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Abstract The extent of neuronal damage/death in some

brain regions is highly correlated to duration time of transient

ischemia. In the present study, we carried out neuronal

degeneration/death and glial changes in the septum 4 days

after 5, 10, 15, and 20 min of transient cerebral ischemia

using gerbils. To examine neuronal damage, Fluoro-Jade B

(F-J B, a marker for neuronal degeneration) histofluores-

cence staining was used. F-J B positive (?) cells were

detected in the septo-hippocampal nucleus (SHN) of the

septum only in the 20 min ischemia-group; the mean number

of F-J B? neurons was 14.9 ± 2.5/400 lm2 in a section.

Gliosis of astrocytes and microglia was examined using anti-

glial fibrillary acidic protein (GFAP) and anti-ionized cal-

cium-binding adapter molecule 1 (Iba-1), respectively. In all

the ischemia-groups, GFAP- and Iba-1-immunoreactive

astrocytes and microglia, respectively, were increased in

number, and apparently tended to be increased in their

immunoreactivity. Especially, in the 20 min ischemia-

group, the number and immunoreactivity of Iba-immuno-

reactive microglia was highest and strongest in the ischemic

SHN 4 days after ischemia–reperfusion. In brief, our find-

ings showed that neuronal damage/death in the SHN

occurred and gliosis was apparently increased in the 20 min

ischemia-group at 4 days after ischemia–reperfusion.

Keywords Ischemia–reperfusion � Ischemic

duration � Septo-hippocampal nucleus � Fluoro-Jade

B � Delayed neuronal death � Astrocytes � Microglia

Introduction

Transient global cerebral ischemia occurs when the blood

supply to entire brain or a large part of the brain is dis-

rupted, and it results in tissue deprivation of oxygen and

glucose and may give permanent brain damage (de Araujo

et al. 2012; Ohk et al. 2012; Yu et al. 2012). In humans,

selective neuronal death in the brain occurs frequently after

cardiocirculatory arrest, which is a worldwide devastating

health problem (Horn and Schlote 1992; Petito et al. 1987).

The Mongolian gerbil has been used as a good model of

transient cerebral ischemia to investigate the molecular

mechanism of selective neuronal death following ische-

mia–reperfusion injury, because about 90 % of gerbils
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lacks the communicating vessels between the carotid and

vertebral circulation (Levine and Sohn 1969; Levy and

Brierley 1974). Thus, the bilateral occlusion of the carotid

arteries essentially completely eliminates blood flow to the

forebrain; it completely spares the vegetative center of the

brainstem. Several regions of the brain are especially

sensitive to transient cerebral ischemia. These sensitive

regions in the gerbil brain include the cerebral cortex,

striatum, and hippocampus (Hwang et al. 2006, 2007; Lin

et al. 1990; Ohk et al. 2012).

We recently reported that the pattern of neuronal death

was very different according to ischemic duration in the

gerbil hippocampus and striatum induced by various

durations of transient cerebral ischemia (Ohk et al. 2012;

Yu et al. 2012). However, studies regarding neuronal

damage in interconnecting specific brain areas related to

the hippocampus, which has contacts with various areas,

have been limited, although there is a great deal of infor-

mation on ischemic brain damage in gerbils (Fukuchi et al.

1998; Janac et al. 2006; Selakovic et al. 2011).

The septum is a set of structures in the middle antero-

ventral cerebrum and forms an integral part of the limbic

system, and it is composed of medium-size neurons that are

classified into the medial, lateral, and posterior groups. The

septal nuclei contribute to the medial forebrain bundle and

receive reciprocal connections from the hippocampus,

amygdala, hypothalamus, midbrain, habenula, cingulate

gyrus, and thalamus (Freund and Antal 1988; Kiss et al.

1990; Meibach and Siegel 1977; Risold and Swanson 1997;

Yoshida and Oka 1995).

Some researchers have reported ischemic damage in the

septum, however, we have thought that the studies are not

sufficient, because their methods were old (Buchan and

Pulsinelli 1990; Crain et al. 1988). Therefore, we examined

the pattern of neuronal death/damage and gliosis in the

septal nuclei induced by various durations of transient

cerebral ischemia in gerbils, which serve a good animal

model of transient cerebral ischemia (Hu et al. 2007; Lorrio

et al. 2009; Salazar-Colocho et al. 2008).

Materials and Methods

Experimental Animals

The progeny of male Mongolian gerbils (Meriones ungui-

culatus) was obtained from the Experimental Animal Center,

Kangwon National University, Chuncheon, South Korea.

