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INTRODUCTION

Bone loss with increasing age induces osteoporo-
sis,1–3) a condition widely recognized as a major pub-
lic health problem.4) Bone loss may be due to in-
creased bone resorption and decreased bone forma-
tion. A decrease in bone mass leads to bone frac-
ture, and thus it is important to prevent bone loss
with ageing.5) The chemical compounds that prevent
bone loss as nutrients in food, however, are poorly
understood.

Recent studies have shown that isoflavones (in-
cluding genistein and daidzein), which are contained
in large quantities in soybean, have a stimulatory
effect on osteoblastic bone formation6) and an in-
hibitory effect on osteoclastic bone resorption,7)

thereby increasing bone mass.8) Menaquinone-7, an

analogue of vitamin K2 which is essential for the γ-
carboxylation of the osteocalcin of a bone matrix
protein, is abundant in fermented soybean. It stimu-
lates osteoblastic bone formation9) and inhibits os-
teoclastic bone resorption10) in vitro. The prolonged
dietary preventive effect of isoflavone and
menaquinone-7 on bone loss induced by ovariectomy
in rats, which is an animal model for osteoporosis,
has been demonstrated.11,12) More recently, it has been
demonstrated that β-cryptoxanthin, a carotenoid
which is abundent in orange, has an anabolic effect
on bone metabolism, stimulating bone formation and
inhibiting bone resorption.13,14) Thus, food factors
play a role in bone health and may be important in
the prevention of bone loss as humans age.

Other food factors have also been shown to have
an anabolic effect on bone metabolism. More re-
cently, it has been shown that among various ma-
rine algae, Sargassum horneri (S. horneri) has a
unique anabolic effect on bone calcification in vitro
and in vivo.15–18) Moreover, wasabi leafstalk (Wasabia
japonica MATSUM.) extract, among various plant
extracts, has a unique stimulatory effect on bone
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The active component in wasabi leafstalk (Wasabia japonica MATSUM.), which has a stimulatory effect on
bone calcification in mouse calvaria tissue culture in vitro, was purified. Wasabi leafstalk extract was obtained from
a homogenate with 20% ethanol. The active component, which was found in ethanol extraction, was purified by gel
filtration chromatography with HiLoad 26/80 Superdex 30 pg column and reversed-phase chromatography (RPC)
on a resource 15 RPC 3 ml column. The result of ESI mass spectra of the purified active component showed that its
material had a molecular weight of 158. The absorption spectra of the material gave the maximum absorption at a
wavelength of 221 nm. The material in wasabi leafstalk extract differed from genistein and 17β-estradiol, which can
stimulate bone calcification in vitro, and had a comparatively lower molecular weight. This study demonstrates that
the material with a low molecular weight of 158 is an active component in wasabi leafstalk which stimulates bone
calcification.
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calcification in vitro and in vivo.19–21) However, the
active components with anabolic effects on bone in
wasabi leafstalk extract have not been identified.

The present study was undertaken to determine
this active component which can stimulate bone cal-
cification in vitro. We found that it is a material with
a molecular weight of 158.

MATERIALS AND METHODS

Chemicals —–—  Dulbecco’s modified Eagle’s
medium (high glucose, 4.5 g/100 ml) and penicil-
lin-streptomycin solution (5000 U/ml penicillin;
5000 µg/ml streptomycin) were obtained from Gibco
Laboratories (Grand Island, N.Y., U.S.A.). Bovine
serum albumin (fraction V) was obtained from
Sigma Chemical (St. Louis, MO., U.S.A.). Other
chemicals were reagent grade from Wako Pure
Chemical Industries (Osaka, Japan).
Wasabi Leafstalk Extract —–—  Wasabi leafstalks
(Wasabia japonica MATSUM.) were collected in
May 2003 and used for the experiment. Fresh leaf-
stalk (about 50 g) was homogenized for 3 min in
20% ethanol solution (150 ml), and the homogenate
was centrifuged at 10000 g for 20 min.19) The result-
ing supernatant was filtered through filtration pa-
per, and the filtration solution was then extracted
3 times with diethyl ether (about 150 ml). The ether
phase was removed, and the resulting aqueous phase
was freeze-dried. The powder was dissolved in dis-
tilled water. Before wasabi leafstalk extract was used
in bone culture experiments, the extract solution was
aseptically filtered through a membrane filter
(0.22 µm).
HPLC Chromatography of Wasabi Leafstalk
Extract —–—  A high pressure liquid chromatogra-
phy (HPLC) system (Amersham Pharmacia Biotech-
nology, U.S.A.) was used in this study. Wasabi leaf-
stalk extract was put on a Hiload 26/60 Superdex
30 pg column (Amersham Pharmacia Biotechnol-
ogy) equilibrated with 0.1 N ammonium acetate at a
flow rate of 1.5 ml/min. Elution was monitored at
280 nm and 245 nm, and the extract was fraction-
ated into six fractions. Each fraction was lyophilized,
and the frozen powder was dissolved in a small
amount of distilled water to use in bone culture ex-
periments.

