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Abstract. Lacosamide, which is a novel antiepileptic drug, has 
been reported to exert various additional therapeutic effects. The 
present study investigated the neuroprotective effects of lacos-
amide against transient cerebral ischemia-induced neuronal cell 
damage in the hippocampal cornu ammonis (CA)-1 region of a 
gerbil model. Neuronal Nuclei immunohistochemistry demon-
strated that pre- and post-surgical treatment (5 min ischemia) 
with 25 mg/kg lacosamide protected CA1 pyramidal neurons 
in the lacosamide-treated-ischemia-operated group from isch-
emic injury 5 days post-ischemia, as compared with gerbils 
in the vehicle-treated-ischemia-operated group. Furthermore, 

treatment with 25 mg/kg lacosamide markedly attenuated the 
activation of astrocytes and microglia in the ischemic CA1 
region at 5 days post-ischemia. The results of the present study 
suggested that pre- and post-surgical treatment of the gerbils 
with lacosamide was able to protect against transient cerebral 
ischemic injury-induced CA1 pyramidal neuronal cell death 
in the hippocampus. In addition, the neuroprotective effects 
of lacosamide may be associated with decreased activation of 
glial cells in the ischemic CA1 region.

Introduction

Acute ischemic stroke has been recognized as the third leading 
cause of mortality (1). In vivo and in vitro models of ischemic 
stroke have previously been used to investigate the mechanisms 
underlying ischemic damage, and to analyze the effective-
ness of various therapeutic compounds for treating ischemic 
stroke (2-6). Experimental transient cerebral ischemia, which 
is typically induced by middle cerebral artery occlusion in 
rats/mice, and bilateral common carotid artery occlusion in 
gerbils, has previously been associated with selective neuronal 
cell damage/death in vulnerable regions of the brain, including 
the neocortex and hippocampus (7,8). In addition, experimental 
transient cerebral ischemia-induced neuronal cell damage 
has been associated with free radical-associated damage and 
oxidative stress (7,9,10). Therefore, regulating oxidative stress 
levels and the production of antioxidants may be considered a 
potential strategy in the prevention and treatment of transient 
cerebral ischemia-induced neuronal cell damage/death (11,12).

Antiepileptic drugs act on one or more target molecules 
in the brain, including ion channels, neurotransmitter 
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transporters and neurotransmitter metabolic enzymes, 
which are involved in major physiological processes, 
and learning and memory functions (13,14). Lacosamide 
(R-2-acetamido-N-benzyl-3-methoxypropionamide), which 
was formerly known as harkoseride, belongs to a group of func-
tionalized amino acids and is a novel antiepileptic drug (15,16). 
Lacosamide was initially shown to exert activity in various 
animal models of epilepsy (17,18), and has since been evaluated 
in phase III clinical trials for the treatment of human patients 
with epilepsy (19). As well as analgesic properties, lacosamide 
has demonstrated therapeutic potential in experimental 
animal models of neuropathic and inflammatory pain (20-22). 
Furthermore, lacosamide has been reported to alleviate neuro-
pathic pain-like behaviors in the central nervous system of 
a rat model of spinal cord injury (16). It has previously been 
suggested that antiepileptic drugs may affect various signaling 
pathways associated with neuronal plasticity and survival, thus 
suggesting a potential application for antiepileptic drugs in the 
treatment of nonepileptic conditions (23). 

Various drugs have been reported to show efficacy in the 
treatment of symptoms other than what they were designed for. 
Therefore, broadening the activity profile of existing clinical 
drugs has emerged as a novel strategy in the drug develop-
mental process. In our previous study, we demonstrated that 
the antipsychotic drug, risperidone, was able to exert neuro-
protective effects against transient cerebral ischemia-induced 
neuronal cell death (12). To the best of our knowledge, there 
is no study regarding the effects of lacosamide on experimen-
tally-induced ischemic stroke; therefore, the present study 
aimed to analyze the protective effects of lacosamide against 
neuronal cell damage/death in the hippocampus of a gerbil 
model of transient cerebral ischemia. Gerbils have previously 
demonstrated efficacy for investigating the effects of transient 
cerebral ischemia (24-26).

