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Abstract: Delayed and selective neuronal damage was caused in the CA1 sector of hippocampus 
following 5 min of transient cerebral ischemia in gerbils. We investigated the immunohistochemical 
alterations of apoptosis-related proteins such as bcl-2α, bcl-xs/l, bax, cytochrome c, and active caspase 
3  and  TUNEL staining in the hippocampus at 1 and 5 hr and 1, 2, 5 and 14 days after transient 
cerebral ischemia in gerbils. We also examined the effect of 3-hydroxy-3-methylglutaryl-coenzyme A 
reductase inhibitor pitavastatin against the alterations of apoptosis-related proteins and TUNEL 
staining in the hippocampus after cerebral ischemia. The alterations of apoptosis-related proteins in the 
hippocampal CA1 sector were more pronounced than the changes of hippocampal CA3 sector and 
dentate gyrus after cerebral ischemia. The alterations of apoptosis-related proteins in the hippocampal 
CA1 sector after cerebral ischemia preceded the neuronal damage in this region. Furthermore, the 
study with TUNEL staining showed that a marked increase of TUNEL-positive nuclei was evident 
only in the hippocampal CA1 sector 5 days after cerebral ischemia. Our immunohistochemical study 
also showed that pitavastatin prevented the alterations of apoptosis-related proteins and the increase of 
TUNEL-positive nuclei in the hippocampal CA1 sector 5 days after cerebral ischemia. The present 
study indicates that transient cerebral ischemia in gerbils causes the mitochondrial-dependent apoptosis 
in the hippocampal CA1 sector. Furthermore, our present study demonstrates that pitavastatin can 
prevent the alterations of apoptosis-related proteins and the increase of TUNEL-positive nuclei in the 
hippocampal CA1 sector after cerebral ischemia. Thus our study provides novel therapeutic strategies 
in clinical stroke.   
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INTRODUCTION 

 
There is increasing evidence that apoptosis, a form 

programmed cell death, plays a critical role in the 
regulation of development and maintenance of many 
adult tissues, including those of the nervous system[1]. 
Morphological and biochemical features of apoptosis 
has been reproducibly detected in the ischemic brain, 
including cell membrane protrusion, chromatin 
condensation, formation of apoptotic bodies, and 
internucleosomal DNA degradation[2-5]. It is known that 
apoptosis is associated with the activation of a genetic 
program in which apoptosis effector genes promote cell 
death, while repressor genes enhance cell survival. 
Among the apoptosis repressor genes, proto-oncogene 
bcl-2 has attracted the most attention. In the central 
nervous system (CNS), bcl-2 protein is expressed in a 
large population of neurons during embryonic 
development[6,7], but levels are greatly reduced or 
undetectable in the majority of postomitotic CNS 

neurons of adult brains[8]. Several studies demonstrate 
that the cytochrome c-dependent apoptotic pathway 
contributes to the neuronal cell death after ischemia[9-

11]. Although cytochrome c release from mitochondria 
is also an important event in other CNS injuries, such as 
brain trauma and spinal cord injury[12-14], the upstream 
events of cytochrome c release from mitochondria after 
transient cerebral ischemia are not yet fully understood.  

The bcl-2 family of proto-oncogenes encodes 
specific proteins which regulate programmed cell death 
in different physiological and pathological 
conditions[15]. The anti-apoptotic members of the bcl-2 
family, including bcl-2 and bcl-xL, are associated with 
the mitochondrial outer membrane and can inhibit the 
release of cytochrome c[16,17]. By contrast, bcl-2-
associated death promoter, such as bad, which is pro-
apoptotic member, binds to bcl-2 and bcl-xL, and 
inhibits their anti-apoptotic functions. Bcl-2α is also a 
member of a recently discovered family of proteins that 
are regulators of apoptosis[18]. However, the molecular 
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mechanisms of bcl-2α against apoptosis after transient 
cerebral ischemia are still unclear.  

A recent study demonstrates the translocation of bax 
to the mitochondria in mice after transient cerebral 
ischemia[19].  Bax is also a cytosolic protein, which in 
response to stressing apoptotic stimuli is activated, and 
translocates to mitochondria, thus initiating the 
apoptotic pathway.  However, the exact role of the bax 
against the selective neuronal cell loss in the 
hippocampus after transient cerebral ischemia remains 
presently unclear.  

Caspases, a family of cysteine proteases, play a key 
role in the control of apoptosis[20]. Fourteen distinct 
caspases are divided into initiator or effector caspases 
based on their role and position in apoptotic cascades 
and involved in the tight regulation of the cellular 
commitment to programmed cell death. Activation of 
caspases results in the cleavage of a variety of protein 
substrates that are critical in maintaining cellular 
integrity[21,22]. Several studies in mice with genetically 
ablated caspases have been reported to demonstrate 
decreased neuronal death after ischemic injury[23, 24]. A 
recent study also demonstrated that neurons derived 
from caspase-3 knockout mice are resistant to ischemic 
stress[25]. Furthermore, the administration of caspase 
inhibitors (z-DEVD-FMK or z-VAD-FMK) prevents 
ischemia-induced neuronal damage and improves 
neurological outcome, confirming caspase function in 
the delayed neuronal cell loss following ischemia[9,26]. 
Based on these observations, caspase 3 is thought to be 
critical in both apoptosis and neuronal cell death after 
transient cerebral ischemia.   

A previous study has demonstrated that 3-hydroxy-
3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase 
inhibitors can reduce cerebral ischemia and infarct size 
by up-regulating eNOS expression in 
normocholesterolemic mice[27]. Pitavastatin is a new 
synthetic potent and selective inhibitor of HMG-CoA 
reductase, the rate-limiting enzyme in cholesterol 
biosynthesis[28].  This agent has been reported to lower 
total cholesterol and total triglyceride levels in patients 
with hypercholesterolemia in Japan[29]. We recently 
reported that pitavastatin can decrease the neuronal 
damage of the hippocampal CA1 sector in gerbils after 
transient cerebral ischemia[30,31]. However, little is 
known about the effect of pitavastatin against 
apoptosis-related proteins in the hippocampus after 
transient cerebral ischemia.  

In the present study, therefore, we investigated the 
changes of apoptosis-related proteins in gerbil 
hippocampus following transient cerebral ischemia 
using an immunohistochemical study. Furthermore, we 
examined the effect of pitavastatin against apoptosis-
related proteins in gerbil hippocampus after transient 
cerebral ischemia.   

