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Ziprasidone is a benzisothiazolyl piperazine derivative that
was developed from the chemically related antipsychotic
drug tiospirone, and it improves neurological functions of
the ischemic brain and is effective in treatment of schi-
zophrenia. Mesenchymal stem cells (MSCs) are consi-
dered as a leading candidate for neurological regenerative
therapy because of their neural differentiation properties in
damaged brain. We investigated whether the transplanta-
tion of neural progenitor cells (NPCs) derived from adi-
pose mesenchymal stem cells combined with ziprasidone
enhances neuroprotective effects in an animal model of
focal cerebral ischemia. In combination therapy groups,
significant reduction of infarct volume and improvement of
neurological functions were observed at 3 days after mid-
dle cerebral artery occlusion (MCAO) compared with mo-
notherapy. Co-administration of ziprasidone and NPCs
enhanced the anti-apoptotic effect and reduced the num-
ber of terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL)-positive apoptotic cells compared
with the NPCs alone group at 7 days after MCAO. Ziprasi-
done or the combination of ziprasidone and NPCs induced
the expression of endogenous neurotrophic factor gene
brain-derived neurotrophic factor (BDNF), nerve growth
factor (NGF), and glial cell-derived neurotrophic factor
(GDNF). The immunohistochemical investigation revealed
that the ziprasidone and NPCs attenuated the increased
intensity of microglial marker (Iba-1) in the infarcted cor-
tical area. Moreover, the number of transplanted NPCs on
day 7 with combination therapy was significantly higher
than with NPCs alone. These effects might be responsible
for improved functional behavior and increased survival of
NPCs. Our finding indicates that combination therapy of
ziprasidone and NPCs enhances neuroprotection against
ischemic brain injury.

INTRODUCTION

Ischemic stroke is a leading cause of death and long-lasting
disability (De Keyser et al., 1999a). In most cases, it results
from a transient or permanent reduction in cerebral blood flow
caused by the occlusion of a cerebral artery either by an embo-
lus or by local thrombosis (Dirnagl et al., 1999). A target for
acute intervention in ischemic brain is the penumbra, a zone of
incomplete cerebral ischemia, where neurons are functionally
inactive but still viable (De Keyser et al., 1999b).

Ziprasidone is a benzisothiazolyl piperazine derivative that
was developed from the chemically related antipsychotic drug
tiospirone (Rosa et al., 2008; Seeger et al., 1995). This atypical
antipsychotic agent has been approved by the Food and Drug
Administration (FDA) for the acute treatment of schizophrenia
and schizoaffective disorder, and it has minimal adverse effects
on motor, cognitive, prolactin-related, and anticholinergic func-
tions and on weight (Daniel and Copeland, 2000). Ziprasidone
has a unique pharmacological profile, as it has antagonist activ-
ity at dopamine (DA) D, and serotonin (5-HT) 5-HT1p, 5-HTza,
and 5-HT,c receptors, and partial agonist activity at 5-HT1a
receptors (Nemeroff et al., 2005; Rosa et al., 2008). Ziprasi-
done has two other interesting pharmacologic characteristics.
First, it is an agonist at the 5-HT 4 receptor, which is believed to
occur pre- and post-synaptically (Caley and Cooper, 2002).
Stimulation of 5-HT1a receptors is known to produce neuropro-
tection in vivo against ischemia and traumatic brain injury. 5-
HT1a agonists also protect against NMDA-induced brain lesions.
The mechanism underlying 5-HT1a agonist-induced neuropro-
tection is still not fully understood, but it might involve inhibition
of glutamate release (Cosi et al., 2005). Recent studies have
reported that atypical antipsychotics have neuroprotective ef-
fects against brain injury. Acute treatment with ziprasidone
significantly improved neurological functions in ischemic brain
injury and this provides a new insight for its clinical applications
(Kam et al., 2012; Takahashi et al., 2008). Several mechanisms
have been examined to explain the neuroprotective actions of
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atypical antipsychotics. Chronic administration of clozapine and
olanzapine upregulates the levels of brain-derived neurotrophic
factor (BDNF) in the rat brain (Bai et al., 2003).