Materials and methods

Experimental animals. A total number of 42 male Mongolian 
Gerbils (age, 6 months; weight, 65-75 g) were obtained from the 
Experimental Animal Center of Kangwon National University 
(Chuncheon, South Korea) and maintained in a controlled 
environment (temperature, 23˚C; humidity, 60%), under a 12 h 
light/12 h dark cycle, with ad libitum access to food and water 
throughout the experimental period. All experimental proce-
dures were conducted in accordance with the National Institutes 
of Health guidelines for the Care And Use of Laboratory 
Animals (27), and the experimental protocol was approved by 
the Institutional Animal Care and Use Committee of Kangwon 
National University (Chuncheon, South Korea; approval no. 
KW-130424-1). All of the experiments were designed to mini-
mize the number of gerbils used and their suffering.

Induction of transient cerebral ischemia. The gerbils were 
anesthetized using a mixture of 2.5% isoflurane (Baxter, 
Deerfield, IL, USA), 33% oxygen and 67% nitrous oxide. The 
bilateral common carotid arteries were isolated and occluded 
using non-traumatic aneurysm clips, after which gauze soaked 
in 0.9% saline was placed onto the necks of the gerbils in order 
to prevent dehydration of the arteries and the surrounding 
tissue. Complete interruption of blood flow was confirmed by 

observing the central artery in the retinae of the gerbils using an 
ophthalmoscope. Following occlusion for 5 min, the aneurysm 
clips were removed from the common carotid arteries. The 
body temperatures under normothermic conditions (37±0.5˚C) 
were monitored using rectal temperature probes (TR-100; Fine 
Science Tools, Foster City, CA, USA), and were maintained 
using a thermometric blanket prior to, during and following 
the surgery, until the gerbils recovered from the anesthesia. 
Thereafter, animals were maintained in a thermal incubator 
(Mirae Medical Industry, Seoul, South Korea), prior to sacri-
fice. The sham-operated gerbils were subjected to an identical 
surgical protocol; however the common carotid arteries were 
not occluded.

Treatment with lacosamide. In order to investigate the 
protective effects of lacosamide against ischemic damage 
5 days post-surgery, the gerbils were distributed into the 
following groups (n=7 at each time in each group): i) Vehicle 
(saline)-treated-sham-operated-group (sham-group); 
ii) vehicle-treated-ischemia-operated-group (ischemia-group); 
iii) 10 mg/kg lacosamide-pretreated-ischemia-operated-group; 
iv) 25 mg/kg lacosamide-pretreated-ischemia-operated-group; 
v) 10 mg/kg lacosamide-posttreated-ischemia-operated-group; 
and vi) 25 mg/kg lacosamide-posttreated-ischemia-oper-
ated-group. Lacosamide (UCB Pharma SA, Brussels, Belgium) 
was dissolved in saline and intraperitoneally administered 
to the gerbils once daily for 3 days prior to or following 
the ischemic surgery. The final gerbil to be treated in the 
lacosamide-pretreated-ischemia-groups, and the first in the 
lacosamide-posttreated-ischemia-groups, were treated at 
30 min prior to and following surgery, respectively. 

Spontaneous motor activity (SMA) analysis. In order to 
investigate the effects of lacosamide on ischemia-induced 
hyperactivity, the SMA of the gerbils was measured 1 day 
following ischemia-reperfusion. The gerbils, which were not 
exposed to the open field prior to ischemia, were individu-
ally placed in a Plexiglas cage (25x20x12 cm) located within 
a soundproof chamber. The locomotor activity was recorded 
using the Photobeam Activity System-Home Cage (San Diego 
Instruments, San Diego, CA, USA), according to our previous 
study, with modifications (28). The cage was fitted with two 
parallel horizontal infrared beams 2 cm off the floor. Movement 
was detected via the interruption of an array of 32 infrared 
beams produced by photocells. The SMA of all the gerbils was 
monitored simultaneously for 60 min, and locomotor activity 
data were acquired using an AMB analyzer (IPC Electronics, 
Cumbria, UK). Data collection was initiated 15 min following 
habituation in the Plexiglas cage. The results were evaluated in 
terms of the distance (meters) traveled in the 60 min test period.

Tissue processing for histology. For histological analysis, the 
gerbils were anesthetized using sodium pentobarbital (30 mg/kg; 
JW Pharm. Co., Ltd., Seoul, South Korea), after which they 
were treated with 0.1 M phosphate-buffered saline (PBS; pH 
7.4), and then 4% paraformaldehyde in 0.1 M phosphate-buffer 
(pH 7.4), via a transcardial perfusion. Subsequently, the brains 
were removed and postfixed in paraformaldehyde for 6 h, after 
which the brain tissues were cryoprotected via infiltration 
with 30% sucrose overnight. Thereafter, frozen tissues were 
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serially sectioned using a cryostat (Leica Microsystems GmbH, 
Wetzlar, Germany) into 30 µm coronal sections, which were 
subsequently distributed into 6-well plates containing PBS.

