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Ethnopharmacological relevance: Extracts of the roots of Scutellaria baicalensis Georgi (Labiatae) have been
widely used to relieve fever related to bacterial infection and inflammatory diseases in traditional Korean
medicine and have been reported to be effective in brain diseases.

These experiments were conducted to examine the effects of oral administration of Scutellaria baicalen-

sis extracts on the rescue of memory impairments induced by chronic cerebral hypoperfusion or chronic
lipopolysaccharide (LPS) infusion. In addition, the underlying mechanisms of these effects were investi-
gated.
Materials and methods: In the first experiment, chronic cerebral hypoperfusion was induced in male Wister
rats by bilateral common carotid artery occlusion (BCCAo). Daily administration of Scutellaria baicalensis
extracts was started on 20 day after BCCAo and given for 40 days. A Morris water maze was then used to
evaluate the status of the hippocampal-dependent spatial learning and hippocampal mitogen-activated
protein kinase (MAPK) signaling was examined in control rats, rats with chronic cerebral hypoperfusion,
and rats with chronic cerebral hypoperfusion that was administered Scutellaria baicalensis. In the second
experiment, hippocampal microglial activation was induced by chronic infusions of LPS into the fourth
ventricle of Fisher-344 rat brains. Daily administration of Scutellaria baicalensis extracts was started on 7
day after the surgery of LPS infusion and given for 32 days. Spatial memory and hippocampal microglial
activation was then examined in control rats with an artificial cerebrospinal fluid infusion, rats with
chronic LPS infusion, and rats with chronic LPS infusion that were administered Scutellaria baicalensis.
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Results: Rats that received chronic cerebral hypoperfusion or chronic LPS infusion showed spatial memory
impairments relative to their control rats; however, these symptoms were reduced by daily administration
of Scutellaria baicalensis. Administration of Scutellaria baicalensis mitigated alterations of hippocampal
MAPK signaling by chronic cerebral infusion and microglial activation by chronic LPS infusion.
Conclusions: These results indicate that Scutellaria baicalensis may possess therapeutic potential for the
prevention of Alzheimer’s disease and vascular dementia.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Neuroinflammatory processes clearly occur in pathologically
vulnerable regions of brain in the several neurodegenerative dis-
orders including Alzheimer’s disease (AD) and vascular dementia
(VaD) (Tomimoto et al., 1997; Akiyama et al., 2000; Ravaglia
et al, 2007). It has also been reported that non-steroidal
anti-inflammatory drugs (NDAIDs) prevent cognitive decline in
individuals diagnosed with AD or elderly people (Tabet and
Feldmand, 2003; Hayden et al., 2007). However, long-term treat-
ment of NSAID produces gastrointestinal pain and occasional liver
and kidney toxicity (Warner et al., 1999; Stichtenoth and Frolich,
2000; Graupera et al., 2003). These side effects have stimulated the
development of new NDAIDs that are safe during long-term treat-
ments (Wenk et al., 2002; Jin et al., 2008). Another alternative is
the search for herbal medicines that have traditionally been used
to treat diseases related to inflammation.

One traditional Korean herbal medicine is the root extract of
Scutellaria baicalensis Georgi (S. baicalensis). This extract has been
used to treat bacterial infection of the respiratory system and
inflammatory diseases. Recently, the extract of Scutellaria baicalen-
sis was shown to have neuroprotective effects on hippocampus
lesions induced by ibotenic acid and global cerebral ischemia, as
well as spinal cord injury (Kim et al., 2001; Heo et al., 2009; Yune
et al., 2009). The three major flavonoids of Scutellaria baicalensis,
baicalein, baicalin, and wogonin, have also been evaluated in vivo
and in vitro (Lee et al., 2003; Suk et al., 2003; Kim et al., 2006).

