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Abstract

In the traditional Chinese medicine, Gu-Sui-Bu [Drynaria fortunei (kunze) J. Sm] has been reported as a good enhancer for bone

healing. In this experiment, we investigate the biochemical effects of this traditional Chinese medicine on the bone cells culture.

Different concentrations of crude extract of Gu-Sui-Bu were added to rat bone cells culture. The mitochondria activity of the

bone cells after exposure was determined by colorimetric assay. Biochemical markers such as alkaline phosphatase (ALP), acid

phosphatase (ACP) titer, prostaglandin E2 (PGE2) titer and the expression of both osteopontin and osteonectin mRNA were

evaluated. The effect on the osteoclasts differentiation was evaluated by tartrate-resistant acid phosphatase (TRAP) stain.

The most effective concentration of Gu-Sui-Bu on bone cells was 1 mg/ml. The addition of 1 mg/ml Gu-Sui-Bu to bone cells

culture for 7 days can statistically increase the intracellular ALP amount; while the ACP and PGE2 amount in culture medium were

significantly increased. In Northern blot analysis, the expression of both osteopontin and osteonectin mRNA were down-regulated

after adding Gu-Sui-Bu into bone cells culture. The formation of multi-nucleated osteoclasts was more active than that of the

control group; but no giant osteoclasts formation was observed.

In this study, we demonstrated that Gu-Sui-Bu has potential effects on the bone cells culture. One of the major effects of Gu-Sui-

Bu on the bone cells is probably mediated by its effect on the osteclasts activities. Continued and advanced study on the alterations

in gene expression of bone cells by Chinese medicines will provide a basis for understanding the observed bone cell responses to

various pharmacological interventions. r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In ancient times, throughout the world, humans used
plants as food and medicine. In Europe, chemistry
developed rapidly after the influence of Paracelsus.
Active principles were isolated from plants, and drugs
were prepared in the salt form to be used as medication.
In China, several drugs isolated from plants have been
prepared in the salt form in recent years, but herbal
medication, developed in the ancient tradition, contin-
ued to be widely used in Chinese populations [1].
Traditional Chinese medicine is a treasure house, which

has shown beneficial clinical effects. Reports of efficacy
of traditional Chinese medicine are increasing in
numbers [2–5]. The increasing popularity of traditional
Chinese medicine and/or natural products has also
produced fear about their toxicity and uncertainty
about their ingredients. In the Western world,
medicinal herbs are becoming increasingly popular and
important in the public and scientific communities,
but they have met with skepticism from much of the
medical community. Until the safety, efficacy, mechan-
ism of action, and toxicity determination as well as
clinical trials have been scientifically evaluated, many
western health care experts are hesitant to embrace their
use [6,7].

The traditional Chinese medicines, Gu-Sui-Bu [Dry-
naria fortunei (kunze) J. Sm] was commonly used to
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manage disorders of orthopedics and had been claimed
to have therapeutic effects on bone healing [8].
Specifically, through tissue culture and isotope tracing,
it was found that Gu-Sui-Bu injection significantly
promoted calcification of the cultivated chick embryo
bone primordium, increased ALP activity in the
cultivated tissue, and accelerated synthesis of proteogly-
can [8]. Later, Liu et al. has shown that Gu-Sui-Bu has
an antioxidant effect on rat osteoblasts from hydrogen
peroxide-induced death and may promote bone recovery
under similar pathologic conditions [9]. Gu-Sui-Bu
should be intensively studied for its possible use in bone
diseases. In this article, we investigate the biological
effects of Gu-Sui-Bu via the in vitro bone cell culture
and attempt to elucidate the pharmacological interpre-
tation of their mechanisms of action.

