Journal of Health Science, 52(5) 607-612 (2006)

607

Characterization of the Active Component in Bee
Pollen Cistus ladaniferus Extract in Stimulating
Bone Calcification and in Inhibiting Bone

Resorption in Vitro
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The bee pollen Cistus ladaniferus (C. ladaniferus) extract has an anabolic effect on bone metabolism. The
effects of the fractionated extracts obtained from bee pollen on bone calcium content and osteoclast-like cell forma-
tion in vitro were investigated. Rat femoral-diaphyseal and -metaphyseal tissues were cultured for 48 hr in a medium
containing either vehicle or a water-solubilized extract with the membrane fractions obtained from bee pollen. The
active component of bee pollen in increasing calcium content in diaphyseal tissues was seen in the fraction of
molecular weight (MW) of less than 1000, and it was not observed in fractions of greater than MW 1000. Culture
with the fractionated bee pollen extract (25 or 50 ug/ml of medium) of less than MW 1000 caused a significant
increase in calcium content in the diaphyseal or metaphyseal tissues. The parathyroid hormone (PTH; 10 M)-
induced decrease in diaphyseal calcium content was significantly prevented in the presence of the fractionated bee
pollen extracts (10 ug/ml) of less than MW 1000 or greater than MW 1000. Mouse marrow cells were cultured for 7
days in a medium containing PTH (10° M) in the presence or absence of the fractionated bee pollen extract (10 or 50
ug/ml). The PTH-induced increase in osteoclast-like cell formation was markedly suppressed in the presence of
extracts of less than MW 1000 as compared with that in the presence of fractions of greater than MW 1000. The
effects of the fractionated bee pollen extracts of less than MW 1000 in increasing diaphyseal calcium content and in
inhibiting PTH-induced osteoclastic cell formation were significantly decreased upon heat treatment for 20 and 60
min at 80°C. This study demonstrates that the active component of bee pollen C. ladaniferus extract, which stimu-

lates bone formation and inhibits osteoclastic bone resorption, is the fraction with MW less than 1000.
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INTRODUCTION

Bone loss with aging induces osteoporosis,
which is widely recognized as a major public health
problem.'® A decrease in bone mass leads to bone
fracture. Bone loss may be due to decreased bone
formation and increased bone resorption. The pre-
vention of bone loss caused by increasing age is im-
portant to maintain bone health.* Food chemical and
nutritional factors may help to prevent bone loss with
increasing age.”
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Recent studies have shown that isoflavones,
which are contained in soybeans,”® menaquinone-
7, an analogue of vitamin K, abundant in fermented
soybeans,”'" and B-cryptoxanthin, a carotenoid
abundant in Satsuma mandarin oranges (Citrus
unshiu MARC)'>'» have stimulatory effects on os-
teoblastic bone formation and inhibitory effects on
osteoclastic bone resorption, thereby increasing bone
mass. The intake of dietary factors has been shown
to have a preventive effect on bone loss in animal
models of osteoporosis.'®'® Thus food factors may
be useful in the prevention of osteoporosis.'*

We demonstrate that the water-solubilized ex-
tract of bee pollen Cistus ladaniferus (C. ladaniferus)
has an anabolic effect on bone components in rats in
vitro and in vivo.*” The extract of bee pollen has a
stimulatory effect on bone formation and an inhibi-
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tory effect on bone resorption in vitro.”»* The ex-
tract of bee pollen stimulates bone calcification as
potently as propolis.”” Royal jelly does not have an
inhibitory effect on osteoclastic cell formation.>” The
effect of bee pollen on bone metabolism may thus
be unique amoung bee-related products.

This study was undertaken to characterize the
active components in bee pollen C. ladaniferus ex-
tract in stimulating bone calcification and in inhib-
iting bone resorption in vitro.

MATERIALS AND METHODS

Chemicals Dulbecco’s modified Eagle’s me-
dium (MEM) (high glucose, 4.5 g/dl) and a penicil-
lin-streptomycin solution (penicillin 5000 unit/mg;
streptomycin 5000 ug/ml) were purchased from
Gibco Laboratories (Grand Island, NY, U.S.A.). Par-
athyroid hormone(1-34) (human; PTH) was pur-
chased from Sigma Chemical Co. (St. Louis, MO,
U.S.A.). Other chemicals were of reagent grade from
Sigma and Wako Pure Chemical Industries (Osaka,
Japan).