MATERIALS AND METHODS 
 
Animals and Treatments: Male adult Mongolian 
gerbils, weighing 60-90 g, were used.  The animals 
were housed in an air-conditioned environment with 
constant temperature and a standardized light/dark 
schedule, food and water ad libitum. They were 
anesthetized with 2% halothane in a mixture of 70% 
N2O and 30% O2.  The bilateral common carotid 
arteries were exposed, anesthesia was discontinued, and 
the arteries were clamped with aneurysm clips for 5 
min.  After occlusion, the aneurysm clips were removed 
and ischemic animals were allowed to survive for 1 and 
5 h and 1, 2, 5 and 14 days after transient cerebral 
ischemia.  Sham-operated animals were treated in the 
same manner, except for the clipping of the bilateral 
carotid arteries.  Body temperature was maintained at 
37-380C, using a heating pad with a thermostat, 
throughout the experiments.  Pitavastatin at a dose of 3, 
10 and 30 mg kg−1 was administered orally for 5 days 
before ischemic insult.  Transient cerebral ischemia was 
induced in mice 1 h after the last treatment with 
pitavastatin.  Vehicle (0.5 % carboxymethylcellulose, 
CMC) was also administered in sham-operated gerbils 
under the same conditions. Pitavastatin was generously 
provided by Kowa Company, Ltd., Tokyo, Japan.  All 
experiments were performed in accordance with the 
Guidelines for Animal Experiments for the Tokushima 
University School of Medicine. 
 
Histopathology: The gerbils were anesthetized with 
intraperitoneal treatment (i.p.) of pentobarbital (50 mg 
kg−1) at 1 and 5 hr and 1, 2, 5 and 14 days after 
transient cerebral ischemia. For pitavastatin treatment, 
the animals were anesthetized with pentobarbital (50 
mg kg−1) i.p. at 5 days after transient cerebral ischemia. 
They were briefly perfused with heparinized saline by 
transcardiac perfusion, followed by perfusion-fixation 
with 3.5 % formaldehyde in 0.1 M phosphate buffer 
(pH 7.4) for 30 min.  After leaving the fixated animals 
for 60 min at 40C, the brains were removed and 
immersed in the same fixative until they were 
embedded in paraffin.  Paraffin sections, 5 µm 
thickness, were stained with Cresyl violet and used for 
histopathology. Each group consisted of 7-8 gerbils. 

 
Immunohistochemistry: The gerbils were anesthetized 
with pentobarbital (50 mg kg−1, i.p.) at 1 and 5 h and 1, 
2, 5 and 14 days after transient cerebral ischemia.  For 
pitavastatin treatment, the animals were anesthetized 
with pentobarbital (50 mg kg−1, i.p.) at 5 days after 
transient cerebral ischemia.  The brains were perfusion-
fixed with 4% paraformaldehyde in 0.1 M phosphate 
buffer (pH 7.4) following a heparinized saline flush.  
The brains were removed 1 hr after perfusion fixation at 
4°C and were immersed in the same fixative until they 
were embedded in paraffin. Paraffin sections, 5 µm in 
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thickness, of the hippocampus were used for 
immunohistochemistry. 

For immunohistochemical studies, a Vectastain elite 
ABC Kit (Vector Labs. Burlingame, CA, USA), mouse 
anti-bcl-2α monoclonal antibody (NeoMarkers, 
Fremont, CA, USA), rabbit anti-bcl-xs/l polyclonal 
antibody (Santa Cruz Biotechnology Inc., CA, USA) , 
rabbit anti-bax polyclonal antibody (Santa Cruz 
Biotechnology Inc., CA, USA), rabbit anti-
human/mouse caspase 3 active polyclonal antibody (R 
and D Systems, Inc., MN, USA) and mouse anti-
cytochrome c monoclonal antibody (NeoMarkers, 
Fremont, CA, USA) were used. 

Briefly, the paraffin sections were washed twice for 
5 min in 0.01 M phosphate-buffered saline (PBS, pH 
7.4) and treated with 10% methanol / 0.3% H2O2 in 0.01 
M PBS for 20 min to quench endogenous peroxidase 
activity. The paraffin sections were then washed for 2 
min in 0.01 M PBS, followed by 60 min of pre-
incubation with 10% normal horse serum.  The brain 
sections were then incubated with anti-bcl-2α 
monoclonal antibody (1:200), anti-bcl-xs/l polyclonal 
antibody (1:500), anti-bax polyclonal antibody (1:250), 
anti-caspase 3 active polyclonal antibody (1:500) and 
anti-cytochrome c monoclonal antibody (1:500) 
overnight at 40C.  The sections were incubated with 
secondary antibody for 60 min at room temperature and 
then with avidin-biotin peroxidase (ABC) complex for 
30 min at room temperature.  Immunohistochemical 
staining with anti-bcl-2α monoclonal antibody, anti-bcl-
xs/l polyclonal antibody , anti-bax polyclonal antibody, 
anti-caspase 3 active polyclonal antibody and anti-
cytochrome c monoclonal antibody was performed 
using enzyme substrate kit (Vector Labs., Burlingame, 
CA, USA), as described previously[31-33].  Negative 
control study was performed using non immuned IgG 
or by omission of the primary antibody, which showed 
no notable staining. 

In addition, some brain sections of gerbils after 
transient cerebral ischemia were double-label 
immunostained with anti-bcl-xs/l antibody and mouse 
anti-GFAP (glial fibrillary acidic protein) monoclonal 
antibody (Chemicon International, Temecula, CA, 
USA) or anti-bcl-xs/l antibody and alpha-D-galactosyl-
specific isolectin B4 conjugated with horseradish 
peroxidase derived from Griffonia simplicifolia seeds 
(Isolectin B4) (Sigma, St Louis, MO, USA).  The 
histochemical staining with anti-bcl-xs/l antibody was 
performed as described above.  On the next day, 
double-labeled immunostaining with anti-GFAP 
antibody for visualization of astrocyte or isolectin B4 
for visualization of microglia was performed as 
described previously[30,34-36]. 
 
TUNEL staining: To detect apoptotic cells after 
transient cerebral ischemia, TUNEL staining was 
carried out using an apoptosis in situ detection kit 
(Wako Pure Chemical Industries, Osaka, Japan), 

according to the method of Kusakabe et al.[37]. Briefly, 
deparaffined sections were washed distilled water and 
treated with 20 µg mL−1 proteinase K for 10 min at 
37°C. After washing with 0.01 M PBS, the sections 
were incubated with the terminal deoxynucleotidyl 
transferase (TdT) solution, incubated with 3% hydrogen 
peroxide for 5 min to block endogenous peroxidase 
activity, and then treated with peroxidase-conjugated 
antibody for 10 min at room temperature. After 
washing in 0.01 M PBS, nick end labeling was 
visualized by DAB substrate kit (Vector Labs., 
Burlingame, CA, USA) and counterstained using 
hematoxylin. As a negative control, the tissue sections 
were incubated with TdT buffer that did not contain the 
enzyme. For the positive control, tissue sections were 
treated with DNase I prior to treatment with TdT.  
 