The active component-containing fraction,
which was obtained from gel filtration of the ex-
tract, was lyophilized and the lyophilized powder
was dissolved in water. The solution was put on a

Resource 15 reverse phase chromatography (RPC)
3 ml column (6.4 × 100 mm, Amersham Pharmacia
Biotechnology) equilibrated with distilled water
containing 0.65% trifluoroacetic acid (TFA), and was
eluted with a linear gradient of 5–80% acetonitrile
containing 0.65% trifluoroacetic acid at a flow rate
of 2 ml/min. Elution was monitored at 280 nm and
254 nm. Each fraction was lyophilized. These fro-
zen powders were dissolved in a small amount of
distilled water to use in bone culture experiments.
LC/MS Assay —–—  The liquid chromatography/
mass spectrometer (LC/MS) system used consisted
of an electrospray ionization-mass spectrometer
(Applied Biosystems, API3000), coupled to the
HPLC system (Hewlett-Packard, Agilent 1100).
Active component samples obtained from RPC were
injected onto a Resource 15 RPC 3 ml column (6.4
× 100 mm, Amersham Pharmacia Biotechnology),
and eluted with a linear gradient of 5–80% acetoni-
trile containing 0.65% TFA at a flow rate of 2 ml/min.
Mass spectrometer conditions were: mode, positive;
mass range, 100–1000; ion source, electrospray ion-
ization; nebulizer gas temperature, 400°C; ion spray
voltage, 1000 V; decrustering potential, 30 V; focus-
ing potential, 300 V; entrance potential, 10 V.
Bone Culture —–—  Male ddy mice (4 weeks old)
were obtained from Japan SLC Inc. (Hamamatsu,
Japan). These animals were fed commercial labora-
tory chow (solid; Oriental Yeast Co. Ltd., Tokyo,
Japan) containing 57.4% carbohydrate, 1.1% Ca, and
1.1% P at a room temperature of 25°C, and were
given distilled water freely until sacrifice. Mice were
sacrificed by decapitation under light anesthesia with
diethyl ether. Calvaria tissues were removed asepti-
cally, and cut along the sagittal suture into left and
right halves. One-half of each calvarium served as a
control for its paired, treated half. Calvaria fragments
were cultured for 48 hr in a 35-mm dish in 2.0 ml of
Dulbecco’s modified Eagle’s medium (high glucose,
4.5 g/100 ml) supplemented with 0.25% bovine se-
rum albumin plus antibiotics (100 U penicillin and
100 µg streptomycin/ml of medium).22) The experi-
mental medium contained either vehicle or the ac-
tive component, obtained from the wasabi leafstalk
extract. Cultures were maintained at 37°C in a wa-
ter-saturated atmosphere containing 5% CO2 and
95% air.
Analytical Procedures —–—  Calvaria tissues cul-
tured were dried for 16 hr at 110°C, weighed, and
then digested with nitric acid (2.0 ml) for 12 hr at
120°C. Calcium was determined by atomic absorp-
tion spectrophotometry,22) and the content was cal-
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culated as milligrams (mg) per gram (g) of dry bone.
Data were represented as the percentage (%) of con-
trol (none) value.
Statistical Analysis —–—  The significance of dif-
ference between values was estimated by Student’s
t-test. p-Value of less than 0.05 was considered to
show statistically significant differences. We also
used a multi-way analysis of variance (ANOVA)
with a Duncan’s post hoc test to compare the treat-
ment groups.

