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Abstract—Six amentoflavone-type biflavonoids, bilobetin (1), ginkgetin (2), 4,7"-di-O-methyl-amentoflavone (3), 7-O-methyl-iso-
ginkgetin (4), sciadopitysin (5), and 7,4’,7",4”-O-methyl-amentoflavone (6), were isolated from the EtOAc fraction of Cephalotaxus
koreana Nakai (Cephalotaxaceae) by bioactivity-guided fractionation technique using primary cultures of mouse osteoblasts as an
in vitro assay system. Among the six biflavonoids isolated, bilobetin (1), sciadopitysin (5), and 7,4',7",4"”-O-methyl-amentoflavone
(6) significantly increased osteoblast differentiation as assessed by alkaline phosphatase activity, collagen synthesis, and mineraliza-
tion. Considering structure—activity relationship, methoxyl groups at 4’ and 4” in the B rings in amentoflavone-type biflavonoid
might be important in osteoblast differentiation. Taken together, our present study suggests therapeutic potential of biflavonoids

against bone diseases such as osteoporosis.
© 2006 Elsevier Ltd. All rights reserved.

As the lifespan has increased, osteoporosis has become
one of the major health problems. Osteoporosis is char-
acterized by lower bone density and a decrease in bone
mass which result in increased bone fragility and frac-
ture risk.! Osteoporosis is known to occur due to a de-
crease in bone formation by osteoblasts and an
increase in bone resorption by osteoclasts. Therefore,
stimulation of bone formation and inhibition of bone
resorption have been suggested to be an important ther-
apeutic approach for prevention and/or treatment of
osteoporosis.?

Osteoblasts play a crucial role in bone formation
through the proliferation and differentiation.? Osteo-
blast differentiation, an important process for its func-
tion, confers marked rigidity and strength to the bone
while still maintaining some degree of elasticity. During
differentiation, osteoblast produces an extracellular ma-
trix mainly type I collagen, which becomes mineralized
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by deposition of calcium. Other characteristics include
upregulation of alkaline phosphatase (ALP) which is
an important trigger for calcium deposition in vivo
and in vitro.* For in vitro studies, osteoblasts isolated
from calvaria of newborn animals were widely used
for osteoblast differentiation because of its relatively
pure population. The differentiation of osteoblast can
be easily induced by ascorbic acid and also can be regu-
lated by diverse factors such as transcriptional factors
and exogenous chemicals. Therefore, we employed pri-
mary cultures of mouse calvarial osteoblast isolated
from newborns as an in vitro assay system for osteoblast
differentiation.>

In the course of screening of natural products having the
stimulatory activity on osteoblast differentiation, the
methanolic extract of the leaves and twigs of Cephalo-
taxus koreana Nakai (Cephalotaxaceae) was found to
significantly increase osteoblast differentiation in vitro.
Alkaloids, flavonoids, biflavonoids, and diterpenes were
reported as constituents of Cephalotaxus species.® To
date, however, there were no previous studies on osteo-
blast differentiation of C. koreana. Thus, we have
attempted to isolate compounds having stimulating
activity on osteoblast differentiation from C. koreana.


mailto:youngkim@snu.ac.kr

M. K. Lee et al. | Bioorg. Med. Chem. Lett. 16 (2006) 2850-2854 2851

Bioassay-guided fractionation of the methanolic extract
of the leaves and twigs of C. koreana revealed that the
EtOAc fraction was the most active one (34.5% increase
of ALP activity at 10 pg/ml, p <0.05). Further fractio-
nations and separation of the EtOAc fraction by several
chromatographic methods yielded six biflavonoids,
compounds 1-6.” Compounds 1-6 were identified as
bilobetin, ginkgetin, 4',7”-di-O-methyl-amentoflavone,
7-O-methyl-isoginkgetin, sciadopitysin, 7,4',7",4"”-0O-
methyl-amentoflavone, respectively (Fig. 1), by the di-
rect comparison of their physicochemical and spectro-
scopic data with those of previously reported.® Among
these, compounds 3 and 4 are first reported from this
plant.

