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Components from Dendranthema × grandi�orum cv. “Mottenohoka” that promote neurite outgrowth of PC12 cells were identi
ed
and the mechanism of neurite outgrowth stimulated by isolated components was studied. Components that promoted the
phosphorylation of extracellular signal-regulated kinase 1/2 (ERK 1/2) of PC12 cells were isolated. From various structural analyses,
the active components were identi
ed as acacetin and luteolin. 	e e�ects of acacetin or luteolin on PC12 cells were evaluated by
electro-blotting and immunostaining. Slight neurite outgrowth in PC12 cells was observed within 2 days of culture a�er stimulation
by luteolin or acacetin. However, NGF-stimulation induced remarkable neurite outgrowth in comparison. Neurite outgrowth by
luteolin or acacetin was signi
cantly enhanced by pretreatment with SB203580 (a p38MAPK inhibitor). 	e results of this study
into the phosphorylation of ERK 1/2 and p38MAPK by avonoids suggest that the inhibition of p38MAPK phosphorylation may
e�ectively enhance neurite outgrowth.

1. Introduction

Spring cherry blossoms and the chrysanthemums of autumn
are typical ornamental and edible owers of Japan. Den-
dranthema × grandi�orum cv. “Mottenohoka,” a distinc-
tive edible chrysanthemum with a beautiful color, pleas-
ant aroma, and crunchy texture, is a special product of
north-eastern Japan and has traditionally been eaten as a
delicacy around the country. 	e pharmacological e�ects
of Chrysanthemum morifolium, including Mottenohoka, are
various and include sleep induction [1], protection of brain
cells against ischemia [2], toxicity to cancer cells [3],
suppression of intercellular adhesion molecule-1 and E-
selectin expression [4], protection of neuroblastoma SH-
SY5Y cells [5], cardiac protection against ischemia [6],

anti-HIV e�ect [7, 8], and antimutagenicity [9]. Compo-
nents of Chrysanthemum morifolium that may be associated
with these pharmacological e�ects are luteolin and api-
genin [10, 11], acidic polysaccharide [3, 12], dica�eoylquinic
acids [13], chlorogenic acid, 3,5-O-dica�eoylquinic acid,
3�,4�,5-trihydroxyavanone 7-O-glucuronide [14], apigenin
7-O-�-d-(4�-ca�eoyl)glucuronide and apigenin 7-O-�-d-
glucuronide [7], acacetin, apigenin, luteolin and quercetin
[9], and acacetin 7-O-�-d-galactopyranoside [8].

We tested the e�ects of extracts from various specialty
vegetable products of northeastern Japan on the intracel-
lular signaling of PC12 cells and found that Mottenohoka
extracts increased the level of phosphorylated extracellular
signal-regulated kinases 1/2 (ERK 1/2). It was important to
determine whether the Ras/ERK 1/2 pathway is involved in
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ERK 1/2 phosphorylation induced by Mottenohoka extracts
because the activation of the pathway leads to neuritoge-
nesis followed by neuronal di�erentiation of PC12 cells.
	us, the substances that can activate Ras/ERK 1/2 might
be promising for protection against or therapy for some
neurological disorders with suspected neurotrophic factor
involvement, such as depression orAlzheimer’s disease.	ese
considerations prompted us here to identify the components
from Mottenohoka that activate mitogen-activated protein
kinase (MAPK) of PC12 cells and to clarify the intracellular
signals so that their possible therapeutic use in neurological
disorders may be explored.

2. Materials and Methods

2.1. Reagents. 3-(4,5-Dimethylthiazol-2-y)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). Hexane, chloroform, and
methanol were obtained from Wako Pure Chemical Indus-
tries (Osaka, Japan). A speci
c inhibitor for tyrosine kinase
of epidermal growth factor receptor (EGFR) (AG1478),
an inhibitor of Trk-type tyrosine kinases (K252a), MEK
inhibitor (U0126), and p38 mitogen activated protein kinase
(p38MAPK) inhibitor (SB203580) were purchased from Cal-
biochem (San Diego, CA, USA) or Nacalai Tesque Inc.
(Kyoto, Japan).