Studies in animal models of ischemic stroke have shown that
stem cells transplanted into the brain can lead to functional
improvement (Bliss et al., 2007; Chen et al., 2001; Savitz et al.,
2002). Mesenchymal stem cells (MSCs) are considered as a
leading candidate for neurological regenerative therapy be-
cause of their immunological properties (Hoogduijn et al., 2010;
Mauri et al., 2012). Recently it was reported that combined
treatment with MSCs and neuroprotective agents enhanced
amelioration of ischemic brain damage in rats. Combination
therapy with antioxidants and MSCs caused a significant reduc-
tion of infarct volume, neurological defect, and apoptotic cells,
enhanced MSCs migration into the ischemic brain, and in-
creased the number of engrafted MSCs compared with MSCs
transplanted alone (Chen et al., 2002; Kaengkan et al., 2013;
Suda et al., 2011; Zhao et al., 2012). In the present study, we
explored the combined effect of ziprasidone, an antipsychotic
agent, and neural progenitor cells (NPCs) derived from mesen-
chymal stem cells from adipose tissue (AT-MSCs) on infarct
volume, apoptotic cell, cell survival, and neurological function
recovery by using a rat model of focal cerebral ischemia.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats weighing 250-300 g at the time of
surgery were used for the study. The animals were housed in
pairs in cages in a temperature-controlled room (22 + 3°C)
under a 12-h light-dark cycle. They had free access to food and
tap water except the day before the operation. All the experi-
mental procedures were approved by the Committee for Animal
Experimentation and the Institutional Animal Laboratory Review
Board of Inje University.

Isolation of AT-MSCs and induction of NPCs

We previously reported the isolation of AT-MSCs and the in-
duction of NPCs (Hong et al., 2008). Human adipose tissue
was collected from healthy donors by liposuction. Adipose tis-
sues were transported to the laboratory in saline solution within
2 h post-surgery. Mesenchymal stem cells were collected using
a stem cell collector (Huricell, model no. HRD-1500, Hurim
Biocell Co. Korea). AT-MSCs were resuspended in the Dulbec-
co’s Modified Eagle Medium with low glucose (DMEM-LG,
Gibco) supplemented with 100 U/ml penicillin, 100 ug/ml strep-
tomycin, 3.7 mg/ml sodium bicarbonate, and 10% fetal bovine
serum (FBS, Hyclone, USA). After cell counting, cell suspen-
sion was seeded in non-coated 75 cm? culture flasks with a
density of approximately 2 x 10° cells/cm®. A fresh complete
culture medium was added every 3 days. AT-MSCs were in-
duced to differentiate into neural progenitor cells by the mod-
ified method of Woodbury et al. (2000). Cells were cultivated in
DMEM supplemented with 20% FBS, 0.1% B-mercaptoethanol
(BME, Sigma), 1 x nonessential amino acid (Gibco), and 2 mM
L-glutamine (Gibco). The cells were cultured for 2-3 days.
Twenty four hours prior to neural induction, media were substi-
tuted with preinduction medium consisting of 1xN2 supplement
(Gibco), 20 ng/ml epithelial growth factor (EGF, Sigma), and 20
ng/ml basic fibroblast growth factor (bFGF, Sigma) in the N2
medium (Gibco). For immunocytochemistry, cells were washed
with phosphate buffered saline (PBS) and fixed by treating with
4% paraformaldehyde at room temperature for 30 min, followed
by washing three times with PBS and PBS plus 1% Triton X-
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100. Cells were blocked with 5% BSA for 1 h and then were
incubated with primary antibodies for 24 h at 4°C. The antibo-
dies used in this study were B-tubulin lll (1:2000, Sigma) and
Nestin (1:200, Millipore). The cells were washed three times
with PBS and incubated for 30 min at 4°C with the secondary
antibodies TRITC (1:400, Sigma) and FITC (1:80, Sigma).