Flavonoids are polyphenolic compounds which show
many biological and pharmacological activities, includ-
ing antioxidative, anti-inflammatory, antitumor, and
neuroprotective effects.” Related to bone, soybean isofl-
avonoids such as daidzein and genistein have received
considerable attention for their potential role in prevent-
ing postmenopausal bone loss.!? Recently, it has been
suggested that flavonoids may have beneficial effect on
bone health.!! Biflavonoids consist of a dimer of flavo-
noids that linked to each other. Although biflavonoids
are known to exert diverse activities, such as anti-inflam-
matory, anti-viral activity, and anti-tuberculosis,'? there
has been no report on the effects of biflavonoids on
osteoblast differentiation. Therefore, we further assessed
the effects of six biflavonoids isolated from C. koreana

on osteoblast differentiation in primary cultures of
mouse calvarial osteoblasts as an in vitro assay system.

The effect of biflavonoids on osteoblast differentiation
was first assessed by measuring the ALP activity in pri-
mary cultures of mouse osteoblasts.!? To test the effects
of biflavonoids on osteoblast differentiation, osteoblast
differentiation was induced by changing the medium
containing 50 pg/ml ascorbic acid and cells were then
treated with vehicle or compounds to be tested for 7
days.'* As expected, treatment of primary cultured oste-
oblasts with ascorbic acid for 7 days increased ALP
activity almost 10 times, whereas weak increase in
ALP activity was observed in nontreated control cells
(data not shown). As shown in Table 1, among the six
biflavonoids tested, compounds 1, 4, 5, and 6 significant-
ly increased the ALP activity at concentrations ranging
from 1.0 to 20.0 uM. However, compounds 2 and 3
showed cytotoxicity at a concentration of 20.0 uM as
measured by MTT assay (data not shown), which result-
ed in the decrease in ALP activity. The effect of com-
pounds 1, 4, 5, and 6 on ALP activity was also
visualized by ALP staining.'> As shown in Figure 2,
ALP staining was consistent with ALP activity.

Since biflavonoids 1, 4, 5, and 6 significantly increased
ALP activity in primary cultures of mouse osteoblasts,
we further investigated their effects on collagen synthesis.'®
Collagen content was quantified by Sirius red-based col-
orimetric assay.'” As shown in Figure 3, compounds 1,

Compounds R! R? R? R*
1 OH OCHs OH OH
2 OCHs OCHs OH OH
3 OH OCHs OCHs OH
4 OCHs OCHs OCHs OH
5 OCHjs OCHs OH OCH,
6 OCHs OCHs OCHjs OCHjs

Figure 1. Biflavonoids isolated from the leaves and twigs of Cephalotaxus koreana.

Table 1. Effects of biflavonoids isolated from Cephalotaxus koreana on the ALP activity in primary cultures of mouse osteoblasts

Compounds ALP activity® (% of control)

1.0 (uM) 10.0 (uM) 20.0 (uM)
Control* 100.0 £ 1.4
Bilobetin (1) 100.9 + 8.3 131.9 + 18.7" 130.6 + 147"
Ginkgetin (2) 116.8 +18.3 69.3 +13.1 39.9 +15.7
4'7"-Di-O-methyl-amentoflavone (3) 101.1+133 113.0+13.4 73.5+16.2
7-O-Methyl-isoginkgetin (4) 108.4£9.6 129.7 £19.9" 122.0 £15.8"
Sciadopitysin (5) 121.1 + 16.6" 149.0 + 14.1™" 153.0 £ 18.5""
747" 4”-0O-Methyl-amentoflavone (6) 105.1 + 14.4 1473 +5.0™ 149.5+9.2™"
Daidzein® 107.8+£9.2 132.8 £ 82" 128.1 57"

The values are expressed as means £ SD of triplicate experiments. Mean value is significantly different. (*p < 0.05, **p < 0.01, and ***p < 0.001) from

the control.
# ALP activity of control was 19.3 + 0.3 U/mg protein.

® ALP activity (%) was calculated as 100 x (ALP activity of compound-treated/ALP activity of control).