2.2. Solvent Fractionation. RawMottenohoka was purchased
commercially fromYamagata prefecture and the components
were fractionated according to a ow sheet (Figure 1). In brief,
Mottenohoka (100 g) was dried, powdered, and immersed
in 500mL of hexane for 24 h at room temperature. 	e
solvent containing the extracts was 
ltrated through a 
lter
paper (5C; Whatman, Brentford, UK) and the 
ltrate was
evaporated to dryness (hexane extract; 2.5 g).	e residue was
then stirred in 500mL of chloroform at room temperature
for 24 h and 
ltrated, and the 
ltrate was evaporated to
dryness (chloroform extract; 2.4 g). Methanol extract (19.7 g)
was prepared in a similar manner.

2.3. Rening of Active Components. Methanol extract (10 g)
was applied for Sephadex LH-20 column chromatography
(CC) and elutedwithmethanol into 100 fractions.	e activity
of each fraction was evaluated in cultured PC12 cells. An
aliquot of the active fractions was injected into prepar-
ative high performance liquid chromatography equipped
with a Develosil ODS 60–10 column (20 × 250mm, 10 �m
particle size; Nomura Chemical Co., Ltd., Aichi, Japan),
a PU-800 pump (JASCO, Tokyo Japan), and an evapo-
rative light scattering detector (SEDEX model 75; Sedere
Inc., Cranbury, NJ, USA). 	e column was run using a
water :methanol : triuoroacetic acid = 30 : 70 : 0.1 (v/v/v)
mobile phase at a ow rate of 10mL/min. 	e eluted sub-
stances were collected separately by referring to the signal
detected by the evaporative light scattering detector.

2.4. Analytical Instrument of Active Components. 1H
(400MHz) NMR spectra were recorded with a JEOL ECX
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2.5 g
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Figure 1: Scheme for solvent fractionation of extracts of Dendran-
thema × grandi�orum cv. “Mottenohoka.”

400 spectrometer, using tetramethylsilane as an internal
standard.

2.5. Cell Culture. In the present study, we used rat pheochro-
mocytoma cell line PC12 because previous reports suggested
the suitability of this cell line as a model for studying
mechanisms of neuronal di�erentiation including neurito-
genesis [15]. 	e cells were cultured as described previously
[16]. In brief, cells were maintained in Dulbecco’s modi
ed
Eagle’s medium (DMEM; Sigma) supplemented with 10%
heat-inactivated horse serum (HS; Gibco BRL, Grand Island,
NY, USA) and 5% heat-inactivated fetal bovine serum (FBS,
Sanko Junyaku Co., Ltd., Tokyo, Japan) (serum-containing
medium), or in DMEM supplemented with 1% bovine serum
albumin (BSA) (serum-free medium). Photographs of cells
were taken under phase-contrast observation at 100x magni-

cation.