Bee Pollen Extracts Bee pollen was obtained
from C. ladaniferus. The powder of bee pollen (5 g)
was suspended in distilled water (20 ml) and mixed
vigorously, and the suspension was centrifuged at
10000 g in a refrigerated centrifuge for 20 min. The
10000 g supernatant fraction was collected and fil-
tered, and the filtrate was freeze-dried. The powder
of the water-solubilized extract was dissolved in ice-
cold distilled water for use in experiments. The wa-
ter-solubilized extract from bee pollen was purified
using the membrane fractionation method with vari-
ous molecular weights (MW): less than MW 1000
(fraction A), from MW 1000 to MW 10000 (frac-
tion B), or greater than MW 10000 (fraction C). In
another experiment, fraction A obtained from the
water-solubilized extract was treated at 80°C for 20
and 60 min in a water bath.

Animals Male Wistar rats (conventional)
weighing 90-100 g (4 weeks old) or male mice (ddY
strain; 6 weeks old) were obtained from Japan SLC
(Hamamatsu, Japan). The animals were fed commer-
cial laboratory chow (solid) containing 1.1% calcium
and 1.1% phosphorus at a room temperature of 25°C,
with free access to distilled water.

Bone Culture The femurs were removed asep-
tically after exsanguination, and then soaked in ice-
cold sucrose 0.25 M solution. The femurs were
cleaned of soft tissue and marrow, and the diaphysis

and metaphysis (not containing epiphyseal tissue)
were separated. The femoral-diaphyseal and -meta-
physeal tissues were cut into small pieces. Diaphy-
seal or metaphyseal fragments were cultured for 48
hr in a 35-mm dish in 2.0 ml of medium consisting
of Dulbecco’s MEM (high glucose, 4.5 g/dl) supple-
mented with antibiotics (penicillin 100 units and
streptomycin 100 ug/ml of medium).” In our ex-
periments, bone tissues were cultured in a medium
containing either vehicle or water-solubilized bee
pollen extract. The concentration of calcium in the
extracts was negligible. Cultures were maintained
at 37°C in a water-saturated atmosphere containing
5% CO, and 95% air.

Bone Calcium The diaphyseal and metaphy-
seal tissues were dried for 16 hr at 110°C. Calcium
content was determined with atomic absorption spec-
trophotometry.?® Calcium content in bone tissues
was expressed as milligrams per gram of dry bone.
Marrow Culture Bone marrow cells were iso-
lated from mice, as reported elsewhere.?*?” Briefly,
the bone ends of the femur were cut off, and the
marrow cavity was flushed with 1 ml of a-MEM.
The marrow cells were washed with a-MEM and
cultured in the same medium containing 10% heat-
inactivated fetal bovine serum at 1.0 X 107 cells/ml
in 24-well plates (0.5 ml/well) in a water-saturated
atmosphere containing 5% CO, and 95% air at 37°C.
The cells were cultured for 3 days, and then 0.2 ml
of the old medium was replaced with fresh medium,
and the cultures were maintained for an additional 4
days. The extract of bee pollen was added to the cul-
ture medium containing either vehicle or PTH
(10° M), with an effective concentration at the be-
ginning of the cultures and at the time of medium
change.

Enzyme Histochemistry After being cultured
for 7 days, cells with adherency to the 24-well plates
were stained for tartrate-resistant acid phosphatase
(TRACP), a marker enzyme of osteoclasts.?6??
Briefly, the cells were washed with Hank’s balanced
salt solution and fixed with 10% neutralized forma-
lin-phosphate (pH 7.2) for 10 min. After the culture
dishes were dried, TRACP staining was applied ac-
cording to the method of Burstone.?® The fixed cells
were incubated for 12 min at room temperature
(25°C) in acetate buffer (pH 5.0) containing naph-
thol AS-MX phosphate (Sigma Chemical Co.) as a
substrate and red-violet LB salt (Sigma Chemical
Co.) as a stain for the reaction product, in the pres-
ence of 10 mM sodium tartrate. TRACP-positive
multinucleated cells (MNCs) containing three or
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more nuclei were counted as osteoclast-like cells.
Statistical Analysis Data are expressed as
mean = SEM. Statistical differences were analyzed
using Student’s z-test. p-Values of < 0.05 were con-
sidered to indicate statistically significant differ-
ences. The analysis of variance (ANOVA) multiple-
comparison test was used to compare treatment
groups.

