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The osteoblastic activity of extracts of Drynaria fortunei (Kunze) J. Sm. rhizome was assayed in the
UMR106 cell line cultured in vitro. An ethanol extract and its fractions were added to the cell culture at
different concentrations. Osteoblastic proliferation stimulating activity was determined using the MTT
method. The ethanol extract, and its ethyl acetate and n-butanol fractions exhibited stimulating activity.
Two active constituents were isolated from n-butanol fraction by bioassay-directed isolation, and identi-
fied as naringin and neoeriocitrin. The latter is reported for the first time from this herbal medicine.

1. Introduction

Drugs of plant origin are a major part of traditional Chi-
nese medicine and other folk medicines. The interest in
herbal medicines as an alternative remedy is also steadily
increasing in western countries. Plants used in folk medi-
cines have become one of the main sources of drug dis-
covery and development. From ancient times in China,
women with low back pain in climacteric and senescent
periods have been treated with traditional Chinese medi-
cine. Drynaria fortunei (Kunze) J. Sm. (Gusuibu in Chi-
nese) is listed in the Chinese Pharmacopoeia (Chinese
Pharmacopoeia Commission 2005) as a typical “kidney-
tonifying” traditional Chinese medicine which has been fre-
quently used clinically for thousands of years to treat bone
disorders such as bone fracture, arthritis, osteoporosis and
rheumatism. This herbal medicine has been reported to
have anti-osteoporotic effects on ovariectomized rats (Ma
etal. 1999). Chinese herbal formulations containing Dry-
naria fortunei (Kunze) J. Sm have also been used for os-
teoporosis in recent years (An etal. 1996; Cui etal.
2001).

The anti-osteoporotic effect of Drynaria fortunei (Kunze)
J. Sm. has been demonstrated recently using tissue or cell
culture assays. By using tissue culture and isotope tracing,
it has been found that an injection made from Drynaria
Jortunei (Kunze) J. Sm. significantly promoted calcifica-
tion of cultivated chick embryo bone primordium, in-
creased alkaline phosphatase (ALP) activity and acceler-
ated synthesis of proteoglycan (Ma etal. 1995). An
aqueous extract of Drynaria fortunei (Kunze) J. Sm.
showed an antioxidant effect on rat osteoblasts from hy-
drogen peroxide-induced death (Lin et al. 2002). By co-
culturing a 70% acetone extract of Drynaria fortunei
(Kunze) J. Sm. or its immobilized formulation with pri-
mary osteoblastic cells or a mixture with alveolar mono-
nuclear cells, Sun et al. (2002, 2003) showed that Drynar-
ia fortunei (Kunze) J. Sm. increased intracellular ALP,
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and secretion of acid phosphatase and prostaglandin E2,
down-regulated the expression of osteopontin and osteo-
nectin mRNA, and activated the formation of multi-nu-
cleated osteoclasts without giant osteoclast formation.
Jeong etal. (2004a) reported the inhibitory activity of
ethanol extracts of Drynaria fortunei (Kunze) J. Sm. on
bone resorption mediated by cathepsin K in cultured
mouse osteoclasts. An aqueous extract of Drynaria fortu-
nei (Kunze) J. Sm. has been reported to promote the pro-
liferation, differentiation and mineralization of the osteo-
blast-like cell line MC3T3-E1 (Jeong et al. 2005a, 2004b).
Extracts of Drynaria fortunei (Kunze) J. Sm. also stimu-
lated the proliferation, alkaline phosphatase activity, pro-
tein secretion and type I collagen synthesis of human os-
teoprecursor cell line OPC-1 in a dose-dependent manner
(Jeong et al. 2005b). As regards to its active constituents,
by using a bioassay-guided separation, propelargonidin di-
mers and trimers were demonstrated to be potential phy-
toestrogens playing important physiological roles in the
prevention of postmenopausal osteoporosis (Chang et al.
2003).

Osteoblast-like UMR 106 cell line has preserved properties
of osteoblasts, including cAMP responsive to PTH, high
ALP and synthesis of bone specific collagen (Patridge
et al. 1983). This cell line has been extensively used as an
osteoblast model to study the mechanism of the effect of
anti-osteoporotic drugs on osteoblasts (Gray etal. 1987).
It has been also used in our laboratory to screen anti-os-
teoporotic agents from traditional Chinese medicines and
plants (Li et al. 2001; Gao et al. 2000; Wang et al. 2001a;
Meng etal. 2005). In a previous study (Wang et al.
2001b), the ethanol extract of Drynaria baronii (Christ)
Diels rhizome, another species of the same family of Poly-
podiaceae, which has the same application as Drynaria for-
tunei (Kunze) J. Sm. in Chinese folk medicine, showed a
promoting effect on the proliferation of UMR 106 cells. Si-
milar activity is reported in this paper for Drynaria fortunei
(Kunze) J. Sm., and for two active constituents isolated by
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using bioassay-directed separation, one of which is ob-
tained from this plant for the first time.

