
Astrocytes play an essential role in maintaining the physi-
ological function of neurons. In particular, neurotrophic fac-
tors (NFs) produced and released by astrocytes contribute to
the differentiation and survival of neuronal cells.1) Among
the NFs, nerve growth factor (NGF), first identified to be a
member of the NF family,2) has been reported to have thera-
peutic potency in the treatment of neurodegenerative diseases
such as Alzheimer’s disease and cerebrovascular dementia.3)

However, since its large molecular weight and susceptibility
to endogenous peptidase render NGF unable to penetrate the
blood–brain-barrier, it can only be used for medical applica-
tion when directly injected into the brain.4) Therefore, much
attention has been paid to the agents that either enhance the
action of NGF or increase the NGF synthesis. Although the
mechanism of NGF expression is not fully understood, it has
been reported that the expression of NGF is regulated
through a multiple signaling pathway. Phorbol ester in-
creased NGF expression in astrocytes, suggesting the in-
volvement of protein kinase C (PKC).5)

Liriope platyphylla (LP) is a medicinal herb that has been
used for treating cough and sputum in Korea. With regards to
the pharmacological effect of LP, antibacterial and anticancer
effects have been reported.6,7) However, the neuroprotective
effect of LP remains to be examined. In this study, we inves-
tigated whether the butanol fraction of LP (BLP)-conditioned
media of astrocytes triggered neurite outgrowth in PC 12
cells that was differentiated into neuron-like cells.8) In addi-
tion, the effects of BLP on astroglial NGF secretion and syn-
thesis were also examined.

MATERIALS AND METHODS

Materials Dulbecco’s modified Eagle medium
(DMEM), RPMI 1640, fetal bovine serum (FBS), horse
serum (HS), penicillin–streptomycin (PS), and NGF were
purchased from Gibco-BRL (Gaithersburg, MD, U.S.A.).
Antibody against mouse NGF was obtained from Chemicon
(Temecula, CA, U.S.A.).

Preparation of Butanol Fraction of Liriope platyphylla
LP was obtained from Milyang province of South Korea and
identified by Prof. H. Kim of the Herbal Pharmacology De-

partment of Kyung Hee University, where a voucher speci-
men (HP-SY-01) is deposited at the herbarium of the Gradu-
ate School of East-West Medical Science. The dried tubers of
LP (6 kg) were extracted with 85% MeOH three times under
an ultrasonic apparatus. The total extract concentrated with a
rotary evaporator (572 g) was suspended in distilled water
and partitioned with EtOAc (30 g) and BuOH (60 g), succes-
sively. No detailed chemical investigation appears to have
been conducted on this plant. However, recently, the steroidal
saponin, Spicatoside A, was isolated and characterized. BLP
was standardized by determining the contents of spicatoside
A, a major saponin.9) The content of spicatoside A is 0.4%
(data not shown).

Cell Culture C6, a rat astrocyte cell line, and PC 12
cells were obtained from the American Type Culture Collec-
tion (Rockville, MD. U.S.A.). C6 glioma cells were cultured
in DMEM supplemented with 10% (v/v) heat-inactivated
FBS and 1% (v/v) PS. Primary astrocytes were isolated from
whole brain of 1-d-old neonatal Sprague–Dawley rats. Disso-
ciated cells were plated in 75 mm tissue flasks and cultured
in DMEM supplemented with 10% FBS and 1% PS. The in-
cubated cells were detached by tapping and plated in 100 mm
dishes to obtain a pure astrocyte cells culture. PC12 cells
were cultured in RPMI 1640 supplemented with 5% FBS,
10% HS and 1% PS. All cells were maintained in a humidi-
fied incubator at 37 °C and 5% CO2.

Preparation of Conditioned Media of Glial Cells C6
and primary astrocyte cells (3�105 cells/well) were seeded
onto 100 mm dishes. After 24 h, the astrocyte cells were
treated with BLP. The media were collected after 24 h of in-
cubation, and stored at �20 °C until the treatment of PC 12
cells.

Neutralization with NGF-Antibody We neutralized
NGF using an antibody against it. C6 cells were cultured
with BLP (10 mg/ml) for 24 h and then the medium was
transferred to a new tube. For the neutralization of NGF, we
added the neutralizing antibody (0.5 mg/ml) into the medium
followed by overnight incubation at 4 °C.10) After the PC12
cells were cultured with this media, we observed the changes
in morphology in the cells.