2.6.Measurement of Cytotoxicity. PC12 cells were cultured on

collagen-coated 96-well plates (2 × 106 cells/well) in serum-
containing medium for 2 days at 37∘C in an atmosphere of
95% air/5%CO2. Culture mediumwas replaced with 50 �L of
serum-free medium containing each test agent a�er washing
with PBS, and the cells were culturedwith each test agent over
a range of days. Cell viability was determined by the 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) reduction assay [17]. 	e cells were incubated with
MTT (0.25 ng/mL; 
nal concentration) for 2 h and the reac-
tion was stopped by adding 50 �L of 50% (v/v) dimethyl-
formamide (DMFA) containing 20% (w/v) sodium dode-
cyl sulfate (SDS). 	e amount of MTT formazan product
was determined photometrically using a microplate reader
(Ultrospec Visible Plate Reader II, Amersham Biosciences,
Tokyo, Japan) by measuring the absorbance at 562 nm with
a reference wavelength of 630 nm. 	e number of cells in
each well was calculated on the basis of a known relationship
between absorbance and cell number.
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2.7. Detection of Phosphorylated Proteins. Each test com-
pound was suspended in serum-free medium and soni-
cated until fully emulsi
ed. PC12 cells were seeded at 2 ×
106 cells/well onto collagen-coated 6-well plates (Corning
Life Sciences, Lowell, MA, USA) supplemented with the
serum-containing medium and cultured for 2 days at 37∘C
in an atmosphere of 95% air/5%CO2. 	e cells were then
washed with phosphate-bu�ered saline (PBS) and incubated
with the above mentioned serum-free culture medium con-
taining the various agents for 10min at 37∘C. 	e culture
plates were then placed on ice and each well was washed
with 3mL of 2mM Tris-HCl bu�er (pH 8.0) containing
0.33M NaF and 6.25M Na3VO4, and subsequently lysed
with 150�L of 20mM Tris-HCl bu�er (pH 8.0) containing
150mM NaCl, 2mM EDTA, 1% Nonidet P-40 (w/v), 1%
sodium deoxycholate (w/v), 0.1% SDS (w/v), 50mM NaF,
0.1% aprotinin (w/v), 0.1% leupeptin (w/v), 1mM Na3VO4,
and 1mM phenylmethylsulfonyluoride (PMSF). Cell lysates
were collected by using a cell scraper and were centrifuged at
15000×g for 30min at 4∘C.	e supernatantwas collected and
the overall protein concentration was determined by a BCA
Protein Assay Reagent Kit (Pierce, Rockford, IL, USA) with
BSA as the standard.

Supernatant uids containing proteins (20�g) were
mixed with lithium dodecyl sulfate (LDS) sample bu�er
(Invitrogen Corp, Carlsbad, CA, USA) and were incubated
for 5min at 80∘C. Proteins in the samples were separated on
SDS-polyacrylamide gel electrophoresis, and the proteins in
gels were electroblotted onto polyvinylidene uoride (PVDF)

lters (Fluorotrans membrane W, 0.2�m; Nihon Genetics,
Tokyo, Japan). Immunoblotting analysis was performed by
using monoclonal antibodies against p44/42 ERK, phospho-
p44/42 ERK, p38MAPK, phospho-p38MAPK, stress-activat-
ed protein kinase/Jun amino-terminal kinase (JNK/SAPK),
phospho-JNK/SAPK, Akt, phospho-Akt, neuro
lament-M,
or �-actin (Cell Signaling Technology, Lake Placid, NY,
USA) as the primary antibodies, followed by reaction with
horseradish peroxidase-conjugated anti-rabbit or anti-mouse
IgG antibodies from Promega Corporation (Fitchburg, WI,
USA) as the secondary antibody.	e blots were developed by
the enhanced chemiluminescence method (Hyper
lm ECL-
plus, Amersham Biosciences Corp., Piscataway, NJ, USA).

Image J was used for densitometry calculation [18]. To
evaluate the level of phosphorylated protein, the ratio of
intensity of phosphorylated protein/intensity of total protein
was measured. When images obtained from multiple exper-
iments were compared, the common sample (control) was
always analyzed in all experiments and the control values
were used to correct the value of samples on Image J.

2.8. Treatment with Specic Inhibitors. Each inhibitor was
used at a 
nal concentration of 1�M (K252a, AG1478, and
SB203580) or 10 �M (U0126) in serum-containing medium
from a preliminary evaluation test for dose responsiveness
between the concentration of inhibitor and the level of
phosphorylated protein. PC12 cells were seeded at 2 ×
106 cells/well supplemented with serum-containing medium
and precultured for 2 days at 37∘C in an atmosphere of 95%
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Figure 2: Ability of each fraction to activate extracellular signal-
regulated kinase 1/2 (ERK 1/2) of PC12 cells.

air/5%CO2. Cells were preincubated for 3 h in the serum-
freemedium containing each inhibitor, washedwith PBS, and
incubated with the medium containing the corresponding
active substance for 10min at 37∘C. Cells were then collected
and the cell lysates were used for immunoblot analyses of
phosphorylation or expression of proteins.