Chronic cerebral hypoperfusion is associated with the devel-
opment of VaD (Dubois and Hebert, 2001). Animal models that
use permanent occlusion of the bilateral common carotid artery
(BCCAo0) have been used to understand the role of chronic cere-
bral hypoperfusion in the development of cognitive decline in VaD
and to further develop its treatment (Tsuchiya et al., 1992; Wakita
et al.,, 1998; Tomimoto et al., 2003). Animals with BCCAo show
reduced cerebral blood flow and memory impairments similar to
those that occur in human aging, AD, and VaD (Ohta et al., 1997;
Otori et al., 2003). MAPKs play a crucial role in signal transduction
and in the development of AD, which are activated by phosphory-
lation in response to mitogenic stimuli (Haddad, 2004). Therefore,
the first experiment of the present study was conducted to examine
the effects of the extract of Scutellaria baicalensis on hippocampal
dependent memory impairments and alterations of hippocampal
mitogen-activated protein kinases (MAPKSs) signaling induced by
BCCAo.

In addition, the second experiment of present study assessed the
effects of the extract of Scutellaria baicalensis on hippocampal neu-
roinflammatory responses and hippocampal memory impairments
induced by chronic LPS infusions. Specifically, the chronic infusion
oflipopolysaccharide (LPS) into the fourth ventricle of young Wistar
rats produced inflammatory responses in the hippocampus, such as
activated microglia, which are consistent with early reports (Hauss-
Wegrzyniak et al., 1998). In addition, the chronic LPS infusions were
found to produce memory impairments (Hauss-Wegrzyniak et al.,
1998; Jin et al., 2008). In this experiment, administration of the
extract of Scutellaria baicalensis attenuated the neuroinflammatory
responses and lessened the spatial memory impairments induced
by chronic LPS infusions.

2. Materials and methods
2.1. Animals

Thirty-five male Wistar rats were used in a chronic BCCAo exper-
iment (12 weeks old; Charles River Co., Gapeung, South Korea).
The rats were housed in a vivarium at Konkuk University for two
weeks at the beginning of the experiment under controlled tem-
perature (22 +1°C) and humidity (50+10%) on a 12 h light/dark
cycle (lights on at 08:00 h). In addition, thirty male Fisher-344 rats
obtained from SLC Inc. (Hamamatsu, Shizuoka, Japan), were used
in a chronic LPS experiment. The Fisher-344 rats were 12 weeks
old at the beginning of the experiment and resided in a vivarium at
Konkuk University for at least two months prior to the experiment.
Food and water were ad libitum provided to all animals throughout
the experiment. The Institutional Animal Care and Use Committee
of Konkuk University approved all protocols described in the report.
All surgical procedures and behavioral testing took place during the
light phase.

2.2. Surgery

2.2.1. BCCAo

The Wistar rats were anesthetized using a mixture of 5% isoflu-
rane and oxygen and anesthesia was maintained with 3% isoflurane
during the surgical procedure. A midline incision was made to
expose the bilateral common carotid arteries, which were then
tightly double ligated with silk sutures. In addition, control ani-
mals were subjected to a sham-operation in which they underwent
the same procedure as the treatment animals, without bilateral
common carotid artery occlusion. The rectal temperature was
maintained at 37.0+ 0.5 °C with a heating pad throughout the sur-
gical procedure. During hypoperfusion, about 5% of the animals
showed neurological symptoms like seizure with squatting, and
these animals died within one week after surgery. In addition, rats
that lost their weight 80% than before the surgery were excluded
from further experiments.

2.2.2. Chronic LPS injection

The Fisher-344 rats were anesthetized with isoflurane and then
placed in a stereotaxic frame (Kopf Instruments, Tujunga, CA, USA)
fitted with an isoflurane gas anesthesia system and an incisor
bar set 3.3 mm below the ear bars. LPS (n=20) or artificial cere-
brospinal fluid (aCSF, n=10) was chronically infused through a
cannula implanted in the fourth ventricle of the brain and was
attached to an osmotic minipump (Alzet, Palo Alto, CA, USA, model
2004). Each minipump was prepared to inject either the vehicle
artificial cerebrospinal fluid (aCSF) or 250mg LPS/h (prepared in
aCSF). The composition of the aCSF (in mmol/L) was 140 NaCl; 3.0
KCI; 2.5 CaCly; 1.2 NayHPOy, pH 7.4. The details were described
elsewhere (Rosi et al., 2004).