Gerbils were used at 6 months (B.W., 65–75 g) of age. The

animals were housed in a conventional state under adequate

temperature (23 �C) and humidity (60 %) control with a

12-h light/12-h dark cycle, and were provided with free

access to food and water. The procedures for animal handling

and care adhered to guidelines that are in compliance with

the current international laws and policies (Guide for the

Care and Use of Laboratory Animals, The National Acade-

mies Press, 8th Ed, 2011), and they were approved by the

Institutional Animal Care and Use Committee (IACUC) at

Hallym’s Medical Center. All the experiments were con-

ducted to minimize the number of animals used and the

suffering caused by the procedures used in the present study.

Induction of Transient Cerebral Ischemia

The animals were anesthetized with a mixture of 2.5 %

isoflurane in 33 % oxygen and 67 % nitrous oxide. Bilateral

common carotid arteries were isolated and occluded using

non-traumatic aneurysm clips. The complete interruption of

blood flow was confirmed by observing the central artery in

retinae using an ophthalmoscope. After 5 min (5 min

ischemia–reperfusion group), 10 min (10 min ischemia–

reperfusion group), 15 min (15 min ischemia–reperfusion

group), or 20 min (20 min ischemia–reperfusion group) of

occlusion, the aneurysm clips were removed from the

common carotid arteries. The body (rectal) temperature

under free-regulating or normothermic (37 ± 0.5 �C) con-

ditions was monitored with a rectal temperature probe (TR-

100; Fine Science Tools, Foster City, CA) and maintained

using a thermometric blanket before, during, and after the

surgery until the animals completely recovered from anes-

thesia. Thereafter, animals were kept in the thermal incu-

bator (Mirae Medical Industry, Seoul, South Korea) to

maintain the body temperature of animals until the animals

were euthanized. Sham-operated animals (sham-operated

group) were subjected to the same surgical procedures

except that the common carotid arteries were not occluded.

Tissue Processing for Histology

For histology, sham- and ischemia-operated adult gerbils

(n = 10 in each group) at 4 days after reperfusion were

sacrificed. The animals were anesthetized with pentobar-

bital sodium and perfused transcardially with 0.1 M

phosphate-buffered saline (PBS, pH 7.4) followed by 4 %

paraformaldehyde in 0.1 M phosphate-buffer (PB, pH 7.4).

The brains were removed and postfixed in the same fixative

for 6 h. The brain tissues were cryoprotected by infiltration

with 30 % sucrose overnight. Thereafter, frozen tissues

were serially sectioned on a cryostat (Leica, Germany) into

30 lm coronal sections, and they were then collected into

six-well plates containing PBS.

Hematoxylin and Eosin (H–E) Staining

The brain tissues were embedded in paraffin and then were

sectioned on microtome (Leica) into 5 lm coronal sections.
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The sections were mounted on slides, and were stained with

H–E followed by standard histochemical procedures. After

dehydration, the sections were mounted with Canada Balsam

(Kanto, Tokyo, Japan).

Cresyl Violet (CV) Staining

To examine the neuronal death in the brain after transient

cerebral ischemia, sham- and ischemia-operated animals

(n = 10 in each group) were used 4 days after the ischemic

surgery for CV staining. The sections were mounted on

gelatin-coated microscopy slides. Cresyl violet acetate

(Sigma, MO, USA) was dissolved at 1.0 % (w/v) in dis-

tilled water, and glacial acetic acid was added to this

solution. The sections were stained and dehydrated by

immersing in serial ethanol baths, and they were then

mounted with Canada balsam (Kanto).

Fluoro-Jade B (F-J B) Histofluorescence

To confirm the neuronal death in the brain after transient

forebrain ischemia, sham- and ischemia-operated animals

(n = 10 in each group) were used 4 days after the ischemic

surgery for F-J B (a high-affinity fluorescent marker for the

localization of neuronal degeneration) histofluorescence

under the same conditions. F-J B histofluorescence staining

procedures were conducted according to the method by

Candelario-Jalil et al. (2003). The sections were first

immersed in a solution containing 1 % sodium hydroxide in

80 % alcohol, and followed by 70 % alcohol. They were

then transferred to a solution of 0.06 % potassium perman-

ganate, and transferred to a 0.0004 % F-J B (Histochem,

Jefferson, AR, USA) staining solution. After washing, the

sections were placed on a slide warmer (approximately

50 �C), and then examined using an epifluorescent micro-

scope (Carl Zeiss, Germany) with blue (450–490 nm)

excitation light and a barrier filter. With this method neurons

that undergo degeneration brightly fluoresce in comparison

to the background (Schmued and Hopkins 2000).