2. Materials and methods

2.1. Preparation of Chinese medicine: Gu-Sui-Bu

The Chinese medicine, Gu-Sui-Bu [Drynaria fortunei
(kunze) J. Sm] used in this study was supplied in dry
form by the School of Pharmacy, Taipei Medical
University, Taiwan, ROC. Its identification was authen-
ticated by experts in pharmacognosis. The procedures
for extraction of these crude drugs were standardized.
Briefly, 500 g of crude drugs were extracted by 70%
acetone for three times, filtered to remove insoluble
debris and concentrated in 401C and vacuum evapora-
tion. Then, the mid-products were freeze-dried to get
final products used in this experiment.

In the first part of this study, the effects of various
concentrations of Gu-Sui-Bu on bone cell activities were
evaluated using MTT assay as described below. Seven
different concentrations (10 mg, 1 mg, 100 mg, 10 mg,
1 mg, 100 ng, and 10 ng/ml) were tested for 1 day, 3 days
and 7 days.

2.2. Osteoblast/osteoclast co-culture (mixed-bone cells

culture) and osteoblasts culture

The rat alveolar mononuclear cells–calvarias osteo-
blasts co-culture system was the same as previously
described [10]. Newborn Wistar rats (3-days old) were
obtained from the laboratory center of the Medical
College, National Taiwan University. Primary osteo-
blastic cells were prepared from newborn rat calvarias.
For the mixed-bone cells culture, osteoblastic cells
(2� 103 cells/well) and alveolar mononuclear cells
(1.5� 105 cells/well) were co-cultured for 6 days in
Dulbecco’s modified Eagle’s medium containing 10%
fetal calf serum (Gibco BRL, Rockville, MD, USA),
10 nm 1a, 25(OH)2D3 in 6-well plates. Penicillin G
sodium 100 units/ml and streptomycin 100 mg/ml (Gib-

co BRL, Rockville, MD, USA) were added. The culture
dishes were incubated at 371C in an atmosphere
supplemented with 5% CO2. After 6 days’ culture and
the differentiated osteoclasts observed, various concen-
trations of tested Chinese medicines were added for 1
day, 3 or 7 days interval. After various intervals, the
media were removed from wells, divided into a section
of 500 ml with eppendorf, and then deeply frozen in
�801C for further analysis. Equal amount of medium
was added after each sampling of tested medium. For
the osteoblasts culture, osteoblastic cells (1� 105 cells/
well) were cultured for 2 days to facilitate their
attachment, then a similar preparation and management
as that of the mixed-bone cells culture was performed as
described above.

2.3. Colorimetric MTT (Tetrazolium) assay for cell

viability [11]

For the assay, cells were incubated in 96-well plates in
the presence of various concentrations of Gu-Sui-Bu.
For MTT test of osteoblasts, 6250 cells/well were added,
the cells were cultured for 2 days without treatment to
facilitate the attachment of cells and then various
concentrations of Gu-Sui-Bu were added. On the other
hand, 100 osteoblasts cells/well and 7500 mononuclear
cells/well were added in the MTT test for the mixed-
bone cells culture, the bone cells were cultured for 6 days
without treatment to facilitate the attachment of cells
and differentiation of osteoclasts before adding various
concentrations of Gu-Sui-Bu. After various time inter-
vals (1 day, 3 days or 7 days), the supernatant was
removed and 100 ml of MTT solution [3-(4,5-di-
methylthiazolyl-2)-2,5-diphenyltetrazolium bromide]
(MTT, Sigma catalog no. M2128, Sigma Co., St. Louis,
MO, USA; 1 mg /ml) was added to each well. The plate
was incubated at 371C for 4 h to allow the formation of
formazan crystal. The dark blue crystals were dissolved
by acid-isopropanol, then the plate was read on Micro
Elisa reader (Emax Science Corp., Sunnyvale, Califor-
nia, USA).

