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This work aimed to study whether rice bran extract fermented with Lactobacillus plantarum (LW) promotes functional 
recovery and reduces cognitive impairment after ischemic brain injury. Ischemic brain injury was induced by middle 
cerebral artery occlusion (MCAO) in rats. Four groups were studied, namely the (1) sham, (2) vehicle, (3) donepezil, 
and (4) LW groups. Animals were injected with LW once a day for 7 days after middle cerebral artery occlusion. LW 
group showed significantly improved neurological function as compared to the vehicle group, as well as enhanced 
learning and memory in the Morris water maze. The LW group showed the greatest functional recovery. Moreover, the 
LW group showed an enhanced more survival cells anti-apoptotic effect in the cortex and neural cell densities in the 
hippocampal DG and CA1. In addition, this group showed enhanced expression of neurotrophic factors, antioxidant 
genes, and the acetylcholine receptor gene, as well as synaptophysin (SYP), Fox-3 (NeuN), doublecortin (DCX), and 
choline acetyltransferase (ChAT) proteins. Our findings indicate that LW treatment showed the largest effects in functional 
recovery and cognitive improvement after ischemic brain injury through stimulation of the acetylcholine receptor, 
antioxidant genes, neurotrophic factors, and expression of NeuN, SYP, DCX, and ChAT. 
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INTRODUCTION 

 

Brain ischemia is one of the cerebrovascular diseases 

resulted from thromboembolic occlusion of major intra- 

cerebral vessels, including the middle cerebral artery (Zhang 

et al., 2012). The result is a significant reduction in blood 

flow and energy failure critical for neural function and 

survival. Clinical studies report that memory damage and 

cognitive impairment are observed in cerebral ischemia 

(Nunn and Hodges, 1994; Kruyt et al., 2008; Kam et al., 

2012). The cholinergic neurons play an important role in 

cognitive function and sensitive to cerebral ischemia (Block, 

1999; Zhang et al., 2010). 

Many neuroprotective drugs have been shown to amelio- 

rate ischemic brain damage. The development of a neuro- 

protective drug evaluated a molecule targets such as 

glutamate excitotoxicity, free radical-mediated damage, or 

inflammatory mechanisms (De Keyser et al., 1999; Kaengkan 

et al., 2013). Some of the prospective targets include protein 

disulphide isomerase (PDI) (Descamps et al., 2009), and 
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nuclear factor-E2-related factor 2 (Nrf2) (Kam et al., 2011). 

Several neurotrophic factors, such as brain-derived neuro- 

trophic factor (BDNF), nerve growth factor (NGF), and glial 

cell line-derived neurotrophic factor (GDNF), play key roles 

in the differentiation and survival of neurons (Fantacci et 

al., 2013). The expression of the synaptic vesicle marker 

synaptophysin (SYP) is also modulated by neurotrophic 

factors (Gao et al., 2006). Doublecortin (DCX) is a 

microtubule-associated protein found in migrating neuronal 

precursor cells in the developing central nervous system 

(Choi et al., 2011). Choline acetyltransferase (ChAT) is 

involved in the synthesis of acetylcholine (ACh), and used 

as a marker for cholinergic neurons (Hu et al., 213). Middle 

cerebral artery occlusion (MCAO) results in the loss of 

cholinergic neurons via decreased ChAT and acetylcholine-

esterase activities (Wang et al., 2009). 

Rice is an essential food and dietary ration worldwide, 

especially in Asian countries. It contains fiber and many 

types of antioxidants, such as phytic acid, ferulic acid and 

oryzanols (Soi-Ampornkul et al., 2012). Rice bran extract 

might have a potential nutraceutical for the prevention of 

oxidative stress in neurodegenerative diseases (Hagl et al., 

2013; Baek et al., 2014). We found that fermentation of rice 

bran produced biologically active metabolites. Rice bran 

fermented with LW showed higher total phenolics content 

(36.4 mg/100 g) as compared to the unfermented rice bran 

(24.0 mg/100 g). Ferulic acid metabolite of rice bran was 

incread from 1.48 mg/100 g to 18.36 mg/100 g. 

