sertraline (20 mg/kg, i.p.) for 14 
d. Data are presented as mean±S.E.M. from 6 independent experi-
ments. *p＜0.05, **p＜0.01 vs. vehicle, ##p＜0.01 vs. sham.

hicle-treated group (p＜0.001 in both cases).

Autoregulation of cerebral blood flow

 CBF was measured by laser-Doppler flowmetry while graded 
hypotension was being induced by controlled hemorrhage. 
The CBF response to bleeding hypotension was measured 
at 14 d after the first dose of fluoxetine and sertraline. The 
LL of CBF autoregulation in the sham-operated group was 
61.89±1.29% of the baseline MABP and that in the ischemic 
control group was 70.83±1.24% of the baseline MABP (p
＜0.01). Treatment with fluoxetine and sertraline shifted 
the LL toward a lower MABP (64.03±1.19% and 
73.94±1.72%, respectively; p＜0.05 and p＜0.01, respecti-
vely; Fig. 4). The arterial blood gas analysis values did not 
differ significantly between the before and after graded hy-
potension groups, and were within normal limits (data not 
shown).

Expression of HIF-1α and HO-1 proteins

  Western blot analysis revealed a significant increase in 
HIF-1α protein expression in the ipsilateral cortex in re-
sponse to photothrombotic ischemia as compared to the 
sham-operated group (p＜0.01; Fig. 5). Treatment with 
fluoxetine and sertraline elevated HIF-1α expression to sig-
nificantly higher levels as compared to the vehicle group 
(p＜0.05 and p＜0.05, respectively; Fig. 5). 
  HO-1 protein expression in the ischemic cortex increased 
greatly after photothrombosis as compared to the sham-op-
erated group (p＜0.01; Fig. 5). Treatment with fluoxetine 
and sertraline elevated HO-1 expression to significantly 
higher levels as compared to the vehicle group (p＜0.05 and 
p＜0.01, respectively; Fig. 5).

DISCUSSION

  The present study examined the influence of postischemic 
treatment with SSRIs, including fluoxetine and sertraline, 
on recovery from brain tissue damage and impaired autor-
egulation of CBF following photothrombotic cortical ische-
mia in mice. Postischemic treatment with fluoxetine and 
sertraline significantly reduced the infarct size and the 
Evans blue extravasation index, restored CBF autoregulation, 
and elevated the expression of HIF-1α and HO-1 proteins.
  In focal ischemia, the ischemic vascular bed comprises 
an area with severe CBF reduction consisting of an ische-
mic core and a more distal ischemic penumbra and includes 
regions that are marginally perfused and might be served 
by collateral vascular channels (Harukuni and Bhardwaj, 
2006). A critical determinant of the severity of brain injury 
is the duration and severity of the ischemic insult and early 
restoration of CBF. The histopathological outcome following 
focal ischemia largely depends on the severity and duration 
of ischemia (Pulsinelli, 1985; Bhardwaj et al., 2003).
  Most stroke patients show some degree of spontaneous 
functional recovery from their initial disabling state 
(Nakayama et al., 1994; Arboix et al., 2003). The extent 
of recovery depends primarily on the size and location of 
the cerebral infarct. Early recovery following stroke is 
thought to be due to the resolution of cerebral edema, ab-
sorption of the damaged tissue, or reperfusion of the ische-
mic penumbra. In the later stages of recovery, neurite 
growth and synaptogenesis occur, leading to functional and 
structural reorganization of the remaining intact brain 
tissue. Brain imaging studies have proven that the intact 
brain tissue can compensate for the functions lost after 
brain damage (Dijkhuizen et al., 2001; Hanlon et al., 2005).
  SSRIs may possibly have a preventive effect on the re-
currence of stroke in patients with post-stroke depression 
or depression associated with multi-infarct dementia. With 
regard to risk-benefit assessment, SSRIs such as citalo-
pram and fluoxetine have been shown to be effective in the 
treatment of post-stroke depression in randomized con-
trolled trials (Robinson et al., 2000). In addition, sertraline 
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has been found to be effective in the prevention of depres-
sion in stroke patients (Rasmussen, 2003), and fluoxetine 
appears to facilitate stroke recovery, even in nondepressed 
stroke patients (Dam et al., 1996). Neuronal recovery in 
stroke might be mediated through the effects exerted by 
SSRIs on brain-derived neurotrophic factor and neuro-
genesis (Duman et al., 1997).
  In the present study, postischemic treatment with fluox-
etine and sertraline significantly reduced the infarct size. 
This finding can be explained by the fact that fluoxetine 
interferes with the Ca2＋ signaling mechanisms in the vas-
cular smooth muscle of small cerebral arteries (Ungvari et 
al., 1999). Fluoxetine-mediated dilatation of the cerebral 
vessels can result in an increase in the CBF in vivo, which 
might benefit the collateral circulation in the ischemic pe-
numbra and may be clinically important because consid-
erable data support the existence of impaired regional cere-
bral blood flow in major depression (Bonne et al., 1996).
  Brain edema is a major and often life-threatening compli-
cation of a variety of brain injuries. Clinically, late stage 
edema, as defined by BBB disruption, is the most common 
form of brain edema (Betz, 1997). Serotonin has been re-
ported that participate in the development of ischemic 
brain edema (Ishii et al., 1994). In the present study, the 
Evans blue extravasation indices of the fluoxetine- and ser-
traline-treated groups were significantly lower than that of 
the ischemic control group. This result suggests that SSRIs 
may protect against BBB dysfunction after photothrombotic 
cortical ischemia.
  Postischemic treatment with fluoxetine and sertraline 
shifted the LL of CBF auroregulation toward a lower 
MABP, displaying the ability to restore LL. This finding 
suggests that fluoxetine and sertraline facilitate recovery 
from the impairment of CBF autoregulation following pho-
tothrombotic cortical ischemia.
  Accumulating evidence suggests that chronic administra-
tion of SSRIs results in the desensitization of 5-HT1A soma-
todendritic autoreceptor function in the dorsal raphe (Blier 
and de Montigny, 1994; Kreiss and Lucki, 1995; Le Poul 
et al., 2000). Chronic SSRI treatment also results in de-
sensitization of the physiological responses mediated by the 
postsynaptic 5-HT1A receptors (Goodwin et al., 1987; 
Hensler et al., 1991; Li et al., 1996). The beneficial effects 
of fluoxetine and sertraline on the recovery from brain tis-
sue damage and impaired autoregulation of CBF following 
photothrombotic cortical ischemia might be related to the 
changes in receptor sensitivity. Future investigations are 
needed to clarify whether the association between the 
changes in the receptor sensitivity and morphofunctional 
improvement found in the present study with fluoxetine 
and sertraline is observed with other antidepressant drugs.
  The mechanism underlying the facilitative effect of sero-
tonergic stimulation on functional recovery after brain 
damage remains to be clarified. Nevertheless, illustration 
of the mechanism (s) by which fluoxetine and sertraline af-
fect the serotonin levels in the central presynaptic sites ex-
tends beyond the scope of the present in vivo study.
  Serotonin has been reported to progressively decrease on-
ly in the occluded hemisphere of ischemic animals, and pre-
ischemic depletion of brain serotonin with p-chloropheny-
lalanine has been reported to decrease the incidence of is-
chemia (Welch et al., 1977). The improvement of photo-
thrombotic cortical ischemia with fluoxetine and sertraline 
is also in accordance with the results of previous studies 
that have emphasized on serotonergic dysfunction as an eti-