3. Results

3.1. Yield and Cytotoxicity of Each Fraction. 	e method of
solvent fractionation is shown in Figure 1. Hexane extract
(2.5 g), chloroform extract (2.4 g), and methanol extract
(19.7 g)were obtained from 100 g of driedMottenohoka.None
of the extracts were cytotoxic to PC12 cells at less than
100 �g/mL (data not shown).

3.2. ERK 1/2 Activation by Solvent Extracts. 	e levels of
phosphorylated ERK 1/2 of PC12 cells a�er treatment with
solvent extracts of Mottenohoka are shown in Figure 2.
Methanol extract exhibited the most potent relative e�ect
among the three types of solvent extract, thus we decided to
isolate the active components.

3.3. Isolation of Active Components by Chromatography.
Methanol extract was applied to a Sephadex LH-20 column
equilibrated with methanol and eluted with methanol as the
mobile phase. 	e fractions were collected in the order of
elution (no. 1 to 100). Enhanced ERK 1/2 activation was found
in fractions no. 40 to 100. 	e active fractions were pooled,
lyophilized, and applied to an ODS column for reverse phase
preparative chromatography. We obtained three kinds of
active components (components 1–3) from the mixture of
fractions no. 40 to 100.

3.4. Structural Determination of Isolates. 	e 1H NMR of
component 1 showed seven signals. A set of three double
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Figure 3: Chemical structures of isolates.

doublets was observed at �H 5.40, 3.14, and 2.72, which
are characteristic signals of the avanone skeleton. Two
singlets at �H 5.97 and 5.95 indicated that this component
was 5,7-dihydroxyavanone. In addition, the signals in the
down
eld region (�H 7.04 and 6.88) showed the existence
of a 1,3,5-trisubstituted aromatic ring. 	ese 
ndings led us
to determine that the structure of compound 1 was 3�,5,5�,7-
tetrahydroxyavanone.

	e 1H NMR of component 2 showed the characteristic
signals of 5,7-dihydroxyavone; the singlet at �H 6.59 was
assigned to the H-3 position of the avone skeleton. In
addition, three signals (�H 7.52, 7.48, and 7.01) showed the
existence of a 1,3,4-trisubstituted aromatic ring. 	us, the
structure of component 2 was established as luteolin. 	e
1H NMR of component 3 exhibited signals similar to those
of component 2. 	e spectrum clearly showed the signals
of a para-substituted aromatic ring (�H 8.04 and 7.14) and a
methoxy group (�H 3.92). 	e structure of component 3 was
established as acacetin (Figure 3).

3�,5,5�,7-Tetrahydroxy�avanone. 1H NMR (acetone-�6,
400MHz): � 7.04 (1H, s, H-4�), 6.88 (2H, s, H-2� and H-6�),
5.97 (1H, s, H-8), 5.95 (1H, s, H-6), 5.40 (1H, dd, J = 13.3 and
3.2Hz, H-2), 3.14 (1H, dd, J = 17.4 and 13.3Hz, H-3�), 2.72
(1H, dd, J = 17.4 and 3.2Hz, H-3�).

Luteolin. 1H NMR (acetone-�6, 400MHz): � 7.52 (1H, s, H-
2�), 7.48 (1H, d, J = 8.7Hz, H-6�), 7.01 (1 H, d, J = 8.7Hz, H-5�),
6.59 (1H, s, H-3), 6.54 (1H, s, H-8), 6.26 (1H, s, H-6).

Acacetin. 1HNMR (acetone-�6, 400MHz): � 8.04 (2H, d, J =
8.7Hz, H-2� and H-6�), 7.14 (2H, d, J = 8.7Hz, H-3� and H-
5�), 6.69 (1H, s, H-3), 6.57 (1H, s, H-8), 6.28 (1H, s, H-5), 3.92
(3H, s, OMe).