2.4. Analysis of alkaline phosphatase (ALP), acid

phosphatase (ACP) and prostaglandin E2 (PGE2) in

culture medium

ALP and ACP activities released from the cells into
the medium were measured with a commercially
available assay kit (Procedure no. ALP-10; Procedure
no. 435, acid phosphatase, leukocyte, Sigma Co., St.
Louis, MO, USA). The production of prostaglandin E2

(PGE2) in culture medium was also analyzed with a
commercially available assay kit (Cayman Chemical
Company, MI, USA).
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2.5. Analysis of cytoplasmic ALP and ACP

At the end of the experimental period, ALP and ACP
activities were determined following lysis of the cells
with the detergent Triton X-100 (Sigma T 8787, Louis,
MO, USA; 1% in Hanks’ balanced salt solution, 30 ml
at 371C). Cytoplasmic ALP and ACP values were
determined by the methods described for the measure-
ments of culture media.

2.6. Statistical analysis

The differences between various samples were eval-
uated by an analysis of variances statistic method. The
post hoc test performed was Bonferroni’s t test. The
level of statistical significance was defined as Po0:05:

2.7. Northern blot analysis

For the assay, the rat alveolar mononuclear cells-
calvarias osteoblasts co-culture system is the same as
that described above, which was incubated in the
presence of 1 mg/ml concentration of Gu-Sui-Bu. After
various time intervals, the supernatant was removed,
total RNA was isolated from cell cultures using the
QIAGEN Rneasy kit in combination with the QiaSh-
redder from QIAGEN (Hilden, Germany). Ten micro-
grams of total RNA was separated on a 1.5% (w/v)
agarose/formaldehyde gel using continuous buffer cir-
culation [12] and then transferred to a nylon membrane
(Millipore, Bedford, MA, USA) by capillary blotting
[13].

In the preparation for osteopontin and osteonectin
cDNA probe, the primer pair sequences used were
obtained from published sequences and was purchased
from MDB, Inc., Taipei, Taiwan. The amplification
procedure consisted of 35 cycles (denaturation at 951C
for 1 min, annealing at 581C for 1 min, elongation at
721C for 5 min) for osteonectin and osteopontin with the
oligonucleotide primer as shown in Table 1. These
amplified cDNA by PCR was fractionated by electro-
phoresis in an agarose gel and was visualized by
ethidium bromide staining. These amplified products
were confirmed by sequencing to be those of the gene
transcripts by the detection of an 851 bp band (D28875
Rat mRNA for osteonectin 120–971, Lee et al. [14]),
884 bp band (D1456 Rat mRNA for osteopontin 146–
1030, Oldberg et al. [15]). Antisense and sense DIG
(digoxigenin)-cDNA probes were generated by osteo-
pontin or osteonectin mRNA as templates, respectively
[16].

Hybridization was done at 501C for 16 h in humid
chamber and then digested with Rnase. A hybridization
solution consisted of 50% deionized formamide, 10%
dextran sulfate, Denhardt’s solution, 4 X SSC, 10 mm

Dithiothreitol, Bakers Yeast t RNA, and 0.6 mg/ml of

heat denatured (701C 5 min) DIG (digoxigenin)-cDNA
probe. Detection of DIG-cDNA probe/mRNA hybrid
was done using the DIG Nucleic acid detection Kit
(Boehringer Mannheirn Inc., Mannheirn, Germany).
The kit contained ALP-conjugated anti Digoxigenin
antibody, ALP substrates of nitroblue tetrazolium salt
(NBT) and X-Phosphate (5-bromo-4-chloro-3-indolyl
phosphate toluidinium salt). The procedure was mod-
ified from Nomura’s method [17,18]. All the experiments
were carried out at least three times, and the represen-
tative blots are shown.

2.8. Mature osteoclasts differentiation assay

Osteoclasts were isolated from long bones of mature
Wistar rats using methods described by Chambers et al.
[19]. Bones (tibia/fibula/femur) were removed, cleaned
of soft tissue and fragmented (by crushing). Bone
fragments were then washed extensively and cells
collected in culture media consisting of alpha-MEM
(Gibco BRL, Rockville, MD, USA) supplemented with
15% heat-inactivated fetal calf serum (Gibco BRL,
Rockville, MD, USA), antibiotics (gentamicin 50 mg/ml
[Gibco BRL, Rockville, MD, USA], penicillin G 100 mg/
ml [Gibco BRL, Rockville, MD, USA]) and 10�8