This study aimed to determine whether rice bran extract 

fermented with Lactobacillus plantarum Hong (LW) pro- 

motes functional recovery from ischemic brain injury through 

the expression of genes encoding antioxidants, neurotrophic 

factors, SYP, ChAT, and DCX, and to evaluate the recovery 

of the ischemia-induced cognitive impairment. 

 

MATERIALS AND METHODS 

Animals 

Male Sprague-Dawley rats weighing 280~320 g at the 

time of surgery were housed in group of two per cage at 22 

± 3℃ under a 12 h/12 h light dark cycle. They had free 

access to food and tap water. All experimental procedures 

were approved by the committee for animal experimentation 

and Institutional Animal Laboratory Review Board of the 

Inje University (2014-26). 

Fermentation and extraction of rice bran 

Fermentation and extraction of rice bran (LW) was per- 

formed according to the following procedures: For the starter 

culture, Lactobacillus plantarum Hong (KFCC 11556P) 

was cultured in MRS broth medium (Difco Laboratories, 

Detroit, MI, USA) at 37℃ for 24 h. Rice bran (100 g) was 

suspended in 900 mL of distilled water, followed by auto- 

claving at 121℃ for 15 min. After cooling the medium to 

room temperature, the starter was added at 5% of total 

volume and incubated at 37℃ for 36 h. The fermentation 

broth was autoclaved at 121℃ for 15 min and centrifuged 

at 8,500 × g for 10 min to remove cell mass. The super- 

natant was filtrated and concentrated to 54 brix by vacuum 

evaporation. 

Experimental design for animals 

To investigate the neuroprotective and cognitive effects 

of LW on infarct volume, behavior, and gene expression 

changes, four groups were studied, namely the (1) sham 

(saline, 1 ml/kg; n = 3), (2) vehicle (saline, 1 ml/kg; n = 3), 

(3) positive (DPZ) group (Donepezil injection 1 mg/kg; n = 

3), and (4) LW (LW injection 123 mg/kg; n = 3) groups. 

The animals were injected with DPZ or LW once a day for 

6 days after MCAO. DPZ and LW were dissolved in saline 

and injected intraperitoneally. 

Induction of ischemic brain 

Cerebral ischemia was induced by MCAO according to 

the methods previously described with some modifications 

(Longa et al., 1989). After administration of anesthetics, 

the right common carotid artery was exposed. The external 

carotid artery was then ligated at the distal end and cut off. 

A 4-0 nylon thread precoated with silicon was inserted from 

the right external into the right internal carotid artery to a 

distance of 20 mm from the carotid bifurcation to occlude 

the origin of the right middle cerebral artery. After 1 h, the 

thread was withdrawn for reperfusion. Rectal temperature 

was maintained at 37 ± 0.5℃ throughout the surgical 
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procedure. The brains were removed, dissected into 2 mm 

thick coronal sections immersed sequentially in a 2% 

solution of 2,3,5-triphenyltetrazolium chloride (TTC) in 

normal saline at 37℃ for 10 min, and then fixed in 10% 

meutral buffered formalin for 10 s. The infarct area in the 

brain section was measured by National Institutes of Health 

(NIH) Image software (Image J). The ischemic lesion 

volume was calculated as the sum of ischemic lesions from 

five brain slices from half of the hemisphere. All of the 

Functional tests rats were performed using a modified 

neurological severity score (mNSS) (Chen et al., 2001). 

The mNSS was a composite of sensory (visual, tactile, and 

proprioceptive), motor, reflex, and balance tests. Neuro- 

logical function was graded from 0 to 18 (normal score, 0; 

maximal deficit score, 18). 

Analysis of transcriptional levels 

Brain sample of the lesioned side was harvested for RT-

PCR. Total RNA was extracted using the acid guanidinium 

isothiocyanate-phenol-chloroform method with TRI Reagent. 