Experimental design

Ziprasidone (Pfizer Pharmaceuticals, USA) was dissolved in
dimethyl sulfoxide (DMSO) and injected intraperitoneally. Four
groups were studied, namely (1) vehicle group (5% DMSO, 1
mlikg) (n = 3), (2) ziprasidone group (ziprasidone injection
alone 5 mg/kg at 30 min after the onset of MCAO) (n = 3), (3)
NPCs group (Neural progenitor cell 1 x 10° cell/rat injection
alone, NPCs suspended in PBS) (n = 3), and (4) ziprasidone +
NPCs group (combined injection of ziprasidone and neural
progenitor cells) (n = 3). For combination therapy, animals were
injected with ziprasidone at 30 min after the onset of MCAO,
and this was followed by injection of NPCs via the internal caro-
tid artery (ICA) 1 h after reperfusion.

Ischemic surgery and infarct analysis

MCAO was achieved according to the methods described by
others, with modifications (Longa et al., 1989). Briefly, the right
common carotid artery (CCA) was exposed and carefully dis-
sected free of the vagus nerve. The right external carotid arte-
ries (ECA) and internal carotid arteries (ICA) were also isolated.
The external carotid artery was then ligated at the distal end,
which was cut off. A 4-0 nylon thread precoated with silicon
was aseptically introduced into the right carotid artery in an
anterograde fashion toward the carotid bifurcation. It was then
directed distally up through the right ICA to a distance of ap-
proximately 20 mm from the carotid bifurcation to occlude the
origin of the middle cerebral artery. After 1 h, the thread was
withdrawn for reperfusion. All the animals experienced ische-
mia for 1 h followed by reperfusion. The rectal temperature was
maintained at 37 + 0.5°C throughout the surgical procedure by
using a thermostatically controlled warming plate and overhead
lamp. Each group of animals was decapitated at 3 days after
MCAQO, and the brains were removed carefully and placed in a
metallic brain matrix for tissue slicing immediately after decapi-
tation. The brain was dissected into coronal sections of 2 mmin
a metallic brain matrix, then immersed sequentially in a 2%
solution of 2,3,5-triphenyltetrazolium chloride (TTC) in normal
saline at 37°C for 10 min, and then fixed in 10% formalin for 10
s. The infarct area in the brain section was measured by Na-
tional Institutes of Health (NIH) Image software (Image J). The
ischemic lesion volume was calculated as the sum of ischemic
lesions from five brain slices from half of the hemisphere.

Neurological deficit scores

The test was conducted by an investigator who was blind to the
experimental groups. All the rats were evaluated using a mod-
ified neurological severity score (MNSS) (Chen et al., 2001).
The mNSS was a composite of motor (muscle status and ab-
normal movement), sensory (visual, tactile, and proprioceptive),
reflex, and balance tests. Neurological function is graded on a
scale of 0 to 18 (normal score, 0; maximal deficit score, 18).