RESULTS

Effects of Fractionated Bee Pollen Extracts on
Bone Calcium Content in Vitro

Rat femoral-diaphyseal tissues were cultured for
48 hr in a medium containing either vehicle or frac-
tionated bee pollen C. ladaniferus extract (50 or
100 ug/ml of medium). Diaphyseal calcium content
was significantly increased in the presence of the
fraction (50 ug/ml) of less than MW 1000 (A)
(Fig. 1). The fractions of from MW 1000 to MW
10000 (B) or greater than MW 10000 did not have a
significant stimulatory effect on the diaphyseal cal-
cium content. Culture with fraction A (25 or 50 ug/
ml of medium) caused a significant increase in cal-
cium content in the femoral-diaphyseal and -meta-
physeal tissues (Fig. 2).

Effects of Fractionated Bee Pollen Extracts on
PTH-Induced Bone Resorption in Vitro

Rat femoral-diaphyseal tissues were cultured for
48 hr in a medium containing either vehicle or PTH
(10° M). The diaphyseal calcium content was sig-
nificantly decreased in the presence of PTH
(Fig. 3A). This decrease was significantly prevented
in the presence of the fractionated bee pollen C.
ladaniferus extracts (10 uyg/ml of medium) of less
than MW 1000 (A), from MW 1000 to MW 10000
(B), or greater than MW 10000 (C) (Fig. 3B).

Mouse marrow cells were cultured for 7 days in
a medium containing PTH (10-° M) in the presence
or absence of the fractionated bee pollen extracts
(10 or 50 ug/ml of medium). Culture with PTH
caused a marked increase in osteoclast-like cell for-
mation (Fig. 4A). This increase was markedly sup-
pressed in the presence of the fractionated bee pol-
len extracts (10 or 50 ug/ml of medium) with frac-
tion A (less than MW 1000) as compared with frac-
tion B (from MW 1000 to 10000) or fraction C
(greater than MW 10000) (Fig. 4B).
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Fig. 1. Effects of Bee Pollen C. ladaniferus Extract Fractions
with Different Molecular Weights on Calcium Content
in Rat Femoral-Diaphyseal Tissues in Vitro

Femoral-diaphyseal tissues obtained from normal rats were cultured

for 48 hr in medium containing either vehicle or bee pollen extracts (50

or 100 pug/ml of medium). Bee pollen extracts were fractionated to less

than MW 1000 (A), from MW 1000 to MW 10000 (B), or greater than

MW 10000 (C), respectively. Each value is the mean = SEM of six rats.

*p < 0.01 compared with the control (none) value. Hatched bars, 50 ug/

ml; black bars, 100 pg/ml.
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Fig. 2. Effects of Bee Pollen C. ladaniferus Extract Fractionats
of Molecular Weight Less than 1000 on Calcium Con-
tent in Rat Femoral-Diaphyseal and -Metaphyseal Tis-
sues in Vitro

Femoral-diaphyseal or -metaphyseal tissues obtained from normal
rats were cultured for 48 hr in medium containing either vehicle or bee
pollen extracts (25 or 50 ug/ml of medium) with the fraction of MW less
than 1000. Each value is the mean £ SEM of six rats. *p <0.01 compared
with the control (none) value.

Effects of Fractionated Bee Pollen Extracts with
Heat Treatment in Vitro

Rat femoral-diaphyseal tissues were cultured for
48 hr in a medium containing either vehicle or the
fractionated bee pollen C. ladaniferus extracts (less
than MW 1000; 25 or 50 ug/ml of medium). The
effect of the fractionated bee pollen extracts in in-
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Fig. 3. Effects of Bee Pollen C. ladaniferus Extract Fractions
with Different Molecular Weights on the PTH-Induced
Decrease in Calcium Content in Rat Femoral-Diaphy-
seal Tissues in Vitro

