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Moutan Cortex Extract Inhibits Amyloid B Protein (25-35)-induced Neurotoxicity
in Cultured Rat Cortical Neurons

Joo Youn Kim*, Hyun Soo Ju*, Ju Yeon Ban**, Kyung Sik Song***, and Yeon Hee Seong*"

*College of Veterinary Medicine, Chungbuk National University, Cheongju, Chungbuk 361-763, Korea.
**Department of Pharmacology, College of Medicing, Kyung Hee University, Seoul 130-701, Korea.
***College of Agriculture and Life-Sciences, Kyungpook National University, Daegu 702-701, Korea.

ABSTRACT : Moutan cortex, the root bark of Paeonia suffruticosa Andrews (Paeoniaceae), has pharmacological effects
such as anti-inflammatory, antiallergic, analgesic and antioxidant activities. We investigated a methanol extract of Moutan
cortex for neuroprotective effects on neurotoxicity induced by amyloid B protein (AB) (25-35) in cultured rat cortical neu-
rons. Exposure of cultured cortical neuronsto 10 uM AP (25-35) for 24 h induced neuronal apoptotic death. Moutan cortex
inhibited 10 uM AP (25-35)-induced neuronal cell death at 30 and 50 ug/mé, which was measured by a 3-[4,5-dimethylthia-
zol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT) assay and Hoechst 33342 staining. Moutan cortex inhibited 10 uM A
(25-35)-induced elevation of intracellular calcium concentration ([Ca?"];), and generation of reactive oxygen species (ROS)
which were measured by fluorescent dyes. M outan cortex also inhibited glutamate release into medium induced by 10 uM
AB (25-35), which was measured by HPL C. Theseresults suggest that M outan cortex prevents A (25-35)-induced neuronal
cell damage by interfering with the increase of [Ca®'];, and then inhibiting glutamate release and ROS gener ation. Moutan
cortex may have a therapeutic rolein preventing the progression of Alzheimer’sdisease.
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INTRODUCTION AP neurotoxicity has been speculated to be due to various

factors, including oxidative dress, excessve increases in

Alzheimer's diseese (AD) is a neurodegenerative disorder
characterized clinicaly by cognitive impairment and patholo-
gicadly by the appearance of senile plagues and neurofi-
brillary tangles (Price et al., 1998). Amyloid B protein (Ap),
a 39 to 43-aminc-acid peptide fragment derived from
amyloid precursor protein, is thought to be closdy related
to the pathogenesis of AD as the mgor component of the
senile plagues that charecterize this diseese (lvins e 4.,
1999). In cultures, AB can directly induce neurona cell
desth (Ueda et al., 1994) and can render neurons vulnerable
to excitotoxicity (Koh e al. 1990) and oxidaive insults
(Goodman and Maitson, 1994). Although the precise
mechanism of AB-induced cell desth is not well understood,

intracellular Ca?* ([Caf']) and glutamate accumulation, and
induction of neurotoxic cascades (Gray and Pad, 1995,
Ueda et al., 1997; Ekinci et al., 2000).

Moutan cortex, the root bark of Paeonia suffruticosa
Andrews (Paeoniacese), has been used extensvely as a
traditiond Chinese medicine in esstern Adan countries.
Moutan cortex is used to treat a plethora of disease classes
such as aherosclerogs, infection and inflammation. Various
pharmacologica  activities of Moutan cortex include anti-
hepatotoxic, anti-inflanmatory, anti-alergic, anti-oxidant and
andgesc effects (Shon and Nam, 2004; Tatsumi et al.,
2004; Rho e a., 2005; Chun et al, 2007; Jang et al.,
2007). In the CNS, a possible neuroprotective effect of a
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traditiond Chinese medica formulation containing Moutan
cotex agang ra bran ischemiareperfuson injury has been
reported (Le & al., 2007). Paeonol, a common component of
Moutan cortex, reduced ceréord infarction in  ischemid
reperfuson injured ras (Hdeh e al., 2006). Furthermore
Moutan cortex was effective to prevent oxidative stress-induced
neuronal desth and generation of reactive oxygen pecies in
cultured neurons (Shimaeda et al., 2004; Rho & al., 2005).
These reports indicate that Moutan cortex can be a potentid
protective agent againg neurodegenerative diseeses such as AD
and droke The am of our sudy was to determine whether
Moutan cortex hed a protective effect agang AR (25-35)-
induced neuronad damage in cultured rat cortical neurons.

