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Abstract Vascular dementia (VaD) is caused by the reduction
of blood supply by vessel occlusion and is characterized by
progressive cognitive decline. VaD incidence has been grow-
ing due to the aging population, placing greater strain on so-
cial and economic resources. However, the pathological
mechanisms underlying VaD remain unclear. Many studies
have used the bilateral common carotid artery occlusion
(BCCAO) animal model to investigate potential therapeutics
for VaD. In this study, we investigated whether bee venom
(BV) improves cognitive function and reduces neuroinflam-
mation in the hippocampus of BCCAO animals. Animals
were randomly divided into three groups: a sham group
(n = 15), BCCAO control group (n = 15), and BV-treated
BCCAO group (n = 15). BCCAO animals were treated with
0.1 μg/g BV at ST36 (BJoksamli^ acupoint) four times every
other day. In order to investigate the effect of BV treatment on
cognitive function, we performed a Y-maze test. In order to
uncover any potential relationship between these results and
neuroinflammation, we also performedWestern blotting in the
BCCAO group. Animals that had been treated with BV
showed an improved cognitive function and a reduced expres-
sion of neuroinflammatory proteins in the hippocampus, in-
cluding Iba-1, TLR4, CD14, and TNF-α. Furthermore, we
demonstrated that BV treatment increased pERK and BDNF
in the hippocampus. The present study thus underlines the
neuroprotective effect of BV treatment against BCCAO-
induced cognitive impairment and neuroinflammation. Our
findings suggest that BV may be an effective complementary

treatment for VaD, as it may improve cognitive function and
attenuate neuroinflammation associated with dementia.
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Introduction

Vascular dementia (VaD) is caused by ischemia and/or vascu-
lar brain lesions and is characterized by progressive cognitive
decline [1]. It is the second most common form of dementia
after Alzheimer’s disease (AD), accounting for 20 % of all
dementia cases worldwide [2]. In addition, VaD is thought to
occur in 20 to 55 % of AD cases [3]. The incidence VaD has
been increasing due to an aging population, and the estimated
economic and societal costs for VaD treatment and care are
large. However, the pathological mechanisms of VaD remain
unclear, and an optimal treatment strategy therefore remains to
be established.

Many studies have used the bilateral common carotid ar-
tery occlusion (BCCAO) animal model to investigate poten-
tial therapeutics for VaD. In this model, the reduction of blood
flow in the cerebral cortex induces a neuroinflammatory re-
sponse tha t i s s imi la r to tha t seen in VaD [4] .
Neuroinflammation is an inflammation of the nervous tissue
as response to injury within the central nervous system (CNS)
and is associated with the pathogenesis of several neurodegen-
erative diseases, including AD, Parkinson’s disease (PD), and
amyotrophic lateral sclerosis (ALS). In addition, neuroinflam-
mation was considered as evidence for an inflammatory pa-
thology in neurodegeneration, involving highly specialized
brain endothelial structures composed of astrocytes and mi-
croglia. As the resident macrophages of the CNS, microglia
provide the innate immune response to protect against
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invading pathogens, and also initiate the adaptive response
through antigen presentation [5]. In the case of dementia, in-
creasing data from non-clinical and clinical models have
shown that neuroinflammation plays a key role in its patho-
genesis. Activation ofmicroglia and reactive astrocytes during
neuroinflammation induces the generation of pro-
inflammatory cytokines and other inflammatory mediators in
dementia progression [6]. In addition, neuroinflammation has
been reported to induce spatial learning and synaptic dysfunc-
tion [7, 8].

In some oriental countries, bee venom (BV) has been used
for anti-inflammatory therapy such as arthritis and rheuma-
tism [9, 10]. BV contains various active complex compound,
including peptides (e.g., melittin, apamin, adolapin, and mast
cell degranulating peptide), enzymes (e.g., phospholipase A2,
hyaluronidase, and glucosidase), and biogenic amines (e.g.,
histamines, dopamine, and norepinephrine) [10]. Several re-
search papers have demonstrated the anti-inflammatory effect
of BV in several disease models such as mouse models of PD
and ALS and the rat model of cholecystokinin octapeptide-
induced acute pancreatitis [11–13].