2.3. Drug and administration

Scutellaria baicalensis was obtained from Kyung-Dong Herbal
Market in Seoul, Korea and authenticated and deposited in the
herbarium of Kyung Hee University in October 2007. Dried roots
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of Scutellaria baicalensis (1.0kg) were extracted by water using
traditional oriental method. Briefly, Scutellaria baicalensis (50g)
was extracted with 2L of boiling water for 2h, filtered, and
then lyophilized (yield: 34.8%). The powdered extract (Scutellaria
baicalensis; pH 4.72) was subsequently dissolved in saline and fil-
tered through a 0.22-pm syringe filter (Yoon et al., 2009). The
extract of Scutellaria baicalensis contains several flavonoids, such
as wogonin, baicalin, and oroxylin (Heo et al., 2009). HPLC anal-
ysis was conducted to confirm the contents of the extracts of
Scutellaria baicalensis used for the present experiment. Analysis
was performed in a Waters 600 pump, a Waters 717 autosam-
pler, and a Waters 996 Photodiode Array Detector was used for
all analyses. Chromatographic separations were carried out on a
Sunfire™ (18 ODS column (250 mm x 4.6 mm id, 5 um) with a
Sunfire™ C18 Guard column (250 mm x 4.6 mm id, 5pum). The
mobile phases were composed of acetonitrile (A) and 0.5% phos-
phoric acid (B) using the following gradient program: 0-60 min,
5-50% A; 60-61 min, 50-70% A; 61-80 min, 70-70% A; 80-81 min,
70-5% A. The absorbance was measured at 276 nm for detection
of baicalin, wogonoside. Chromatography was performed at room
temperature at a flow rate of 1.0 mL/min and the injection vol-
ume was 10 pL. The contents of baicalin and wogonoside were
19.83+0.91% and 5.47 £+ 0.36%, respectively.

The rats used for the BCCAo experiment were segregated
into five groups (six rats per group): a sham-operated group
(oral administration of the drug vehicle); BCCAo group (oral
administration of the drug vehicle); three BCCAo groups that
received daily oral administration of drugs (Scutellaria baicalensis
100 mg/kg, Scutellaria baicalensis 200 mg/kg, donepezil (10 mg/kg).
These dosages were determined based on the studies conducted
with Scutellaria baicalensis (Shang et al., 2005; Heo et al., 2009).
Donepezil is used to treat dementia associated with AD and VaD.
Vehicle/drug treatment was started on day 20 after BCCAo surgery
and continued until the end of the experiment (see Fig. 1A). Dur-
ing drug administration, one rat was lost in each drug treatment
group.

The following three groups were used in the chronic LPS
experiment (n=10): (1) aCSF-infused rats that received daily
oral administration of the drug vehicle; (2) LPS-infused rats
that received daily oral administration of the drug vehicle;
(3) LPS-infused rats that received daily oral administration
of Scutellaria baicalensis (100 mg/kg). Vehicle/drug treatment
was started on day seven after the LPS surgery and continued
until the end of the experiment (see Fig. 1B). During drug admin-
istration, one rat was lost in each group that received chronic LPS
infusion. The drug vehicle for Scutellaria baicalensis was deionized
water.
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2.4. Behavioral assessment

2.4.1. Apparatus

The maze was a round tank, 1.83 m in diameter and 58 cm deep,
and filled to a depth of 35.5 cm with tepid (26 + 1 °C) water made
opaque by the addition of white paint (tempera). A moveable circu-
lar platform, 12 cm in diameter, was located 2 cm below the surface
of the water. The maze was surrounded by white curtains on which
black cloth visual stimuli of various shapes and sizes were placed.
A camera located above the center of the maze relayed images to a
videocassette recorder and an HVS Image Analysis Computer Sys-
tem. Data from the water maze trials were analyzed using software
provided by HVS (Hampton, United Kingdom).