3.5. MAPK Activation in PC12 Cells by the Isolated
Components. 	e MAPK family is a group of serine/
threonine protein kinases, including ERK 1/2, p38MAPK,
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Figure 4: E�ects of 3�,5,5�,7-tetrahydroxyavanone (A), luteolin (B),
acacetin (C), NGF, or EGF on the level of phosphorylated ERK 1/2
of PC12 cells. PC12 cells were cultured in serum-containingmedium
for 2 days. 	ey were treated or not treated with A, B, C, NGF, or
EGF for 10min.	e level of phosphorylated ERK 1/2 of each sample
was evaluated by immunoblotting. 	e intensity of each band of
ERK 1/2 was measured densitometrically by Image J. Values are
expressed as the ratio of phospho-ERK 1/2 to total- ERK 1/2, and
the mean ± SEM of the values of three separate experiments are
shown. Signi
cant di�erences of the values from the value of the
corresponding control groupwere determined byANOVA, followed
by Dunnett’s test. Control group is signi
ed as ⃝. ∗: signi
cance
di�erence at � < 0.1; ∗∗: signi
cant di�erence at � < 0.01; —: no
signi
cant di�erence.

JNK/SAPK, and ERK 5, known to be involved in various
cellular events such as survival/death, di�erentiation, and
migration [19]. Initially, we examined the e�ects of 3�,5,5�,7-
tetrahydroxyavanone, luteolin, acacetin, or growth/neuro-
trophic factors (NGF or EGF) on the levels of phosphorylated
MAPKs of PC12 cells. 	e cells were exposed to these
substances at 100 uM, which was the concentration that had
no e�ect on the expression of MAPK family proteins in
PC12 cells. Luteolin, acacetin, NGF, and EGF significantly
increased the phosphorylated levels of ERK 1/2 while
3�,5,5�,7-tetrahydroxyavanone did not (Figure 4). Luteolin
and acacetin also enhanced the levels of phosphorylated
p38MAPK but 3�,5,5�,7-tetrahydroxyavanone, NGF, and
EGF did not (Figure 5). 	e levels of phosphorylated
SAPK/JNK were substantially increased by NGF and slightly
by luteolin and acacetin. However, 3�,5,5�,7-tetrahydroxy-
avanone and EGF had no such e�ect (Figure 6).

3.6. Activation of Akt in PC12Cells by the IsolatedComponents.
It has been found that the activation of Akt as well as the
MAPK family is required for neuronal differentiation [20].
	erefore, we examined the e�ects of the isolated compo-
nents on the levels of phosphorylated Akt of PC12 cells.
Although NGF signi
cantly increased the level of phosphor-
ylatedAkt, the other substances, 3�,5,5�,7-tetrahydroxyavan-
one, luteolin, acacetin, and EGF were not e�ective (Figure 7).
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Figure 5: E�ects of 3�,5,5�,7-tetrahydroxyavanone (A), luteolin
(B), acacetin (C), NGF, or EGF on the level of phosphorylated
p38 mitogen activated protein kinase (p38MAPK) of PC12 cells.
Experimental procedures andmethods for statistical analysis are the
same as those shown in the legend of Figure 4.
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Figure 6: E�ects of 3�,5,5�,7-tetrahydroxyavanone (A), luteolin (B),
acacetin (C), NGF, or EGF on the level of phosphorylated stress-
activated protein kinase/Jun amino-terminal kinase (JNK/SAPK)
of PC12 cells. Experimental procedures and methods for statistical
analysis are the same as those shown in the legend of Figure 4.