Immunohistochemistry for NeuN, GFAP, and Iba-1

In order to examine the changes of neurons, astrocytes, and

microglia in the septal nuclei after ischemia–reperfusion,

we carried out immunohistochemical staining with mouse

anti-neuronal nuclei (NeuN; 1:1,000, Chemicon Interna-

tional, Temecula, CA) for neurons, rabbit anti-glial fibril-

lary acidic protein (GFAP, 1:800, Chemicon, Temecular,

CA) for astrocytes, rabbit anti-ionized calcium-binding

adapter molecule 1 (Iba-1, 1:500, Wako, Japan) for

microglia, and biotinylated goat anti-mouse or -rabbit IgG

(Vector, Burlingame, CA) for secondary antibody. In brief,

the sections were sequentially treated with 0.3 % hydrogen

peroxide (H2O2) in PBS for 30 min and 10 % normal goat

serum in 0.05 M PBS for 30 min. The sections were next

incubated with anti-NeuN, anti-GFAP, or Iba-1 overnight

at 4 �C. Thereafter the tissues were exposed to biotinylated

goat anti-mouse or -rabbit IgG (Vector, Burlingame, CA)

and streptavidin peroxidase complex (1:200, Vector). And

they were visualized by staining with 3,30-diaminobenzi-

dine tetrahydrochloride in 0.1 M Tris–HCl buffer (pH 7.2)

and mounted on gelatin-coated slides. After dehydration,

the sections were mounted with Canada balsam (Kanto).

Cell Counts

All measurements were performed to insure objectivity in

blind conditions, by two observers for each experiment,

carrying out the measures of experimental samples under the

same conditions. The studied tissue sections were selected

with 120 lm interval according to anatomical landmarks

corresponding to AP from ?1.1 to -0.1 mm of gerbil brain

atlas, and cell counts were obtained by averaging the counts

from 25 sections taken from each animal and the total cell

numbers from each animal per group. To evaluate the neu-

ronal degeneration after ischemia–reperfusion, the mea-

surement of degenerated neuronal numbers was performed

using an image analyzing system equipped with a computer-

based digital camera (software: Optimas 6.5, CyberMetrics,

Scottsdale, AZ) and the number of F-J B positive neurons

was calibrated as the number of neurons in 400 lm2.

According to the previous method (Sugawara et al. 2002), the

densities of all GFAP- and Iba-1-immunoreactive structures

were evaluated on the basis of optical density (OD), which

was obtained after the transformation of the mean gray level

using the formula: OD = log (256/mean gray level). The OD

of background was taken from areas adjacent to the mea-

sured area. After the background density was subtracted, a

ratio of the OD of image file was calibrated as % (relative

optical density, ROD) using Adobe Photoshop version 8.0

and then analyzed using NIH Image 1.59 software.

Statistical Analysis

Data are expressed as the mean ± SEM. The data were

evaluated by a Tukey test for post hoc multiple compari-

sons following one-way ANOVA. Statistical significance

was considered at P \ 0.05.

Results

H–E Positive Cells

In the sham-group, neurons (cell body diameter [10 lm)

in the septum were well stained with H–E (Fig. 1A, a). In
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all the ischemia–reperfusion groups, the markedly reduc-

tion of H–E positive neurons was not detected in the

ischemic septum 4 days after ischemia–reperfusion com-

pared to that in the sham-group (Fig. 1B–E, b–e).

On the other hand, glia-like cells (cell body diameter

\10 lm) were identified by their relatively smaller size

and lack of stained cytoplasm in the H–E stained sections.

In the 10 min ischemia-group, these small H–E stained

cells showed a tendency to be increased in the septo-hip-

pocampal nucleus (SHN) 4 days after ischemia–reperfu-

sion compared to those in the sham-group (Fig. 1a–e).

CV Positive Cells

In the sham-group, neurons in the SHN were well stained

with CV (Fig. 2a). In all the ischemia-groups, a markedly

reduction of CV positive neurons was not detected in the

SHN 4 days after ischemia–reperfusion compared to those

in the sham-group (Fig. 2b–e).