Staining with Neuronal Nuclei (NeuN). In order to examine the 
neuronal damage in the hippocampus following ischemia-reper-
fusion, NeuN (a marker for neurons) immunohistochemistry 
was conducted, as outlined in previous studies (29,30). Briefly, 
the tissue sections were treated with 0.3% hydrogen peroxide in 
PBS for 30 min, followed by 10% normal horse or normal rabbit 
serum (Vector Laboratories, Inc., Burlingame, CA, USA) in 
0.05 M PBS for 30 min. Subsequently, the tissue sections were 
incubated with diluted mouse anti-NeuN (a neuron-specific 
soluble nuclear antigen; cat. no., MAB377; dilution, 1:1,000; 
Chemicon International, Inc., Temecula, CA, USA) overnight 
at 4˚C. Thereafter, the tissues were exposed to streptavidin 
peroxidase-conjugated biotinylated goat anti-mouse immu-
noglobulin G (cat. no., BA-9200; dilution, 1:250; Vector 
Laboratories, Inc.), after which they were visualized using 
3,3'-diaminobenzidine (Sigma-Aldrich, St. Louis, MO, USA) in 
0.1 M Tris HCl buffer, and mounted onto gelatin-coated slides. 
Following dehydration, the tissue sections were mounted with 
Canada balsam (Kato Chemical, Co., Tokyo, Japan). 

In order to quantitatively analyze NeuN immunoreactivity, 
digital images of the hippocampus were captured using an 
AxioM1 light microscope (Carl Zeiss AG, Oberkochen, 
Germany), equipped with a digital camera (Axiocam; Carl 
Zeiss AG) connected to a PC monitor. NeuN immunoreactive 
neurons were counted in a 250x250 µm square applied at the 
approximate center of the cornu ammonis (CA)-1 region using 
the Optimas 6.5 Image Analyzing software (CyberMetrics, 
Co., Scottsdale, AZ, USA). The studied tissue sections were 
selected with 300 µm intervals, according to anatomical land-
marks corresponding to AP -1.4 to -1.9 mm of the gerbil brain 
atlas (31). Cell counts were obtained by averaging the counts 
from each gerbil.

Immunohistochemical glial fibrillary acidic protein (GFAP) 
and ionized calcium‑binding adapter molecule‑1 (Iba‑1) 
staining. In order to investigate glial activation and oxidative 
stress in the ischemic hippocampus of the gerbils following 
transient cerebral ischemia, immunohistochemical staining 
using rabbit anti-GFAP (cat. no., AB5804; dilution, 1:1,000; 
Chemicon International, Inc.) for astrocytes and rabbit anti-Iba 
(cat. no., 019-19741; dilution, 1:1,000, Wako Pure Chemical 
Industries, Ltd., Osaka, Japan) for microglia, was conducted, 
as outlined previously (32). In addition, a negative control test 
was conducted using pre-immune serum as a substitute for 
primary antibody, in order to confirm the specificity of the 
immunostaining procedure. The negative control test resulted 
in the absence of immunoreactivity in all structures. 

A total of 15 sections per gerbil were selected to quanti-
tatively analyze GFAP and Iba-1 immunoreactivity. GFAP 
and Iba-1 immunoreactivity were graded as follows: Digital 
images of the hippocampal CA1 region were captured using 
an AxioM1 light microscope (Carl Zeiss AG), equipped with 
a digital camera (Axiocam; Carl Zeiss AG) connected to a PC 
monitor. Semi-quantification of the immunostaining intensi-
ties of GFAP and Iba-1 was conducted using MetaMorph 
4.01 digital image analysis software (Universal Imaging, 

Bedford Hills, NY, USA). The mean intensity of GFAP and 
Iba-1 immunostaining in each immunoreactive structure was 
measured using a 0-255 gray scale system (white to dark signal 
corresponded to 255 to 0). Using this approach, the level of 
immunoreactivity was scaled as one of the following: -, ±, + or 
++, representing no staining (gray scale value, ≥200), weakly 
positive (gray scale value, 150–199), moderately positive (gray 
scale value, 100–149), or strongly positive (gray scale value, 
≤99) staining, respectively. 