From these results, luteolin and acacetin increased the levels
of phosphorylated ERK 1/2, SAPK/JNK, and p38MAPK in
PC12 cells but had no such e�ect on Akt. On the other
hand, NGF elevated the levels of phosphorylated ERK 1/2,
SAPK/JNK, and Akt but did not increase the level of
phosphorylated p38MAPK. In addition, EGF signi
cantly
increased the phosphorylated level of ERK 1/2 and slightly
increased that of Akt. Since the phosphorylated levels of
neither MAPKs nor Akt in PC12 cells were unchanged by
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Figure 7: E�ects of 3�,5,5�,7-tetrahydroxyavanone (A), luteolin
(B), acacetin (C), NGF, or EGF on the level of phosphorylated Akt
of PC12 cells. Experimental procedures and methods for statistical
analysis are the same as those of Figure 4.

3�,5,5�,7-tetrahydroxyavanone, luteolin and acacetin were
used for subsequent experiments.

3.7. E�ects of Inhibitors on MAPK Activation by Luteolin and
Acacetin. We evaluated the e�ects of K252a (an inhibitor of
tyrosine kinase of high-a�nity NGF receptor Trk), AG1478
(an inhibitor of tyrosine kinase of EGF receptor), and U0126
(an inhibitor of MEK (ERK kinase)) on luteolin- or acacetin-
induced phosphorylation of ERK 1/2 in PC12 cells (Figure 8).
Phosphorylation was inhibited by U0126 but not by K252a
or AG1478. 	erefore, it was suggested that luteolin and
acacetin activate MEK 1/2, resulting in enhanced activa-
tion/phosphorylation of ERK 1/2 (Figure 8). On the other
hand, the phosphorylation of p38MAPK was inhibited by
SB203580 (an inhibitor of p38MAPK phosphorylation) at a
concentration of 1�M, while there was no such e�ect on ERK
1/2 (data not shown).

3.8. Neurite Outgrowth from PC12 Cells by Luteolin or
Acacetin. PC12 cells were exposed to luteolin, acacetin, NGF,
or EGF for 2 days in serum-free medium. Prominent neurite
outgrowth was elicited by NGF and slight outgrowth by
luteolin or acacetin (Figure 9). Interestingly, treatment with
SB203580 enhanced acacetin- or luteolin-induced neurite
outgrowth, suggesting the involvement of p38MAPK. Since
neurite outgrowth has been found to correlate with the
expression of neuro
lament-M [21], we evaluated its expres-
sion in PC12 cells treated with the active molecules. NGF and
EGF markedly increased the expression of neuro
lament-
M irrespective of SB203580 treatment (Figure 10). On the
other hand, neither luteolin nor acacetin alone increased the
expression of neuro
lament-M; however, coadministration
with SB203580 resulted in a signi
cant increase in expression.
	ese observations suggested that neurite outgrowth by both
acacetin and luteolin was enhanced by the inhibition of
p38MAPK phosphorylation.
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Figure 8: E�ects of various inhibitors on the level of phosphorylated ERK 1/2 stimulated by luteolin (B), acacetin (D), NGF, or EGF in
PC12 cells. PC12 cells were cultured in serum-containing medium for 2 days. 	e cells were preincubated with K252a, AG1478, SB203580
(1 �M), or U0126 (10�M) in serum-containing medium for 3 h.	ey were then treated or not treated with B, D, NGF, or EGF for 10min.	e
level of phosphorylated ERK 1/2 of each sample was evaluated by immunoblotting. 	e intensities of each band of ERK 1/2 were measured
densitometrically by Image J. Values are expressed as the ratios of phospho-ERK 1/2 to total-ERK 1/2, and themean± SEMof the values of three
separate experiments are shown. Signi
cant di�erences of the values from the value of the corresponding control group were determined by
ANOVA, followed byDunnett’s test. Control group is signi
ed by ⃝. ∗: signi
cance di�erence at� < 0.1; ∗∗: signi
cant di�erence at� < 0.01,
—: no signi
cant di�erence.