Recently, Gue et al. have demonstrated that BV can atten-
uate neuroinflammation caused by lipopolysaccharide (LPS)
administration, which prevented memory loss via the NF-kB
protein [14]. Ye et al. have shown that BV phospholipase A2
treatment enhanced cognitive function and reduced neuroin-
flammation via microglial activation in the 3xTg-AD mouse
model of AD [15]. Based on previous findings, we hypothe-
sized that BV could be helpful for improvement of cognitive
function of VaD. Therefore, we investigated whether BV im-
proves cognitive function by the reduction of neuroinflamma-
tion in BCCAO model as an experimental animal model of
VaD. We determined the effect of BV treatment on cognitive
func t ion (pe r fo rmance of the Y-maze tes t ) and
neuroinflammation-related signaling (using immunoblotting)
in a BCCAO model.

Methods

Animals

Mongolian gerbils (7 weeks old) were purchased from the
Central Lab. Animal Inc., which supplies animals from
Japan SLC, Inc. (Seoul, Korea) and take care 1 week for using
in animal center of Korea Institute of Oriental Medicine.
Mongolian gerbils had an ad libitum access to food and water,
and were maintained under a constant temperature (21 ± 2 °C)
and humidity (50 ± 10 %) under a 12-h light/dark cycle (light
on 07:00–19:00 h). Gerbils were randomly assigned into three
groups: the sham group (n = 15), BCCAO control group
(n = 15), and BV-treated BCCAO group (n = 15). All animals

were handled in accordance with the animal care guidelines of
the Korea Institute of Oriental Medicine and the NIH.

Surgical Procedure and BV Treatment

Animals were anesthetized with 2 % isoflurane in a mixture of
nitrous oxide and oxygen (70:30) and subjected to BCCAO.
BCCAO was induced by occluding both common carotid ar-
teries with aneurysm clips for 5 min. Body temperature was
maintained at 37 ± 0.5 °C with a heating pad during surgery
(Biomed S.L., Alicante, Spain). Cerebral circulation was re-
stored by removing the clips. Sham-operated controls
underwent the same surgical operation but without clipping
of the carotid arteries. Regional cerebral blood flow (rCBF)
was monitored using laser Doppler flowmetry (PeriScan PIM
3 system, Perimed, Järfälla, Sweden). Gerbils that showed
over an 80 % reduction of rCBF were used for further study.
After reperfusion, the animals were placed in a warm incuba-
tor (32–33 °C).

BV was purchased from Sigma (St. Louis, MO, USA).
According to human acupoint landmarks and a mouse ana-
tomical reference guide [15], the ST36 acupoint (Joksamli) is
located 5 mm below and lateral to the anterior tubercle of the
tibia. BV (0.1 μg/g) was bilaterally injected (subcutaneously)
at ST36 four times every other day after surgery. Sham ani-
mals were bilaterally injected (subcutaneously) with an equal
volume of saline at the ST36 acupoint.

Y-Maze Task

After the last administration of BV or saline was completed,
the behavioral test was administered. The Y-maze was a hor-
izontal maze (40 cm long and 3 cm wide with walls 12 cm
high) with three arms (labeled A, B and C) at 120° angles
(Sarter et al., 1988). The maze floor and walls were construct-
ed from dark opaque polyvinyl plastic. The gerbil was initially
placed within one arm, and the sequence (e.g., ABCCAB) and
the number of arm entries were recorded manually for each
gerbil over an 8-min period, as has been described elsewhere
(Kim et al., 2006). A spontaneous alternation was defined as
consecutive entries into all three arms (i.e., ABC, CAB, or
BCA, but not BAB). The maze arms were thoroughly cleaned
with water spray between tests to remove residual odors. The
percentage of alternation was calculated using the following
equation: % Alternation = [(number of alternations)/(total arm
entries − 2)] × 100. The total number of arm entries served as
an indicator of locomotor activity.