NeuN Positive Cells

In the sham-group, neurons in the SHN were well immu-

nostained with NeuN (Fig. 2f). In the 5, 10, and 15 min

ischemia-groups, a distinctive change in the distribution of

NeuN positive neurons was not found 4 days after ische-

mia–reperfusion (Fig. 2g–h). However, in the 20 min

ischemia-group, we found that NeuN positive neurons were

somewhat decreased in the SHN 4 days after ischemia–

reperfusion compared to those in the sham-group (Fig. 2i).

F-J B Positive Cells

Neuronal degeneration in the SHN following ischemia–

reperfusion was examined using F-J B histofluorescence

staining. In the sham-groups, 5, 10, and 15 min ischemia-

groups, F-J B positive neurons were not observed in the

SHN 4 days after ischemia–reperfusion (Fig. 3a–d, f).

However, in the 20 min ischemia-group, some neurons in

the SHN were positive to F-J B (Fig. 3e) 4 days after

ischemia–reperfusion: the mean number of F-J B positive

neurons was about 14.9 ± 2.5/400 lm2 in a section

(Fig. 3f).

GFAP-Immunoreactive Astrocytes

In the SHN of the sham-group, GFAP-immunoreactive

astrocytes showed a rest form with a small cell body and

thin processes (Fig. 4a). In the 5 min ischemia-group,

GFAP-immunoreactive astrocytes 4 days after ischemia–

reperfusion were distinctively increased in number and

showed stronger immunoreactivity than that in the sham-

group (Figs. 4b, 5a). In the 10 min ischemia-group, GFAP

immunoreactivity was more increased in the SHN 4 days

after ischemia–reperfusion, and GFAP-immunoreactivity

in the 15 min ischemia-group was more increased; how-

ever, in the 20 min ischemia-group, GFAP-immunoreac-

tivity was similar to that in the 15 min ischemia-group

(Figs. 4c–e, 5a).

Iba-1-Immunoreactive Microglia

Iba-1-immunoreactive microglia showed a typical rest

form in the SHN of the sham-group (Fig. 4f), and Iba-1-

immunoreactivity was slightly increased in the SHN of the

5 min ischemia-group 4 days after ischemia–reperfusion

(Figs. 4g, 5b). Iba-1 immunoreactivity and numbers of

microglia in the ischemic SHN were gradually increased

according to the duration of ischemia 4 days after ische-

mia–reperfusion; Iba-1 immunoreactivity was strongest in

the 20 min ischemia-group 4 days after ischemia–reperfu-

sion (Figs. 4h–j, 5b).

Discussion

The septum (septal area) is an important component of the

limbic system that is involved in the regulation of cognitive

and behavioral functions (Winson 1978). The septum is

extensively inter-connected with the hippocampus (Rais-

man 1966). For example, the fibers of CA1, CA2, CA3, and

entorhinal regions project to the lateral septal nucleus, and

reciprocal fibers connect the medial septal nucleus with the

dentate gyrus, CA1, CA2, subiculum, and entorhinal cortex

(DeFrance et al. 1973; Swanson and Cowan 1979). The

septum includes diverse neuronal populations with heter-

ogeneous morphology, electrophysiological properties, and

connectivity (Brashear et al. 1986; Manns et al. 2000;

Panula et al. 1984).

In the hippocampus, the vulnerability differs from each

hippocampal subregion. The hippocampal CA1 region is

the most susceptible to transient cerebral ischemia, and

neuronal death occurs at 4–5 days post-ischemia, which is

called ‘‘delayed neuronal death (DND)’’ due to that it

occurs very slowly (Kirino 1982). We demonstrated that

degenerating CA1 pyramidal neurons were found at 4 days

post-ischemia in the 5, 10, 15, and 20 min ischemia–

reperfusion group; most of the CA1 pyramidal neurons of

all the groups were almost completely degenerated in the

CA1 region induce by at least 5 min of transient cerebral

ischemia (Yu et al. 2012). In addition, Selakovic et al.

(2011) and we (2012) reported that some of neurons in the

stratum pyramidale of the CA1 region were survived after a

longer duration of ischemia–reperfusion (15 min). On the

other hand, a few studies regarding neuronal damage in the

ischemic CA2 region have been reported. No definite CA2
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cell injury was found after brief ischemia–reperfusion

(5 min); however, with a longer ischemia–reperfusion

(20–30 min), CA2 pyramidal neurons showed reactive

changes in gerbils (Kirino and Sano 1984). We recently

also found that many CA2 pyramidal neurons were positive

to F-J B after a longer duration of ischemia–reperfusion

(10–20 min) at 4 days after ischemia–reperfusion (Yu et al.