m 1,25
vitamin D3 (1,25 Dihydroxycholecalciferol, Sigma, St.
Louis MO, USA). Cells were centrifuged at low speed
(200 g) and this heterogeneous cell population contain-
ing osteoclasts was seeded onto culture plates to
quantify and characterize the cell populations. Equal
amount of cell population obtained from the same rat
was seeded on each well. The day of implantation was
day zero. One mg/ml of Gu-Sui-Bu and control samples
were evaluated at day 8. The medium was changed every
3 days and assay of tartrate-resistant acid phosphatase
(TRAP) stain was done at day 8.

Cells in culture were examined for the expression of
TRAP according to the method of Minkin [20]. After
fixation, the cells were washed three times with PBS and
then incubated (for 30 min) with AS-BI phosphate
(Sigma, St. Louis, MO, USA) as a substrate in
Michaelis–Veronal Acetate Buffer at pH 5.0 in the
presence of 20 mm l-tartaric acid (ICN, Montreal, QC,
CA) and with hexazonium pararosanilin as a coupling
agent. TRAP positive (TRAP+) cells stained ruby red.
Cells that stained positive for TRAP and had three or
more nuclei were identified as osteoclasts. For each
experiment a minimum of three repeats was done.

3. Results

3.1. Mixed-bone cells and osteoblasts cell population

Fig. 1 shows the effect of various concentrations of
Gu-Sui-Bu on bone cells population measured by MTT
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assay. When mixed-bone cells are cultured with 10 mg/
ml concentrations of Gu-Sui-Bu for 24 h, there is a
significant decrease in the mixed-bone cell population,
while in the concentration of 1 mg/ml Gu-Sui-Bu, the
population of mixed-bone cells increased significantly
and this effect persists till the end of 7 days’ culture
(Fig. 1). When the concentration of Gu-Sui-Bu is
o100 mg/ml, the effect of Gu-Sui-Bu on the mixed-bone

cells disappeared. In this study, we selected the
concentration of 1 mg/ml Gu-Sui-Bu for the evaluation
of further bone cell activities.

When osteoblasts were cultured with Gu-Sui-Bu for 1
day, the cell population showed significant increase in all
the samples (Po0:01) except the highest concentration
(i.e. 10 mg/ml, P ¼ 0:4359). As the interval of culture
increases, the effect of increase in osteoblasts population
was only observed in the lower concentration. When
osteoblasts were cultured with Gu-Sui-Bu for 7 days, the
increase in cell population was noted in the samples with
the concentration of 10 ng/ml (P ¼ 0:0348) (Fig. 1). At
the concentration of 1 mg/ml Gu-Sui-Bu, there was a
mild increase of cell population of the osteoblasts at the
first day’s culture (P ¼ 0:0064), the effect of increase in
cell population disappeared on the 3rd day (P ¼ 0:2400)
and the 7th day’s culture (P ¼ 0:0900) (Fig. 1).

3.2. ALP, ACP and PGE2

For the mixed-bone cells culture, intracellular total
ALP synthesis was significantly increased by the

Table 1

Oligonucleotide primer for osteonectin and osteopontin

Osteonectin (D28875 rat mRNA for osteonectin 120–971, Lee

et al. [14])

50 primer 60 CCCAGCATCATGAGGCCTGGATCTT 85

30 r primer 975 CTTAGATCACCAGATCCTTGTTGATG

950

Osteopontin (D28875 rat mRNA for osteonectin 120–971, Lee

et al. [14])

50 Primer 75 CAACCATGAGACTGGCAGTGGTTTGC

90

30 r Primer 1042 GCCTCTTCTTTAATTGACCTCAGAAG

1016

Fig. 1. Changes in the cell population after adding various concentrations of Gu-Sui-Bu into the bone cells or osteoblasts culture (n ¼ 10). When

mixed-bone cells are cultured with 1 mg/ml concentrations of Gu-Sui-Bu for 24 h, there is a significant increase in the bone cell population

(P ¼ 0:0002) and this effect persists till the end of 7 days’ culture (P ¼ 0:0001). At the concentration of 1 mg/ml Gu-Sui-Bu, there was a mild increase

of cell population of the osteoblasts at the first day’s culture (P ¼ 0:0064), the effect of increase in cell population disappeared at the 3rd day

(P ¼ 0:2400) and the 7th day’s culture (P ¼ 0:0900). (*: Po0:05; **: Po0:005; ***: Po0:0005).