2. Investigations, results and discussion
2.1. Proliferative activity of Drynaria fortunei extract

Drynaria fortunei (Kunze) J. Sm. is effective for the treat-
ment of kidney deficiency manifested by lower back pain,
weakness of the legs and osteoporosis, presumably by its
function in tonifying the kidney, invigorating the blood,
according to traditional Chinese medicinal literature (Geng
et al. 1997). To investigate the cellular-level mechanism of
Drynaria fortunei (Kunze) J. Sm. in the treatment of bone
related diseases, particularly osteoporosis, many studies
have focused on examining its activity in the in vitro cell
culture assay. In this study, the ethanol extract from the
rhizomes of Drynaria fortunei (Kunze) J. Sm. was as-
sayed for proliferative activity on osteoblast-like UMR106
cells. As shown in Fig. 1 the extract stimulated the prolif-
eration of the cells with an increase of 35.2% at a concen-
tration of 10 pg/mL. The maximum activity was similar to
that reported by Chang etal. (2003), who found a 36%
activity increase from a methanol extract of Drynaria for-
tunei (Kunze) J. Sm. on MCF-7 cells, though the concen-
tration was different in the two experiments. The differ-
ence in the effective concentrations may be due to the
different cell lines and/or extraction solvents used. An
aqueous extract of Drynaria fortunei (Kunze) J. Sm. has
also been reported to stimulate the proliferation of the
MC3T3-El pre-osteoblastic cell line and human osteopre-
cursor cells PPC-1, as well the alkaline phosphatase activ-
ity, protein secretion and type I collagen synthesis of cells.
All these results together with those presented in this pa-
per demonstrate that Drynaria fortunei (Kunze) J. Sm. di-
rectly stimulates bone formation.

Compared with the results from our previous study on
Drynaria baronii (Christ) Diels rhizome, another species
of the Polypodiaceae family (Wang et al. 2001b), it was
found that both plants showed a similar effect on osteo-
blastic cell proliferation; however, a higher concentration
(0.4 mg/mL) was needed for Drynaria baronii. These re-
sults indicated that both plants might be used as anti-osteo-
porosis agents, which has been the case for a thousand
years in traditional Chinese medicine.
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Fig. 1: Effect of extract and fractions from rhizomes of Drynaria fortunei
(Kunze) J. Sm. on cell proliferation. Concentration of assay solu-
tion expressed as weight of raw Drynaria fortunei (Kunze) J. Sm.
per mL; *P<0.05 *FP<00l1, Significance compared with
blank control (MEM) by t-test (n = 6)
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2.2. Bioassay-directed isolation of constituents

The ethanol extract was fractionated into petroleum ether,
chloroform, ethyl acetate, n-butanol and aqueous fractions,
and the proliferative activity of the fractions on UMR 106
cells was determined. Of these different solvent fractions,
the ethyl acetate fraction and n-butanol fraction stimulated
cell proliferation significantly, with higher activity for n-bu-
tanol fraction, a growth stimulation ratio of 39.1% at a con-
centration of 10 pg/mL (Fig. 1). Therfore, the n-butanol frac-
tion was also subjected to chromatography on an adsorption
resin column to remove some impurities. It was further frac-
tionated on an ODS column, and the combined eluate frac-
tions were examined for activity. Two active constituents
were obtained by this bioassay-directed isolation. Other
fractions or eluates which did not have significant prolifera-
tive activity on osteoblastic cells were not investigated
further. More active constituents have been isolated from
Drynaria fortunei (Kunze) J. Sm. previously using a bioas-
say-guided separation procedure with an estrogen-sensitive
breast cancer cell line as the model (Chang et al. 2003).

2.3. Structural characterization of two active constituents

The structures of the two active compounds were charac-
terized on the basis of their physico-chemical properties,
UV, IR, MS and NMR spectra, comparing these with
those reported in the literature.