The sequences of the primer pairs used were PDI: 5'-TCT 

GGA GGA GGA GGA CAA C-3', 5'-TGG AAA ACA 

CAT CGC TAT T-3'; Nrf2: 5'-AAG GAA GCT GGA AAA 

CAT TG-3', 5'-AAA TGG TGC CCA AGA AAT TA-3'; 

BDNF: 5'-GGT CAC AGC GGC AGA TAA AAA-3', 5'- 

TTG GGT AGT TCG GCA TTG CGA-3'; NGF: 5'-ACA 

TCA AGG GCA AGG AGG TGA-3', 5'-TGA CAA AGG 

TGT GAG TCG TGG-3'; GDNF: 5'-GAC TTG GGT TTG 

GGC TAC GA-3', 5'-TGG TAA ACC AGG CTG TCG 

TC-3'; Acetylcholine receptor: 5'-GCC AAC CTC ACA 

AGA AGC TC-3', 5'-CCA GGA TGA AAA CCC AGA 

GA-3' and β-actin: 5'-CCA TCA TGA AGT GTG ACG 

TT-3', 5'-CCA CCA ATC CAC ACA GAG TA-3'. PCR 

products were separated by electrophoresis on a 1.5% 

agarose gel containing ethidium bromide. Band intensities 

were quantified by National Institutes of Health Image 

software (Image J) and normalized with β-actin. 

Analysis of survival cells 

Cell death detection was analyzed using terminal deoxy- 

nucleotidyl transferase (TdT)-catalyzed incorporation of 

fluorescein-labeled nucleotides to free the 3'-OH ends of 

DNA in a template-independent manner using the In Situ 

Cell Death Detection Kit (Roche Molecular Biochemicals, 

Inc., Mannheim, Germany). Briefly, cortex and striatum 

samples were fixed with 4% paraformaldehyde in phosphate 

buffer (pH 7.4) and treated with 0.3% H2O2 in methanol for 

10 min. After they were washed in PBS, and permeabilized 

in 0.1% Triton X-100 in 0.1% sodium citrate. After samples 

were incubated with the TdT enzyme in a humidified 

chamber for 60 min, peroxidase-conjugated antibody was 

added for 30 min at 37℃. 3,3'-diaminobenzidine (DAB) 

was incubated for 10 min, followed by washing with PBS. 

The numbers of TUNEL-positive cells in the slide were 

counted in three randomly selected microscopic fields 200×. 

Immunohistochemistry (IHC) 

After rice bran extracts treatment, rats were sacrificed and 

then fixed with 4% paraformaldehyde in 0.1 M phosphate 

buffer by cardiac perfusion. Brains were embedded in O.C.T. 

compound, (Sakura Finetek USA, Inc.). Samples were sliced 

into coronal sections (10 μm) using a cryostat (HM 525, 

Thermo Scientific, USA). Brain samples were blocked with 

normal serum for 2 h at room temperature, and incubated 

with primary antibodies for 24 h at 4℃. The primary 

antibodies were against NeuN (1:700, Chemicon, USA), 

β-Tubulin III (1:700, Sigma, USA), SYP (1:500, Millipore, 

USA), ChAT (1:100, Millipore, USA), and DCX (1:1,000, 

Abcam, England) diluted in tris-buffered saline (TBS) con- 

taining 1% bovine serum albumin (w/v) and 0.3% Triton-X 

100. After rinsing in TBS, samples were incubated with 

secondary antibody-conjugated fluorescein isothiocyanate 

(FITC) (1:300, Sigma, USA) for 2 h at room temperature. 

Sections were then rinsed in TBS and mounted in an 

aqueous mounting medium. The signals were visualized by a 

fluorescence microscopy (Carl Zeiss Axioskop2+, Germany). 