J.-S. Sun et al. / Biomaterials 23 (2002) 3377–33853380



addition of 1 mg/ml Gu-Sui-Bu for 7 days (Po0:005),
although the total alkaline phosphatase secretion into
the medium was decreased, it did not attain a significant
level on the 3 day’s culture (Fig. 2). When osteoblasts
were cultured with 1 mg/ml Gu-Sui-Bu for 7 days, there
was no significant change in ALP titer in the medium,
but the intracellular ALP content decreased significantly
at the 1st day of culture, while it increased significantly
at the 3rd and 7th days’ culture (Fig. 2). After adding
1 mg/ml of Gu-Sui-Bu into mixed-bone cells culture, the
ACP amount in culture medium was significantly
increased during the 7 days’ experimental period
(Po0:0005); while the intracellular ACP amount was
significantly increased in 1 day and 7 days’ culture
(Po0:05) (Fig. 3).

After adding 1 mg/ml of Gu-Sui-Bu to the mixed-
bone cells culture for 1 day, the concentration of PGE2

in the culture medium significantly increased

(P ¼ 0:0010) (Fig. 4). The effect on PGE2 was increased
persistently and it reached 25.9 times that of the control
medium on the 7th day’s culture (Po0:0005) (Fig. 4).

3.3. Northern blot of osteopontin and osteonectin mRNA

In Northern blot analysis of the control samples, the
response of mRNA expression of osteopontin was quite
evident at 3 h’ culture and then decreased gradually
during the 7 days’ culture; while the osteonectin mRNA
expression was quite evident at 3 h’ culture and the
expression persisted till the end of 7 days’ culture
(Fig. 5). After adding Gu-Sui-Bu into the bone cells
culture, the expression of both osteopontin and osteo-
nectin mRNA was down regulated. At the end of 7 days’
culture of bone cells with Gu-Sui-Bu, the expression of
osteonectin was still faintly observed, but the expression
of osteopontin was nearly totally depressed (Fig. 5).

Fig. 2. Changes in total alkaline phosphatase (ALP) titer after adding 1 mg/ml Gu-Sui-Bu into the bone cells culture (n ¼ 10). Alkaline phosphatase

(ALP) amount in culture medium did not show any significant change by adding1 mg/ml Gu-Sui-Bu for 7 days’ culture (P > 0:05). Intracellular ALP

synthesis is significantly increased by the addition of 1 mg/ml Gu-Sui-Bu for 7 days (Po0:05). When osteoblasts were cultured with 1 mg/ml Gu-Sui-

Bu for 7 days, the intracellular ALP content was initially decreased at the 1st day of culture, then increased significantly at the 3rd and 7th days’

culture. (*: Po0:05; **: Po0:005; ***: Po0:0005).
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3.4. Osteoclasts differentiation

In the control group, there were numerous TRAP(+)
giant cells visible throughout the whole well. In the
concentration of 1 mg/ml Gu-Sui-Bu, the formation of
multi-nucleated osteoclasts was more active than that of
the control group (magnification in the inset); but the
average size of the osteoblasts cells is smaller, and no
giant cells (nucleus >20) can be seen (Fig. 6).

4. Discussion

There are several reports that demonstrated an
improvement in clinical association with the use of
traditional Chinese medicines in the treatment of
fractures [21]. The traditional Chinese medicines, Gu-
Sui-Bu had been alleged to have therapeutic effects on

bone healing [8]. Despite encouraging preliminary
reports, basic science and clinical mechanism respon-
sible for this effect have not been identified. This study
sought to establish the relationships between bone cells
and this specific Chinese medicine Gu-Sui-Bu, which
may contribute to the possible justification for the
clinical application in the treatment of bone disease.