Compound 1: light yellow needle crystals (methanol),
m.p.: 191-193 °C. A positive characteristic was observed
the in HC1—-Mg and Molish reactions. Glucose and rham-
nose were identified in its acid-hydrolyzed solution by
comparing with reference compounds in TLC. Its UV, IR
and MS were consistent with the data on neoeriocitrin in
the literature (Kosuge et al. 1994). 'H NMR (DMSO-dg):
8.5-11.0(brs, O—H), 6.76-6.88(3H, 2/, 5, 6-H),
6.102H, s, 6, 8H), 544(1H, dd, J=5.0Hz, 2-H),
5.12(1H, d, J = 6.5 Hz, Glc-1-H), 4.65(1 H, m, Rha-1-H),
3.17-3.67(10H, m, Sugar-H), 2.702H, m, 3-H),
1.15(3H, d, J = 5.0 Hz, Rha-6-H); 13C NMR (DMSO-dg),
78.8(C-2), 42.3(C-3), 197.4(C-4), 163.1(C-5), 96.4(C-6),
164.9(C-7), 95.3(C-8), 162.9(C-9), 103.5(C-10), 129.3(C-
1), 114.6(C-2"), 145.4(C-3"), 146.1(C-4"), 115.5(C-5"),
118.2(C-6"), 97.5(Glc-C-1), 79.1(Glc-C-2), 77.3(Glc-C-3),
69.7(Glc-C-4), 77.0(Glc-C-5), 60.6(Glc-C-6), 100.5(Rha-
C-1), 69.7(Rha-C-2), 69.4(Rha-C-3), 71.9(Rha-C-4),
68.4(Rha-C-5), 18.2(Rha-C-6).

Compound 1 was identified as neoeriocitrin, which has al-
ready been isolated from Ailanthus integrifolia (Kosuge
etal. 1994) and Citrus (Nishiura et al. 1971). Moreover,
this is the first report on the isolation of neoeriocitrin from
Drynaria fortunei (Kunze) J. Sm. To our knowledge, its
'"H NMR and >C NMR data have not been reported yet,
therefore they are presented in detail in this paper.
Compound 2: white floccule crystals (methanol), m.p.:
170-172 °C, A positive characteristic was observed in
HCl—Mg and Molish reactions. Its UV, IR and MS were
consistent with the data of naringin in the literature (Lei
etal. 2000). The mixture of compound 2 with naringin
(reference compound) exhibited a single spot with identi-
cal R¢ value on TLC, and a same m.p. as the reference
compound.

Compound 2 was characterized as naringin, a known con-
stituent of this herbal drug (Yang et al. 1966) and of sev-
eral other plants (Lei et al. 2000). Our result supplements
the previous report, particularly with regard to for a new
compound, neoeriocitrin, found in this herbal medicine.
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2.4. Proliferative activity of two constituents from
Drynaria fortunei (Kunze) J. Sm. rhizome

Fig. 2 shows the proliferative activities of the two constitu-
ents isolated from Drynaria fortunei (Kunze) J. Sm rhi-
zome. Neoeriocitrin stimulated the proliferation of UMR
106 cells in a dose-dependent manner, in the concentration
range of 0.01—1 nmol/mL. The maximum activity (33.9%
increase) was observed at a concentration of 1 nmol/mL,
which is similar to that of sodium fluoride, a positive con-
trol which directly stimulates proliferation of bone-forming
cells (Fareleg etal. 1983), at a concentration of 10 nmol/
mL. Naringin showed significant stimulation of prolifera-
tion at a concentration of 10 nmol/mL. This result is con-
siderably different from that found in an assay using MCF-7
and ROS 17/2.8 cells, where much lower effective concen-
trations were observed (Chang et al. 2003). This difference
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Fig. 2: Activity of neoeriocitrin and naringin on cell proliferation
*P <0.05 *P<0.01, Significance compared with blank control
(MEM) by t-test (n = 6)
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might result from the different characteristics of cell lines
and experimental conditions employed in the two assays.
Nevertheless, our study also demonstrated that flavonoids
are potentially active constituents which may play impor-
tant roles in the prevention and treatment of osteoporosis
by this herbal medicine. These compounds may be worthy
to be developed as drugs as pure compounds.