2.4.2. Training procedure of spatial memory task for chronic
BCCAo rats

In a standardized procedure that required the use of distal cues
in a maze environment, the rats were trained to learn the posi-
tion of a camouflaged escape platform (Gallagher et al., 1993).
Briefly, every session contained five trials across two days and the
total training was composed of four sessions. During each train-
ing trial, the location of the platform remained constant and the
rats swam for 90s or until they found the platform. Across the
trials, the starting location varied among four equidistant points
around the perimeter of the apparatus. A probe trial was conducted
30 min after the second session and the fourth session to assess the
development of spatial bias in the maze; thus, the entire training
procedure included two probe trials for each rat. During these probe
trials, the rats swam with the platform retracted to the bottom of
the pool for 30, at which time the platform was raised to its nor-
mal position for completion of the trial. The behavioral assessment
was started on day 45 after surgery.

2.4.3. Training procedure for spatial memory task for chronic LPS
rats

The rats were trained using the same training apparatus and
procedure except that there were no the probe trials. The minipump
for the chronic infusion is expected to deliver 0.25 wL/h for 32 days,
which estimated by information provided by Alzet. Therefore, the
behavioral assessment was started on day 30 day after chronic LPS
infusion.

2.5. Western blot analysis

Proteins for the analysis of MAPKs and pMAPKs were extracted
in the following manner. Individual tissue samples were weighed
and then homogenized in five volumes of ice-cold buffer contain-
ing 20mM Tris at pH 7.5, 5% glycerol, 1.5mM EDTA, 40 mM KCI,
0.5mM dithiothreitol, and protease inhibitors (No. 539131, Cal-
biochem). The homogenates were then centrifuged at 20,800 x g
for 30 min at 4 °C, after which the supernatant was removed from
each sample, and an aliquot was taken for determination of the
total protein concentration using Bradford Reagent. The proteins
were then separated by SDS-PAGE and transferred to a PVDF mem-
brane, which was subsequently incubated with a primary antibody
(Ab) against ERK (1:5000, Cell Signaling), JNK (1:5000, Cell Signal-
ing), p38 (1:1000, Cell Signaling), pERK (1:3000, Cell Signaling),
pJNK(1:3000, Cell Signaling), and pp38 (1:1000, Cell Signaling). Fol-
lowing primary incubation, blots were incubated with horseradish
peroxidase (HRP)-conjugated secondary Ab (1:2500, Amersham
Biosciences) and then visualized using an ECL system, after which
they were developed using Hyperfilm (Amersham). The relative
expression levels of MAPKs, and pMAPKs were determined by
densitometry and normalization to (-actin (1:5000, Sigma), an
invariant cytoskeletal protein.
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2.6. Immunohistology

Following the behavioral experiments, the rats were eutha-
nized by an overdose of ketamine HCl (30 mg/kg) and xylazine
(2.5 mg/kg), after which they were intracardially perfused with 4%
paraformaldehyde in a 0.1 M phosphate buffer (pH 7.4, PPB). The
brain was then removed and cut coronal at Lambda (rostral to cau-
dal) to partition the portion of the brain containing fourth ventricle
(verified by the position of the cannula tip) from the brain por-
tion containing hippocampus/cortex. Following fixation, the brains
were removed, postfixed in PPB (2 h), cryoprotected in PBS con-
taining 20% sucrose (24 h), frozen on powdered dry ice, and then
sectioned (coronal plane: 40 um) using a microtome. Monoclonal
antibody OX-6 (1:300, BD Bioscience), which is directed against
the Class Il major histocompatibility complex antigens, was used
to visualize the activated microglial cells (Hauss-Wegrzyniak et al.,
2002). For OX-6 immunoreactivity, endogenous peroxidases were
blocked by 30 min of incubation in 3% H,0,/10% MeOH in PBS. The
sections were then incubated for 1h (RT) in PBS with 0.3% Triton-
X containing 10% serum, followed by 18 h incubation (4°C) in the
same solution with the addition of OX-6 primary antibody. Next,
the sections were incubated for 1 h in the appropriate biotinylated
secondary (RT; 1: 200), and then for 1h in ExtrAvidin peroxidase
conjugate (RT; 1: 1000), after which they were reacted using a Vec-
tor SG substrate kit for peroxidase (Vector Laboratories). Finally,
the sections were mounted onto Superfrost++ slides, dehydrated
through ascending concentrations of alcohol, defatted in xylene,
and coverslipped with Permount.