¢ Daidzein was used as a positive control.
"p<0.05.
" p<0.0l1.

sokok

p <0.001.
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Figure 2. Effect of biflavonoids on ALP staining in primary cultures of
mouse osteoblasts. Cultures were treated with biflavonoids in the
presence of 50 pg/ml ascorbic acid for 1 week and subjected to ALP
staining. The figures are representative of three independent experi-
ments with similar results.
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Figure 3. Effect of biflavonoids on collagen synthesis in primary
cultures of mouse osteoblasts. Cultures were treated with biflavonoids
in the presence of 50 pg/ml ascorbic acid for 2 weeks and collagen
content was quantified by Sirius red-based colorimetric assay. The
values are expressed as means = SD of triplicate experiments. Mean
value is significantly different (*p < 0.05, **p < 0.01, and *** p < 0.001)
from the control.

5, and 6 significantly increased collagen synthesis. At a
concentration of 10.0 uM, compound 5 increased colla-
gen synthesis up to 180% compared to that of control
cells.

Next, we examined the effects of biflavonoids on miner-
alization by measuring the calcium deposition, another
important process in differentiation.!® The degree of
mineralization was determined by Alizarin red stain-
ing.!” Consistent with the effects on ALP activity and
collagen synthesis, compounds 1, 5, and 6 showed signif-
icant stimulatory effect on mineralization (Fig. 4).

All the six biflavonoids isolated from C. koreana are
classified as amentoflavone-type and only differ in the
number of methoxyl groups at 7 and 7” in A rings and
at 4’ and 4” in B rings. Regarding the structure—activity
relationship, compound 1 with a methoxyl group at 4’ in
the B ring significantly increased osteoblast differentia-
tion. Compounds 5 and 6 with two methoxyl groups
at 4’ and 4" in the B rings increased osteoblast differen-
tiation higher than compound 1. On the other hand,
addition of a methoxyl group on 7 and 7” in A rings
decreased osteoblast differentiation, as observed in com-
pounds 2 and 3. Although more derivatives should be
assessed for relevant relationship between the structure
and activity, our study suggested that methoxyl groups
at 4’ and 4” in the B rings might be important in
osteoblast differentiation.
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Figure 4. Effect of biflavonoids on mineralization in primary cultures
of mouse osteoblasts. Cultures were treated with biflavonoids in the
presence of 50 pg/ml ascorbic acid and 10 mM B-glycerophosphate for
2 weeks and mineralization was quantified by Alizarin red staining.
The values are expressed as means = SD of triplicate experiments.
Mean value is significantly different (*p < 0.05 and **p < 0.01) from
the control.

Osteoblast differentiation includes various characteris-
tics in time-dependent manner: increase in ALP activity,
followed by ECM synthesis, resulting in mineralization.
ALP, which hydrolyzes the ester bond of organic phos-
phate compounds under alkaline conditions, plays an
important role in the calcification of bond. ALP produc-
es phosphate required for mineralization and, in addi-
tion, hydrolyzes substances that inhibit calcification.*
Differentiated osteoblasts also produce collagen, a ma-
jor constituent of extracellular matrix in bone, which
is further mineralized by calcium deposition. In our
present study, compounds 1, 5, and 6 increased ALP
activity as well as collagen synthesis and calcium depo-
sition. Therefore, we suggest that high ALP activity by
compounds 1, 5, and 6 might further promote mineral-
ization. In addition, mineralization was also achieved
via increased collagen synthesis.

In conclusion, our data suggest that biflavonoids isolat-
ed from C. koreana increased osteoblast differentiation
in vitro. To our knowledge, this is the first report to
suggest that naturally occurring biflavonoids increased
osteoblast differentiation. Thus, it will be of interest
to test further whether these biflavonoids increase
osteoblast differentiation in vivo, for example, in ani-
mal models of osteoporosis, to explore their therapeu-
tic potentials for osteoporosis. This will provide further
insight into the design of new approaches to
osteoporosis.
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be tested in the presence of 50 pg/ml ascorbic acid and
10 mM B-glycerophosphate, and grown for 2 weeks by
changing the medium containing compounds every 3 days.
For Alizarin red staining, the cells were rinsed with PBS
and fixed with ice-cold 70% ethanol for 1 h. The ethanol
was removed and rinsed with deionized water. The cells

were then stained with 40 mM Alizarin red S in deionize d
water (adjusted to pH 4.2) for 10 min at room tempera-
ture. The Alizarin red S solution was removed and rinsed
with deionized water and PBS. The stained material was
extracted in DMSO and the absorbance was measured at
562 nm.
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