ology of aggression in patients with depression (Van Praag, 
1998) or stroke (Kim et al., 2002). It has been shown that 
chronic antidepressant treatment (e.g., with fluoxetine) has 
been shown to up-regulate neurogenesis (Malberg, 2004). 
Fluoxetine has previously been reported to prevent MDMA 
(“ecstasy”)-induced degeneration of serotonergic nerve end-
ings (Sanchez et al., 2001) and to increase the proliferation 
of neuronal stem cells derived from the hippocampus 
(Chiou et al., 2006).
  It is generally accepted that HIF-1α exerts beneficial ef-
fects that favor neuronal survival after ischemia (Semenza, 
2000; Acker and Acker, 2004), and the induction of HO-1 
protein may protect cerebral tissues from ischemic damage 
(Fu et al., 2006).
  HO-1, the inducible isoform of HO, catalyzes the rate-lim-
iting step of heme oxidation to biliverdin, carbon monoxide, 
and the free ferrous iron (Otterbein and Choi, 2000; Ryter 
et al., 2002). Biliverdin is then rapidly converted by bili-
verdin reductase to bilirubin, a molecule with antioxidant 
properties, and free iron is sequestered by ferritin (Otterbein 
and Choi, 2000; Ryter et al., 2002). HO-1 is a heat-shock 
protein (HSP-32) that is induced in the brain in response 
to permanent focal ischemia (Geddes et al., 1996; Panahian 
et al., 1999; Bidmon et al., 2001) and has been demon-
strated to be an HIF-1α regulated gene (Lee et al., 1997; 
Dawn and Bolli, 2005). The increase in HO-1 expression 
in ischemic brain tissue is probably a physiological con-
sequence in the recovery of neuronal tissue following focal 
cerebral infarction. 
  In the present study, both fluoxetine and sertraline 
brought about a greater enhancement in the expression of 
HO-1 protein as compared to the vehicle group along with 
HIF-1α protein expression in the photothrombotic ischemic 
cortex, indicative of a neuroprotective action of these drugs. 
Our findings also suggest that SSRIs protect against ische-
mic brain damage and facilitate recovery following photo-
thrombotic cortical ischemia. 
  Taken together, it is suggested that SSRIs, such as fluox-
etine and sertraline, facilitate recovery following photo-
thrombotic cortical ischemia through the enhancement of 
HO-1 and HIF-1α protein expression, thereby providing a 
benefit in the therapy of postischemic brain injury.
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