Tissue Preparation

Animals were anesthetized with an intraperitoneal injection of
pentobarbital, transcardially perfused with phosphate buffer
(100 mM, pH 7.4). For Nissl and immunohistochemical
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staining, the brains were removed and postfixed in 4 % para-
formaldehyde for 3 days at 4 °C prior to embedding. The
paraffin-embedded brains were sectioned in the coronal plane
at 5-μm thick and mounted on glass slides. Before staining,
the sections were deparaffinized with xylene and rehydrated in
a graded alcohol series, followed by PBS.

Nissl Staining

Following deparaffinization, brain sections were stained with
0.1 % Cresyl Violet Acetate (Sigma, St. Louis, MO) diluted
with saline. Sections were then dehydrated through a graded
alcohol series (70, 80, 90, and 100 %, 2×), placed in xylene,
and covered with a coverslip after the addition of histomount
media.

Severity of Damage

Cells were counted in three sections per animal by a person
blind to the treatment group, and the average cell count per
section was calculated. The degree of damage in the hippocam-
pal region that was evident from the Nissl staining on the 8th
day after ischemia was semi-quantitatively scored from 0 to 3
(0, normal; 1, <30% of the neurons were irreversibly damaged;
2, 30–60 % of the neurons were irreversibly damaged; 3, 60–
100 % of the neurons were irreversibly damaged) [16].

Immunohistochemistry and Double Immunofluorescence

For the Iba-1 immunohistochemistry staining, slides were
deparaffinized and treated with 3 % H2O2 to inactivate endog-
enous peroxidases, and were then incubated with anti-Iba-1
(Wako, Japan). After incubation with primary antibodies, the
sections were washed with PBS and incubated with a 1:1000
dilution of secondary antibodies. For visualization, an ABC kit
(Vector Laboratories, Burligame, CA, USA) and a DAB per-
oxidase substrate kit (Vector Laboratories, Burligame, CA,
USA) were used. Immunostained brain sections were observed
using a light microscope (Olympus BX51, Tokyo, Japan).

For immunofluorescence staining, sections were
deparaffinized and blocked in 5 % BSA for 1 h, followed by
an overnight incubation with anti-NeuN antibody (Millipore
Corporation, MA, USA) in 2 % BSA diluted in 0.1 % Triton-
X-100 in PBS. After several washes, the sections were incu-
bated with fluorescein isothiocyanate (FITC)-conjugated goat
anti-rabbit IgG (Alexa fluor 488 1:1000 dilution, Invitrogen,
CA, USA) for 1 h at room temperature and then mounted on
glass slides using a mounting medium (Vector Laboratories,
Burlingame, CA, USA). Slice analysis was conducted by mi-
croscopy (Olympus BX51, Tokyo, Japan). For the quantifica-
tion of NeuN-positive cells and Iba-1-positive cells (the aver-
age of three sections per animal) in the CA1 of hippocampal
region, NIH Image J was used (version 1.46j).