Neurite Outgrowth Assay For the neurite outgrowth
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assay, PC12 cells (3�104 cells/well) were seeded onto 6-well
plates, and the media was exchanged with RPMI 1640 con-
taining 2% HS and 1% FBS. After 24 h, the cells were
treated with the BLP-conditioned media from the astrocytes
and incubated for 6 d. Neurite length per cell was quantified
after each day of incubation and photographs at 48 h ob-
tained. Neurite length was quantified using an Olympus opti-
cal inverted phase-contrast microscope (model CK-2; �100
magnification and Optimas 6.5 program (Media cybernetics,
U.S.A.).

ELISA for NGF Determination The level of secreted
NGF in the cell supernatant was determined using ELISA.
The C6 and primary astrocyte cells were cultured in serum-
free DMEM for 24 h, and then the medium was replaced
with that including BLP (1, 5, 10 mg/ml). After incubation
for the indicated time, the supernatant was harvested. ELISA
was conducted according to the manufacturer’s direction
(Boehringer-Mannheim). The amount of NGFb (Roche, Ger-
many) in the samples was calculated from the standard
curve. To investigate the mechanism of BLP action in the as-
trocytes, we cultivated C6 cells with BLP (10 mg/ml) prior to
adding GF109203X, a PKC inhibitor (Wako Pure Chemical,
Japan).

Reverse Transcription Polymerase Chain Reaction (RT-
PCR) After treating the C6 and primary astrocyte cells
with BLP (10 mg/ml) for 2 h, total RNA was extracted and
first cDNA was synthesized using TRIzol reagent and oligo-
dT (Gibco BRL). cDNA was amplified in 25 m l of PCR cock-
tail containing each specific primer, dNTP mixture and Taq
DNA polymerase (TaKaRa, Shiga, Japan). The sets of
primers were as follows: NGF, forward, 5�-TGGCCAGTG-
GTCGTGCAGTC-3�, reverse, 5�-AAGTCAGCCTCTTG-
CAGC-3�. Thirty cycles of PCR were performed (for NGF:
denaturation at 95 °C for 30 s; annealing at 60 °C; extension
at 72 °C for 160 s; for GAPDH: denaturation at 95 °C for
30 s; annealing at 56 °C; extension at 72 °C for 160 s). The
thirty cycle reaction was followed by a final extension step at
72 °C for 3 min.

Statistics All data are expressed as the mean�S.E.M.
from three independent experiments. Statistical significance
was evaluated by the Student’s t-test. Differences with a p
value less than 0.05 were considered statistically significant.

RESULTS

Induction of PC12 Cell Neurite Outgrowth by BLP-
Conditioned Media of C6 and Primary Astrocytes In
this study, we examined the effect of BLP-conditioned media
of astrocytes on the morphological changes in PC12 cells. C6
and primary astrocyte cells were incubated with BLP (1, 5,
10 mg/ml) for 24 h, and then the media were harvested and
added to the PC12 cells. Induction of PC12 neurite out-
growth was observed in a dose-dependent manner (data not
shown). The length of neurite-bearing cells was maximized
at a concentration of 10 mg/ml of BLP-conditioned media
(Fig. 1). Astroglial media treated with the EtOAc fraction of
LP could not contribute to the induction of PC12 neurite out-
growth (data not shown).

Reverse of Conditioned Media-Induced PC12 Cell Neu-
rite Outgrowth by NGF-Antibody We cultured PC12
cells with BLP-conditioned media in the presence and ab-

sence of NGF antibody. The differentiation of PC12 cells
was reversed in BLP-conditioned media containing NGF an-
tibody but not in BLP-conditioned media alone (Figs. 2A—
G), indicating that NGF antibody blocked the differentiation
of PC12 cells and BLP stimulated NGF secretion in astro-
cytes.

Increase in NGF Synthesis by BLP To investigate the
effects of BLP on NGF secretion in C6 cells and primary as-
trocyte cells, we determined the level of NGF protein in cul-
ture medium using ELISA. After 6 h of incubation with BLP
(1, 5, 10 mg/ml), the NGF content in the culture medium of
C6 and primary astrocyte cells increased in a dose-dependent
manner (Fig. 3A). Furthermore, the RT-PCR results showed
that BLP increased the level of NGF mRNA expression
(Figs. 3B—D). Taken together, these results suggest that
NGF derived from BLP-treated astrocytes caused the induc-
tion of PC12 cell neurite outgrowth.

