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Introduction
The bel-2 proto-oncogene is first discovered in b-cell lymphoma and a variety of other cancers

(Tsujimoto et al.,, 1985). It is also observed in the central nervous system (CNS) during embryonic
development (LeBrun et al., 1993; Novack and Korsmeyer, 1994), but levels are greatly downregulated in
the majority of postmitotic CNS neurons of adult brain (Merry et al., 1994). The bcl-2 family of
oncogenes encodes specific proteins that regulate apoptosis induced by a variety of stimuli (Vaux et al.,
1988; Davies 1995). Among these related proteins, Bcl-2 and Bcl-x] suppress apoptotic cell death,
whereas Bax promote it (Oltvai et al., 1993). Changes in the bcl-2 family genes levels have been
observed as early as 6 to 8 hours after ischemia (Krajewski et al., 1995; Chen et al., 1996; Antonawich et
al.,, 1996). Therefore, it has attracted the most attention that the counterregulated expression of Bcl-2

family proteins determines whether neurons toward survival or apoptosis (Yang E et al., 1996, Kroemer

G., 1997).
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Most evidence indicated tilat apoptotic cell death may occur after transient cerebral ischemia and that
dysregulation of Bcl-2 and related proteins accelerates ischemic neuronal injury. Furthermore, a
forebrain ischemic preconditioning model in C57Black/Crj6 (C57BL/6) mice developed recently in our
laboratory has shown that striatal neuronal injury after transient bilateral common carotid artery occlusion
(BCCAQ) can be strongly reduced by a sublethal ischemic episode (Wu CR et al., 2001). To address the
question of whether these Bcl-2 family proteins participate in the occurrence of ischemic preconditioning
protection induced by sublethal forebrain ischemia, we examined Bcl-2, Bcl-xl, and Bax expression by
immunohistochemistry and immunoblot assays in the normal striatum and following 6 min of sublethal

forebrain ischemia in C57BL/6 mice.

Objective

We developed an ischemic preconditioning model in C57BL/6 mice. And then aimed to address the
question of whether Bcl-2 family proteins participate in the induction of ischemic tolerance. As a
preliminary experiment, we examined if ischemic preconditioning alters expression of apoptosis inhibitor

Bcl-2, Bel-x1, and apoptosis promoter Bax by using western blot.

Materials and Methods

Induction of forebrain ischemia

Experiments were carried out in adult male C57BL/6 mice weighing 19 to 23 g (8-10 weeks old).
Animals were allowed free access to food and water and housed in a climate-controlled environment
(25TC). Forebrain ischemia was induced by Bilateral common carotid artery occlusion (BCCAOQ) for 18
min under 1.0% halothane/oxygen anesthesia via a face mask. During the procedure, the rectal
temperature was maintained between 36.7 and 37.5°C. After reperfusion, the animals were cared in a
warm, humidified chamber (32-33°C) for another 3 hours before being returned to their cages. For
preconditioning, animals were subjected to a 6-min BCCAO 48 h before the 18-min ischemia. The
animals underwent exposure of bilateral common carotid arteries without BCCAO were used as
sham-controls.

Transcardilac perfusion and brain tissue preparation

On the 7° day after reperfusion, animals were reanesthetized by an intraperitoneal injection of sodium
pentobarbital (150 mg/kg) and transcardiacally perfused with 0.1 M PBS containing heparin (4 units/ml),
followed by 0.01 M periodate-0.075 M lysine-2% paraformaldehyde (PLP) in 0.0375 M
phosphate-buffered solution (pH 6.3). The whole brain was removed from the skull and post-fixed in the
same fixative for 4 h. Thereafter, the brains were washed in gradually increasing concentrations of
sucrose in 0.1 M PBS (10% for 4 h, 15% and 20% for 12 h each) and then rapidly frozen in
2-methylbutane chilled at -80°C. Consecutive coronal sections (16 um) were prepared on a microtome

and used for microtubule-associated protein-2 (MAP-2) immunohistochemistry staining. For in situ
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detection of DNA fragmentation, another set of animals were perfused with 0.1 M PBS containing
heparin (4 units/ml) followed by 20% sucrose in 0.1 M PBS at 72 h after reperfusion. The brains were
then removed from the skull, and rapidly frozen in 2-methylbutane chilled at -80°C.