Western Blotting

Hippocampal tissues were isolated from the brain and homog-
enized in RIPA buffer (50 mM Tris–HCl, pH 7.4, 1 % NP-40,
0.1 % SDS, and 150 mM NaCl) containing a protease and
phosphatase inhibitor cocktail. Following homogenization, a
20 μg sample of protein was quantified via the BCA assay.
The samples were denatured with sodium dodecyl sulfate
sampling buffer and then separated through SDS-PAGE,
followed by transfer to a PVDF membrane. For the detection
of target proteins, the membranes were blocked with 5 % non-
fat milk in TBS (50 mM Tris–HCl, pH 7.6, 150 mM NaCl)
and subsequently incubated overnight with various primary
antibodies: anti-Iba-1 (diluted 1:1000, Wako, Japan), anti-
TNF-α (diluted 1:1000, Abcam, MA, USA), anti-TLR4 (di-
luted 1:1000, Santa Cruz Biotechnology, TX, USA), anti-
CD14(diluted 1:1000, BD Pharmingen, Haryana, India),
anti-iNOS (diluted 1:1000, BD bioscience, CA, USA), anti-
BAX (diluted 1:1000, Santa Cruz Biotechnology, TX, USA),
anti-pERK (diluted 1:1000, cell signaling, MA, USA), anti-
ERK (diluted 1:1000, cell signaling, MA, USA) and anti-
BDNF (diluted 1:1000, Santa Cruz Biotechnology, TX,
USA). Anti-α-tubulin (diluted 1:5000, Abcam, MA, USA)
was used as a loading control. The blots were next probed
with peroxidase-conjugated secondary antibodies (Santa
Cruz Biotechnology, TX, USA) and visualized using en-
hanced chemiluminescence reagents (Amersham Pharmacia,
NJ, USA). Protein bands were detected with the Fusion SL4-
imaging system (Fusion, Eberhardzell, Germany).
Quantification of the immunoblotting bands was conducted
with the NIH program Image J.

Statistical Analysis

All data were analyzed using GraphPad Prism 5.0 (GraphPad
Software, CA, USA) and are presented as the mean ± SEM.
The results of stainings andWestern blots were analyzed using
a one-way analysis of variance (ANOVA) followed by
Newman-Keuls post hoc test for multiple comparisons.
Statistical significance was set at p < 0.05.

Results

BV Improved BCCAO-Induced Cognitive Impairment

To investigate the effect of BVon cognitive function, we test-
ed spontaneous alternation in the Y-maze. Spontaneous alter-
nation in the Y-maze was significantly lower (by 1.6-fold) in
BCCAO animals compared with sham animals (p < 0.05)
(Fig. 1a). However, BV treatment at ST36 increased sponta-
neous alternation by 1.2-fold compared to that at the saline-
treated BCCAO animals (Fig. 1a). The number of arms
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entered during the test was similar between sham, BCCAO,
and BV-treated BCCAO animals, which indicates that
BCCAO and BV-treated animals had normal motor function
and exploratory activity (Fig. 1b).

BV Treatment Inhibited Neuronal Loss and Reduced
the Expression of Iba-1

Occlusion induces neuronal cell death in the CA1 region,
which is known to be the most vulnerable region to common
carotid artery occlusion [17, 18]. We investigated the effect of
BV treatment on neuronal cell death in the CA1 region using
Nissl staining and immunohistochemistry. BV treatment ame-
liorated the severity of damage of hippocampal CA1 cells
compared to saline-treated BCCAO animals (Fig. 2a). In ad-
dition, we found that the neuronal cell death by occlusion
increased by 3.1-fold compared to the sham group, and BV
treatment reduced neuronal loss by 2.4-fold compared to the
BCCAO control group (Fig. 2b).

To find the mechanism underlying the protective effect of
BV, we examined neuroinflammation by assessing the expres-
sion level of Iba-1 for microglial activation in the CA1 region.
Similar to the previous data, we found an 8.3-fold increase in
microglial cells (detected by Iba-1) of the CA1 region in
BCCAO animals compared to the sham group. However,
BV treatment significantly reduced (by 4.5 fold) the expres-
sion of Iba-1 in the CA1 region compared to saline-treated
BCCAO animals (Fig. 2b).

BV Treatment Reduced the Expression
of Neuroinflammation-Related TLR4 Signaling
in the Hippocampus of BCCAO Animals

In order to determine the neuroprotective mechanism of BV in
a BCCAO model, we examined neuroinflammatory
signaling-related proteins, particularly toll-like receptor 4

(TLR4). As shown in Fig. 3a, Western blot using the Iba-1
antibody confirmed there to be a 2-fold increase in microglial
cells, and BV treatment reduced by 2-fold the expression of
Iba-1 in the hippocampus of BCCAO animals (Fig. 3a). Next,
we examined the expression of inflammatory signaling-
related proteins, such as TLR4 and tumor necrosis factor—α
(TNF-α), to investigate neuroinflammation caused bymicrog-
lia activation. As shown in Fig. 3a, b, TLR4 expression in-
creased by 2.6-fold in the hippocampus of BCCAO animals
compared to sham animals. However, BV treatment reduced
this increase by 1.4-fold compared to BCCAO animals with-
out BV treatment. In addition, the expression of CD14 as a co-
receptor with TLR4 increased by 2.1-fold in the hippocampus
of BCCAO animals, but BV treatment reduced this by 1.9-
fold compared to saline-treated BCCAO animals.