NPCs labeling, transplantation, and immunohistochemistry

Transplanted NPCs were infected by a recombinant adenovirus
(Invitrogen, USA) containing green fluorescent protein gene
(GFP). GFP (8 x 10" pfu/ml) virus was added to the media 3
days before transplantation. Resulting green fluorescence cells
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were visualized by fluorescence microscopy (Carl Zeiss Axi-
oskop2+, Germany). Animals were injected with ziprasidone at
30 min after the onset of MCAO, and this was followed by injec-
tion of NPCs via the internal carotid artery 1 h after reperfusion.
For intracarotid injections, the ipsilateral common carotid artery
was exposed; NPCs (1 x 10°cell/5 pl) in PBS were injected into
the ICA through a catheter located in the ECA. Rats were killed
at 3 days and 7 days after MCAO for TTC staining and immu-
nohistochemistry respectively. The brain was subjected to im-
munohistochemistry. The rats were sacrificed at 7 days after
MCAOQO and then fixed by cardiac perfusion with 4% parafor-
maldehyde in 0.1 M phosphate buffer. Samples were embed-
ded in embedding medium for frozen tissue specimens (O.C.T.
compound, Sakura Finetek USA, Inc.) and frozen. Then the
brains were sliced into coronal sections (10 um) by using a
cryostat (HM 525, Thermo Scientific, USA). After blocking with
the normal serum for 2 h at room temperature, the sections
were incubated with primary antibodies for 24 h at 4°C. The
antibodies used for immunohistochemistry in this study were
against NeuN (1:700, Chemicon, USA) and Iba-1 (1:500, Wako,
Japan), diluted in Tris-buffered saline (TBS) containing 1%
bovine serum albumin (w/v) and 0.3% Triton-X 100. After rins-
ing in TBS, the sections were incubated with secondary antibo-
dy-conjugated FITC (1:300, Sigma, USA) and CY3 (1:500,
Amersham) for 2 h at room temperature. The numbers of GFP-
positive cells in the ischemic area were counted in three ran-
domly selected microscopic fields under 200X magnification in
a blind fashion from the bregma 0.00 mm to -2.00 mm (encom-
passing the majority of the lesion).

RT-PCR analysis

The lesioned side from each group was harvested for reverse
transcription polymerase chain reaction (RT-PCR). Total RNA
was extracted using the acid guanidinium isothiocyanate-phenol-
chloroform method with TRI Reagent, followed by extraction
and precipitation with isopropyl alcohol. The cDNA was synthe-
sized from equal amounts of total RNA with superscript Il re-
verse transcriptase, and polymerase chain reaction (PCR) was
performed with high fidelity Taq DNA polymerase. The expres-
sion level of the gene of interest was corrected for that of the
housekeeping gene, B-actin. The sequences of the primer pairs
used were BDNF: 5’- GGT CAC AGC GGC AGA TAA AAA-3',
5'-TTG GGT AGT TCG GCA TTG CGA-3’; NGF: 5- ACA TCA
AGG GCA AGG AGG TGA-3, 5-TGA CAA AGG TGT GAG
TCG TGG-3'; GDNF: 5'- GAC TTG GGT TTG GGC TAC GA-3,
5'-TGG TAA ACC AGG CTG TCG TC-3'; and B-actin: 5-CCA
TCA TGA AGT GTG ACG TT-3', 5-CCA CCA ATC CAC ACA
GAG TA-3'. PCR products of different genes were detected by
electrophoresis on a 1.5% agarose gel containing ethidium
bromide. Band intensities were quantified by National Institutes
of Health Image software (Image J) and normalized with -actin.

TUNEL assay

To observe DNA strand breaks in nuclei, the apoptotic DNA
fragmentation was analyzed with terminal deoxynucleotidyl
trans-ferase dUTP nick end labeling (TUNEL) assay using the
In Situ Cell Death Detection Kit, POD (Roche Molecular Bio-
chemicals, Inc., Germany) and was performed according to the
manufacturer’s instructions. Briefly, the sections were fixed with
4% paraformaldehyde in phosphate buffer (pH 7.4) and treated
with 0.3% H2O. in methanol for 10 min, washed in PBS, and
permeabilized in 0.1% Triton X-100 in 0.1% sodium citrate.
Then the sections were incubated with terminal deoxynucleo-
tidyl transferase (TdT) enzyme in a humidified chamber for 60
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min. Further incubation with a peroxidase-conjugated antibody
was performed for 30 min at 37°C. Finally, 3, 3’-Diamino-
benzidine (DAB) was added, and the sections were incubated
for 10 min followed by washing with PBS for the coloration of
apoptotic cells. The numbers of TUNEL-positive cells in the
ischemic area were counted in three randomly selected micro-
scopic fields under 200 x magnification in a blind fashion.

Statistical analyses

Data are presented as the mean + SE. Student ttests were
used to compare the difference between the treatments and the
vehicle group. The difference was considered significant when
p<0.05.