MATERIALS AND METHODS

1. Plant material and extraction

Moutan cortex was purchased from a market in Daeguy,
Korea and identified by Professor K.S. Song, Kyungpook
Nationd University. The voucher specimen (KNUNPC-MC1)
is dored a the Natura Products Chemistry Lab., Divison
of Applied Biology and Chemistry, Kyungpook Nationa
Universty, Daegu, Korea The dried materid (1kg) was
refluxed in 2L methanol twice a room temperature and the
resdue was filtered off using a filter paper. The filtrate was
evaporated to dryness under 45C to obtain methanol extract
(189.33g).

2. Experimental animals

Pregnant Sprague-Dawley ras for primary neurona culture
were supplied by Daehan BioLink Co., Ltd. (Chungbuk,
Koregd) and housed in an environmentally controlled room a
2+2C, with a reaive humidity of 55+5%, a 12-h light/
dark cycle, and food and water ad libitum. The procedures
involving experimental animas complied with the animal
care guiddines of the Nationa Inditutes of Hedth and the
anima ethics committee of Chungbuk National Universty.

3.
rat cerebral cortical neurons

Primary corticd neuron cultures were prepared using
embryonic day 15 to 16 SpragueDawley rat fetuses as
described previoudy (Ban et al., 2005; Lee et al., 2007).
Neurotoxicity experiments were performed on neurons after
34 days in culture. Cultured neurons were trested with 10

Induction of neurotoxicity in primary cultures of
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uM A (25-35) (Bachem, Bubendorf, Switzerland) in serum-
free DMEM (Sigma) a 37C for 24h (unless otherwise
indicated) to produce neurotoxicity. An AP (25-35) stock
solution of 2mM was prepared in derile didilled water,
sored a —20C, and incubated for more than 2 days a 37
C to aggregate before use. Moutan cortex was dissolved in
DMSO a concentrations of 50mg/mé and further diluted in
experimenta  buffers. The find concentration of DMSO was
<0.1%, which did not &ffect cdl Vviability For each
experiment, Moutan cortex was gpplied 15min prior to
trestment with 10uM AR (25-35). It was dso present in
the medium during AB (25-35) incubation.

4. Measurements of AP (25-35)-induced neuronal
death and intracellular biochemical changes

A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium  bromide
(MTT; Sigma) asssy and Hoechst 33342 (Molecular Probes,
Eugene, OR, USA) daning were peformed to messure
neurond desth 24h after exposure of cultured neurons to
10uM AP (25-35), as dexribed previoudy (Ban & 4.,
2005; Lee et al., 2007). Changes in [C&']; were measured
with Fluo-4 AM (Molecular Probes), a cacium-sendtive
fluorescent dye, using a laser scanning confocal microscope
(LSM 510, Cal Zess Oberkochen, Germany) with a
488-nm excitation argon laser and 515-nm longpass emisson
filters (Ban e al., 2005, Lee et al., 2007). To measure
glutamate secreted into the medium, cels were treasted with
10uM AP (25-35) in a HEPES buffer contaning 8.6 mM
HEPES, 154mM NaCl, 56mM KCl, 23mM CaCl, ad
10mM glucose a pH 7.4, and glutamae secreted over 6h
was quantified by HPLC with an dectrochemical detector
(MF series BAS, IN, USA) (Ban e al., 2005; Lee et al.,
2007). The microfluorescence of 2,7-dichlorofluorescein, the
fluorescent product of 2,7-dichlorodihydrofluorescein diacetate
(H.DCF-DA; Molecular Probes), and a laser scanning
confocal microscope (MRC1024ES, Bio-Rad, Maylands, UK)
with 488-nm excitation and 510-nm emisson filters were
used to monitor the generation of reective oxygen species
(ROS) in neurons treated with 10uM AP (25-35) for 24h
(Ban et al., 2005).