Morris Water Maze test (MWM) 

Morris water maze test were tested for spatial learning 

and memory. A pool (180 cm in diameter × 55 cm deep) 

was filled with tap water (23℃ at 35 cm deep) and Non- 

toxic black paint was covered on the water surface. A plat- 

form (diameter, 10 cm) was placed 1.5 cm below the surface 

of the water. The pool was divided into quadrants and the 
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removable escape platform was placed in the center of one 

quadrant below the water level. The time for the animals to 

climb onto the hidden platform was recorded as escape 

latency. The test consisted of five trials each day for 4 

consecutive days. In either case, the rat was left on the 

platform for 15 s before removal from the pool. A retention 

memory test was performed the next day. The platform 

was removed and the animals were placed into the water 

maze for 30 s. The time taken for an animal to swim to the 

previous location of the platform was recorded. After each 

trial, the animal was dried with a towel before being returned 

to the cage (Morris, 1984). 

Novel Object Recognition test (NOR) 

NOR were carried out in an open field box (80 × 80 × 

40 cm). Rats were habituated to the test box for 5 min 

without the presence of objects. After the habituation period, 

rats were placed into the test box with two identical objects 

and allowed to explore for 10 min. Twenty-four hours after 

the training session, rats were again placed into the test box 

for 10 min with one familiar object and one novel object. 

The time that the animals spent exploring the novel and 

familiar objects was recorded. The animals were regarded 

to be exploring when they were facing, sniffing, or biting 

the object. The test box and objects were cleaned with 70% 

ethanol between sessions. Results were expressed as per- 

centage of novel object recognition time (time percentage 

= tnovel/[tnovel + tfamiliar]×100) (Bevins and Besheer, 2006). 

Statistical analyses 

The significance of the differences in mean values of 

groups was determined using the student's t-tests. A signifi- 

cant difference was set at P < 0.05. 

 

 

Fig. 1. Effect of LW on infarct volume and functional behavioral recovery at 3 and 7 days after MCAO. (A) TTC-stained coronal section
from vehicle and LW group. (B) The infarct volume was calculated as the infarct areas x thickness (2 mm) and expressed as a percentage
of the lesioned half of the brain. LW group shows a significantly lower infarct volume than the vehicle group 3 and 7 days after MCAO.
(C) Neurological functional tests were performed at 1, 3, 5 and 7 days after MCAO. LW group shows a significantly lower mNSS score
than the vehicle group 3 days and 7 days after MCAO. Data are shown as means S.E.M. (n = 3), **P < 0.01 vs. individual vehicle group.

A 

B 

C
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RESULTS 

LW treatment decreased infarct volume and increased 

functional recovery 

The total infarct volume was performed in sections 

between 4.00 mm and -6.00 mm relative to the bregma, 

according to the rat brain atlas (Paxinos and Watson, 2006). 

The infarct volumes in the vehicle-treated group and the 

group treated with LW were 51.46 ± 0.64 and 24.45 ± 

3.33 of the total area of the brain section 3 d after MCAO, 

and were 41.58 ± 1.26 and 8.60 ± 0.57 of the total area 

of the brain section 7 d after MCAO, respectively. A signifi- 

cant decrease in the total infarct volume was also observed 

in the LW compared to the vehicle group 3 d and 7 d after 

MCAO (P < 0.05 and P < 0.01; Fig. 1A and Fig. 1B). All 

treated groups showed no significant improvement 1 d after 

ischemia; however, 3, 5, and 7 d after treatment, there was 

significant functional recovery in the LW compared to the 

vehicle group (P < 0.05 and P < 0.01; Fig. 1C). 

LW treatment increased expression of genes encoding 

antioxidants and neurotrophic factors 

The effect of LW treatment on the expression of the genes 

encoding the antioxidant proteins PDI and Nrf2, and the 

genes encoding the endogenous neurotrophic factors BDNF, 

NGF, and GDNF was performed. At 3 d after focal cerebral 

ischemia, tissue extract from the lesioned hemisphere was 

subjected to RT-PCR analysis. The transcriptional levels of 

PDI and Nrf2 genes were significantly elevated in the LW 

group compared to the vehicle. The transcriptional levels 

of BDNF, NGF, and GDNF genes were also significantly 

elevated in the LW group compared to the vehicle group (P 

< 0.05 and P < 0.01; Fig. 2A-D). 