In a study for evaluation of the cytotoxic and
antioxidant effects of the water extract of Gu-sui-Bu,
Liu et al. found that Gu-Sui-Bu was not only non-
cytotoxic but also has an anti-oxidative effect on
osteoblasts [9]. In this study, we found that the addition
of Gu-Sui-Bu into the culture medium will significantly
affect the cell population of the mixed-bone cells and
osteoblasts. Gu-Sui-Bu at 10 mg/ml reduced the cell
population in both osteoblasts and mixed-bone cells at
all the time intervals; while Gu-Sui-Bu at 1 mg/ml did
not affect the cell population of rat osteoblasts and the

Fig. 3. Changes in total acid phosphatase (ACP) titer after adding 1 mg/ml Gu-Sui-Bu into the bone cells culture (n ¼ 10). After adding 1 mg/ml of

Gu-Sui-Bu into bone cells culture, both the intracellular ACP titer and the ACP amount in culture medium were significantly increased (Po0:05). (*:

Po0:05; **: Po0:005; ***: Po0:0005).

Fig. 4. Changes in prostaglandin E2 (PGE2) titer after adding 1 mg/ml Gu-Sui-Bu into the bone cells culture (n ¼ 10). After adding 1 mg/ml of Gu-

Sui-Bu into bone cell culture, the PGE2 titer in culture medium was significantly increased (Po0:05). The effect on the PGE2 was increased

persistently and reached 25.9 times that of the control medium at the 7th day’s culture. (*: Po0:05; **: Po0:005; ***: Po0:0005).
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mixed-bone cells population increased significantly
(Po0:005). When the concentration of Gu-Sui-Bu is
o100 mg/ml, the effect of Gu-Sui-Bu on the mixed-bone
cells disappeared (Fig. 1). In this study, we selected the
concentration of 1 mg/ml Gu-Sui-Bu for the further
mixed-bone cell activity evaluation.

When osteoblasts were cultured with 1 mg/ml Gu-Sui-
Bu, the intracellular ALP decreased significantly at the

1st day’s culture; while in the mixed-bone cells culture,
there was a slight decrease in both the intracellular ALP
and ALP secreted into the medium at the 3rd day’s
culture (Fig. 2). It seemed that the addition of Gu-Sui-
Bu had some inhibitory effect on the bone cells culture
in the initial stage. In the mixed-bone cells culture,
intracellular ALP content increased significantly at the
7th day’s culture (Po0:005); while in the osteoblasts cell

Fig. 5. Northern blotting of osteopontin and osteonectin mRNA expression. In Northern blot analysis of the control samples, the response gene

mRNA expression of osteopontin was quite evident at 3 h culture and then decreased gradually during the 7 days’ culture; while the osteonectin

mRNA expression was quite evident at 3 h culture and the expression persisted till the end of 7 days’ culture. After adding Gu-Sui-Bu into the bone

cells culture, the expression of both osteopontin and osteonectin mRNA were down regulated. At the end of 7 days’ culture of bone cells with Gu-

Sui-Bu, the expression of osteonectin was still faintly observed, but the expression of osteopontin was nearly totally depressed.

Fig. 6. Tartrate-resistant acid phosphatase stain of mature osteoclasts culture. In the control group, there were numerous TRAP(+) giant cells

visible throughout the whole well. In the concentration of 1 mg/ml Gu-Sui-Bu, the formation of multi-nucleated osteoclasts was more active than that

of the control group (inset); but the average size of the osteoblasts cells is smaller, and no giant cells (nucleus >20) can be seen. (TRAP stain;

Bar=200mm; Bar in the inset=100 mm).
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culture, intracellular ALP content increased significantly
at the 3rd and 7th day’s culture (Po0:0005) (Fig. 2).
This fact combined with the stationary results of
osteoblasts cell population probably imply the fact that
Gu-Sui-Bu can increase the intracellular synthesis of
ALP by the osteoblasts.