RESULTS

The active components prepared from a 20%
ethanol extract of wasabi leafstalk homogenate, were
subjected to gel filtration chromatography with
HiLoad 26/60 Superdex 30 pg column (Fig. 1A). The
eluate was monitored at 280 nm and 254 nm, 2 ml
was collected from each fraction (fractions I–VI),
and then each fraction was lyophilized. The frozen
powders were dissolved in a small amount of dis-
tilled water and were used for bone culture experi-
ments. The component from fraction I, II, III, VI,

Fig. 1. Filtration Chromatography of Wasabi Leafstalk Extract (A) and Standard Materials (B) on HiLoad 26/60 Superdex 30 PG
Column

Wasabi leafstalk extract was applied to a HiLoad 26/60 Superdex 30 pg column that had been equilibrated with 0.1 N ammonium acetate solution.
The flow rate was 1.5 ml/min, and 2 ml fractions were collected. Absorbance was measured at 280 nm and 254 nm.

Fig. 2. Stimulatory Activity of Chromatography Fractions
Obtained from Wasabi Leafstalk Extract on Calcification
in Mouse Calvaria Tissues in Vitro

Mouse calvaria tissues were cultured for 48 hr in the medium
containing either vehicle or chromatography fractions (as shown in Fig. 1)
obtained from wasabi leafstalk extract (10, 15, 25, 50, 100, 200, and
250 µl/ml). Each value represents the mean ± S.E.M. of five bone tissues
from different animals. *p < 0.01 compared with the control value.
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Fig. 3. Reversed-Phase Chromatography of Peak Fraction V-2 Obtained from Gel Filtration of Wasabi Leafstalk Extract on Resource
15 RPC 3 ml Column

Peak fraction V-2 (A), which was obtained from gel filtration of wasabi leafstalk extract, or standard materials (B) was applied to RPC on a resource
15 RPC 3 ml column. The flow rate was 1.5 ml/min, and fractions (2.0 ml) were collected. Absorbance was measured at 215 nm, 254 nm, and 280 nm.

and VI did not cause a significant alteration in bone
calcium content (Fig. 2A). However, the addition of
the component of fraction V to the culture medium
caused a significant increase in the content (Fig. 2A).
Fraction V contained two peak components of frac-
tion V-1 and fraction V-2 (Fig. 1A). The active com-
ponents, which caused a significant increase in bone
calcium content, were found in fraction V-2 but not
fraction V-1 (Fig. 2B). The active components in
fraction V-2 differed from chymotrypsinogen A
[25000 of molecular weight (MW)], vitamin B12

(MW; 1355.4), cytidine (MW; 243.2), and guanine
(MW; 151.3), as compared by gel filtration chroma-
tography for fraction V-2 (Fig. 1B).

Fraction V-2 was applied to RPC on a resource
15 RPC 3 ml column (Fig. 3). The eluate was moni-
tored at 280 nm, 254 nm, and 215 nm, and 2 ml was
collected from each fraction (fractions A and B).
Each fraction was the lyophilized and the frozen

powders were dissolved in a small amount of dis-
tilled water and used for bone culture experiments.
Fraction A caused a significant increase in bone cal-
cium content (Fig. 3A), however, fraction B had no
effect on bone calcium content. Fraction A contained
three major peaks (fraction A-1, A-2, or A-3). The
active components which increase the content were
found in fraction A-1 (Fig. 4B). The active compo-
nents in fraction A-1 differed from genistein, insu-
lin-like growth factor-I (IGF-I), 17β-estradial, and
insulin, which have a stimulatory effect on bone cal-
cification (Fig. 3B). Moreover, fraction A-1 was dis-
tinguishable in fraction A-1-1, A-1-2, or A-1-3
(Fig. 3A). Fraction A-1-3 contained the active com-
ponents for bone calcium content (Fig. 5A).
Fraction A-1-3 composed a major peak (A-1-3-1)
and minor peak (A-1-3-2). The stimulatory effect
on bone calcium content was found in fraction A-1-
3-1 but not fraction A-1-3-2 (Fig. 5B).
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Fig. 4. Stimulatory Activity of Chromatography Fractions Obtained from RPC of V-2 Fraction on Calcification in Mouse Calvaria
Tissues in Vitro