2.7. Statistical analysis

One-way ANOVA and one-way repeated ANOVA were con-
ducted to assess the effects of Scutellaria baicalensis on the
changes in pMAPKs and the impairment of spatial memory
induced by chronic BCCAo or chronic LPS infusion. Post hoc
analyses (Turkey HSD or T-test) were subsequently conducted
to determine the effects of the baicalensis treatment. p Val-
ues less than 0.05 were considered significant, unless otherwise
specified.

3. Results

3.1. Scutellaria baicalensis reduced chronic BCCAo-induced
spatial memory impairments

In the Morris water maze task, search errors that are described
in detail elsewhere (Gallagher et al., 1993) were used to assess
the performance accuracy of spatial learning in the water maze.
During each trial, the distance of the rats from the escape plat-
form was sampled 10 times per second, and these values were
averaged in 1-s bins. The cumulative search error was then cal-
culated as the summed 1-s averages of this proximity measure
corrected for the particular start location on each trial. One-way
repeated ANOVA showed that the between group effects (sham-
operated control, BCCAo with vehicle, BCCAo with drug treatments)
were significant (F4,)=4.18,p=0.012), as were the training effects
(session) (F(3 66)=99.77, p=0.000). The interaction effects between
the group and training session were not significant. As shown
in Fig. 2A, the sham-operated control rats quickly became pro-
ficient at locating the submerged platform during the training
sessions; however, the BCCAo rats did not show much improve-
ment over the course of training when compared with the control
rats. This was confirmed by post hoc analysis, which revealed sig-
nificant differences between the sham-operated control rats and
the BCCAo rats (p=0.006). In addition, the BCCAo rats that were
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Fig.2. Scutellaria baicalensis rescues spatial memory impairment induced by chronic
BCCAo. (A) Search error for finding the hidden platform in the spatial learning task.
Sham-operated control rats (SHAM + vehicle) became proficient at locating the sub-
merged platform during the training trials. The BCCAo rats (BCCAo +vehicle) did
not show much improvement over the course of the training, whereas the Scutel-
laria baicalensis (100 mg/kg, BCCAo + SB100) treatment significantly ameliorated this
learning deficit induced by chronic BCCAo. (B) The percentage of time spent in the
target annulus (5 x of the platform size). Sham-operated control rats showed the spa-
tial bias. However, the BCCAo rats treated with Scutellaria baicalensis did not show
statistically significantly reduced effects in the probe trial when compared with the
BCCAo rats. SHAM + vehicle: sham-operated control; BCCAo + vehicle: BCCAo rats;
BCCAo+DON: BCCAo rats with donezepil (10 mg/kg); BCCAo +SB100: BCCAo rats
with Scutellaria baicalensis (100 mg/kg); BCCAo +SB200: BCCAo rats with Scutellaria
baicalensis (200 mg/kg).

administered Scutellaria baicalensis (100 mg/kg) showed signifi-
cantly better performances than the BCCAo rats (p=0.05). The
BCCAo rats with Scutellaria baicalensis (200 mg/kg) or donezepil
(10 mg/kg) showed no significant differences in performance when
compared to the BCCAo rats.

In addition, although no apparent differences in performance
in the first probe trial were observed, there were apparent differ-
ences in performance in the second probe trial, as assessed by the
percentage of time spent in the target annulus (5x of the plat-
form size) during the 30s probe. The one-way ANOVAs on the
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Fig.3. Scutellaria baicalensis normalized alterations of the hippocampal MAPKs phosphorylation induced by chronic BCCAo. (A) Representative western blot of pERK (top), ERK
(middle), and actin (bottom). (B) Chronic BCCAo increased pERK levels in the hippocampus compared with the control (#), and Scutellaria baicalensis suppressed increased
hippocampal pERK levels induced by chronic BCCAo (*). (C) Representative western blot of pJNK (top), JNK (middle), and actin (bottom). (D) Chronic BCCAo decreased
hippocampal pJNK levels compared with the control (#), and the hippocampal pJNK abundances of the chronic BCCAo rats with Scutellaria baicalensis were nearly identical
to those of control (*). (E) Representative western blot of pp38 (top), p38 (middle), and actin (bottom). (F) Hippocampal pp38 levels were decreased in the brains of chronic
BCCAo rats relative to the control (#), and decreased hippocampal pp38 levels by chronic BCCAo were normalized by Scutellaria baicalensis treatment (*). SHAM + vehicle:
sham-operated control; BCCAo + vehicle: BCCAo rats; BCCAo + DON: BCCAo rats with donezepil; BCCAo + SB100: BCCAo rats with Scutellaria baicalensis.