Statistical analysis. The data are presented as the mean ± stan-
dard error of the mean. Statistical differences were analyzed 
using one-way analysis of variance, followed by post-hoc 
Bonferroni's multiple comparison test with SPSS 17.0 software 
(SPSS Inc., Chicago, IL, USA). P<0.05 was considered to indi-
cate a statistically significant difference.

Results

SMA analysis. The SMA of the gerbils was examined 1 day 
following ischemia-reperfusion. The SMA of the gerbils 
in the ischemia-group was significantly increased 1 day 
following ischemia-reperfusion, as compared with the 
sham-group gerbils (P<0.05; Fig. 1). Furthermore, the SMA 
of the gerbils in the lacosamide-pretreated-ischemia-groups 
(10 and 25 mg/kg) was significantly decreased, as compared 
with the ischemia-group gerbils, although the reduction in 
SMA was more significant for the gerbils pretreated with 
25 mg/kg lacosamide, as compared with the 10 mg/kg 
lacosamide pretreated group (P<0.05; Fig. 1). In addition, the 
alterations in the SMA of the lacosamide-posttreated-isch-
emia-group gerbils were consistent with those observed for the 
lacosamide-pretreated-ischemia-groups.

Neuroprotective ef fects. NeuN-positive neurons were 
predominantly observed in the stratum pyramidale (SP) of the 
hippocampal CA1 region of the sham-group gerbils (Fig. 2A 
and B), whereas very few NeuN-positive neurons were detected 
in the SP of the ischemia-group gerbils (~8% of the sham-group; 
Fig. 2C and D), 5 days following ischemia-reperfusion. 

The mean number of NeuN-positive neurons was signifi-
cantly increased (~60% of the sham-group) in the 10 mg/kg 
lacosamide-pretreated-ischemia-group, as compared with the 
ischemia-group (P<0.05; Fig. 2E and F). Conversely, the mean 
number of NeuN-positive neurons in the SP of the 25 mg/kg 
lacosamide-pretreated-ischemia-group resembled that in the 
sham-group (P>0.05; Fig. 2G, H and M). 

The mean number of NeuN-positive neurons in the 10 mg/kg 
lacosamide-posttreated-ischemia-group resembled (~9% of the 
sham-group) that in the ischemia-group (P>0.05; Fig. 2I, J and 
M). Conversely, in the 25 mg/kg lacosamide-posttreated-isch-
emia-group, a high number of NeuN-positive neurons (~75% 
of the sham-group) was detected in the SP 5 days following 
ischemia-reperfusion (P>0.05; Fig. 2K-M).

Glial activation
Astrocytes. GFAP-immunoreactive astrocytes in the 

sham-group gerbils were at resting potential, corresponding to a 
small body with thread-like processes, and were detected in all 
the layers of the CA1 hippocampal region (Fig. 3Aa). Conversely, 
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GFAP-immunoreactive astrocytes in the ischemia-group were 
activated, and contained a bulky cytoplasm. Furthermore, 
GFAP immunoreactivity was markedly increased in all layers 
of the CA1 region of the ischemia-group rats (Table I and 
Fig. 3Ab).

GFAP-immunoreactive astrocytes were activated in the 
10 mg/kg lacosamide-pretreated-ischemia-group gerbils, 
although to a lesser extent than in the ischemia-group 

gerbils (Table I and Fig. 3Ac). Conversely, GFAP-immunoreactive 
astrocytes were not markedly activated in the 25 mg/kg lacos-
amide-pretreated-ischemia-group, as compared with in the 
10 mg/kg lacosamide-pretreated-ischemia-group (Table I and 
Fig. 3Ad). The morphology of GFAP-immunoreactive astro-
cytes in the 10 mg/kg lacosamide-posttreated-ischemia-group 
resembled those in the ischemia-group (Table I and Fig. 3Ae), 
whereas GFAP-immunoreactive astrocytes in the 25 mg/kg 

Figure 1. SMA 1 day following ischemia-reperfusion in the vehicle-sham-, vehicle-ischemia-, and lacosamide-treated-ischemia-groups. SMA was significantly 
decreased in the 25 mg/kg lacosamide-treated-ischemia-groups (n=7/group). Data are presented as the mean ± standard error of the mean. *P<0.05, vs. the 
vehicle-sham-group; #P<0.05, vs. the vehicle-ischemia-group. SMA, spontaneous motor activity.