Association of PKC-Dependent Pathway with Enhance-
ment of NGF in BLP-Treated Astrocytes We also investi-
gated whether the elevation of astroglial NGF by BLP is de-
pendent on the PKC pathway. BLP-conditioned C6 glial
media in the presence of GF109203X, an inhibitor of PKC,
blocked the PC12 neurite outgrowth (Figs. 4A—E). In addi-
tion, as shown Fig. 3F, treatment of the C6 cells with
GF109203X blocked the NGF triggered by BLP in the
media, suggesting that PKC was associated with NGF syn-
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Fig. 1. Effect of BLP-Conditioned Glial Media on the Neurite Outgrowth
from PC12 Cells

C6 and primary astrocyte cells were incubated for 24 h in DMEM containing 2%
FBS with 10 mg/ml BLP, and then PC12 cells were cultivated in the BLP-conditioned
media. After 48 h, randomly selected fields were taken using a camera attached to a mi-
croscope. (A) C6 glial media conditioned by vehicle (DMSO, 0.01%). (B) Primary as-
troglial media conditioned by vehicle (DMSO, 0.01%). (C) C6 glial media conditioned
by BLP (10 mg/ml). (D) Primary astroglial media conditioned by BLP (10 mg/ml). (E)
Assessment of differentiation unit of neurite outgrowth in each sample-treated PC12
cells. The differentiation of PC12 cells was scored as follows: cells without neurite out-
growth; 0, cells bearing neurite as long as one cell diameter; 1, cells bearing neurite two
times longer length than their diameter; 2, and cells which had a synapse-like neurite;
4. Cells were photographed using a phase-contrast light microscope (�100). Scale bar
is 50 mm. The results are expressed as the mean�S.E.M. Three independent experi-
ments were carried out. The asterisks indicate a significant difference from the treat-
ment with media conditioned by vehicle (** p�0.01).



thesis.

DISCUSSION

In previous studies, we reported that quinic acid from
Aster scaber and phospholipids from Bombycis corpus have
neurotrophic effects in PC12 cells.11,12)

In the present study, we found that BLP-conditioned media
of C6 and primary astrocyte cells caused the induction of PC
12 neurite outgrowth. Since NGF is known to be an endoge-
nous molecule that contributes to the differentiation of PC12
cells,13) we hypothesized that BLP might enhance NGF se-
cretion and synthesis in astrocyte cells. To confirm this hy-
pothesis, we added the NGF-antibody to BLP-conditioned
media to neutralize the NGF. Treatment with NGF-antibody
reversed the PC12 neurite outgrowth induced by BLP-condi-
tioned media alone. This suggests that BLP stimulated the
enhancement of NGF in astrocyte cells, which was responsi-
ble for the induction of PC12 neurite outgrowth. In addition,
ELISA experiments clearly demonstrated that BLP elevated
NGF secretion by astrocyte cells. RT-PCR was carried out in
order to confirm that the increase in NGF in the media was
due to up-regulated NGF mRNA synthesis. BLP (10 mg/ml)
increased the level of NGF mRNA expression. it was re-
ported that role of PKC is important in NGF synthesis mech-

anisms.14,15) The experimental results that a PKC inhibitor re-
versed the neurite outgrowth and decreased the amount of
NGF in the media revealed that the induction of glial NGF
by BLP was at least in part dependent on a PKC pathway.
However, something else should be considered. Although
NGF plays an important role in the induction of PC12 neurite
outgrowth, it is known that other NFs such as neurotrophic
factor-3 (NT-3) and interleukin-6 (IL-6) also trigger the dif-
ferentiation of PC12 cells.16,17) Therefore, it is possible that
in this study BLP might have stimulated the secretion and
synthesis of other NFs as well as NGF. Nonetheless, neutral-
ization of NGF, even if incompletely, reduced the induction
of PC12 neurite outgrowth by BLP-conditioned media to a
level similar to that of vehicle-treated cells (Fig. 2), suggest-
ing that NGF was a major mediator of neurite outgrowth de-
velopment. We also investigated the direct effect of BLP in
PC 12 cells. When BLP was added to the PC 12 cells di-
rectly, neurite outgrowth was detected but NGF protein was
not detected in PC 12 cells. Therefore, we hypothesized that
BLP may act directly on PC 12 cells. These results suggest
that BLP may activate TrkA-related signaling intermediates
and mimic the neurotrophic actions of NGF in PC 12 cells.
In Alzheimer’s disease (AD), it has been reported that exten-
sive degeneration and loss of cholinergic neurons in the basal
forebrain cause severe memory impairment.18) Although a
therapeutic strategy for AD has not been developed, NGF is