4. Discussion

	e well-known neurotrophic factor, NGF, acts on cultured
PC12 cells and induces many biological events including
neurite outgrowth for neuronal di�erentiation that gives rise
to sympathetic neuron-like cells. 	ese NGF actions require
phosphorylation of the classical Ras/MAPK pathway. Based
on this fact, extracts of Mottenohoka were tested and found
to e�ectively enhance the level of phosphorylated ERK 1/2
of PC12 cells. 	e active components were isolated from
the extracts and identi
ed as 3�,5,5�,7-tetrahydroxyavanone,
acacetin, and luteolin. Acacetin and luteolin are known
components of Chrysanthemum morifolium Dendranthema

× grandi�orum [9–11]; however, the presence of 3�,5,5�,7-
tetrahydroxyavanone in chrysanthemum has not yet been
clari
ed. We focused on luteolin and acacetin for further
investigation because of the lack of a stimulatory e�ect of
3�,5,5�,7-tetrahydroxyavanone on ERK 1/2 activation. Lute-
olin and acacetin promoted the phosphorylation of ERK 1/2,
SAPK/JNK, and p38MAPK in PC12 cells at a concentration
of 100�M but had no such e�ect on Akt. NGF, which
stimulates neuronal di�erentiation of PC12 cells, facilitated
the phosphorylation of ERK 1/2, SAPK/JNK, and Akt but
not that of p38MAPK. EGF, which stimulates cell prolifer-
ation of PC12 cells, promoted signi
cant phosphorylation
of ERK 1/2 and slight phosphorylation of Akt. However,
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0 day 2 days 2 days SB203580

Figure 9: E�ects of SB203580 on neurite outgrowth from cultured PC12 cells induced by control (a), luteolin (b), acacetin (c), NGF (d), or
EGF (e). PC12 cells were cultured in serum-containing medium for 2 days.	e cells were preincubated with or without SB203580 (10�M) for
3 h and then washed with PBS and treated with B, D, NGF, or EGF for 10min. Cells were subsequently cultured for another 2 days in serum-
free medium. Photographs were taken under phase-contrast observation at a magni
cation of 100x. Bar indicates 10 �m. Arrows indicate
weak neurites.
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Figure 10: E�ects of SB203580 on neuro
lament-M expression of
cultured PC12 cells induced by luteolin (B), acacetin (C), NGF, or
EGF. PC12 cells were cultured and treated under the same conditions
as shown in the legend of Figure 8. Cells were subsequently cultured
for another 2 days in the serum-free medium. 	e expression of
neuro
lament-M of each sample was evaluated by immunoblotting.
	e intensity of each bandwasmeasured densitometrically by Image
J. Values are expressed as the ratio of neuro
lament-M to �-actin,
and themeans ± SEMof the values of three separate experiments are
shown. Signi
cant di�erences from the values of the corresponding
control group were determined by ANOVA, followed by Dunnett’s
test. Control group is signi
ed as ⃝. ∗: signi
cance di�erence at
� < 0.1; ∗∗: signi
cant di�erence at � < 0.01; —: no signi
cant
di�erence. Arrows indicate slight neurite outgrowth.

it did not promote the phosphorylation of SAPK/JNK and
p38MAPK.

Luteolin and acacetin slightly but signi
cantly stimulated
neurite outgrowth, although this e�ect was much weaker
than that ofNGF (Figure 9).	e intracellular signals between
the active components and NGF di�ered: p38MAPK was
activated by the active components but not by NGF, while
the opposite was true for Akt. As the phosphorylation of Akt
is considered to participate in cell growth arrest rather than
neurite outgrowth [22], we focused on estimating whether
neurite outgrowth is associated with the phosphorylation
of p38MAPK. Treatment of PC12 cells with SB203580, an
inhibitor of p38MAPK, signi
cantly enhanced neurite
outgrowth stimulated by luteolin or acacetin (Figure 9).
Furthermore, the increase in neuro
lament-M protein by
pretreatment with SB203580 (Figure 10) con
rmed that
neurite outgrowth was enhanced by a decrease in the level
of phosphorylated p38MAPK, because neuro
lament-M is
expressed in association with neurite outgrowth in PC12
cells [23]. Furthermore, epidermal growth factor (EGF),
which enhances the level of phosphorylated ERK 1/2 but not
that of phosphorylated p38MAPK, failed to induce neurite
outgrowth. As SAPK/JNK was phosphorylated by NGF, the
phosphorylation of SAPK/JNK as well as ERK 1/2 may be
required for neurite outgrowth. However, pretreatment by