Figure 2. NeuN immunohistochemistry in the hippocampus of the (A and B) sham-, (C and D) ischemia-, (E-H) lacosamide-pretreated-ischemia- and 
(I-L) lacosamide-posttreated-ischemia-groups (n=7 gerbils/group) 5 days following ischemia-reperfusion. In the 25 mg/kg lacosamide-pretreated-isch-
emia-group, the distribution pattern of NeuN-positive neurons in the SP (asterisk) resembled that in the sham-group (Scale bar=400 µm for A, C, E, G, I and 
K; scale bar=50 µm for B, D, F, H, J and L). (M) Relative percentage of NeuN-immunoreactive neurons in the hippocampal CA1 region of the various groups. 
Data are presented as the mean ± standard error of the mean. *P<0.05, vs. the sham-group; #P<0.05, vs. the ischemia-group. NeuN, neuronal nuclei; CA, cornu 
ammonis; DG, dentate gyrus; SO, stratum oriens; SP, stratum pyramidale; SR, stratum radiatum.

  E   F   G   H

  I   J   K   L

  M

  B   C   D  A
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lacosamide-posttreated-ischemia-group were not markedly 
activated, as compared with the 10 mg/kg lacosamide-post-
treated-ischemia-group (Table I and Fig. 3Af).

Microglia. Iba-1-immunoreactive microglia were distrib-
uted throughout all layers of the CA1 region of the sham-group 
gerbils, and were observed in a rest form that was ramified in 
appearance (Fig. 3Ba). Conversely, the Iba-1-immunoreactive 
microglia in the ischemia-group were activated (hypertrophied 
in appearance) and aggregated in the SP layer of the CA1 region. 
In addition, the Iba-1 immunoreactivity of the ischemia-group 
microglia was markedly increased (Table II and Fig. 3Bb), as 
compared with the sham-group. 

Iba-1-immunoreactive microglia in the 10 mg/kg lacos-
amide-pretreated-ischemia-group were activated and exhibited 
strongly positive Iba-1 immunoreactivity; however, they 
did not appear to be aggregated in the SP layer of the CA1 
region (Table II and Fig. 3Bc). Conversely, the distribution 
pattern of Iba-1 immunoreactive microglia in the 25 mg/kg 
lacosamide-pretreated-ischemia-group resembled that in the 

sham-group (Table II and Fig. 3Bd). Iba-1-immunoreactive 
microglia in the 10 mg/kg lacosamide-posttreated-isch-
emia-group were aggregated in the SP, similar to those in 
the ischemia-group (Table II and Fig. 3Be); whereas, the 
distribution pattern of Iba-1-immunoreactive microglia in the 
25 mg/kg lacosamide-posttreated-ischemia-group resembled 
that in the sham-group, although their Iba-1-immunoreactivity 
was increased (Table II and Fig. 3Df), as compared with the 
sham group.

Discussion

The results of the present study suggested that lacosamide 
may exert additional beneficial therapeutic effects beyond its 
use as an antiepileptic drug. Lacosamide effectively protected 
against ischemia-induced neuronal cell damage in the hippo-
campal CA1 region of a gerbil model of transient cerebral 
ischemia. Pretreatment of the gerbils with 10 or 25 mg/kg 
lacosamide protected against ischemia-induced neuronal cell 

Figure 3. (A) GFAP immunohistochemistry in the CA1 region of the (a) sham-, (b) ischemia-, (c and d) lacosamide-pretreated-ischemia- and (e and f) lacos-
amide-posttreated-ischemia- groups 5 days following ischemia-reperfusion. GFAP-immunoreactive astrocytes (arrows) were markedly activated in the 
ischemia-group gerbils. In the 10 mg/kg lacosamide-treated-ischemia-groups, the distribution pattern of GFAP-immunoreactive astrocytes resembled that 
in the ischemia-group. Conversely, in the 25 mg/kg lacosamide-treated-ischemia-groups, the activation of GFAP-immunoreactive astrocytes was markedly 
reduced, as compared with that in the ischemia group. (B) Iba-1 immunohistochemistry in the CA1 region of the (a) sham-, (b) ischemia-, (c and d) lacos-
amide-pretreated-ischemia- and (e and f) lacosamide-posttreated-ischemia- groups 5 days following ischemia-reperfusion. In the ischemia-group, 
Iba-1-immunoreactive microglia in the CA1 region were activated and aggregated in the SP (asterisk). In the 25 mg/kg lacosamide-treated-ischemia-groups, 
the pattern of Iba-1-immunoreactive microglia resembled that in the sham group. Scale bar=50 µm. CA, cornu ammonis; SO, stratum oriens; SP, stratum 
pyramidale; SR, stratum radiatum; GFAP, glial fibrillary acidic protein; Iba-1, ionized calcium-binding adapter molecule.
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damage, whereas posttreatment with 25 mg/kg lacosamide 
protected against ischemic damage in the gerbil hippocampal 
CA1 region 5 days following ischemia-reperfusion. 

