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Abstract

The methanolic extract of Paeonia lactiflora roots significantly protected primary cultures of rat cortical cells
exposed to oxidative stress induced by H,O,. Seven monoterpenes, paeonilactone-B (1), paeonilactone-C (2),
paeoniflorigenone (3), benzoylpaeoniflorin (4), paeoniflorin (5), oxypaeoniflorin (6) and albiflorin (7), were iso-
lated by bioactivity-guided fractionation and further separation using chromatographic techniques. Among
them, compounds 2 and 4 significantly protected primary cultures of rat cortical cells against H,O_-induced

neurotoxicity.
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Introduction

Oxidative stress, namely the imbalances between the pro-
duction of reactive oxygen species and their removal, has
been generally recognized as a cause of various diseases. In
the central nervous system, a variety of neurodegenerative
disorders including Alzheimer’s disease and Parkinson’s
disease, as well as ischemia and aging process may all
have a common pathology involving oxidative stress [1, 2].
Therefore, diverse antioxidants have been investigated as
potential therapeutic agents against oxidative stress related
diseases.

Thus we tried to find neuroprotective compounds from
natural products using H,O,-injured primary cultures of
rat cortical cells. In this screening system, the methanolic
extract of the roots of Paeonia lactiflora (Ranunculaceae)
exhibited significant neuroprotective activity.

P, lactiflora has been used to treat wounds, fungal infec-
tion, pain and dementia in some Asian countries including
China and Korea [3]. Monoterpenes, triterpenes and flavo-
noids have been reported to be isolated from the roots of
Paeonia species [4, 5].

In the present study, bioassay-guided fractionation of the
extract of P. lactiflora led to the isolation of seven monoter-
penes (1-7). We describe the isolation and the identification
of these compounds, and the evaluation of their neuropro-
te?ltive activity in H,0,-injured primary cultured rat cortical
cells.

Methods and materials

Plant material

The root of P. lactiflora was purchased from Kyungdong tra-
ditional herbal market (Seoul, Korea) and authenticated by
Dr. Jong Hee Park, professor of Pusan National University.
A voucher specimen (SNUPH-0606) has been deposited at
the Herbarium of the Medicinal Plant Garden, College of
Pharmacy, Seoul National University.

Isolation of neuroprotective monoterpenes

The dried root of P lactiflora (8.5 kg) was ground and
extracted with 80% methanol at room temperature in an
ultrasonic apparatus. The methanol extractwas concentrated

Address for Correspondence: Prof. Dr. Young Choong Kim, College of Pharmacy and Research Institute of Pharmaceutical Sciences, Seoul National University, San
56-1, Sillim-Dong, Gwanak-Gu, Seoul 151-742, Republic of Korea. E-mail: youngkim@snu.ac.kr; Phone: +82-2-880-7842; Fax: +82-2-888-2933

(Received 01 July 2008; revised 05 November 2008; accepted 12 November 2008)

ISSN 1475-6366 print/ISSN 1475-6374 online © 2009 Informa UK Ltd
DOI: 10.1080/14756360802667977

http://www.informahealthcare.com/enz


mailto:youngkim@snu.ac.kr
http://www.informa.com/doifinder/10.1080/14756360802667977

in vacuo to give crude extract (1.3 kg). The methanol extract
was then suspended in H,0O and partitioned successively
with n-hexane, CHCL,, ethylacetate (EtOAc) and n-butanol.
The CHCI, fraction (17 g) was subjected to silica gel column
chromatography (CC) with a mixture of CHCI,-methanol as
an eluent to yield five fractions (C1-C5). Compound 1 (11
mg) was isolated from C3 by CC over Sephadex LH-20 using
methanol and the semipreparative HPLC using acetonitrile-
methanol-H,O (5: 45: 50, flow rate 2 mL/min, retention time:
18.2 min). C2 was subjected to Sephadex LH-20 eluted with
methanol to yield four subfractions (C2-1-C2-4). Compound
2 (25 mg) was obtained from C2-2 by the semipreparative
HPLC using acetonitrile-methanol-H,O (5: 45: 50, flow rate 2
mL/min, retention time: 18.8 min). Compound 3 (42 mg) was
isolated from C2-3 using the semipreparative HPLC using
acetonitrile-methanol-H,O (5: 40: 55, flow rate 2 mL/min,
retention time: 21.5 min). In addition, the EtOAc fraction (80
g) was fractionated into six fractions (E1-E6) by silica gel CC
eluted with a mixture of CHCI,-methanol. E2 was applied to
CC over silica gel using n-hexane-EtOAc-methanol mixture
followed by CC over Sephadex LH-20 using methanol and
afforded compound 4 (36 mg). Compound 5 (5800 mg) and
6 (55 mg) were isolated from E3 and E4, respectively, by CC
over Sephadex LH-20 eluted with methanol. Compound
7 (189 mg) was isolated from E5 by sequentially using
Sephadex LH-20 CC eluted with methanol and the semipre-
parative HPLC eluted with acetonitrile-methanol-H,0 (8:
11: 81, flow rate 2 mL/min, retention time: 19.9 min).