a JNK inhibitor hadno e�ect onneurite outgrowth stimulated
by NGF (data not shown).

It has been suggested that sustained activation of ERK 1/2
is required for neuronal di�erentiation andneurite outgrowth
in PC12 cells [24]. However, although both NGF and EGF
promote phosphorylation of ERK 1/2 in PC12 cells, only
NGF can induce neurite outgrowth. 	ese di�erences in the
biological actions of NGF and EGF on PC12 cells are due
to the duration of a sustained level of ERK 1/2. NGF can
induce long-lasting ERK 1/2 activation (phosphorylation) via
activation of Crk and Src homology 2 (Shp-2) [25, 26]. 	ese
results suggest that the promotion or inhibition of p38MAPK
phosphorylation is also related to neurite outgrowth.

While the phosphorylation of p38MAPK is necessary
for neural di�erentiation [27, 28], the phosphorylation of
p38MAPK inhibits this process [29]. 	us, the results above
suggested that the phosphorylation of p38MAPK could
promote or inhibit neurite outgrowth depending on the
experimental conditions.

K252a, an inhibitor of the Trk family of tyrosine kinases of
high a�nity neurotrophin receptors, is known to induce neu-
rite outgrowth [30]. Since the expression of neuro
lament-
M (Figure 10) and the morphology of PC12 cells induced
by NGF or EGF (Figure 9) were unchanged a�er SB203580
treatment, SB203580 alone is not thought to be involved in
neurite outgrowth.

Luteolin- or acacetin-induced phosphorylation of ERK
1/2 was inhibited by U0126 (MEK phosphorylation inhibitor)
treatment, leading to the assumption that the classical MAPK
pathway was activated by luteolin or acacetin-stimulation.
On the other hand, since the levels of luteolin- or acacetin-
induced phosphorylated ERK 1/2 were unchanged by treat-
ment withK252a or EGR receptor inhibitor, it can be deduced
that luteolin or acacetin activates the classical MAPK cascade
via receptors other than Trks or EGFR. Neurotrophic factors
such as neurotrophins, including NGF, were predicted to
be suitable therapeutic tools for some neurological disor-
ders or as supplements for brain health. However, they are
macromolecules that cannot cross the blood brain barrier
and are unstable in the blood stream and tissues, thus studies
have produced unsuccessful results. In the present study,
we identi
ed components in Mottenohoka that e�ectively
activated Ras/MAPK(ERK 1/2) pathway of PC12 cells and
led to neuritogenesis. 	e active entities were avonoids,
acacetin, and luteolin. A number of studies have dealt with
avonoids and it has been demonstrated that a component of
ingested avonoids moves into the plasma bound to albumin
[25] and can pass through the blood-brain barrier [26].

In order to escape starvation during famines that have
occurred regularly, plants that are not eaten in other regions
are still cultivated and consumed in Yamagata Prefecture,
Japan. Interestingly, it is possible that the avonoids in such
plants are useful in maintaining mental health because the
number of suicides due to depression in Yamagata Prefecture
is low compared with a neighboring prefecture.

Our results suggested that the inhibition of p38MAPK
phosphorylation enhances neurite outgrowth stimulated by
luteolin or acacetin. 	us, perhaps the combined use of
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previously examined natural components that promote neu-
rite outgrowth and components that regulate p38MAPK
phosphorylation could bring us a step closer to the commer-
cialization of natural products for maintaining the health of
the central nervous system.
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