2012). In addition, we reported that an abundance of

degenerating neurons were found in the striatum of the

20 min ischemia-group (Ohk et al. 2012). Therefore, our

present finding in the SHN is fully supported by previous

reports that showed that CA2 pyramidal and striatal neu-

rons showed reactive changes with a longer ischemia–

reperfusion (20 min) (Ohk et al. 2012; Yu et al. 2012).

Fig. 1 H–E staining in the

septum of the sham-group

(A, a) and ischemia-groups

(5 min (B, b), 10 min (C, c),

15 min (D, d), and 20 min

(E, e)) 4 days after ischemia–

reperfusion. In all the ischemia-

groups, H–E staining is not

apparently changed compared to

that in the sham-group.

However, H–E positive small

cells tend to be increased with

duration time of ischemia in the

septo-hippocampal nucleus

(SHN) of the septum. a–e High

magnification framed in

A–E. Scale bar 200 lm (A–E),

50 lm (a–e)
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An important feature of cerebral ischemic damage is

vulnerability of specific neuronal populations. In the cen-

tral nervous system, certain brain areas are selectively

damaged even after a brief ischemic insult, and this topo-

graphical heterogeneity is known as ‘‘selective vulnera-

bility of the brain’’. The Mongolian gerbil has been used as

a good animal model to investigate mechanisms of

selective neuronal death following transient global cerebral

ischemia (Kirino and Sano 1984). While numerous studies

regarding transient ischemia have emphasized neuronal

damage/death in the hippocampus, some brain regions such

as the cerebral cortex, striatum, thalamus, and septal nuclei

are also susceptible to ischemic damage. In addition, the

extent of neuronal death in ischemic regions is highly

Fig. 2 CV staining (a–e) and

immunohistochemistry for

NeuN (f–J) in the SHN of the

sham-group (a, f) and ischemia-

groups (5 min (b, g), 10 min

(c, h), 15 min (d, i), and 20 min

(e, j)) 4 days after ischemia–

reperfusion. In all the ischemia-

groups, numbers of CV positive

neurons are not apparently

changed in the ischemic SHN;

however, NeuN-

immunoreactive neurons tend to

be slightly decreased in number.

Scale bar 50 lm
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correlated to the duration of ischemia. We recently repor-

ted that the pattern of neuronal death was very different in

the hippocampus, striatum and somatosensory cortex

according to various durations of transient cerebral ische-

mia in gerbils (Ohk et al. 2012; Yu et al. 2012). In the

present study, we found that H–E staining showed that

small cells were increased in the SHN only in the 20 min-

ischemia group, and that F-J B positive cells were detected

in the SHN, not in other nuclei, of the 20 min ischemia-

group alone 4 days after ischemia–reperfusion. Little is

known about mechanisms underlying neuronal damage in

SHN after cerebral ischemia. It has been reported that the

rapid restoration of blood flow increases the level of tissue

oxygenation and accounts for a second burst of reactive

oxygen species generation that leads to reperfusion injury

(Rodrigo et al. 2013).

In general, H–E staining is a very important staining for

general cell morphology. It is known that degenerating neu-

rons tend to be hyperchromic with H–E stain (Stensaas et al.

1972) and damaged cells show various features including a

shrunken cell body with pyknosis and chromatolysis (Bartus

et al. 1995). However, this staining is insufficient to discrim-

inate neuronal degeneration, because argyrophilic dark neu-

rons, which are damaged by insults, would ultimately result in

dying or recovering neurons (Gallyas et al. 1992). On the other

hand, it is important to count neuronal, not glial, loss in a

damaged brain, because NeuN immunohistochemistry shows

an apparent neuronal loss. In addition, F-J B has a good affinity

for entirely degenerating neurons (cell bodies, dendrites, ax-

ons, and axon terminals), and it is a useful marker for study on

neuronal degeneration after ischemic injury (Schmued and

Hopkins 2000).

In the present study, small H–E stained cells showed a

tendency to be increased in the SHN at 4 days after

ischemia–reperfusion compared to those in the sham-

group. These small H–E stained cells were counted by their

relatively smaller size and lack of stained cytoplasm (cell

body diameter \10 lm). The small H–E stained cells may

be glial cells. Like many other neurodegenerative disor-

ders, reactive gliosis associated with cerebral ischemia

involves both astrocytes and microglia (Kriz 2006). Their

glial responses can vary according to the severity and

extent of brain injury (Gehrmann et al. 1995; Guo et al.