RESULTS

Infarct volume

The borders of the TTC stain enclosing the white infarct area
were readily distinguishable in contrast to the red color of the
normal area. Quantitative measurement of the infarct volume
was performed in the section at 4.00 mm to -6.00 mm accord-
ing to the rat brain atlas (Paxinos and Watson, 2007). At 3 days
after treatment, in the ziprasidone alone group, NPCs alone
group, and ziprasidone + NPCs group, the total infarct volumes
were significantly decreased compared with the vehicle group.
The infarct volumes in the vehicle-treated group and the groups
treated with ziprasidone , NPCs, and a combination of ziprasi-
done and NPCs were 53.87 + 1.80, 38.82 £ 2.93, 43.27 + 0.58,
and 25.61 + 3.09% respectively of the total area of the brain
section. A significant decrease of the total infarct volume was
also observed in the combination group of ziprasidone and
NPCs compared with the vehicle, ziprasidone alone, and NPCs
alone groups (p < 0.05 and p < 0.01; Figs. 1A and 1B).

Functional recovery 3 days after MCAO

The mNSS test showed that motor and sensory functions were
impaired by ischemic insult. All treated groups showed no sig-
nificant improvement at 1 day after ischemia; however, at 3
days after treatment, there was significant functional recovery in
the ziprasidone alone group and combination group of ziprasi-
done and NPCs compared with the vehicle group. Also, the
combination group of ziprasidone and NPCs showed significant
improvement compared with the ziprasidone and NPCs alone
groups (p < 0.05; Fig. 1C).

Anti-apoptotic effects

TUNEL-positive cells were frequently observed in the ischemic
boundary area. Quantitative analysis of TUNEL-positive cells
showed that the combination of ziprasidone + NPCs (68.00 +
8.72) group displayed a significant decrease in TUNEL-positive
cells in the cortical area compared with the NPCs group (107.67
+2.40) at 7 days after focal cerebral ischemia. Also quantitative
analysis of striatal area TUNEL-positive cells showed that the
combination group of ziprasidone and NPCs (51.67 + 6.89)
displayed a significant decrease in TUNEL-positive cells in that
area compared with the NPCs group (79.33 + 8.41) (p < 0.05
and p < 0.01; Figs. 2A and 2B).

Survival rates of NPCs

Immunohistochemistry was performed at 7 days after the MCAO.
The GFP positive cells were evaluated in the ischemic zone of
treated animals. Immunohistochemistry showed that GFP posi-
tive expression in the cortical area of the combination group of
ziprasidone and NPCs (499.00 + 29.28) was higher than in the
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Fig. 1. Combination effects of zipra-
sidone and NPCs on infarct volume
and functional behavioral recovery
at 3 days after MCAO. (A) TTC-
stained coronal section from ve-
hicle, ziprasidone (5 mg/kg), NPCs
(1 x 10%), and combination of zipra-
Ziprasidone +NPCs sidone and NPCs from the bregma

0.00 mm to -2.00 mm (encompass-
ing the majority of the lesion). (B)
The infarct volume was calculated
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NPCs group shows a significantly
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days after MCAO. (C) Neurological
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and 3 days after MCAO. The com-
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score than the ziprasidone, NPCs, and vehicle groups 3 days after MCAO. Data are shown as mean S.E.M. (n = 3) *p < 0.05, **p < 0.01 vs.
individual vehicle group, *p < 0.05, *'p < 0.01 vs. individual ziprasidone group, Tp < 0.05vs. individual NPCs group.