To the best of our knowledge, the present study is the first 
to investigate the protective effects of lacosamide against 
ischemia-induced neuronal cell damage/death; however, 
Licko et al (33) previously reported that the long-term 
treatment of a rat model of electrical status epilepticus with 
lacosamide attenuated neuronal cell loss and alterations in 
hippocampal neurogenesis. The present study demonstrated 
that neuroprotective strategies may be effective in the treat-
ment of patients with ischemic insults, and found that novel 
antiepileptic drugs may exert additional activities that protect 
against ischemia-induced neuronal cell damage.

In the present study, treatment with lacosamide 
attenuated the ischemia-induced activation of astrocytes 
and microglia in the gerbil ischemic hippocampal CA1 
region in a dose-dependent manner. Previous studies have 
detected an association between ischemic stroke and glial 
cells: Glial cells were activated by an ischemic stroke 

and were shown to be associated with ischemia-induced 
neuronal cell death via the release of inf lammatory  
cytokines/mediators (34,35). Furthermore, the production 
of inflammatory cytokines/mediators has previously been 
associated with inflammation and neuropathic pain (36,37), 
and lacosamide has been shown to effectively inhibit 
pain, with minor adverse side effects, in an animal model 
of inflammation and neuropathic pain (33). In addition, 
lacosamide demonstrated antihyperalgesic activity in a rat 
model of tumor necrosis factor-α-induced muscle pain (38). 
Furthermore, lacosamide has been reported to decrease the 
activation of microglia and upregulation of glial migration 
factors, and delayed the downregulation of an interleukin-6 
cytokine receptor subunit (39). Therefore, in the present study, 
the attenuation of ischemia-induced microglial activation in 
the hippocampal CA1 region of lacosamide-treated gerbils 
may have been associated with the neuroprotective effects of 
lacosamide against transient cerebral ischemic damage.

In conclusion, the results of the present study suggested 
that lacosamide was able to protect against ischemia-induced 

Table II. Semi-quantification of the immunostaining inten-
sity of Iba-1 in the CA1 region of the sham-, ischemia- and 
lacosamide-treated groups, 5 days following ischemia-reper-
fusion.

  CA1 Immunostaining 
Group subregion intensity

Sham SO ±
  SP ±
  SR ±
Ischemia SO ++
  SP ++
  SR ++

Pre-treatment
  10 mg/kg SO ++
  SP +
  SR ++
  25 mg/kg SO ±
  SP ±
  SR ±

Post-treatment
  10 mg/kg SO ++
  SP ++
  SR ++
  25 mg/kg SO +
  SP ±
  SR +

The intensity of immunostaining is scaled as −, ±, +, or ++, repre-
senting no staining or weakly, moderately, or strongly positive staining, 
respectively. Iba-1, ionized calcium-binding adapter molecule-1; CA, 
cornu ammonis; SO, stratum oriens; SP, stratum pyramidale; SR, 
stratum radiatum.

Table I. Semi-quantification of the immunostaining intensity 
of GFAP in the CA1 region of the sham-, ischemia- and 
lacosamide-treated-groups, 5 days following ischemia-reper-
fusion.

  CA1 Immunostaining
Group subregion intensity

Sham SO +
  SP ±
  SR +
Ischemia SO ++
  SP +++
  SR ++

Pretreatment
  10 mg/kg SO ++
  SP +
  SR ++
  25 mg/kg SO +
  SP ±
  SR +

Posttreatment
  10 mg/kg SO ++
  SP ++
  SR ++
  25 mg/kg SO ++
  SP +
  SR ++

The intensity of immunostaining is scaled as −, ±, +, or ++, rep-
resenting no staining or weakly, moderately, or strongly positive 
staining, respectively. GFAP, glial fibrillary acidic protein; CA, cornu 
ammonis; SO, stratum oriens; SP, stratum pyramidale; SR, stratum 
radiatum.
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neuronal cell death/damage, and that this neuroprotective 
activity may have been associated with attenuation of glial 
cell activation.
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