Cortical cell culture

Primary cultures of mixed cortical cells containing both
neurons and glia were prepared from 17 to 19 day old fetal
rats (Sprague Dawley) as described previously [6]. Sprague
Dawley rats (200 + 50 g body weight) were provided by the
Laboratory Animal Center, Seoul National University. Rats
were kept on standard rat chow with free access to tap water
in temperature- and humidity-controlled animal quarters
under a 12 h light-dark cycle. All experiments were con-
ducted according to the guidelines of the Committee on Care
and Use of Laboratory Animals of Seoul National University.
The cortical cells were grown in DMEM containing 10 %
heat-inactivated FBS with penicillin (100 ITU/mL) and strep-
tomycin (10 mg/mL) at 37°C in a humidified atmosphere
of 95 % air-5 % CO,. Cultures were allowed to mature for 10
days before being used for experiments.

Assessment of neuronal cell viability

The tested compounds were dissolved in dimethylsulfoxide
(final concentration in culture 0.1 %). The 10 day old cortical
cell cultures were pretreated with a test sample for 1 h. Then the
cultures were exposed to 50 .M H,0, and maintained for 24 h.
After the incubation, MTT (0.2 mg/mL) was directly added to
cultures, followed by incubation at 37°C for 3 h. The superna-
tant was then aspirated and 300 L of DMSO was added to
dissolve the formazan. The absorbance (abs) at 540 nm was
measured using a microplate reader. Data were expressed as
percent cell viability relative to control cultures [6].
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Neuroprotection (%) = 100
% abs of H,0, + sample-treated —abs of H,0, -treated
abs of control —abs of H,0, -treated

Statistical analysis

All data was expressed as mean * standard deviation (SD).
The evaluation of statistical significance was determined
by an “one-way ANOVA” test using computerized statistical
package. The data were considered to be statistically signifi-
cant if the probability had a value of 0.05 or less.

Results and discussion

Oxidative stress has been generally recognized as a cause of
various diseases. In particular, central nervous system neu-
rons are unusually vulnerable to oxidative stress because of
their high rate of oxygen consumption in the brain, the high
content of polyunsaturated fatty acids as substrates for lipid
peroxidation and the presence of iron [7]. H,0, is well known
as a cellular toxin. Since H,0, has remarkable membrane
permeability, intracellular H,O, can induce detrimental
effects on cells [8]. Therefore, we tried to find neuroprotective
compounds with antioxidative activity from natural products
using primary cultures of rat cortical cells injured by H,0, as
a screening system. In this screening system, the methanol
extract of P. lactiflora roots significantly protected cortical
neurons against H,0,-induced toxicity at the concentration
of 100 pg/mL. As shown in Table 1, among the partitioned
fractions, the EtOAc fraction showed the most potent neuro-
protective activity. The CHCI, fraction also exerted significant
neuroprotective activity. Both fractions rich in monoterpenes
as determined by TLC were used for the isolation of active
compounds. Three monoterpenes, paeonilactone-B (1), pae-
onilactone-C (2) and paeoniflorigenone (3), were isolated
from the CHCI, fraction. The EtOAc fraction yielded four
monoterpenes, benzoylpaeoniflorin (4), paeoniflorin (5),
oxypaeoniflorin (6) and albiflorin (7). The chemical structures

Table 1. Neuroprotective activity of the methanol extract and the
fractions of P. lactiflora roots against H,0,-induced neurotoxicity in
primary cultures of rat cortical cells.