Fig. 2. Combination effects of ziprasidone and NPCs on
TUNEL staining. (A) TUNEL staining of NPCs in the cortex

and striatum area of the ischemic lesioned side of the brain
with the combination of ziprasidone and NPCs treatment

NPCs (200x). (B) Quantitative analysis of the number of TUNEL-
positive cells. Data are the mean + S.E.M. (n = 3). /o < 0.05
vs. individual NPCs group, 'p < 0.07 vs. individual NPCs
group.
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NPCs (371.33 £ 13.17) alone group. Striatal area GFP positive
cells showed that the combination group of ziprasidone and
NPCs (456.00 + 32.54) displayed a significant increase in GFP
positive cells compared with the NPCs group (291.00 + 16.86)
(p < 0.05; Figs. 3A and 3B).
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Effect of ziprasidone and NPCs on gene expressions

RT-PCR was performed to analyze the effects of ziprasidone
and NPCs on the expression of endogenous neurotrophic fac-
tor BDNF, NGF, and GDNF genes. After a 1 h ischemic insult
followed by 24 h of reperfusion, the ipsilateral whole brain of the
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Fig. 3. Survival rate of transplanted NPCs. (A) Immunohis-
tochemistry showed GFP positive cells (green) in the cortic-
al and striatal ischemic boundary zone at 7 days after
MCAO (50x). (B) Quantitative analysis of the number of
transplanted NPCs. GFP positive expression was signifi-
cantly increased in the combination of ziprasidone and
NPCs treated group compared with the individual NPCs
group. Data are the mean + S.EM. (n = 3) *p < 0.05 vs.
NPCs group.
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lesioned area was subjected to RT-PCR analysis. The expres-
sion levels of BDNF, NGF, and GDNF genes were significantly
elevated in the combination group of ziprasidone and NPCs
compared with the vehicle, ziprasidone, and NPCs groups (p <
0.05 and p < 0.01; Figs. 4A and 4B).

Immunohistochemistry of Iba-1 after NPCs transplantation
The positive neuronal marker NeuN and a microglial marker
Iba-1 were evaluated in the cortical ischemic boundary zone of
vehicle and treated animals. Immunohistochemistry showed
that Iba-1 expression in the combination of ziprasidone and
NPCs was lower than in the vehicle, NPCs alone, and ziprasi-
done alone groups (p < 0.05 and p < 0.01; Figs. 5A and 5B).
However, the ziprasidone and combination of ziprasidone and
NPCs treatment prevented the severe loss of NeuN signals and
attenuated the increase in the Iba-1 signals intensity. Immuno-
histochemistry showed that Iba-1 expression in the combination
of ziprasidone and NPCs (1030.00 + 141.57) was lower than in
the vehicle (1954.00 + 256.84), NPCs alone (1584.00 + 58.41),
and ziprasidone (1337.00 + 115.27) alone groups (p < 0.05 and
p < 0.01; Figs. 5A and 5B).

DISCUSSION

Stroke occurs because of reduced perfusion to a brain region,
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resulting in death or permanent neurological deficits. Reduced
perfusion of the brain initiates the ischemic cascade, leading to
development of a reversible ischemic penumbra surrounding
an irreversible area of infarction (Pandya et al., 2011). The
newer pharmacological treatments for schizophrenia, now com-
monly referred to as second generation antipsychotics, offer
several advantages over first generation antipsychotics such as
greater improvements in negative symptoms, prevention of
relapse, increased functional capacity and quality of life, and
fewer movement-related side effects. Ziprasidone has a unique
pharmacological profile with high affinity at a number of neuro-
transmitter receptors, including Dy, 5HT1a, 5HT2a, and 5HToc,
as well as at 5HT+g1p receptors. It has proven efficacy in schi-
zophrenia and related disorders (Nemeroff et al., 2005; Rosa et
al., 2008; Terry et al., 2006).