second probe trial showed that the between group effects were
significant (Fi42)=2.791, p=0.05). Post hoc analysis revealed that
the sham-operated control rats were found to have the spatial bias
when compared with the BCCAo rats that were treated with vehicle

(p=0.02) (Fig. 2B). However, BCCAo rats subjected to drug treat-
ments did not show statistically significant ameliorative effects
during the probe trials when compared with BCCAo rats that were
treated with vehicle (p > 0.09).
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3.2. Scutellaria baicalensis normalized BCCAo-induced alteration
of MAPKs in the hippocampus.

MAPK activation plays a major role in synaptic plasticity and
hippocampus-dependent memory (Sweatt, 2001). The present
experiment was conducted to determine if BCCAo induced alter-
ations of MAPKs in the hippocampus, which are required for
spatial learning, and if Scutellaria baicalensis treatment normal-
ized its alterations. Specifically, we examined three subfamilies
of MAPKs: extracellular signal-regulated kinase (ERK), c-Jun N-
terminal kinase (JNK), and p38. The hippocampal pMAPK levels
were measured in the brains of the three rats in four groups (sham-
operated control, BCCAo +vehicle, BCCAo +Scutellaria baicalensis
(100 mg/kg), BCCAo + donezepil), by western blot. One-way ANOVA
analysis of the pERK showed that the between group effects
were significant (Fg3 5,y=6.19, p=0.018). According to the post hoc
analysis, the hippocampal pERK levels in the BCCAo rats were
strongly upregulated when compared with the sham-operated con-
trol (Fig. 3A and B; p=0.038). However, these increases induced
by BCCAo were attenuated by treatment with Scutellaria baicalen-
sis (p=0.026). One-way ANOVA analysis of the pJNK showed that
the between group effects were significant (Fi3 25y =5.49, p=0.024).
Moreover, post hoc analyses revealed that the hippocampal pJNK
levels in the BCCAo rats were significantly decreased when com-
pared with the sham-operated controls (Fig. 3C and D; p<0.029).
These decreases induced by BCCAo were normalized by treat-
ment with Scutellaria baicalensis (p <0.045). One-way ANOVA of
the pp38 showed that the between group effects were significant
(F(3,22)=5.06, p=0.030). Post hoc analyses revealed that the hip-
pocampal pp38 levels in BCCAo rats were significantly lower than
those in the sham-operated control (Fig. 3E and F; p <0.050), which
was consistent with results of pJNK. These decreases induced by
BCCAo were attenuated by treatment with Scutellaria baicalensis
(p<0.023).

3.3. Scutellaria baicalensis reduced LPS-induced spatial memory
impairments

Search error was used to assess the performance accuracy in
the water maze. The overall repeated ANOVAs showed that the
between group effects (aCSF, LPS, or LPS with Scutellaria baicalen-
sis) were significant (F(35y=4.95, p=0.015), as were the training
effects (sessions) (F(3 75)=81.82, p=0.000). There were no interac-
tion effects between group and training session (Fg 75)=0.57, ns).
As shown in Fig. 4, the aCSF-infused rats rapidly became profi-
cient at locating the submerged platform during the training trials.
However, the LPS-infused rats did not show much improvement
over the course of the training when compared with the control
aCSF-infused rats (p=.027), while Scutellaria baicalensis treatment
ameliorated this learning deficit induced by chronic LPS infusions
(p=0.006).