August 2004 1259

Fig. 2. Effect of NGF Antibody on Neurite Outgrowth in PC12 Cells

After C6 cells were incubated with BLP (10 mg/ml) for 24 h, PC12 cells were incu-
bated in the conditioned media in the presence or absence of NGF antibody (0.5 mg/ml)
for 48 h. (A) media conditioned by vehicle (DMSO, 0.01%). (B) Media conditioned by
vehicle (DMSO, 0.01%) plus NGF antibody (0.5 mg/ml). (C) Media conditioned by
BLP (10 mg/ml). (D) Media conditioned by BLP (10 mg/ml) plus NGF antibody
(0.5 mg/ml). (E) Media conditioned by NGF (50 ng/ml). (F) Media conditioned by NGF
(50 ng/ml) plus NGF antibody (0.5 mg/ml). (G) Assessment of differentiation unit of
neurite outgrowth in sample-treated PC12 cells. Cells were photographed using a
phase-contrast light microscope (�100). The differentiation of PC12 cells was scored
according to the method described in Fig. 1. White arrow indicates the cell with a score
of 4. Scale bar is 50 mm. The results are expressed as the mean�S.E.M. Three indepen-
dent experiments were carried out. The asterisks indicate a significant difference from
the treatment with conditioned media plus NGF antibody (*** p�0.001).

Fig. 3. Effect of BLP on Astrocyte NGF Synthesis

After incubation with BLP (1, 5, 10 mg/ml) for 6 h, NGF secretion from C6 cells and
primary astrocytes was measured using an ELISA kit (A). RT-PCR was carried out to
investigate whether BLP promoted the level of NGF mRNA expression. C6 (B) and pri-
mary astrocyte cells (C) were incubated with BLP (10 mg/ml) for 2 h. Total RNA was
extracted and RT-PCR performed. NGF mRNA expression intensity was normalized
through comparison with that of GAPDH mRNA expression (D). The results are ex-
pressed as the mean�S.E.M. Three independent experiments were carried out. The as-
terisks indicate a significant difference from the treatment with vehicle (** p�0.01,
*** p�0.001).



expected to be useful in the therapy of AD.18) Since NGF is
produced physiologically in the brain, particularly by glial
cells in the hippocampus and cerebral cortex, agents that can
induce NGF synthesis/secretion in the brain should offer a
useful and crucial alternative.19) Compounds that exert effect
on neurotrophin expression or secretion have been reported.
Ginsenoside Rb1, a saponin from ginseng, up-regulated both
NGF and TrkA, an NGF receptor.20) In addition, kynurenine,
a tryptophan metabolite, and R-(�)-1-(benzofuran-2-yl)-2-
propylaminopentane enhanced the level of NGF mRNA ex-
pression in mouse astrocyte.21,22) In the current study, despite
the ability of BLP to enhance NGF synthesis/secretion, we
were unable to identify which compound(s) is (are) responsi-
ble for these effects. However, since saponin was reported to
induce NGF synthesis,23) spicatoside A, major saponin pre-

sent in LP, is thought to be a major NGF-inducing material.
However, this remains to be verified.

NGF synthesis in astrocytes is regulated by various mech-
anisms. It has been reported that b-adrenergic agonists or
cyclic AMP analogs as well as a PKC stimulator elicited
NGF synthesis.24) Thus, we could not exclude the possibility
that other signal transduction pathways mediated the NGF
synthesis in BLP-treated astrocyte cells.

In the light of the induction of astroglial NGF secretion
and synthesis by BLP, BLP may possess therapeutic potential
for treating neurodegenerative conditions. Further studies
should focus on the precise correlation with a particular ac-
tive constituent of BLP and the neurotrophic mechanism in
this system.
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Fig. 4. Effect of GF109203X (10 mM) on BLP-Induced Neurite Outgrowth
in PC12 Cells and NGF Secretion in C6 Cells

After C6 cells were incubated with BLP (10 mg/ml) in the presence or absence of
GF109203X (5 mM) for 24 h, PC12 cells were incubated with the conditioned media for
48 h. (A) Media conditioned by vehicle (DMSO, 0.01%). (B) Media conditioned by ve-
hicle (DMSO, 0.01%) plus GF109203X (5 mM). (C) Media conditioned by BLP
(10 mg/ml). (D) Media conditioned by BLP (10 mg/ml) plus GF109203X (5 mM). (E)
Assessment of differentiation unit of neurite outgrowth in sample-treated PC12 cells.
The differentiation of PC12 cells was scored according to the method described in Fig.
1. (F) Effect of GF109203X on NGF secretion in C6 cells. Cells were incubated with
the indicated concentration of BLP (10 mg/ml) with GF109203X (5 mM) for 6 h in C6
cells and the NGF released from C6 cells was measured by ELISA. GF109203X signif-
icantly reduced NGF protein in C6 cells compared with the treatment with BLP alone.
Cells were photographed using a phase-contrast light microscope (�100). Scale bar is
50 mm. The results are expressed as the mean�S.E.M. Three independent experiments
were carried out. The asterisks indicate a significant difference from the treatment with
conditioned media plus GF109203X (** p�0.01, *** p�0.001).