In the previous and present study, treatment with ziprasidone
facilitated neurological recovery after MCAO as measured by
mNSS, which scores severity in motor, sensory, reflex, and
balance functions (Kam et al., 2012). The recovery may be
attributed to reduction by ziprasidone treatment in the size of
the infarct area induced by MCAO, which includes the cortex
and the striatum that are mainly related to sensory perception
and to motor control. Co-administration of ziprasidone and NPCs
enhanced the anti-apoptotic effect and reduced the number of
TUNEL-positive cells compared with the NPCs alone group at
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day 7 after MCAO. Apoptosis and necrosis in infarct areas of
the brain occur in the early stage of cerebral ischemia. Recent
research has revealed that many neurons in the ischemic pe-
numbra or peri-infarct zone may undergo apoptosis after sev-
eral hours or days, and thus they are potentially recoverable for
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Fig. 5. Combination effects of ziprasidone and NPCs on the
expression of Iba-1. (A) Immunohistochemistry showed
NeuN positive neurons (green); a neuronal marker, Iba-1
positive (red); a microglial marker and the double-labeling of
NeuN (green), Iba-1 (red) in the cortical ischemic boundary
zone at 7 days after MCAO (50x). (B) Iba-1 expression was
decreased in the combination of ziprasidone and NPCs
treated group compared with the individual vehicle, NPCs,
and ziprasidone groups. Data are the mean + S.E.M. (n = 3)
*p < 0.05, **p < 0.01 vs. individual vehicle group, “p < 0.05
vs. individual ziprasidone group, p < 0.07 vs. individual
NPCs group.

some time after the onset of stroke (Broughton et al., 2009).
Ziprasidone attenuated neuronal apoptosis in the cortex and
striatum in the ischemic hemisphere as shown by a decrease in
TUNEL -positive cells. Ziprasidone has reduced free radical
production and lipid peroxidation and inhibited apoptosis, espe-

Mol. Cells 539



Ziprasidone and Stem Cell Ameliorated Brain Damage
Phatcharida Kaengkan et al.

cially that induced by glutamate, AB, and MPP*. In light of its
serotonin and norepinephrine reuptake inhibitor (SNRI) proper-
ties, ziprasidone may have the additional antiapoptotic property
of monoamine oxidase B inhibition. 5-HT1a agonists have also
demonstrated anti apoptotic effects (Lauterbach et al., 2010). In
our study, ziprasidone injection increased the expression of
neurotrophic factor genes BDNF, GDNF, and NGF after ische-
mia, and this might lead to a larger decrease in infarct volume
and good functional recovery. Ziprasidone has been associated
with marked increases in NGF and ChAT immunoreactivity in
the DG, CA1, and CA3 regions of the hippocampus (Terry et al.,
2006). SNRI properties of ziprasidone further suggest the ca-
pacity to reduce GSK-3[3, pathogenic protein concentrations,
nitric oxide synthesis, other free radicals, mitochondrial depola-
rization, apoptosis, microglial activation, and neuroinflammation
while upregulating BDNF and GDNF (Lauterbach et al., 2010).

In our study, intracarotid transplanted NPCs can survive in
the brain environment. Injected NPCs were localized to the
ischemic boundary zone, and a combination of ziprasidone and
NPCs produced an increase in cell survival of GFP-positive
cells in comparison with the NPCs alone group. Injection of
NPCs also evoked the expression of growth and trophic factors
in the lesioned side and in turn, it might enhance plasticity of
the remaining tissue within the boundary zone of an ischemic
lesion. Meanwhile, ziprasidone treatment prevented the severe
loss of NeuN signals and attenuated the increase in the Iba-1
signal intensity in the infarcted cortex. Ziprasidone inhibits the
accumulation and activation of microglia. Microglial activation
and the release of neurotoxic factors underlie inflammation-
mediated neurodegeneration, and the inhibition of excessive
microglial activation has been proposed as a neuroprotective
mechanism (Choi et al., 2011; Liu and Hong, 2003). The pre-
sent study showed that after stroke the combination of ziprasi-
done and NPCs resulted in a significant decrease in microglia
activation compared with the NPCs alone group. This treatment
might be exerting this effect through an anti-inflammatory action
that leads to decreased microglia activation and protects the
brain from delayed injury. We also speculate that treatment of
ziprasidone injection may improve the viability of transplanted
NPCs and thereby enhance neuroprotection against ischemic
injury. Thus, these results suggest that combining ziprasidone
and NPCs is a valuable strategy to enhance NPCs survival and
to promote functional recovery.
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