Fractions Neuroprotection (%)
Control 100.0 £ 4.4
H,0,-treated 0.0+2.8
Methanol extract 83.9 + 8.5%**
n-hexane fraction 10.6 + 2.5%**
CHCI, fraction 49.5 + 3.2%**
EtOAc fraction 73.1 £ 14. 7%
n-butanol fraction 48.8 + 7.9%**

The 10 day old cortical cell cultures were pretreated with a test sample
(100 pg/mL) for 1 h. Then the cultures were exposed to 50 uM H,0, and
maintained for 24 h. After the incubation, the neuroprotective activity
of these fractions was assessed by MTT assay. Neuroprotection (%) was
calculated as 100 x (abs of H,0, + sample-treated - abs of H,0,-treated)/
(abs of control - abs of H,0,-treated). The values are expressed as the
mean # SD (n = 3). H,0,-treated value differs significantly different from
the control at a level of p < 0.001. Results differ significantly from the
H,0,-treated, *p < 0.05, **p < 0.01 and ***p < 0.001, respectively.
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Figure 1. Structures of the compounds isolated from P. lactiflora.

Table 2. Neuroprotective activity of compounds 1-7 against H,O,-
induced neurotoxicity in primary cultures of rat cortical cells.

Neuroprotection (%)

Compounds 0.1 pM 1.0 uM 10.0 pM

1 11.2+6.2 52+8.8 3.7+£7.2

2 7.0%5.1 28.5+2.7* 38.7 £3.1*
3 13.4+3.9 15.7+6.4 17.7+29

4 9.4+4.1 27.7 £ 3.6 48.9 £ 5.2**
5 3.2+34 18.2+2.4 26.5 + 3.9*
6 5.4+45 28.7 £3.1* 27.4+4.9*
7 3.5+22 6.9+4.9 28.7 £ 5.4*
EGCG? 21.5+3.9 39.5 +£2.4% 68.2 + 3.4%**

The 10 day old cortical cell cultures were pretreated with a test sample for
1 h. Then the cultures were exposed to 50 uM H,0, and maintained for 24
h. After the incubation, the neuroprotective activity of these fractions was
assessed by MTT assay. Neuroprotection (%) was calculated as 100 x (abs
of H,0, + sample-treated - abs of H,0,-treated) / (abs of control - abs of
H,0,-treated). The values are expressed as the mean + SD (n = 3). H,0,-
treated value differs significantly different from the control at a level of p
< 0.001. Results differ significantly from the H,0,-treated, *p < 0.05, **p
< 0.01 and ***p < 0.001, respectively. *EGCG (epigallocatechin-3-gallate)
was used as a positive control.

of these compounds were determined by comparison of their
spectroscopic data with those previously reported [9, 10, 11]
(Figure 1). Neuroprotective activity of these compounds was
evaluated using MTT assay which reflects mitochondrial suc-
cinate dehydrogenase function at the concentrations ranging
from 0.1 M to 10.0 M. As shown in Table 2, compounds
2 and 4-7 significantly protected cultured neuronal cells
against H,0,-induced toxicity. All these active compounds
contained benzoyl moiety in their structures. Moreover,
among them, compounds 2 and 4, benzoylated compounds
of 1 and 5, respectively, showed the most potent activity.
These results suggest that benzoyl moiety might contribute
to the neuroprotective activity of the active monoterpenes

at least in part. Neuronal cell death induced by H,0, is pri-
marily caused by the highly toxic reactive oxygen species
(ROS) generated from H,0,. These ROS oxidatively modify
nucleic acid, lipid, sugar and protein. Otherwise, oxidative
stress also stimulates astrocytes and microglia to yield and
secrete cytokines causing glial inflammatory response [12].
Since mixed cortical cell cultures containing both neuronal
and glial cells were used in this study, it cannot be ruled out
that both cell types might contributes to the neuroprotective
activity of the isolated compounds. In addition, compounds
4-6 reported to exhibit almost no potency in DPPH radical
scavenging assay [13]. It suggests that the mechanism of their
antioxidant activity might not involve the direct scavenging
of free radicals. Taken together, further investigation will be
needed to evaluate the underlying mechanism of the antioxi-
dative effect of these compounds.
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