The pro-inflammatory cytokine, TNF-α, was augmented
by 6-fold in the hippocampus of BCCAO animals compared
to shams. However, BV treatment dramatically decreased the
expression of TNF-α in the hippocampus by 2.9-fold.

BV Treatment Increased Memory-Related Proteins
by the Inhibition of Oxidative Stress and Cell Death

To determine the effect of BVon oxidative stress, we examined
the expression of inducible nitric oxide synthases (iNOS) in the
hippocampus of BCCAO model animals. As expected, the ex-
pression level of iNOS was significantly increased by 3.2-fold
compared to sham animals. However, BV treatment resulted in a
significantly reduced iNOS expression level (by 1.8-fold) com-
pared to the saline-treated BCCAO animals (Fig. 4a, b).

The mitochondrial apoptotic pathway is triggered by the
combined action of the anti-apoptotic factor Bcl-2 and pro-
apoptotic factor Bcl-2-associated X protein (BAX), which in-
duces the Caspase-3-dependent intrinsic apoptosis pathway
[19, 20]. We therefore examined the levels of BAX in the
mitochondrial apoptotic pathway. In the hippocampus of
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Fig. 1 BV treatment improved cognitive function in BCCAO animals.
BCCAO animals were treated with 0.1 μg/g BV at ST36 acupoint four
times every other day. To determine the effect of BVat ST36 on cognitive
impairment, a Y-maze test was performed. Spontaneous alternation

behavior (a) and the number of total arm entries (b) during an 8-min
session were recorded. Data represent the mean ± SEM. (n = 6/group).
*p < 0.05, compared with the sham-operated group. #p < 0.05, compared
with the BCCAO group. BCCAO + BV; BV-treated BCCAO group
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BCCAO animals, the expression level of BAX was increased
by 2.9-fold compared to that of sham animals. However, BV
treatment decreased the expression of BAX by 2.2-fold com-
pared to saline-treated BCCAO animals (Fig. 4a, b).

Finally, we investigated the expression of brain-derived
neurotrophic factor (BDNF) because BDNF plays a critical
role to the development and synaptic plasticity of brain as well
as learning and memory [21]. To determine whether the
BDNF/ERK signaling pathway affects the neuroprotective
BV effects, we examined the expression of BDNF and acti-
vated ERK level in the hippocampus of BCCAO animals. As
shown in Fig. 4c, d, the expression of phospho-ERK in the
hippocampus of BCCAO animals was decreased by 3-fold
compared to that of sham animals. However, BV treatment
increased the levels of phospho-ERK protein by 3.6-fold com-
pared to saline-treated BCCAO animals. In addition, BDNF
expression was reduced by 1.7-fold in the hippocampus of

BCCAO compared to sham animals, but BV treatment aug-
mented BDNF expression by 1.4-fold in the hippocampus
compared to BCCAO animals without BV treatment.

Discussion

In this study, we investigated the effect of BV in an animal
model of BCCAO showing mild cognitive dysfunction. We
found that BV treatment improved cognitive function by the
inhibition of neuroinflammation.