5. Statistical analysis

Data are expressed as mean+SEM and datisticd  signifi-
cance was assesd by oneway andyss of variance (ANOVA)
and Tukey's teds. P <0.05 was consdered significant.
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10 uM AP (25-35)

Inhibitory effect of Moutan cortex (MC) on AB (25-35)-
induced neuronal cell death in cultured cortical neurons.
Neuronal cell death was measured using the MTT assay.
The MTT absorbance from untreated cells was normali-
zed to 100%. Results are expressed as mean = S.E.M. of
data obtained from 3 independent experiments. **P < 0.01
vs control; *P < 0.05, **P < 0.01 vs 10 uM AB (25-35).

Fig. 1.

RESULTS

1. Moutan cortex inhibits AR (25-35)-induced neuronal
cell death

In previous experiments (Ban and Seong, 2005), we have
demonstrated that AP (25-35) over the concentration range
of 520uM produced a concentration-dependent reduction of
cdl viability in cultured corticd neuron. Therefore, the
concentretion of 10uM was used for the determination of
AB (25-35)-induced neuronal cdl damage in the present
experiments. When cortical neurons were exposed to 10 uM
AB (2535 for 24h, absorbance in the MTT assay was
683+12% of that of the untrested controls (Fig. 1),
indicating that AP (25-35) caused neurond cel death. In
cultures treated with Moutan cortex (30 or 50 wg/md), the
AB (25-35)-induced neurond death was dgnificantly reduced
(absorbance, 1125+3.2% of control with 50 «g/mé Moutan
cortex).

Hoechst 33342 daining was used to detect condensed or
fragmented DNA, which is indicative of AP (25-35)-induced
neurona gpoptotic death. Treatment of neurons with 10 uM
AB (25-35) induced apoptoss in 31.2+1.9% of cultured
coticd neurons, compared with 6.6+0.8% in control
cultures. The addition of Moutan cortex (50 wg/mb) dgnifi-
cantly decressed AP (25-35)-induced apoptotic cell desth to
102+ 1.2% of dl neurons (Fig. 2).
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Fig. 2. Inhibitory effect of Moutan cortex (MC) on AB (25-35)-
induced apoptosis of cultured cortical neurons. Apoptotic
cells measured by Hoechst 33342 staining were counted
in 5 to 6 fields per well. Results are apoptotic cells as a
percentage of the total number of cells expressed as mean =
S.E.M. of data obtained from 4 independent experiments.
##p < 0.01 vs control, **P < 0.01 vs 10 uM AP (25-35).

2. Moutan cortex inhibits AB (25-35)-induced [Ca®*];
elevation

Increases in [Ca']; have been associated with AB-induced
cdl degth. In our cdl cultures, trestment with 10uM AP
(25-35) produced a dow but gradud incresse in [Ca'];,
with the maximum fluorescence intensity (ca 180, compared
to a basal levd of 100) observed about 5 min after AR
(25-35) agpplication. In contrest, pretrestment with Moutan
cortex (50 g/ml) dgnificantly inhibited the incresse of
[C&"); induced by 10uM AB (25-35) throughout the
measurement period (Fig. 3). Moutan cortex did not affect
basd [Ca)..

3. Moutan cortex inhibits A (25-35)-induced elevation
of glutamate release

We next quanttified the glutamate redleased into the
extracdlular medium after treatment with 10uM AR (25-35)
for 6 h. As shown in Fg. 4, 10uM AR (25-35) eevaed
the basd glutamate levedl from 0.39+0.02uM in control
neurons to 0.78+0.10uM. Moutan cortex (50 rg/ml) signi-
ficantly blocked the AP (25-35)-induced devation of gluta
meate release, resulting in maximal values of 0.40+ 0.05uM.

4. Moutan cortex inhibits AR (25-35)-induced ROS
generation
To darify the involvement of oxidative dress in AR
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Fig. 3. Inhibitory effect of Moutan cortex (MC) on AB (25-35)-