Statistical analysis: The immunostaining for each 
antibody was graded semiquantitatively as intense 
(grade 3), moderate (grade 2), weak (grade 1), and not 
detectable (grade 0), without the examiner knowing the 
experimental protocols, as described previously[31,35,36]. 
Values were expressed as means ± SD, and statistical 
significance was evaluated with one-way ANOVA 
followed by Fisher’s PLSD multiple comparison test 
for parametric analysis. For the evaluation of drug, 
statistical significance was performed with F-test 
followed by Dunnett’s multiple comparison tests for 
non-parametric analysis.  Each groups consisted of 5-8 
gerbils.   
 

RESULTS  
 
Histopathology: We have recently demonstrated the 
histological alterations in the hippocampus after 
transient cerebral ischemia[30]. In brief, sham-operated 
gerbils showed no neuronal damage throughout the 
hippocampus.  No neuronal damage also was detected 
in the gerbil hippocampus up to 2 days after transient 
cerebral ischemia. Five and 14 days after ischemia, 
severe neuronal cell loss was found in the hippocampal 
CA1 sector. In contrast, the administration of 
pitavastatin dose-dependently prevented the neuronal 
loss in the hippocampal CA1 sector 5 days after 
ischemia. 
 
Bcl-2α immunostaining: Representative 
photomicrographs are presented in Fig. 1 and 2. The 
changes of Bcl-2α immunoreactivity after transient 
cerebral ischemia are summarized in Table 1 and 2. 
Bcl-2α immunoreactivity was mildly observed in the 
hippocampus of sham-operated animals. No change of 
bcl-2α immunoreactivity was detected in the 
hippocampal CA1 neurons up to 1 day after transient 
cerebral ischemia. Two days after ischemia, a 
significant increase of bcl-2α immunoreactivity was 
found in the hippocampal CA1 neurons and dentate 
gyrus after ischemia. Thereafter, 5 and 14 days after 
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ischemia, a marked decrease of bcl-2α 
immunoreactivity was evident in the hippocampal CA1 
neurons where severe neuronal damage was observed. 
In contrast, no change of bcl-2α immunoreactivity in 
the hippocampal CA3 sector and dentate gyrus was 
observed from 1 h up to 14 days after transient cerebral 
ischemia except for a transient increase of dentate 
gyrus. In contrast, the administration of pitavastatin 
dose-dependently prevented a significant decrease of 
bcl-2α immunoreactivity in the hippocampal CA1 
neurons 5 days after ischemia.   
 

 
 
Fig. 1: Representative photomicrographs with bcl-2α 

immunostaining of the hippocampus (left 
panels) and CA1 sector (right panels) after 
transient cerebral ischemia. Each group 
contained 5-8 animals. DG, dentate gyrus 

 

 
 
Fig. 2: Effect of pitavastatin on bcl-2α 

immunoreactivity in the CA1 sector (right 
panels) of the hippocampus (left panels) of the 
gerbil brain 5 days after transient cerebral 
ischemia. Each group contained 7-8 animals 

Bcl-xs/l immunostaining: Representative 
photomicrographs are presented in Fig. 3 and 4. The 
changes of bcl-xs/l immunoreactivity after transient 
cerebral ischemia are summarized in Table 1 and 2. 
Bcl-xs/l immunoreactivity was observed mainly in glial 
cells of the hippocampus in sham-operated animals. A 
significant increase of bcl-xs/l immunoreactivity was 
detected in glial cells of the hippocampal CA1 sector 
from 5 h up to 14 days after transient cerebral ischemia. 
In contrast, no change of bcl-xs/l immunoreactivity was 
observed in the hippocampal CA3 sector and dentate 
gyrus throughout the experiments except for a transient 
increase of hippocampal CA3 sector. In contrast, the 
administration of pitavastatin dose-dependently 
prevented a significant increase of bcl-xs/l 
immunoreactivity in glial cells of the hippocampal CA1 
sector 5 days after ischemia. 

 

 
 

Fig. 3: Representative photomicrographs with bcl-xs/l 
immunostaining of the hippocampus (left 
panels) and CA1 sector (right panels) after 
transient cerebral ischemia. Each group 
contained 5-8 animals 

 

 
 

Fig. 4: Effect of pitavastatin on bcl-xs/l 
immunoreactivity in the CA1 sector (right 
panels) of the hippocampus (left panels) of the 
gerbil brain 5 days after transient cerebral 
ischemia. Each group contained 7-8 animals 
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Table 1.  Bcl-2 α  and bcl-xs/l immunoreactivity in the gerbil 
hippocampus after transient cerebral ischemia 

  CA1 CA3 dentate gyrus 

 Bcl-2α (neuron) 
 Sham 0.93±0.19 0.86±0.35 1.00±0.48 
 1 hr 1.33±0.54 0.79±0.25 1.08±0.52 
 5 hr 1.20±0.44 0.75±0.25 1.40±0.52 
 1 day 1.20±0.48 0.75±0.25 1.30±0.51 
 2 days 1.60±0.49** 0.90±0.38 2.20±0.21** 
 5 days 0.28±0.28** 0.81±0.26 1.16±0.57 
 14 days 0.20±0.21** 0.75±0.18 0.95±0.21  

 Bcl-xs/l (glia) 
 Sham 0.96±0.30 1.11±0.48 2.07±0.24 
 1 hr 0.79±0.19 1.00±0.22 1.88±0.26 
 5 hr 2.00±0.50** 1.40±0.58 2.10±0.38 
 1 day 2.15±0.45** 1.80±0.60** 2.20±0.27 
 2 days 1.65±0.45* 1.00±0.18 2.10±0.29 
 5 days 2.03±0.65** 1.38±0.42 2.28±0.34 
 14 days 2.25±0.59** 0.95±0.37 1.95±0.33 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means ± S.D. Each group contained 5-8 
animals. Statistical significance was evaluated with one-way ANOVA 
followed by Fisher’s PLSD multiple comparison test (*P<0.05, 
** P<0.01 compared with sham operated control group).  
 