Anti-apoptotic effects in the cortex, striatum, and SYP-

positive cells in the hippocampus 

The analysis of TUNEL-positive cells showed that the 

LW group (118.2 ± 21.16) decreased in TUNEL-positive 

cells in the cortex compared to the vehicle group (202.2 ± 

Fig. 2. Effect of LW on the gene expressions of PDI, Nrf2, BDNF, GDNF and NGF in the ipsilateral whole brain of the lesioned area.
(A), (B) Specific gene expressions were determined in relation to the expression of β-actin using RT-PCR. (C), (D) The levels of PDI, Nrf2,
BDNF, GDNF and NGF gene expressions were significantly increased in the LW treated group compared with the individual vehicle group.
Experiments were repeated three times and individual values are expressed as the mean ± S.E.M. *P < 0.05, **P < 0.01 vs. individual
vehicle group. 

A 

C D

B
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11.33) 3 d after focal cerebral ischemia (P < 0.05 and P < 

0.01; Fig. 3A and 3B). LW group (100.1 ± 14.27) had no 

anti-apoptotic effects compared to the vehicle group (139.7 

± 12.17) 3 d after focal cerebral ischemia (Fig. 3A and 

3B). The synaptic vesicle marker synaptophysin (SYP) and 

neuronal microtubule β-Tubulin III were evaluated in the 

hippocampal CA1 region of vehicle and treated animals. 

IHC showed that SYP expression in the LW group was 

significantly higher than in the vehicle group (P < 0.05; Fig. 

3C and Fig. 3D). 
 

A B

C D

Fig. 3. Effect of LW on TUNEL staining and on the expression of SYP. (A) TUNEL staining in the cortex and striatum area of the
ischemic lesioned side of vehicle and LW treatment (200×). (B) Quantitative analysis of the number of TUNEL-positive cells. (C) IHC
showed β-Tubulin III positive (green); a neuronal microtubule marker, SYP positive (red); a synaptophysin, synaptic vesicle marker and the
double-labeling of β-Tubulin III (green), SYP (red) in the hippocampal CA1 region at 3 days after MCAO (200×). (D) SYP expression was
significantly increased in the LW treated group compared with the individual vehicle group. Experiments were repeated three times and
individual values are expressed as the mean ± SEM. *P < 0.05, **P < 0.01 vs. individual vehicle group. 
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Cognitive function in MWM and NOR tests 

The effect of LW on learning and memory was deter- 

mined using escape latency and retention time. The DPZ and 

LW groups showed significantly decreased escape latencies 

compared to the vehicle group. Five days after MCAO, the 

escape latency times in the sham, vehicle, DPZ, and LW 

groups were 27.88 ± 6.40, 92.44 ± 16.94, 42.28 ± 9.11, 

and 34.72 ± 8.04, respectively (P < 0.05 and P < 0.01; Fig. 

4A). The vehicle group showed a significant decrease in 

retention time compared to the sham group. The DPZ and 

LW groups showed significantly increased retention times 

compared to the vehicle group. Six days after MCAO 

retention times in the sham, vehicle, DPZ, and LW groups 

were 16.8 ± 1.36, 6.4 ± 1.44, 14.2 ± 1.43, and 12.6 ± 

1.66, respectively (P < 0.05 and P < 0.01; Fig. 4B). Novel 

object recognition was performed to evaluate the effect of 

DPZ and LW on memory enhancement. The vehicle group 

spent a similar percentage of time exploring the novel and 

familiar objects. The DPZ and LW groups spent more time 

exploring the novel than the familiar object 7 d after MCAO. 

Novel object exploration times in the sham, vehicle, DPZ, 

and LW groups were 67.92 ± 0.25, 49.88 ± 5.06, 70.87 

± 2.41, and 66.78 ± 3.57 at 7 d after MCAO (P < 0.05 

and P < 0.01; Fig. 5). 