induced [Ca®"]; elevation in cultured cortical neurons.
[Ca**]; was monitored using Fluo-4 AM dye and a
confocal laser scanning microscope. All images were
rocessed to analyze changes in [Ca®*]; at the single cell
evel. Results are expressed as the relative fluorescence
intensity (RFI). Each trace shows a single cell that is
representative of at least 3 independent experiments.
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Fig. 4. Inhibitory effect of Moutan cortex (MC) on AB (25-35)-
induced glutamate release in cultured cortical neurons.
The amount of glutamate released over 6h was
measured by HPLC with an electrochemical detector.
Results are expressed as mean = S.E.M. of data obtained
from 3 independent experiments. *P < 0.05 vs control;
*P < 0.05 vs 10 UM AB (25-35).
neurotoxicity, we messured the accumulation of ROS after
the exposure of the cdls to AB (2535 for 24h. In
H,DCF-DA-loaded cerebrd corticd neurons, 10uM AB (25
35) increased the fluorescence intendty, indicating that ROS
were generated. In neurons trested with 10uM AR (25-35),
the rdative fluorescence increased approximately 3-fold to
121.7+7.1 compaed with the vaue in control neurons

(245+£19). The AP (25-35)-induced increese in ROS
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Fig. 5. Inhibitory effect of Moutan cortex (MC) on AB (25-35)-
induced ROS generation in cultured cortical neurons.
ROS was monitored using H;DCF-DA dye and a confocal
laser scanning microscope. Results are expressed as mean =
S.E.M. of RFI obtained from 3 independent experiments.
##p < 0.01 vs control; **P < 0.01 vs 10 uM AP (25-35).

control

generaion was sgnificantly inhibited by Moutan cortex (30
and 50 1g/mk) (Fig. 5).

DISCUSSION

As an active patid fragment of AB, AP (25-35) forms a
B-sheet dructure and induces neuronad cel death, neuritic
arophy, synaptic loss, and memory impairment, athough it
is not found in the AD brain (Pke & al., 1995, Grace et
a., 2002, Tohda et al., 2004). The present study demo-
ndrated that AB (25-35) causes [C&'); increase, glutamate
redease, ROS generation, and neurond cdl death in cultured
corticd neurons, dl of which were blocked by trestment
with Moutan cortex. In our previous reports, AR (25-35)-
induced [Ca]; incresse, glutamate rdease, ROS generation,
and neurona gpoptotic desth were blocked by trestment
with MK-801, an N-methyl-p-aspartate (NMDA) antagonist;
vergpamil, an L-type Cef* channe blocker; and NC-nitro-L-
aginine methyl ester (L-NAME), a nitric oxide synthase
(NOS) inhibitor (Ban and Seong, 2005; Lee et al., 2005).
These results supporting the involvement of NMDA
glutamate receptor activation, incressed Cea* influx, and
generation of ROS in AR (25-35)-induced neurotoxicity in
cultured neurons are condgent with the results of other
dudies (Hakany e al., 1999; Ekinc e al., 2000).
Regardless of the relative contribution of these events to AR
(25-35)-induced neurotoxicity, the primary event following
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AB (25-35) treatment of cultured neurons has been sugges
ted to be C&* influx, apparently via L-type voltage-depen-
dent C&* channds (L-VDCC), because blockade of this
channd or Ca&?* chdation prevents other consequences (Ueda
et a., 1997; Mattson and Chan, 2003). Furthermore, AP
(25-35)-induced elevation of [Ca?']; and neurotoxicity were
inhibited by MK-801, suggesting that Ca* influx through
NMDA receptor-coupled L-VDCC plays a criticd role in
the neurotoxicity (Harkany e al., 1999; Ban and Seong,
2005; Lee et al., 2005). In the present study, AR (25-35)
dicited graduad and sgnificant [Ca?']; incresse, which was
blocked by Moutan cortex. Moutan cortex aso dgnificantly
inhibited the AP (25-35)-induced glutamate elevation. These
findings indicate tha the sustained inhibition on [Ca®);
elevation by Moutan cortex resulted in the decreese of the
AR (25-35)-induced glutamate relesse.