 
 
Table 2. Effect of pitavastatin on bcl-2α  and bcl-xs/l 

immunoreactivity in the gerbil hippocampus 5 days after 
transient cerebral ischemia 

  CA1 CA3 dentate gyrus 

 Bcl-2α (neuron) 
 Sham 0.93±0.19** 0.86±0.35 1.00±0.48 
 Ischemia 0.28±0.28 0.81±0.26 1.16±0.57 
 Ischemia + pitavastatin 
 3 mg/kg 0.64±0.56 0.61±0.20 1.29±0.47 
 10 mg/kg 0.89±0.43* 0.71±0.17 0.86±0.38 
 30 mg/kg 0.89±0.43* 0.50±0.00 1.29±0.39 

Bcl-xs/l (glia) 
 Sham 0.96±0.30** 1.11±0.48 2.07±0.24 
 Ischemia 2.03±0.65 1.38±0.42 2.28±0.34 
 Ischemia + pitavastatin 
 3 mg/kg 1.46±0.44 1.00±0.35 2.04±0.17 
 10 mg/kg 1.32±0.35 1.04±0.39 1.96±0.17 
 30 mg/kg 1.21±0.44* 1.07±0.28 2.00±0.00 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means±S.D. Each group contained 7-8 
animals. Statistical significance was evaluated with F-test followed by 
non-parametric Dunnett’s multiple comparison test (*P<0.05, 
** P<0.01 compared with ischemia group).  
 

 
Bax immunostaining: Representative photomicrographs 
are presented in Fig. 5 and 6. The changes of bax 
immunoreactivity after transient cerebral ischemia are 
summarized in Table 3 and 4.  Bax immunoreactivity 
was observed in neurons and glial cells of the 
hippocampus in sham-operated animals. No change of 
bax immunoreactivity was detected in the hippocampal 
CA1 neurons up to 1 day after transient cerebral 
ischemia. Two days after is chemia, a significant 
increase   of  bax   immunoreactivity   was   observed 
in    the    hippocampal  CA1  neurons  after  ischemia.  

Table 3. Bax immunoreactivity in the gerbil hippocampus after 
transient cerebral ischemia 

  CA1 CA3 dentate gyrus 

Bax (neuron) 
 Sham 0.75±0.14 1.43±0.12 1.07±0.24 
 1 hr 0.88±0.38 1.42±0.13 1.13±0.14 
 5 hr 0.60±0.14 1.40±0.22 1.00±0.18 
 1 day 0.90±0.34 1.45±0.11 1.10±0.14 
 2 days 1.15±0.38* 1.45±0.11 1.20±0.11 
 5 days 0.13±0.13** 1.56±0.11 1.06±0.11 
 14 days 0.10±0.22** 1.35±0.22 1.05±0.11 

Bax (glia) 
 Sham 0.25±0.25 0.32±0.40 0.36±0.24 
 1 hr 0.17±0.20 0.33±0.30 0.38±0.14 
 5 hr 0.30±0.21 0.55±0.21 0.35±0.22 
 1 day 0.30±0.21 0.45±0.27 0.40±0.17 
 2 days 0.35±0.34 0.40±0.29 0.40±0.29 
 5 days 1.69±0.51** 0.44±0.40 0.53±0.28 
 14 days 2.60±0.38** 0.40±0.17 0.55±0.27 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means ± S.D. Each group contained 5-8 
animals. Statistical significance was evaluated with one-way ANOVA 
followed by Fisher’s PLSD multiple comparison test (*P<0.05, 
** P<0.01 compared with sham operated control group).  
 
 
Table 4.  Effect of pitavastatin on bax immunoreactivity in the gerbil 

hippocampus 5 days after transient cerebral ischemia 

  CA1 CA3 dentate gyrus 

 Bax (neuron) 
 Sham 0.75±0.14** 1.43±0.12 1.07±0.24 
 Ischemia 0.13±0.13 1.56±0.12 1.06±0.12 
 Ischemia + pitavastatin 
 3 mg/kg 0.64±0.28** 1.36±0.20 1.07±0.12 
 10 mg/kg 0.71±0.22** 1.50±0.00 1.07±0.12 
 30 mg/kg 0.71±0.22** 1.43±0.12 1.00±0.00 

 Bax (glia) 
 Sham 0.25±0.25** 0.32±0.40 0.36±0.24 
 Ischemia 1.69±0.51 0.44±0.40 0.53±0.28 
 Ischemia + pitavastatin 
 3 mg/kg 0.61±0.43 0.21±0.17 0.43±0.12 
 10 mg/kg 0.14±0.13** 0.25±0.20 0.18±0.19* 
 30 mg/kg 0.21±0.17** 0.32±0.28 0.32±0.19 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means±S.D. Each group contained 7-8 
animals. Statistical significance was evaluated with F-test followed by 
non-parametric Dunnett’s multiple comparison test (*P<0.05, 
** P<0.01 compared with ischemia group).  
  
Thereafter, a marked decrease of bax immunoreactivity 
was evident in the hippocampal CA1 neurons 5 and 14 
days after ischemia, when severe neuronal cell loss was 
observed. In contrast, no change of bax 
immunoreactivity was found in glial cells of the 
hippocampal CA1 sector up to 2 days after ischemia. 
However, a marked increase of bax immunoreactivity 
was evident in glial cells of the hippocampal CA1 
sector 5 and 14 days after cerebral ischemia. In the 
hippocampal CA3 sector and dentate gyrus, no change 
of bax immunoreactivity was observed in neurons and 
glial cells throughout the experiments. Furthermore, the 
administration of pitavastatin attenuated the alterations 
of the bax immunoreactivity in the hippocampal CA1 
neurons and glial cells 5 days after ischemia. 
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Fig. 5: Representative photomicrographs with bax 

immunostaining of the hippocampus (left 
panels) and CA1 sector (right panels) after 
transient cerebral ischemia. Each group 
contained 5-8 animals 

 
 
Cytochrome c immunostaining: Representative 
photomicrographs are presented in Fig. 7 and 8.  The 
changes of cytochrome c immunoreactivity after 
transient cerebral ischemia are summarized in Table 5 
and 6.  Cytochrome c immunoreactivity was observed 
in neurons of the hippocampus in sham-operated 
animals. No change of cytochrome c immunoreactivity 
was detected in the hippocampal CA1 neurons up to 1 
day after transient cerebral ischemia. Thereafter, a 
marked increase of cytochrome c immunoreactivity was 
evident in the hippocampal CA1 neurons 2 days after 
ischemia. Five and 14 days after ischemia, a marked 
decrease of cytochrome c immunoreactivity was 
evident in the hippocampal CA1 neurons when severe 
neuronal cell loss was observed. In the hippocampal 
CA3 sector and dentate gyrus, no change of cytochrome 
c immunoreactivity was observed in neurons 
throughout the experiments except for a transient 
increase of the hippocampal CA3 sector and a transient 
decrease of the dentate gyrus. In contrast, the 
administration of pitavastatin dose-dependently 
attenuated the alteration of the cytochrome c 
immunoreactivity in the hippocampal CA1 neurons 5 
days after ischemia. 