3.4. Scutellaria baicalensis reduced LPS-induced microglia
activation in the hippocampus

The locations of the cannula tips were verified while using a
microtome to cut the portion of the brain containing the fourth
ventricle. All cannula tips were located in the fourth ventricle.
Immunostaining for OX-6 revealed numerous activated microglias
distributed in the hippocampus of the LPS-infused rats (Fig. 5A). The
activated microglia had a characteristic bushy morphology with
increased cell body size and contracted and ramified processes
(Wenk, 2003). To quantify the effects of the Scutellaria baicalen-
sis treatments, the number of OX-6 positive microglia within the
hippocampi from every rat were counted in drawings of iden-
tical sections. ANOVA revealed significant group effects in the
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Fig.4. Scutellaria baicalensis reduced LPS-induced spatial memory impairments. The
control rats became proficient at locating the submerged platform during the train-
ing trials. The LPS-infused rats did not show much improvement over the course of
the training when compared with the control aCSF-infused rats, while the Scutel-
laria baicalensis treatment ameliorated this learning deficit by chronic LPS infusions.
CSF +vehicle: aCSF-infused rat; LPS + vehicle: LPS-infused rat; LPS + SB: LPS-infused
rat with Scutellaria baicalensis.

hippocampus (F(325y=112.04, p=0.000). Post hoc analyses of the
group effects revealed that the number of activated microglia in
the hippocampi of LPS-infused rats was significantly higher than
that of the aCSF-infused rats and LPS-infused rats treated with
Scutellaria baicalensis (p <0.001); however, the number of activated
microglia in LPS-infused rats with Scutellaria baicalensis was signif-
icantly greater than in aCSF-infused rats (p <0.001) (Fig. 5B).

4. Discussion

The therapeutic effects of Scutellaria baicalensis have been
demonstrated in a number of studies using animal models for AD
and VaD, which are rats with permanent global ischemia (Kim et al.,
2001; Shang et al., 2005) and rats with lesions of entorhinal cor-
tex induced by ibotenic acid (Heo et al., 2009), respectively. The
present study showed that the root extract of Scutellaria baicalen-
sis is beneficial for amelioration of cognitive deficits induced by
chronic cerebral hypoperfusion or chronic neuroinflammation. In
addition, the results of the present study revealed that signaling of
hippocampal MAPKs was altered in rats with chronic BCCAo, and
that this alteration was normalized by the treatment of Scutellaria
baicalensis.

The root extract of Scutellaria baicalensis is a traditional herbal
medicine in Korea and China that is widely used to treat inflam-
matory diseases and bacterial infection of the respiratory and
gastrointestinal tract (Liu et al., 2007; Heo et al., 2009). Scutellaria
baicalensis contains several flavonoids, including wogonin, baicalin,
and oroxylin A. The effectiveness of Scutellaria baicalensis has been
demonstrated by animal models for AD and VaD, and its molecu-
lar mechanism of their action has been investigated by cell culture
studies, with its extract or single components. For example, treat-
ment of baicalein ameliorated memory impairments induced by
chronic BCCAo or (3-amyloid peptide (25-35) infusion, indicating
that there is a relationship between improved behavioral perfor-
mances by baicalein and ERK signaling (Wang et al., 2004; Liu
etal.,, 2007; Park et al., 2010). Oroxylin A also ameliorated memory
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Fig. 5. Immunohistology for activated microglia using the OX-6 antibody in the hippocampus of Fisher-344 rats. A. Representative hippocampal photomicrograph of aCSF
control rats (left), chronic LPS-infused rats (middle), and chronic LPS-infused rat treated with daily administrations of Scutellaria baicalensis (right). B. The number of activated
microglia in the hippocampi of Fisher-344 rats. The number of activated microglia in the hippocampus of the LPS-infused rats was significantly greater than in aCSF-infused
rats (#). The Scutellaria baicalensis treatments significantly reduced the number of activated microglia in the hippocampi of the LPS-infused rats (*). CSF + vehicle: aCSF-infused
rat; LPS + vehicle: LPS-infused rat; LPS + SB: LPS-infused rat treated with daily administrations of Scutellaria baicalensis.