Fig. 4. Effect of LW on the ischemia-induced cognitive deficits in the Morris water maze. (A) Effect of LW on escape latency time in
water maze. (B) Effect of LW on retention time in water maze on day 6. The LW group shows a significantly longer retention time than the
vehicle group. Data are shown as means SEM (n = 5) *P < 0.05, **P < 0.01 vs. individual vehicle group; ++P < 0.01 vs. sham group. 

A 

B 
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IHC of ChAT-positive cells in the striatum and DCX-

expressing cells in the hippocampal DG 

The cholinergic neuron marker ChAT was evaluated in 

the striatum of vehicle and treated animals. The number of 

ChAT-immunoreactive neurons in the sham, vehicle, DPZ, 

LW groups was 25.00 ± 1.00, 12.33 ± 2.96, 23.00 ± 

1.53, and 22.00 ± 0.58, respectively at 7 d after focal 

cerebral ischemia. IHC showed that ChAT positive cells in 

the striatum in the LW group was increased than that in the 

vehicle group (P < 0.05 and P < 0.01; Fig. 6A and Fig. 6B). 

RT-PCR was performed to analyze the effects of LW on 

the expression levels of the acetylcholine receptor. The 

transcriptional level of the acetylcholine receptor gene was 

significantly elevated in the LW group compared to the 

vehicle (P < 0.05 and P < 0.01; Fig. 6C and Fig. 6D) at 7 d 

after cerebral ischemia. The expression levels of neuronal 

markers NeuN and DCX were analysed in the hippocampal 

dentate gyrus (DG) of vehicle and LW group 7 d after 

MCAO. IHC showed that NeuN and DCX expression levels 

in the DG of the LW group were significantly higher than 

that in the vehicle group (P < 0.05; Fig. 6E and Fig. 6F). 

 

DISCUSSION 

 

Rice bran has been noted as a neuroprotective agent 

because it contains antioxidants, such as oryzanols, phytic 

acid, tocopherols, and ferulic acid (Soi-Ampornkul et al., 

2012). We previously reported that treatment with rice bran 

extracts resulted in functional recovery of the ischemic 

brain (Baek et al., 2014). Here we analyzed the effects of 

treatment with fermented rice bran extracts (LW) on the 

ischemic rat brain because lactic acid bacteria reportedly 

transformed ferulic acid 4-vinyl guaiacol, ehtylguaiacol, 

vanillin, vanillic acid, vinyl alcohol, and 4-ethyl phenol 

(Adamu et al., 2012; Kaur et al., 2013). This metabolite 

could play an important role in neural protection. There are 

no reports regarding these effects of LW. LW treatment 

decreased infarct sizes in the ischemic rat brain. The effect 

of LW on neural recovery may be related to the higher 

expression of neurotrophic factor genes and antioxidants 

genes. The antioxidant effect of LW may be related to the 

amelioration against ischemic-induced neurotoxicity, but the 

underlying mechanism is unknown. We performed RT-PCR 

analysis to quantify the expression of the antioxidant-related 

genes PDI and Nrf2. LW also increased the expression of 

the endogenous neurotrophic factor genes BDNF, NGF, and 

GDNF after ischemia. During brain development, neuro- 

trophic factors are essential for neuronal survival and 

differentiation, as well as for the maintenance of neuronal 

functions (Snider, 1994). Accumulation of reactive oxygen 

species may have a bad effect on cell function and survival 

during oxidative stress, and trigger apoptotic cell death. 