 
 
Fig. 6: Effect of pitavastatin on bax immunoreactivity 

in the CA1 sector (right panels) of the 
hippocampus (left panels) of the gerbil brain 5 
days after transient cerebral ischemia. Each 
group contained 7-8 animals.  

 

 
 
Fig. 7: Representative photomicrographs with 

cytochrome c immunostaining of the 
hippocampus (left panels) and CA1 sector (right 
panels) after transient cerebral ischemia. Each 
group contained 5-8 animals 

  

 
 
Fig. 8: Effect of pitavastatin on cytochrome c 

immunoreactivity in the CA1 sector (right 
panels) of the hippocampus (left panels) of the 
gerbil brain 5 days after transient cerebral 
ischemia. Each group contained 7-8 animals.  
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Table 5. Cytochrome c immunoreactivity in the gerbil hippocampus 
after transient cerebral ischemia 

  CA1 CA3 dentate gyrus 

Cytochrome c (neuron) 
 Sham 0.92±0.74 0.11±0.20 0.39±0.24 
 1 hr 1.00±0.55 0.17±0.20 0.21±0.25 
 5 hr 1.00±0.50 0.56±0.32** 0.20±0.11 
 1 day 0.40±0.42 0.10±0.14 0.20±0.21 
 2 days 2.20±0.57** 0.40±0.14 0.45±0.37 
 5 days 0.19±0.26** 0.28±0.39 0.25±0.19 
 14 days 0.10±0.22** 0.10±0.14 0.10±0.14* 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means ± S.D. Each group contained 5-8 
animals. Statistical significance was evaluated with one-way ANOVA 
followed by Fisher’s PLSD multiple comparison test (*P<0.05, 
** P<0.01 compared with sham operated control group).  
  
Table 6. Effect of pitavastatin on cytochrome c immunoreactivity in 

the gerbil hippocampus 5 days after transient cerebral 
ischemia 

  CA1 CA3 dentate gyrus 

 Cytochrome c (neuron) 
 Sham 0.92±0.74* 0.11±0.20 0.39±0.24 
 Ischemia  0.19±0.26 0.28±0.39 0.25±0.19 
 Ischemia + pitavastatin 
     3mg/kg 0.71±0.64 0.29±0.37 0.43±0.55 
 10mg/kg  0.46±0.37 0.11±0.13 0.14±0.20 
 30mg/kg 1.14±0.56** 0.36±0.24 0.43±0.19 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means±S.D. Each group contained 7-8 
animals. Statistical significance was evaluated with F-test followed by 
non-parametric Dunnett’s multiple comparison test (*P<0.05, 
** P<0.01 compared with ischemia group).  
  

 
 
Fig. 9: Representative photomicrographs with active 

caspase 3 immunostaining of the hippocampus 
(left panels) and CA1 sector (right panels) after 
transient cerebral ischemia. Each group 
contained 5-8 animals. 

 
 
Fig. 10: Effect of pitavastatin on active caspase 3 

immunoreactivity in the CA1 sector (right 
panels) of the hippocampus (left panels) of the 
gerbil brain 5 days after transient cerebral 
ischemia. Each group contained 7-8 animals. 

 
Active caspase 3 immunostaining: Representative 
photomicrographs are presented in Fig. 9 and 10.  The 
changes of active caspase 3 immunoreactivity after 
transient cerebral ischemia are summarized in Table 7 
and 8. Active caspase 3 immunoreactivity was observed 
in neurons and glial cells of the hippocampus in sham-
operated animals. No change of active caspase 3 
immunoreactivity was detected in the hippocampal 
CA1 neurons up to 1 day after transient cerebral 
ischemia.  Thereafter, a significant increase of active 
caspase 3 immunoreactivity was evident in the 
hippocampal CA1 neurons 2 days after ischemia. A 
marked decrease of active caspase 3 immunoreactivity 
was observed in the hippocampal CA1 neurons 5 and 
14 days after ischemia, when severe neuronal cell loss 
was observed. In contrast, a transient increase of active 
caspase 3 immunoreactivity was evident in glial cells of 
the hippocampal CA1 sector 5 hr after cerebral 
ischemia. Thereafter, a significant decrease of active 
caspase 3 immunoreactivity was found in glial cells of 
the hippocampal CA1 sector 5 days after ischemia. 
However, 14 days after cerebral ischemia, a marked 
increase of active caspase 3 immunoreactivity was 
found in glial cells of the hippocampal CA1 sector. In 
the hippocampal CA3 sector and dentate gyrus, no 
change of active caspase 3 immunoreactivity was 
observed in neurons and glial cells throughout the 
experiments except for a transient increase of dentate 
gyrus. In contrast, the administration of pitavastatin 
dose-dependently attenuated the alterations of the active 
caspase 3 immunoreactivity in the hippocampal CA1 
neurons and glial cells 5 days after ischemia. 
 
TUNEL staining: Representative photomicrographs 
are presented in Fig. 11 and 12.  The changes of 
TUNEL positive cells after transient cerebral ischemia 
are summarized in Table 9 and 10.  TUNEL positive 
cells were not observed in the hippocampus of sham-
operated animals. No change of TUNEL positive cells 
was detected in the hippocampal sector up to 2 days 
after transient cerebral ischemia. Five days after 
ischemia, a marked increase of scattered and damaged 
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neurons with TUNEL positive nuclei was evident in the 
hippocampal CA1 sector. Thereafter, TUNEL positive 
nuclei were not observed in the hippocampal CA1 
sector 14 days after ischemia. No change of TUNEL 
positive cells was observed in the hippocampal CA3 
sector and dentate gyrus throughout the experiments. In 
contrast, the administration of pitavastatin dose-
dependently prevented a significant increase of TUNEL 
positive nuclei in the hippocampal CA1 sector 5 days 
after ischemia. 
 
Double-labeled immunostainings: Representative 
photomicrographs are presented in Fig. 13. Bcl-xs/l 
immunoreactivity was observed mainly in GFAP-
immunoreactive astrocytes after transient cerebral 
ischemia. In contrast, bcl-xs/l immunoreactivity was not 
found in isolectin B4-immunopositive microglia after 
cerebral ischemia. 
 