A vaidy of events occur downstream of neurond Cet*
overloading, including cytosolic ROS generdtion due to the
influx of Ca* (Pereira et al., 2000). Many reports have
demondgrated the role of ROS formation in Ap-induced
neurotoxicity (Yeatin et al., 1999; Paks e al. 2001).
Although researchs show that Ca?* sgnds activate enzymes
asociaed with ROS generation, ROS can dso facilitate
[Caf*]; increases by damaging [Caf]; regulatory mechanisms
and by activating Ca#* relesse from intracellular Ca* stores
(Butterfield et al., 2007). We found thet Moutan cortex
inhibited an AP (25-35)-induced incresse in ROS generation,
but we have not determined whether Moutan cortex
suppresses  ROS  generation  via inhibition of a [Ca;
increese or vice versa It can be suggested that Moutan
cotex might prevent Ca&* entry through VDCC- and/or
NMDA -receptor-coupled channds to inhibit glutamate release
and ROS generation, and then AP (25-35)-induced neurond
death, athough the mechanism by which Moutan cortex
blocks the channds is not clear. A variety of compounds
such as paeonosde, paeoniflorin, paeonolide and  paeonal
have been identified and determined in Moutan cortex
(Chen e al, 2006). Paeonol inhibited NMDA receptor-
coupled Ca#* influx to protect oxygen-glucose deprivation-
induced neurona desth in cultures and protected against
myocardid injury due to its VDCC blocking effect (Zhang
et al., 2003; Wu e al. 2008). Peeoniflorin dso inhibited
VDCC in neurond cel lines to produce neurond or
neuroendocrine function. The inhibition by Moutan cortex on
AB (25-35)-induced [C&*); increase might be due to these
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compounds, which could stabilize membranes in a manner
that blocks Ca?* influx via VDCC. Further, recent pharma-
cologicd studies reveded that Moutan cortex can inhibit the
production of ROS and some paeonol glycosides exhibited
radicad scavenging effects (Yoshikawa et al., 1992; Matsuda
et al., 2001; Rho e al., 2005), suggesting that inhibition of
AR (25-35)-induced neurond death by Moutan cortex might
be due to its ROS scavenging activity. Further sudy to
elucidate the precise mechanism should be performed.

Many researchers have demondrated that AP triggers
gpoptotic degeneration in in vitro neurond experiments (Yan
et al., 1999, Ekinci e al., 2000). In the present work,
cultured cortical neurons exposed to AP (25-35) for 24 h
showed increased chromatin condensation, a typical feature
of apoptotic cel deeth, which was reduced by Moutan
cortex. AP-induced agpoptosis has been reported to be
associated with COX-2 upregulation, and COX has been
suggested to be an important source of ROS in the
pathologic brain (Chan, 2001; Jang and Surh, 2005).
Therefore, the protective effect of Moutan cortex on the
Ap-induced gpoptosis of cultured neurons might result from
the inhibition of COX and inflammatory cytokine production
by Moutan cortex and its active compounds such as
paeonol and paeoniflorin (Chun et al., 2007; Wu and Gu,
2007). The molecular mechanisn for the prevention of
neurona agpoptoss by Moutan cortex should be further
clarified.

Since ROS and inflanmation are pat of the complex
series of pathophysiologicd events that contribute to neuro-
degenerative diseases such as AD and droke  (Pitchumoni
and Doraisvamy, 1998, Hoehn et al., 2005), free radicd
scavengers and anti-inflammatory agents have dtracted cong-
derable attention as potentid neuroprotective agents. Moutan
cortex and its common active compound, paeonol, have
been reported to reduce rat brain ischemialreperfuson injury
(Hseh e a., 2006, Le e al., 2007) and to prevent
oxidative dressinduced neurond desth and generation of
reective oxygen species in cultured neuron (Shimada e al.,
2004; Rho e al., 2005). Furthermore, anti-inflammatory
effect of Moutan cortex attributable to the inhibition on
COX and cytokine expresson has been confirmed (Chun et
al., 2007; Wu and Gu, 2007), suggesting that Moutan
cortex has good potentia for prevention of neurodegenerdtive
diseases. AP is bdieved to play a centrd role in the
pathophysiology of AD (Ueda e al., 1994; Ydin & 4.,
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1999; Butterfidd et al., 2007). Moutan cortex blocked AP
(25-35)-induced neurona cdl damage in the present study.
Although there has been no evidence up until now to show
tha Moutan cortex antagonizes AP (25-35)-induced neuro-
toxicity, the present dudy demondtrates a novel pharma
cological activity of Moutan cortex in neurons. In con-
cluson, the protection aganst AP (25-35)-induced neuro-
toxicity by Moutan cortex provides as a promisng thera-
peutic gpproach to control the progresson of neurodege-
neration in bran of AD. Forthcoming studies will be
attempted to cdlarify the in vivo effect of Moutan cortex.
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