Assessment of neuronal damage

Ischemic neuronal damage was visualized by MAP-2 immunohistochemistry. Briefly, sections were
post-fixed with 4% paraformaldehyde in 0.1 M PBS for 10 min and washed three times with 0.1 M PBS.
Endogenous peroxidase was inactivated by incubating the sections with 30% methanol containing 0.1%
H,0, (v/v) for 45 min. Sections were then followed by sequential incubations in 1) 2.5% horse serum in
0.1 M PBS containing 0.2% Tween-20 and 1.5% BSA for 60 min, 2) anti-MAP-2 monoclonal antibody
(Boehringer Mannheim, Mannheim, Germany) diluted in 0.1 M PBS at 4°C overnight, 3) biotinylated
horse anti-mouse IgG for 60 min, and 4) avidin-biotin-peroxidase complex in 0.1 M PBS for 60 min.
The biotinylated secondary antibody and the avidin-biotin-peroxidase were purchased from Vector
Laboratories (Burlingame, CA). The MAP-2 immunoreaction was visualized by incubating the sections
with 0.05% 3,3’-diaminobenzidine and 0.002% H,0,.

In situ labeling of DNA fragmentation

By using an apoptosis in situ detection kit (Wako Pure Chemical Industries, Osaka, Japan), terminal
deoxytransferase-mediated dUTP-nick end labeling (TUNEL) was carried out on non-fixed sections (16
um). Sections were post-fixed with 4% paraformaldehyde in 0.1 M PBS for 15 min at room temperature,
followed by ethanol/acetic acid (2:1) for 5 min at -20TC, and then penetrated with 3% Triton X-100 in 0.1
- M PBS for 60 min at room temperature. The sections were then incubated in TUNEL reaction solution
for 60 min at 37C. After washing, sections were incubated in 30% H,0, in 0.1 M PBS for 10 min to
quench endogenous peroxidase and incubated with anti FITC-conjugated peroxidase for 60 min at 37TC.
TUNEL-positive cells were visualized with diaminobenzidine. Identical to the assessment of intact
neurons, TUNEL-positive cells were counted in five assigned subregions. .

Western blot analysis

Immediately after decapitation at 4, 24, 48, 72 h, and 7 day following 6 min ischemia (n = 12 per
group), mouse striatum was dissected, and homogenized in RIPA buffer containing protease inhibitors on
ice. After centrifugation at 14,000 g for 30 minutes, the serum was collected. The protein levels were
quantified by spectrophotometry, and the lysate was boiled at 95 in sodium dodecyl sulfate loading buffer
(100 mmol/l Tris-HCI, 200mmol/ dithiourea, 4% sodium dodecyl sulfate, 0.2% bromophenol blue, and
20% glycerol) for 5 minutes. Then, 40 x g protein samples were loaded onto a 12%
SDS-polyacrylamide gel. The transferred polyvinylidene difturide (PVDF) membrane was incubated in
either mouse anti Bcl-2 (1:1000, Transduction Laboratories.) or rabbit anti Bcl-XL, Bax antibody (1:500,
Santa Cruz Biotechnology Inc.) for 2 hours at room temperature. After washing three times in PBS
containing 0.1% Tween-20, the appropriate secondary antibody was applied at a 1:3000 dilution for 1 h.

The membrane was washed in PBS containing 0.1% Tween-20 three times over 30 mia, then incubated in
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ECL Plus westem blotting detection reagents (Amersham Pharmacia Biotech) and exposed to Fuji RX
film (Fuji, Tokyo, Japan). Autoradiogram signals were quantified by a gel densitometric scanning
program. The relative protein levels were determined from the relative optical densities of the
corresponding protein bands and were normalized to background values obtained on the same lane.

Statistical analysis

Quantitative data are expressed as mean + standard deviation (SD) and analyzed by one-way ANOVA
after normality of distribution was proved. ANOVA was followed by Dunnett’s post hoc test for
multiple comparisons. A p-value less than 0.05 is considered statistically different.