Table 7. Caspase 3 immunoreactivity in the gerbil hippocampus after 

transient cerebral ischemia 

  CA1 CA3 dentate gyrus 

Caspase 3 (neuron) 
 Sham 0.57±0.19 0.93±0.19 2.14±0.24 
 1 hr 0.71±0.19 0.92±0.13 2.71±0.29** 
 5 hr 0.75±0.31 0.85±0.14 2.55±0.37 
 1 day 0.60±0.22 0.85±0.14 2.00±0.50 
 2 days 1.00±0.40** 1.10±0.93 2.25±0.35 
 5 days 0.09±0.13** 0.78±0.25 1.88±0.23 
 14 days 0.10±0.14** 0.75±0.25 2.00±0.47 

Caspase 3 (glia) 
 Sham 1.54±0.09 1.39±0.24 1.50±0.52 
 1 hr 1.75±0.22 1.50±0.27 1.96±0.37* 
 5 hr 1.90±0.38* 1.55±0.33 1.70±0.33 
 1 day 1.60±0.14 1.40±0.29 1.60±0.45 
 2 days 1.55±0.11 1.75±0.50 1.90±0.29  
 5 days 1.00±0.27** 1.31±0.22 1.09±0.35 
 14 days 2.40±0.38** 1.35±0.38 1.30±0.33 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means ± S.D. Each group contained 5-8 
animals. Statistical significance was evaluated with one-way ANOVA 
followed by Fisher’s PLSD multiple comparison test (*P<0.05, 
** P<0.01 compared with sham operated control group).  

 
Table 8.  Effect of pitavastatin on caspase 3 immunoreactivity in the 

gerbil hippocampus 5 days after transient cerebral ischemia 

  CA1 CA3 dentate gyrus 

 Caspase 3 (neuron) 
 Sham 0.57±0.19** 0.93±0.19 2.14±0.24 
 Ischemia 0.09±0.13 0.78±0.25 1.88±0.23 
 Ischemia + pitavastatin 
 3 mg/kg 0.39±0.35 0.71±0.17 2.00±0.14 
 10 mg/kg 0.54±0.09** 0.75±0.20 2.14±0.24 
 30 mg/kg 0.71±0.37** 0.71±0.17 2.18±0.47 

 Caspase 3 (glia) 
 Sham 1.54±0.09** 1.39±0.24 1.50±0.52 
 Ischemia 1.00±0.27 1.31±0.22 1.09±0.35 
 Ischemia + pitavastatin 
 3 mg/kg 1.43±0.19* - - 
 10 mg/kg 1.57±0.12** - - 
 30 mg/kg 1.54±0.09** - - 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means±S.D. Each group contained 7-8 
animals. Statistical significance was evaluated with F-test followed by 
non-parametric Dunnett’s multiple comparison test (*P<0.05, 
** P<0.01 compared with ischemia group). -, not tested. 

 

 
 
Fig. 11: Representative photomicrographs with 

TUNEL staining of the hippocampus (left 
panels) and CA1 sector (right panels) after 
transient cerebral ischemia. Each group 
contained 5-8 animals. 

 

 
 
Fig. 12: Effect of pitavastatin on TUNEL staining in 

the CA1 sector (right panels) of the 
hippocampus (left panels) of the gerbil brain 5 
days after transient cerebral ischemia. Each 
group contained 7-8 animals.  

 

 
 
Fig. 13: Representative photomicrographs with double-

labeled immunostaining with bcl-xs/l (blue) 
and GFAP (brown, left panel) and with bcl-xs/l 
(blue) and isolectin B4 (brown, right panel) in 
the CA1 sector of the gerbil brain 5 days after 
transient cerebral ischemia. 
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Table 9. TUNEL staining in the gerbil hippocampus after transient 
cerebral ischemia 

  CA1 CA3 dentate gyrus 

TUNEL staining (neuron) 
 Sham 0.0±0.0 0.0±0.0 0.0±0.0 
 1 hr 0.0±0.0 0.0±0.0 0.0±0.0 
 5 hr 0.0±0.0 0.0±0.0 0.0±0.0 
 1 day 0.0±0.0 0.0±0.0 0.0±0.0  
 2 days 0.0±0.0 0.0±0.0 0.0±0.0 
 5 days 1.9±0.9** 0.0±0.0 0.0±0.0 
 14 days 0.0±0.0 0.0±0.0 0.0±0.0 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means ± S.D. Each group contained 5-8 
animals. Statistical significance was evaluated with one-way ANOVA 
followed by Fisher’s PLSD multiple comparison test (*P<0.05, 
** P<0.01 compared with sham operated control group). 
   
Table 10. Effect of pitavastatin on TUNEL staining in the gerbil 

hippocampus 5 days after transient cerebral ischemia 

  CA1 CA3 dentate gyrus 

 TUNEL staining (neuron) 
 Sham 0.0±0.0** 0.0±0.0 0.0±0.0 
 Ischemia  1.9±0.9 0.0±0.0 0.0±0.0 
 Ischemia + pitavastatin 
     3mg/kg 0.6±0.8* 0.0±0.0 0.0±0.0 
 10mg/kg  0.0±0.0** 0.0±0.0 0.0±0.0 
 30mg/kg 0.0±0.0** 0.0±0.0 0.0±0.0 

The immunoreactivity was semiquantitatively graded as intense (grade 
3), moderate (grade 2), weak (grade 1), and not detectable (grade 0). 
Values are expressed as means±S.D. Each group contained 7-8 
animals. Statistical significance was evaluated with F-test followed by 
non-parametric Dunnett’s multiple comparison test (*P<0.05, 
** P<0.01 compared with ischemia group). 
 
 

DISCUSSION 
 
Transient cerebral ischemia in gerbils results in a 

delayed and selective neuronal damage in the 
hippocampal CA1 sector, which occurs between 3 and 
7 days after bilateral common carotid occlusion[38,39]. 
Morphological and biochemical methods have 
demonstrated that this delayed neuronal death is, at 
least in part, due to apoptosis[40]. Caspases are believed 
to be the central executioner molecules of the apoptotic 
cell death program[41]. Caspase-dependent apoptosis 
may be initiated either by activation of caspases from 
cell surface receptors or by mitochondrial stress via 
cytochrome c release[41].  