Although dementia, including AD and VaD, is a growing
global problem in the aging population, the mechanisms be-
hind dementia and thus an effective treatment have yet to be
uncovered. In order to shed light, we investigated the relation-
ship between neuroinflammation and cognitive impairment,
and did so by testing the effect of BV on cognitive function
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Fig. 2 BV treatment reduced neuronal cell death and microglial
activation in the transient BCCAO model. In the CA1 region of
BCCAO animals, BV treatment significantly reduced the density of
Iba1-positive cells and increased the number of NeuN-positive neuronal
cells compared to BCCAO animals without BV treatment. Representative
microphotograph of cells stained positive for Nissl, NeuN, and Iba-1 in
the hippocampal CA1 region (bars indicate 2 mm or 200 μm) (a). The

severity of neuronal damage in the CA1 region was analyzed in b.
Quantification of NeuN-positive neuronal cells and Iba-1-stained
microglial cells in the CA1 region of animals (b). Data are presented as
themean ± SEM (n = 5/group). *p < 0.05, comparedwith the shamgroup.
#p < 0.05, compared with the BCCAO group (one-way ANOVA follow-
ed by Student Newman-Keul’s post host test)
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in a BCCAO animal model. We found that BV treatment
improved spatial memory compared to BCCAO animals that
received saline only. In addition, BV treatment reduced the
severity of damage, and Iba-1 positive microglial cells, and
increased the number of neuronal cells in the hippocampal
CA1 of BCCAO animals. In our previous study, we observed
that BV treatment decreased microglial cells and motor neu-
ronal cell death in the spinal cord of an animal of ALS [12].
Therefore, BV treatment could be helpful for the reduction of
neuroinflammation and neuronal loss in CNS diseases.

Neuroinflammation is a regular function that plays an im-
portant role in clearing pathogens and phagocytosis of apopto-
tic cells and debris. However, when neuroinflammation re-
mains uncontrolled and becomes chronic, it leads to neurotox-
icity by production of neurotoxic mediators/pro-inflammatory
cytokines. This exacerbates neurodegenerative pathological
symptom. In the CNS, microglia play an anti-inflammatory
function in the active immune defense to maintain brain main-
tenance. However, in neurodegenerative diseases such as VaD,
PD, and ALS, activated microglia can cause neurotoxicity.
Products and mediators of neuroinflammation have been
shown to directly affect cognition and memory, contributing
to the cognitive dysfunction associated with several acute and
chronic neurological conditions [22]. In the early stages of AD,

for example, neuroinflammation can cause impairments in
learning and memory [23]. Ways to prevent and ameliorate
neuroinflammation have therefore been a topic of much interest
for many researchers. Since BV has been used for the effect of
ani-neuroinflammation in several diseases including arthritis
and rheumatism [9, 10], we investigated the effect of BV on
the neuroinflammatory signaling pathway and simultaneously
looked at the effect on cognitive functioning. We found an
increase of the expression levels of Iba-1 and TLR4-related
signaling pathway in the hippocampus of BCCAO animals.
However, BV treatment significantly reduced the expression
of TLR4, CD14, and TNF-α. Microglia participate in innate
and adaptive immune responses, as well as in the remodeling of
neuronal circuits in the CNS. Interactions between microglia
and synapses not only play an important role in the maturation
of synaptic circuits during development, but continue to be vital
for the regulation of synaptic plasticity and basal neurotrans-
mission in adulthood [24]. However, in neurodegenerative dis-
eases, activated microglia release pro-inflammatory cytokines
that can induce neurotoxicity. Given that inflammatory cyto-
kine receptors are highly concentrated in areas associated with
learning and memory, particularly in hippocampal regions [25],
LPS-induced neuroinflammation in the adult brain may disrupt
hippocampus-dependent learning and memory [26, 27].
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Fig. 3 BV treatment modulated the expression of neuroinflammatory-
related proteins in the hippocampus of BCCAO animals. Representative
immunoblotting images for Iba-1, TLR4, CD14, andα-tubulin (a) (n = 3–
4/each group). Tubulin was used as a loading control. Quantification of

immunoblots. Each experiment was repeated at least three times. Relative
expression levels of proteins were normalized to α-tubulin. Each bar
represents the group mean ± SEM (b). *p < 0.05, compared with the
sham group. #p < 0.05, compared with the BCCAO group
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Moreover, recent studies have shown that peripheral LPS ad-
ministration decreases the expression of BDNF in the hippo-
campus, which contributes to cognitive impairment [28, 29].