3. Experimental
3.1. Materials

Raw Drynaria fortunei (Kunze) J. Sm. rhizome was purchased from Tia-
nyitang Chinese Drug Store (Shenyang, China) and identified by Professor
Qishi Sun (School of Traditional Chinese Materia Medica, Shenyang Phar-
maceutical University, China). A voucher specimen (No. DR9908) was de-
posited at Shenyang Pharmaceutical University, China. Osteoblast-like
UMR 106 cells were described previously (Li etal. 2001). Minimum es-
sential medium (MEM) was obtained from Gibco (Grand Island, NY,
USA) and fetal calf serum (FCS) from TBD Bio-engineering Co. (Tianjin,
China). Trypsin was supplied by Diffco (Livonia, ML, USA) and tissue
culture materials were provided by Nunc (Roskild, Denmark). MTT [3-
(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl-tetrazolium bromide] was pur-
chased from Sigma (St. Louis, MO, USA). All other chemicals were of
analytical grade.

3.2. Extraction and isolation

Dried rhizomes (500 g) of Drynaria fortunei (Kunze) J. Sm. were pow-
dered and refluxed for 2 h with 75% ethanol (5000 mL x 3). The extract
was filtered, and the combined filtrate was concentrated to dryness under
reduced pressure to give a dark brown mass (210 g). The major part
(200 g) of the ethanolic extract was suspended with hot water and succes-
sively fractionated with petroleum ether (b.p. 60—90 °C), chloroform, ethyl
acetate, and n-butanol. The fraction solutions were evaporated yielding the
petroleum ether fraction (5 g), chloroform fraction (2 g), ethyl acetate frac-
tion (18 g), n-butanol fraction (20 g) and residual aqueous fraction (145 g),
respectively. The n-butanol fraction (1 g) which retained most activity un-
derwent chromatography on an adsorption resin column followed by an
open tubular ODS column (3 x 20 cm, IL.D., 10 um). The ODS column
was eluted with water-methanol in a step-gradient of 100:0, 100:35,
100:40, 100:42, 100:45, 100:50 to 1:1. One retention volume of the
eluate was collected as a fraction. The eluate fractions were monitored by
HPLC with UV detection at 283 nm. Fractions with HPLC peak at identi-
fied retention time were combined and their activity was determined in
the proliferation assay. Two combined fractions (No. 18—22 and No. 31—
35) eluted by water-methanol (100:40 and 100:45) were found to be ac-
tive in osteoblastic proliferation. This isolation was repeated ten times. A
crystalline substance was obtained from each combined fraction and was
further purified by recrystallization from methanol. Compounds 1 (110 mg)
and 2 (100 mg) with a purity of 99.0% measured by HPLC-DAD then
underwent structure identification and cell-bioassay.

3.3. Preparation of test samples

The crude extract of Drynaria fortunei (Kunze) J. Sm. and its fractions
were dissolved in 75% ethanol yielding stock solutions (10 mg/mL, ex-
pressed as the weight of raw material per mL). The concentrations of stock
solutions of the two active compounds were 10 mmol/L. The stock solu-
tions were sterilized by filtration with a 0.2 um aseptic filter (Gelmann
Science, Ann Arbor, MI, USA) and stored at 4 °C. All assay samples were
prepared by diluting the stock solutions with MEM to the required concen-
tration immediately before use. The blank controls contained MEM and
the same proportion of ethanol as the test samples.

3.4. Cell proliferation assay

The activity of the tested extracts, fractions and compounds stimulating pro-
liferation of osteoblast-like UMR106 cells was determined by MTT colori-
metric assay using the procedure described previously (Li et al. 2001; Gao
et al. 2000; Wang et al. 2001a,b). Cells were trypsinized and plated in 96-
well tissue culture plates in serum-containing medium at a concentration of
3 x 10* cells/mL, and allowed to attach for 24 h. The cells were then
washed with PBS and cultured with serum-free medium containing various
concentrations of each test sample. Sodium fluoride was used as a positive
control. After being co-cultured with the sample solutions for 48 h at
37 °C in a humidified atmosphere of 95% air and 5% CO,, the medium
was removed and MTT solution (I mg MTT/mL PBS) of 50 uL was
added into each well. The incubation was continued for another 4 h to allow
MTT to metabolize to formazan. The supernatant MTT was aspirated from
the wells and DMSO (150 uL per well) was added to dissolve the formazan
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crystals formed. The absorbance was measured using an enzyme immu-
noassay plate reader (BIO-RAD, Hercules, CA, USA) at a wavelength of
595 nm with a reference at 655 nm.

3.5. Statistical analysis

All data are expressed as mean =+ standard deviation. Statistical signifi-
cance was assessed by using Student’s t-test. A p value less than 0.05 was
considered significant. Proliferation stimulation (%) was calculated as
(Agample — Aplank)/Ablank X 100, where A is the average absorbance of three
culture experiments with six replicates each.
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