Prostaglandins (PGs) are potent modulators of bone
metabolism and ubiquitous local hormones that have
been previously reported to exert important effects on
the skeleton. In recent years, observations in human [22]
and animal studies have shown that PGs (in particular
PGE2) are powerful anabolic agents for long bones in
rats when administered systemically [23,24]. In the
current study, the concentration of PGE2 in the culture
medium significantly increased after Gu-Sui-Bu admin-
istration (Fig. 4). The effect on the PGE2 was even more
marked and reached 4272.14 pg/ml at the 7th day’s
culture, which was 25.9 times of the control medium
(164.83 pg/ml) (Fig. 4). Our results demonstrate that
administration of Gu-Sui-Bu can accelerate the speed of
intracellular ALP synthesis and extracellular secretion
of PGE2 into the medium by the bone cells. As
mentioned by Chenu et al., PGE2 is a potent inhibitor
of multinucleate-osteoclasts cell formation [25]. Further
studies about the effect of Gu-Sui-Bu on the osteoclasts
were performed.

A major feature of bone is its continuous remodeling.
The molecular constituents of bone are closely related to
this process. To clarify the possible mechanism of Gu-
Sui-Bu on the bone cell activities, studies about the
expression of bone cell molecular constituents were
performed. Osteopontin is thought to promote or
regulate the adhesion, attachment, and spreading of
osteoclasts to the bone surface during bone resorption
[26,27]. It is known to be produced by osteoblasts [28–
30], as well as osteoclasts [29,31,32]. Osteopontin can be
dephosphorylated by the extracellular tartrate-resistant
acid phosphatase [33]; such dephosphorylated osteo-
pontin is then unable to promote in vitro binding of
osteoclasts [34]. Another protein abundant in bone with
potential roles in regulating cellular activities, albeit not
in binding the cells, is osteonectin [35]. Studies in vitro
have shown the roles of osteonectin in modulating cell
division and cell migration [35] and perhaps initiating
active mineralization in normal skeletal tissue [36].

After the addition of Gu-Sui-Bu into bone cell
culture, both the intracellular ACP amount and the
ACP in culture medium were significantly increased
during the experimental period (Fig. 3). As noted above,
increased ACP content in culture medium will depho-
sphorylate the osteopontin and subsequently decrease
the capability of osteoclasts adhesion and increase the
capability of osteoclasts migration. The osteopontin and
osteonectin mRNA expression was significantly down
regulated in the bone cells cultured with Gu-Sui-Bu
(Fig. 5). The increased intracellular ALP, ACP synthesis

and extracellular secretion of PGE2 into medium by the
bone cells after administration of Gu-Sui-Bu and the
decrease in osteopontin and osteonectin mRNA expres-
sion denote that this environment is more suitable for
osteoclasts migration and early differentiation of oste-
blasts, but is not quite favorable for the mineralization
of the osteoblasts. This environment is likely to be
present in the early stage of the fracture healing. This
result is further supported by the histological examina-
tion that the formation of smaller multinucleated
osteoclasts, and not the TRAP(+) giant cells, was
greatly increased (Fig. 6).

Chinese biomedical scientists are now developing a
new approach to medicine by combining traditional
Chinese medicine and western biomedical science.
Despite encouraging preliminary clinical reports about
clinical improvement with the use of traditional Chinese
medicines, Gu-Sui-Bu, basic science and clinical me-
chanism responsible for this effect has not yet been
identified. In this study, we demonstrated that Gu-Sui-
Bu [Drynaria fortunei (Kunze) J. Sm.] has potential
effects on the bone cells culture. One of the major effects
of Gu-Sui-Bu on the bone cells is probably mediated by
its effect on the osteclasts attachment. Although our
study had limitations and our findings are preliminary,
continued and advanced study on the alterations in gene
expression of bone cells by Chinese medicines will
provide a basis for understanding the observed bone cell
responses to various pharmacological interventions.
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