Rat femoral-diaphyseal tissues were cultured for 48 hr in medium
containing either vehicle or PTH (10 M) (A), or containing bee pollen

extracts (10 ug/ml of medium) fractionated to MW less than 1000 (A),

MW from 1000 to 10000 (B), or MW more than 10000 (C) in the presence

of PTH (10-° M) (B). Each value is the mean + SEM of six rats. *p <

0.01 compared with the control (none) value. #p < 0.01 compared with

the value obtained with PTH alone.
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Fig. 4. Effects of Bee Pollen C. ladaniferus Extract Fractions
with Different Molecular Weights on PTH-Induced Os-
teoclast-Like Cell Formation in Mouse Marrow Culture
in Vitro

Mouse marrow cells were cultured for 7 days in medium containing
either vehicle or PTH (10° M) (Figure A), or containing bee pollen

extracts (10 or 50 ug/ml of medium) fractions of MW less than 1000

(A), MW from 1000 to 10000 (B), or MW more than 10000 (C) in the

presence of PTH (10° M) (B). Each value is the mean = SEM of six

mice. *p <0.01 compared with control (none) value. #p <0.01 compared
with the value obtained with PTH alone. In B, hatched bars, 10 ug/ml;
black bars, 50 ug/ml.
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Fig. 5. Effects of Heat-Treated Bee Pollen C. ladaniferus Ex-
tracts Fraction with Molecular Weights Less than 1000
on Calcium Content in Rat Femoral-Diaphyseal Tissues
in Vitro

Femoral-diaphyseal tissues obtained from normal rats were cultured
for 48 hr in medium containing either vehicle or bee pollen fraction
with MW less than 1000 (25 or 50 ug/ml of medium) after heat treatment
for 0, 20, or 60 min at 80°C. Each value is the mean £ SEM of six rats.

*p < 0.01 compared with the control (none) value. Hatched bars, 25 ug/

ml; black bars, 50 ug/ml.

creasing diaphyseal calcium content was not seen
with culture of the extracts with heat treatment for
20 or 60 min at 80°C (Fig. 5).

Mouse marrow cells were cultured for 7 days in
a medium containing PTH (10° M) in the presence
or absence of the fractionated bee pollen extracts
(less than MW 1000; 10 or 50 ug/ml of medium).
The inhibitory effects of the fractionated bee pollen
on the PTH-induced increase in osteoclast-like cell
formation were significantly decreased with heat
treatment for 20 or 60 min at 80°C (Fig. 6).

DISCUSSION

Royal jelly, propolis, and bee pollen products
are commercially available. Bee pollen C.
ladaniferus extract has a stimulatory effect on bone
calcification®® and an inhibitory effect on bone re-
sorption® in vitro and in vivo. The effect of propo-
lis extract in stimulating bone calcification is weak.?”
Royal jelly does not have an inhibitory effect on
osteoclastic bone resorption in vitro, although it had
a stimulatory effect on bone calcification in vitro.*»
Of various bee-related products, bee pollen extract
has a potent anabolic effect on bone components.

The active component was present in a water-
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Fig. 6. Effects of Heat-Treated Bee Pollen C. ladaniferus Ex-
tracts Fraction with Molecular Weight Less than 1000
on PTH-Induced Osteoclast-Like Cell Formation in
Mouse Marrow Culture in Vitro

Mouse marrow cells were cultured for 7 days in medium containing
either vehicle, PTH (10° M), or bee pollen extract fraction of MW less
than 1000, which was treated with heat for 0, 20, or 60 min at 80°C, in
the presence of PTH (10 M). Each value is the mean £ SEM of six
mice. *p <0.01 compared with control (none) value. **p <0.01 compared
with the value with PTH alone. #p < 0.01 compared with the value with
bee pollen extracts fraction of MW 1000 without heat treatment. Hatched
bars, 10 ug/ml; black bars, 50 ug/ml.

solubilized extract obtained from bee pollen C.
ladaniferus.* The component stimulating bone cal-
cification was found in the fraction of less than MW
1000 in the water-solubilized extract obtained from
bee pollen C. ladaniferus. The anabolic effect on
bone calcification was not seen in the fraction of
greater than MW 1000.