impairments induced by chronic BCCAo or scopolamine injection
in mice (Kim et al., 2006; Kim et al., 2007). In contrast, to the best
of our knowledge, no studies have been reported the ameliorat-
ing effects of wogonin on memory impairments using an animal
model. Nevertheless, there have been some reports of wogonin hav-
ing neuroprotective effects in cerebral ischemic insult, and these
effects have been shown to be mediated by its anti-inflammatory
properties via suppression of microglial activation through the
inhibition of NF-KkB activity (Cho and Lee, 2004; Piao et al., 2008).
Thus, the effectiveness of its extract or its single components
of Scutellaria baicalensis for AD and VaD has been reported using
various animal models. However, no studies have been conducted
to compare the efficacy of the extract of Scutellaria baicalensis
with that of individual components or to determine if there were
any differences in efficacy among single components with respect
to behavioral improvements and alterations of signature markers
of inflammation/oxidative stress. Accordingly, it is premature to
adopt a single component of Scutellaria baicalensis with the high-
est efficacy for development of a new drug for the treatment of AD
and VaD. Moreover, based on the complexity of treatment in vivo,
a combinatory approach through the use of an extract would be
preferable to the use of single components (Pratico, 2008). Hence,
the results of the present experiment conducted using the extracts

of Scutellaria baicalensis are useful for investigating its therapeutic
effects.

Recent lines of research support the possibility that a super-
family of MAPKs may be a key factor in the regulation of Tau and
deposits of amyloid precursor protein (beta-APP), eventually lead-
ing to AD, and that alterations in signaling pathways of MAPKs
may underlie the mechanism of synaptic pathology in AD and
VaD (Hashimoto and Masliah, 2003; Haddad, 2004). Furthermore,
treatments that induced alterations in MAPKs signaling resulted
in impairments in hippocampal long-term potentiation (LTP) and
spatial learning deficits (Atkins et al., 1998; Selcher et al., 1999).
Therefore, the present experiment compared the levels of phospho-
rylated MAPKs in the hippocampi of chronic BCCAo rats to those
of control rats. Hippocampal levels of pERK were increased and
hippocampal levels of pJNK and pp38 were decreased, in chronic
BCCAo rats relative to control rats. More importantly, these alter-
ations in MAPK signaling induced by BCCAo were normalized by
treatment of Scutellaria baicalensis. These findings suggest that
chronic BCCAo results in cognitive deficits due to impairments of
synaptic plasticity. Accordingly, it is necessary to determine if hip-
pocampal LTP is impaired in rats with chronic BCCAo.

Chronic infusion of LPS into the 4th ventricle of Fisher-
344 rat brains produces many of the inflammatory symptoms,
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pathological changes, and memory impairments associated with
AD (Hauss-Wegrzyniak et al., 1998). Specifically, chronic LPS infu-
sion increases the number and density of OX-6-positive reactive
microglia, which are the immune competent cells of the central
nervous system (Hauss-Wegrzyniak et al., 2000) and it increases
the number and density of astrocytes (Hauss-Wegrzyniak et al.,
1998). In the present study, an animal model of inflammation was
used to assess the anti-inflammatory effects of Scutellaria baicalen-
sis. The results showed that chronic LPS infusions in Fisher-344 rats
activated inflammatory responses in the hippocampus, such as acti-
vated microglia. Chronic LPS infusions have been shown to impair
spatial memory in a Morris water maze (Hauss-Wegrzyniak et al.,
1999), which have been reported in our previous studies (Cui et al.,
2008; Jin et al., 2008). Here, we demonstrate that oral adminis-
tration of Scutellaria baicalensis attenuates the neuroinflammatory
responses induced by chronic LPS infusions and also reduces the
spatial memory impairments induced by the chronic LPS infusions.

5. Conclusion

Using the chronic BCCAo animal model for VaD and the LPS infu-
sion animal model for AD, the present study examined the in vivo
efficacies of Scutellaria baicalensis. Daily treatments with Scutel-
laria baicalensis normalized MAPKs signaling in the hippocampus of
chronic BCCAo. These treatments also reduced the spatial memory
impairments that were induced by chronic BCCAo. Furthermore,
daily treatments with Scutellaria baicalensis attenuated activated
inflammatory responses and spatial memory impairments induced
by chronic LPS infusions. Taken together, these results may lead to
the development of novel anti-dementia treatments for AD, VaD,
and other CNS diseases.
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