Treatment of cells with many antioxidants suppresses 

apoptosis (Yu et al., 2005). LW extract could decrease DNA 

degradation and be at least partially associated with its 

anti-apoptotic actions by TUNEL assay in cortex and striatum 

after ischemia. Physiological as well as biochemical analyses 

using forebrain ischemia induced animal models have been 

demonstrated with CA1 pyramidal neurons (Nitatori et al., 

1995). Our results of post-treatment with LW showed a 

significant high level of NeuN in the rat hippocampal DG 

after ischemia. Suggesting that there is a high density of 

neural cells in the DG region. In this study, immunostaining 

for endogenous SYP showed an increase in immuno- 

reactivity in the hippocampal CA1 region of rats treated 

with the LW extract than in the CA1 of rats treated with 

vehicle. Our data show that treatment of the ischemic brain 

with the LW extract might enhance synaptic plasticity by 

Fig. 5. Effect of LW on the ischemia-induced cognitive deficits
in the novel object recognition. Novel object recognition test was
performed at 7 days after MCAO. Data are shown as means SEM
(n = 5) *P < 0.05, **P < 0.01 vs. individual vehicle group; +P <
0.05 vs. sham group. 
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increasing endogenous rat SYP and neurotrophic factor 

expression. Synaptic plasticity is induced by a variety of 

neurotropic factors (Gao et al., 2006). 

The Morris water maze (MWM) and novel object cogni- 

tion (NOR) tasks are commonly used to test cognitive 

function. We utilized these behavioral paradigms to test 

cognitive function 2 to 7 days after MCAO. LW treatment 

enhanced learning and memory in the MWM and increased 

the preference ratio for novel objects in the NOR task. 

Donepezil, an acetylcholinesterase inhibitor, also amelio- 

rated the spatial memory impairment in the MWM and 

NOR tests in our data. It was known that Donepezil in- 

creases extracellular ACh levels in the hippocampus in rats 

(Watanabe et al., 2008). Cerebral ischemia impaired spatial 

memory through cholinergic dysfunction, and the increase 

of ACh levels by donepezil may improve spatial memory 

Fig. 6. Effect of LW on the expressions of ChAT, nAchR and DCX. (A) Immunohistochemistry showed ChAT positive neurons (green);
a cholinergic neuron marker in the striatum at 7 days after MCAO (200×). (B) Density of cholinergic cells expressing ChAT in the striatum
region was significantly increased in the LW treated group compared with the individual vehicle group. (C), (D) The transcriptional level of
acetylcholine receptor gene was significantly increased in the LW treated group compared with the individual vehicle group. (E) Immuno-
histochemistry showed DCX positive neurons (red); a neuronal marker in the hippocampal DG region at 7 days after MCAO (200×). (F) 
Number of neural cells expressed DCX was significantly increased in the LW treated group compared with the individual vehicle group. 
Data are the mean ± SEM (n = 3) *P < 0.05, **P < 0.01 vs. individual vehicle group; ++P < 0.01 vs. sham group. 

A B C

D

E F
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impairment. The cholinergic system is hypothesized to play 

a pivotal role in learning and memory, which are improved 

by enhanced cholinergic neuron activity and suppression of 

AChE (Kaewkaen et al., 2012). Also it was known that 

ChAT activity was related with spatial memory impairment 

(Colombo and Gallagher, 1998). Treatment with LW in- 

creased cholinergic neurons and transcription of the acetyl- 

choline receptor gene. It was known that DCX-positive cells 

correlates with neuronal cell proliferation and dendritic 

growth of new neurons that are generated in the DG of the 

rat hippocampus (Choi et al., 2011). Administration of LW 

increased the density of DCX-positive cells in the hippo- 

campal DG region. The increase of cholinergic neurons and 

DCX expression by LW treatment may ameliorate ischemia-

induced cognitive deficits. 

This study demonstrates that LW treatment assists func- 

tional recovery and neuroprotection against ischemic brain 

injury through the stimulation of antioxidant gene and 

neurotrophic factor expression. Administration of LW could 

protect the brain from ischemic damage through an increase 

cholinergic neurons in a rat model of focal cerebral ischemia, 

and reduce cognitive impairment induced by focal cerebral 

ischemia. However, further studies are required to identify 

the active ingredient in the crude extract of fermented rice 

bran that is effective in ameliorating the negative outcomes 

of ischemia. 
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