Toll-like receptors (TLRs) are a family of type-I trans-mem-
brane receptors best known as sensors of microbial-associated
molecular patterns (MAMPs) by cells of the immune system
[30]. TLRs induce activation of signaling cascades that result
in the production of inflammatory cytokines/chemokines [31].
Activation of TLRs in the CNS has been related to impairment
of various aspects of learning and memory in a
neuroinflammation-dependent manner [32]. Activation of
TLR4 in the TLRs has been found to participate in myelin and
synaptic dysfunction, as well as long-term neuroinflammatory
and cognitive behavioral impairments [33]. Therefore, the effect
of BVas an anti-neuroinflammatory treatment may aid synaptic
plasticity by inhibition of the TLR4 signaling in BCCAO
animals.

In order to confirm the effect of BV treatment on neuroin-
flammation, we examined the expression level of iNOS and

BAX in the hippocampus of BCCAO animals. We found that
BV treatment significantly reduced iNOS and BAX protein
expression in BCCAO animals, which confirms our hypothe-
sis. Furthermore, we found that BV treatment augmented the
expression of BDNF by activation of ERK. As a key neuro-
trophic factor, BDNF plays a critical role for supporting the
survival and maintenance of neurons as well as synaptic phys-
iology in neuronal plasticity and mediating long-term poten-
tiation and memory consolidation [34, 35]. Hritcu and Gorgan
have shown that LPS-induced cognitive deficits are associated
with BDNF gene expression and hippocampal function [29].
In addition, Wei et al. found that nicotine has a neuroprotec-
tive effect against LPS-induced cognitive dysfunction and
neuroinflammation via an increase in BDNF in the dorsal
hippocampus [36]. Furthermore, BDNF expression levels
have been correlated with the severity of AD-related cognitive
impairment [37]. In our study, we demonstrated that BDNF
levels were significantly decreased, and TLR4-related inflam-
matory signaling increased in the hippocampus of BCCAO
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Fig. 4 BV treatment increased memory-related proteins by the inhibition
of oxidative stress and apoptosis. Representative images of the levels of
iNOS and BAX in the hippocampus from each group (a) (n = 3–4/each
group). Quantification of immunoblots (b). Each experiment was repeat-
ed at least three times. Relative expression levels of proteins were nor-
malized to α-tubulin. Each bar represents the group mean ± SEM in b.
*p < 0.001, compared with the sham group. #p < 0.001, compared with

the BCCAO group. The effects of BV treatment on pERK and BDNF
expression in the hippocampus from each group (c) (n = 3–4/each group).
Quantification of immunoblots (d). The quantification of phospho-ERK
was determined as the ratio of pERK/ERK. Each bar represents the group
mean ± SEM in b. *p < 0.001, compared with the sham group. #p < 0.05,
##p < 0.001, compared with the BCCAO group
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animals. However, BV treatment significantly restored BDNF
levels and reduced neuroinflammation. This result indicates
that BV produces its neuroprotective effect by mediating the
up-regulation of BDNF and anti-neuroinflammation in
BCCAO animals. However, BV therapy should consider on
sensitization because it has on the risk of anaphylaxis.

Gu et al. have shown that BV ameliorates LPS-induced
beta-amyloid neuroinflammation and cognitive dysfunction
via the NF-kB signaling pathway [14]. Sami et al. have dem-
onstrated that apamin attenuates the memory loss by partial
hippocampal lesions [38]. Therefore, future studies should
aim to determine the bioactive compound in BV that results
in the improved cognitive function in BCCAO animals. In
addition, one important feature of VaD is cholinergic dysfunc-
tion. Notably, the cholinergic system, which innervates the
basal forebrain and projects to the cortex and hippocampus,
involves brain regions important for learning and memory
[39]. Another potential research avenue could therefore be to
investigate the level of choline acetyltransferase (ChAT), a
biosynthetic enzyme for ACh, in the hippocampus of BV-
treated BCCAO animals.
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