2007; Kumar and Evans 1997; McRae et al. 1995). It is

well known that, in the hippocampus, neuronal damage/

death is accompanied by glial activation that releases a

variety of cytotoxic agents that lead to neuronal injury

(Giulian and Vaca 1993).

To verify changes in reactive gliosis in the SHN after

various durations of transient ischemia, we conducted

Fig. 3 F-J B staining of the

SHN of the sham-group (a) and

ischemia-groups (5 min (b),

10 min (c), 15 min (d), and

20 min (e)) 4 days after

ischemia–reperfusion. No F-J B

positive neurons are observed in

the SHN of the sham-group and

5–15 min ischemia-group.

However, in the 20 min

ischemia-group, many F-J B

positive cells (arrows) are

observed in the SHN. Scale

bar 50 lm. f Mean number of

F-J B positive neurons/40 mm2

in a section of the SHN 4 days

after ischemia–reperfusion

(n = 10 per each group;

*P \ 0.05, significantly

different from the sham-group;
#P \ 0.05, significantly

different from the preceding-

group). The bars indicate the

mean ± SEM
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immunohistochemistry of GFAP for astrocytes. Our result

showed that reactive astrogliosis in the gerbil SHN 4 days

after ischemia–reperfusion; the strongest astrogliosis was

shown in the 15 and 20 min ischemia-groups, although we

could not exactly explain why strong astrogliosis in the

15 min ischemia-group was similar to that in the 20 min

ischemia-group. It is well known that increased expression

of GFAP, which shows a main constituent of intermediate

filaments in astrocytes, is a hallmark of reactive astrogliosis

(Petito et al. 1990). Many researchers have reported that

change in GFAP immunoreactivity in the ischemic CA1

region was associated with neuronal death (Ordy et al.

1993; Petito and Halaby 1993; Steward et al. 1992; Stoll

et al. 1998). Moreover, GFAP-up-regulated astrocytes were

Fig. 4 Immunohistochemistry

for GFAP (a–e) and Iba-1 (f–
j) in the SHN of the sham-group

(a) and ischemia-groups (5 min

(b), 10 min (c), 15 min (d), and

20 min (e)) 4 days after

ischemia–reperfusion. In the

sham-group, typical GFAP-

immunoreactive astrocytes

(arrows) and Iba-1-

immunoreactive microglia

(arrows) are easily detected. In

all the ischemia-groups, GFAP

and Iba-1 immunoreactivity

tends to be increased according

to the duration of ischemia.

Scale bar 50 lm
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able to uptake harmful substances and could produce

neurotrophic factors under pathological conditions (Kraig

et al. 1991; Lascola and Kraig 1997; Matsushima et al.

1998). Therefore, our finding suggests that the marked

increase of GFAP immunoreactivity in the SHN after

ischemia–reperfusion may be associated with an uptake of

harmful substances by cerebral ischemic injury.

Changes in morphology and function of microglia are

closely correlated with the development of delayed neu-

ronal death in cerebral ischemia (Hailer et al. 1996; Hwang

et al. 2006; Schwartz et al. 2006). Microglia can contribute

to the elimination of deleterious debris, promotion of tissue

repair, and return to tissue homeostasis, and they may

involve in neuroprotection (Hashimoto et al. 2005; Lau-

renzi et al. 2001; Lu et al. 2005). To verify the change in

microglia, conducted immunohistochemistry of Iba-1 for

microglia in the SHN with longer time of ischemia–

reperfusion. In the 20 min ischemia-group, microglia were

largest in size and showed the highest immunoreactivity in

the SHN 4 days after ischemia–reperfusion. It seems that

Iba-1-immunoreactive microglia may be closely related to

neuronal degeneration detected by F-J B staining after

cerebral ischemic damage, although we could not exactly

explain why the activation of microglia was increased in

the ischemia–reperfusion group. Our present finding could

be supported by papers that showed that microglial acti-

vation after cerebral ischemic damage led to neuronal

death/damage through excitotoxic mechanisms (Barron

1995; Kreutzberg 1996).

In conclusion, we found that neuronal degeneration/death

(F-J B-positive cells) occurred in the SHN of the septum only

in the 20 min ischemia–reperfusion group 4 days after

ischemia–reperfusion, and that activations of astrocytes and

microglia in the ischemic SHN were also highest in the

20 min ischemia-group. These results indicate that the

degree of neuronal damage/death and gliosis in an ischemic

brain area must be distinctively different according to the

duration time of transient cerebral ischemia.
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