Result

On the seventh day after 18-min ischeniia, neuronal loss could be found in the striatum, hippocampal
CAl, CA2 and CA3 regions, and the cortex as well as other regions, as visualized by MAP-2
immunostaining. In the hippocampus, neuronal loss always occurred in the dorsal CAl region, CA2 as
well CA3 region. In 3 out of 6 animals, CAl neuronal damage was asymmetric after 18-min ischemia.
In contrast, striatal neuronal damage in the bilateral striatum was symmetric and more consistent.

Since neuronal damage in the striatum was more consistent after the 18-min ischemia, the extent of
protection by ischemic preconditioning was examined in the striatum by MAP-2 immunohistochemistry
staining. In the sections obtained from sham-control animals, both soma and dendrites were intensively
stained. 1Ischemia for 6 min resulted in no detectable loss of MAP-2 immunoreactivity in the bilateral
striatum. An 18-min ischemia caused near complete loss of MAP-2 immunoreactivity in 4 out of 6
animals. A 6-min ischemic episode performed 48 h before the 18-min ischemia strongly reduced the
loss of MAP-2 immunoreactivity due to the 18-min ischemia.

There were no TUNEL-positive cells to occur in sections obtained from sham-control animals.
TUNEL-positive cells intensely existed at 72 h after reperfusion in animals subjected to 18-min ischemia
but not 6-min ischemia. Again, the 6-min ischemia performed 48 h before the 18-min ischemia
significantly reduced the number of TUNEL-positive cells caused by the 18-min ischemia.

The levels of Bel-2 and Bcel-x! proteins expression were increased from 4h to 7 days after 6 min of
BCCAQO with a maximum intensity occurred in the 48h time point.  Bax immunoreactivity was very

faint in the above mentioned time points.

Discussion
The major finding of the present study is that transient bilateral common carotid artery occlusion
produces a consistent striatal injury that can be strongly attenuated by a sublethal ischemic episode. And
also we demonstrate that the Bcl-2 family proteins participate in the process of this ischemic protective -
effect.
Currently, almost all available ischemic preconditioning models have been developed in rats or gerbils,
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but this is not corresponding to that most genetic alterations have been performed in mice, Among
different strains, the C57BL/6 strain has been shown to be most susceptible to transieat ischemia induced
by BCCAO (Barone et al., 1994; Fuijii et al., 1997; Yang et al., 1997). Additionally, studies have shown
that injury to the striatum in CS7BL/6 mice is more consistent in comparison with injury to the
hippocampal CA) region (Terashima et al., 1998).

In preliminary experiments, we had examined neuronal damage induced by BCCAO for 3,4,6and 8 -
min. Although there was no striatal and hippocampal neuronal damage to be found after 3 or 4 min
ischemia, their protections against the subsequent 18-min ischemia were weaker. In contrast, ischemia
for 8 min sometimes caused serious striatal and hippocampal neuronal damage. We thus chose a
duration of 6 min as the conditioning ischemic insult. While the 6-min ischemia did not cause
noticeable striatal neuronal damage as demonstrated by both MAP-2 immunohistochemistry staining, it
rendered strong protection against ischemic neuronal damage induced by the subsequent 18-min ischemia.
The extents of protection are comparable with that reported in hippocampal CA1 neurons in a gerbil
ischemic preconditioning model (Kirino et al., 1991; Kitakawa et al., 1990). In addiﬁon, we also found
that ischemia-induced DNA fragmentation was attenuated by the conditioned ischemia, indicating that
anti-apoptotic actions may be induced by the conditioning ischemic episode.

The;?e may be several mechanisms by which Bcl-2 and Bcl-xl exerts their protective effects on ischemic
neurons. Bcl-2 plays a key role in regulating initiation of programmed cell death by preventing egress of
cytochrome C into cytoplasm. Cytochrome C, in turn, complexes with apaf-1 activating caspase 9, an
important triggering event in apoptosis. Bcl-2 may also play a role in stabilizing the mitochondria and
maintaining its membrane potential, thus preventing the generation of free radicals. So that, the

expression of Bcl-2 in neurons that are stressed may be an important event that ensures neuronal survival.
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