The Bcl-2 family of proteins regulates 
mitochondrial changes during both apoptosis and 
necrosis[42,43]. The Bcl-2 family is divided into two 
groups: anti-apoptotic members include bcl-2 and bcl-
xL and pro-apoptotic members include Bax and Bid. 
Post-translational modification can change anti-
apoptotic members to pro-apoptotic form[44]. Bcl-2 and 
bcl-xL localize to the outer mitochondrial membrane. 
Bax is localized predominantly in the cytosol of health 
cells and translocates to mitochondria after apoptotic 
stimulation[45]. Several studies demonstrated changes in 

the levels of the bcl-2 regulators of apoptosis, 
translocation of cytochrome c from the mitochondria to 
the cytosol, and caspase-3 activation after transient 
cerebral ischemia[46,47]. Furthermore, caspase inhibitors 
reduce the volume of infarct[9,48]. Based on these 
observations, it is conceivable that apoptosis-related 
proteins are key factor in neuronal cell death. However, 
there is no exact evidence for apoptosis-related proteins 
in the hippocampal CA1 sector following transient 
cerebral ischemia using an immunohistochemical study. 

The present study showed that significant changes 
of bcl-2α immunoreactivity were found in the 
hippocampal CA1 neurons 2 days after cerebral 
ischemia. Five and 14 days after ischemia, thereafter, 
bcl-2α immunoreactivity decreased significantly in the 
hippocampal CA1 neurons where severe neuronal 
damage was observed. In the hippocampal CA3 sector 
and dentate gyrus, however, no change of bcl-2α 
immunoreactivity was observed almost in neurons 
throughout the experiments. Pitavastatin dose-
dependently prevented a significant decrease of bcl-2α 
immunoreactivity in the hippocampal CA1 neurons 5 
days after ischemia. On the other hand, a significant 
increase of bcl-xs/l immunoreactivity was detected in 
glial cells of the hippocampal CA1 sector from 5 hr up 
to 14 days after transient cerebral ischemia. No change 
of bcl-xs/l immunoreactivity was observed almost in 
the hippocampal CA3 sector and dentate gyrus 
throughout the experiments. Pitavastatin dose-
dependently prevented a significant increase of bcl-xs/l 
immunoreactivity in glial cells of the hippocampal CA1 
sector 5 days after ischemia. These results suggest that 
the expression of bcl-2α in neurons and bcl-xs/l in glial 
cells of hippocampal CA1 sector precedes the neuronal 
damage in the hippocampal CA1 sector. Based on these 
findings, we demonstrate that the expression of bcl-2α 
in neurons and bcl-xs/l in glial cells of hippocampal 
CA1 sector may play a key role in the protection 
against cell damage after transient cerebral ischemia. 

For bax immunostaining, no change of bax 
immunoreactivity was detected in the hippocampal 
CA1 neurons up to 1 day after ischemia. However, the 
hippocampal CA1 neurons showed a significant 
increase of bax immunoreactivity 2 days after ischemia. 
Thereafter, a marked decrease of bax immunoreactivity 
was evident in the hippocampal CA1 neurons 5 and 14 
days after ischemia. In contrast, a marked increase of 
bax immunoreactivity was evident in glial cells of the 
hippocampal CA1 sector 5 and 14 days after cerebral 
ischemia. In the hippocampal CA3 sector and dentate 
gyrus, no change of bax immunoreactivity was 
observed in glial cells throughout the experiments. 
Pitavastatin attenuated the alterations of the bax 
immunoreactivity in the hippocampal CA1 neurons and 
glial cells 5 days after ischemia. These findings suggest 
that the expression of bax protein in the hippocampal 
CA1 neurons as well as the expression of bcl-2α in 
neurons and bcl-xs/l in glial cells of hippocampal CA1 
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sector also precedes the neuronal damage in the 
hippocampal CA1 sector. Therefore, the present study 
indicates that the expression of bax protein in the 
hippocampal CA1 neurons may play an important role 
in the acceleration against neuronal damage after 
ischemia. 

In the present study, interestingly, the onset of the 
increase of bcl-2α and bax immunoreactivity in the 
vulnerable hippocampal CA1 neurons after transient 
ischemia preceded apoptotic changes. These findings 
indicate that both proteins are involved primarily in the 
regulation of neuronal survival disturbed by ischemic 
insult. As reported recently by Nakatsuka et al.[49], in 
gerbils in which ischemia-tolerance had been induced, 
the high level of bcl-2 immunoreactivity persists. 
Therefore, our results demonstrate that the activation of 
bcl-2α protein is not sufficient to protect neuronal 
damage after transient ischemia, if the pro-apoptotic 
proteins are activated concomitantly. Furthermore, the 
present study suggests that the persistent expression of 
bcl-xs/l protein may play a key role in the protection 
against glial cell damage after transient cerebral 
ischemia, although further studies are needed to 
investigate the exact mechanism for our findings.  

For cytochrome c immunostaining, no change of 
cytochrome c immunoreactivity was detected in the 
hippocampal CA1 neurons up to 1 day after transient 
cerebral ischemia. Thereafter, a marked increase of 
cytochrome c immunoreactivity was evident in the 
hippocampal CA1 neurons 2 days after ischemia. 
However, 5 and 14 days after ischemia, a marked 
decrease of cytochrome c immunoreactivity was 
evident in the hippocampal CA1 neurons when severe 
neuronal cell loss was observed. In the hippocampal 
CA3 sector and dentate gyrus, no change of cytochrome 
c immunoreactivity was observed almost in neurons 
throughout the experiments. Pitavastatin dose-
dependently attenuated the alteration of the cytochrome 
c immunoreactivity in the hippocampal CA1 neurons 5 
days after ischemia. These present results suggest that 
the overexpression of cytochrome c may be involved in 
the hippocampal CA1 neuronal damage after transient 
cerebral ischemia. 

For active caspase 3 immunostaining, no change of 
active caspase 3 immunoreactivity was detected in the 
hippocampal CA1 neurons up to 1 day after transient 
cerebral ischemia. Thereafter, a significant increase of 
active caspase 3 immunoreactivity was evident in the 
hippocampal CA1 neurons 2 days after ischemia. A 
marked decrease of active caspase 3 immunoreactivity 
was observed in the hippocampal CA1 neurons 5 and 
14 days after ischemia, when severe neuronal cell loss 
was observed. In contrast, a significant decrease of 
active caspase 3 immunoreactivity was found in glial 
cells of the hippocampal CA1 sector 5 days after 
ischemia. However, 14 days after ischemia, a marked 
increase of active caspase 3 immunoreactivity was 
observed in glial cells of the hippocampal CA1 sector. 