Mouse calvaria tissues were cultured for 48 hr in a medium containing either vehicle or chromatography fractions (10, 20, 25, 50, 100, and 200 µl/ml
of medium) obtained from RPC. Each value represents the mean  ± S.E.M. of five bone tissues from different animals. *p < 0.01 compared with the
control value. (A); Stimulatory activity of fractions A and B from RPC. (B); Stimulatory activity of fractions A-1, A-2, and A-3 from RPC.

Fig. 5. Stimulatory Activity of Chromatography Fractions Obtained from Reverse-Phase Chromatography of Peak V-2 Fraction on
Calcification in Mouse Calvaria Tissues in Vitro

Mouse calvaria tissues were cultured for 48 hr in the medium containing either vehicle or chromatography fractions (2.5, 5, 10, 20, 25, 50, and
100 µg/ml of medium) obtained from RPC. Each value represents the mean ± S.E.M. of five bone tissues from different animals. *p < 0.01 compared with
the control value.
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ESI mass spectra for the active component (frac-
tion A-1-3-1) are shown in Fig. 6, and a molecular
weight of this component was 158. Absorption spec-
tra of this material showed the maximum absorp-
tion at a wavelength of 221 nm (Fig. 7).

DISCUSSION

Among various plant and food extracts, wasabi
leafstalk (Wasabia japonica MATSUM.) has a stimu-
latory effect on the calcification in mouse calvaria
tissues in vitro.19–21) The wasabi leafstalk extract-in-
duced increase in bone calcium content is suggested
to result from newly synthesized protein compo-
nents.19) However, it has been shown that this ex-
tract does not have an inhibitory effect on bone re-
sorption induced by a bone-resorbing hormone (par-
athyroid hormone).23) The active component in the
extract may be a material with lower molecular
weight than genistein (MW; 270),23) which has a
stimulatory effect on bone formation in vitro.6,8)

Fig. 7. Absorption Spectra of Component (A-1–3-1 fraction)
in Wasabi Leafstalk Extract that Stimulates Bone
Calcification

Wasabi leafstalk extract was applied to gel filtration on Hiload 26/
60 Superdex 30 pg column and reversed-phase chromatography on a
resource 15 RPC 3 ml column. Fractions with stimulatory activity on
bone calcification were collected, lyophilized and dissolved in distilled
water. The absorption spectra of the active component (A-1–3-1 fraction)
were measured.

Fig. 6. ESI Mass Spectra of an Active Component in Wasabi Leafstalk Extract Which Stimulates Bone Calcification
Wasabi leafstalk extract was applied to gel filtration on Hiload 26/60 Superdex 30 pg column and RPC on a resource 15 RPC 3 ml column. Fractions

with stimulatory activity on bone calcification were collected, lyophilized and dissolved in distilled water. The active component (A-1–3-1 fraction)
shown in Figs. 3 and 5 was applied on ESI mass spectra.
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In the present study, the active component was
isolated which stimulates bone calcification in vitro.
It was purified by gel filtration chromatography with
HiLoad 26/80 Superdex 30 pg column and RPC on
a resource 15 RPC column and was isolated as a
single material. The result of ESI mass spectra
showed that the material has a molecular weight of
158. The absorbance spectra of the material gave
the maximum absorption at a wavelength of 221 nm.
Further studies to identify the chemical structure are
in progress.

The oral administration of wasabi leafstalk ex-
tract to young and aged rats has been shown to have
an anabolic effect on bone components,21,24) suggest-
ing that intake of the extract tends to prevent bone
loss with increasing age. Thus this extract in the diet
appears to have a role in preventing of osteoporosis.

In conclusion, it has been demonstrated that the
active component in wasabi leafstalk extract which
has a stimulatory effect on bone calcification is a
material with a molecular weight of 158.
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