In the hippocampal CA3 sector and dentate gyrus, no 
change of active caspase 3 immunoreactivity was 
observed almost in neurons and glial cells throughout 
the experiments. Pitavastatin dose-dependently 
attenuated the alterations of the active caspase 3 
immunoreactivity in the hippocampal CA1 neurons and 
glial cells 5 days after ischemia. The present study 
demonstrates that the expression of active caspase 3 
protein as well as the expression of bax protein in the 
hippocampal CA1 neurons may play a key role in the 
acceleration against cell damage after ischemia.  

For TUNEL staining, no change of TUNEL positive 
cells was detected in the hippocampal CA1 sector up to 
2 days after transient cerebral ischemia. Five days after 
ischemia, a marked increase of TUNEL positive nuclei 
was evident in the hippocampal CA1 sector. Thereafter, 
TUNEL positive nuclei were not observed in the 
hippocampal CA1 sector 14 days after ischemia. No 
change of TUNEL positive cells was observed in the 
hippocampal CA3 sector and dentate gyrus throughout 
the experiments. Pitavastatin dose-dependently 
prevented a significant increase of TUNEL positive 
nuclei in the hippocampal CA1 sector 5 days after 
ischemia. These findings suggest that transient cerebral 
ischemia can cause apoptosis in the hippocampal CA1 
neurons. Furthermore, our study shows that the 
administration of pitavastatin can protect hippocampal 
CA1 neurons from cell death with a reduced number of 
TUNEL positive cells. 

Apoptosis contributes to be development of 
neuronal ischemic infarction after both global and focal 
ischemia[5,40,50]. In mammalian cells, two major 
apoptosis signaling pathways have been described, 
namely the death receptor and the mitochondrial 
pathways. The mitochondrial pathway is activated by 
the release of pro-apoptotic molecules from 
mitochondria, such as cytochrome c and 
Smac/DIABLO[51,52]. Once released, cytochrome c 
forms a complex with Apaf-1 (apoptotic protease 
activating facto-1) and pro-caspase 9, which results in 
caspase 3 activation, cleavage of cellular substrates and 
cell death[51,53,54]. The translocation of cytochrome c and 
caspase 3 activation has been demonstrated after 
cerebral ischemia in gerbils[47,55]. Our present results 
suggest that the overexpressions of bax and cytochrome 
c precede the neuronal damage in the hippocampal CA1 
sector after transient cerebral ischemia in gerbils. 
Furthermore, the present study shows that the activation 
of caspase-3 precedes the neuronal damage in the 
hippocampal CA1 sector following transient cerebral 
ischemia. Based on these findings, we speculate that the 
activation of caspase 3 after cerebral ischemia might be 
contributed to the mitochondrial pathway through 
cytochrome c release, although further work is needed 
to understand this aspect of apoptosis signaling. 

Of particular interest in the present study is that 
anti-apoptotic protein bcl-xs/l was expressed mainly in 
GFAP-immunoreactive astrocytes, but not in isolectin 
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B4-immunopositive microglia. It is known that 
overexpression of the anti-apoptotic protein bcl-xl can 
reduce astrocyte death[56]. These findings suggest that 
the persistent expression of anti-apoptotic protein bcl-
xs/l may play a key role in the protection against 
astrocyte death after ischemia. In the present study, 
however, the expression of active caspase 3 was 
observed in glial cells of hippocampal CA1 sector 5 or 
14 days after ischemia. The reason for this phenomenon 
is presently unclear. However, Petito et al.[57] reported 
that scattered astrocytes with apoptotic bodies and 
DNA fragmentation were observed in thalamus and 
cortex, but without any apparent spatial correlation 
between neuron death and astrocyte death after 10 min 
of global ischemia in rats. Therefore, the expression of 
active caspase 3 in glial cells of the hippocampal CA1 
sector at late stage after transient ischemia may indicate 
an effect of these interventions on apoptosis in 
astrocytes as well as in neurons, although an indirect 
effect on astrocyte survival can not be entirely excluded. 

Pitavastatin is a new potent HMG-CoA reductase 
inhibitor with prolonged action and has been approved 
for treatment of hyperlipoproteinemia[58].  This drug is 
known to lower plasma total cholesterol levels and 
reduce triglyceride levels[59].  Furthermore, pitavastatin 
possesses a 10-fold higher cholesterol-lowering effect, 
compared with other HMG-CoA reductase inhibitors 
such as pravastatin and simvastatin[28,60].  A recent 
interesting study indicates that long-term treatment with 
pitavastatin in effective and safe for patients with 
heterozygous familial hypercholesterolemia[61].  Based 
on these findings, it is conceivable that pitavastatin is a 
new and potentially superior therapeutic agent in 
comparison with currently available other statins. 
Furthermore, a previous study demonstrates that 
prophylactic treatment with HMG-CoA reductase 
inhibitors can decrease the severity of cerebral focal 
ischemic damage irrespective of serum cholesterol 
levels[27]. A recent study also suggests that simvastatin 
can inhibit several immunological properties of 
microglia, which may provide a rational for statin 
treatment in multiple sclerosis[62]. We recently reported 
that pitavastatin can protect against the hippocampal 
CA1 neuron and interneuron damage after transient 
cerebral ischemia in gerbils[30,31,36]. Based on these 
observations and our findings, it is conceivable that 
HMG-CoA reductase inhibitor pitavastatin are effective 
against transient cerebral ischemia. The present study 
indicates that prophylactic treatment with pitavastatin 
can prevent a significant increase of TUNEL positive 
nuclei in the hippocampal CA1 sector 5 days after 
transient cerebral ischemia. Our immunohistochemical 
study also demonstrates that pitavastatin can prevent 
the alterations of apoptosis-related proteins in the 
hippocampal CA1 sector after transient cerebral 
ischemia. Taken together, these data support the 
hypothesis that HMG-CoA reductase inhibitors can 
prevent the mitochondrial-dependent apoptosis after 

transient cerebral ischemia in gerbils, although further 
studies are needed to investigate the exact mechanism 
for our findings. 
 

CONCLUSION 
 

In conclusion, the present study indicates that 
transient cerebral ischemia in gerbils causes the 
mitochondrial-dependent apoptosis in the hippocampal 
CA1 sector. Furthermore, our present study 
demonstrates that pitavastatin can prevent the 
alterations of apoptosis-related proteins and the increase 
of TUNEL-positive nuclei in the hippocampal CA1 
sector after cerebral ischemia. Thus our study provides 
novel therapeutic strategies in clinical stroke. 
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