PTH stimulates osteoclastogenesis and osteo-
clastic bone resorption.”*” Culture with PTH caused
a significant decrease in bone calcium content and a
marked increase in osteoclastic cell formation in
vitro. These effects of PTH were inhibited in the
presence of crude bee pollen C. ladaniferus.® The
fraction of less than MW 1000 had a potent inhibi-
tory effect on PTH-induced osteoclastic bone resorp-
tion as compared with that of the fractions of from
MW 1000 to 10000 or greater than MW 10000.

Whether the active component in the fraction of
less than MW 1000 obtained from a water-solubi-
lized bee pollen C. ladaniferus in stimulating bone
calcification and in inhibiting bone resorption is iden-
tical is unknown. The fraction of less than MW 1000
was treated with heat for 20 and 60 min at 80°C.
Heat treatment eliminated the effects of the active
component that stimulates bone calcification and
inhibits bone resorption. It is speculated that the ac-
tive component stimulating bone calcification and

inhibiting bone resorption is identical. This remains
to be elucidated.

The oral administration of the water-solubilized
extract obtained from the bee pollen of C. ladaniferus
to rats caused a significant increase in bone compo-
nents in vivo.*? If the active component is transported
in the intestine, it may not be a high MW com-
pound.? This was supported by the present finding
that the active component was less than MW 1000.

In conclusion, it has been demonstrated that the
active component in a water-solubilized extract of
bee pollen C. ladaniferus, which stimulates bone
calcification and inhibits bone resorption in vitro, is
a molecule of less than MW 1000.

REFERENCES

1) Schapira, C., Slinn, S., Sarid, M., Mokadai, S.,
Kabara, A. and Sillibermann, M. (1995) Calcium
and vitamin D enriched diets increase and preserve
vertebral mineral content in aging laboratory rats.
Bone, 16, 575-582.

2) Wild, R. A., Buchamain, J. R., Meyers, A. and
Demera, L. M. (1987) Declining adrenal androgen:
an association with bone loss in aging women. Proc.
Soc. Exp. Biol. Med., 186, 335-360.

3) Cooper, C. and Melton, J. III (1992) Epidemiology
of osteoporosis. Trends Endocrinol. Metab., 3, 224—
229.

4) Bonjour, J.-P., Schurch, M.-A. and Rizzori, R. (1996)
Nutritional aspects of hip fractures. Bone, 18, 1395—
1445.

5) Yamaguchi, M. (2002) Isoflavone and bone metabo-
lism: Its cellular mechanism and preventive role in
bone loss. J. Health Sci., 48, 209-222.

6) Yamaguchi, M. and Gao, Y. H. (1998) Anabolic ef-
fect of genistein and genistin on bone metabolism
in the femoral-metaphyseal tissues of elderly rats:
The genistein effect is enhanced by zinc. Mol. Cell.
Biochem., 178, 377-382.

7) Sugimoto, E. and Yamaguchi, M. (2000) Stimula-
tory effect of daidzein in osteoblastic MC3T3-E1
cells. Biochem. Pharmacol., 59, 471-475.

8) Gao, Y. H. and Yamaguchi, M. (1999) Inhibitory
effect of genistein on osteoclast-like cell formation
in mouse marrow culture. Biochem. Pharmacol., 58,
767-772.

9) Yamaguchi, M., Sugimoto, E. and Hachiya, S. (2001)
Stimulatory effect of menaquinone-7 (vitamin K,)
on osteoblastic bone formation in vitro. Mol. Cell.
Biochem., 223, 131-137.

10) Yamaguchi, M. and Ma, Z. J. (2001) Inhibitory ef-
fect of menaquinone-7 (vitamin K,) on osteoclast-



612

Vol. 52 (2006)

line cell formation and osteoclastic bone resorption
in rat bone tissues in vitro. Mol. Cell. Biochem., 228,
39-47.

11) Yamaguchi, M., Kakuda, H., Gao, Y. H. and
Tsukamoto, Y. (2000) Prolonged intake of fermented
soybean (natto) diets containing vitamin K,
(menaquinone-7) prevents bone loss in ovariecto-
mized rats. J. Bone Miner. Metab., 18, 71-76.

12) Yamaguchi, M. and Uchiyama, S. (2004) g-Cryp-
toxanthin stimulates bone formation and inhibits
bone resorption in tissue culture in vitro. Mol. Cell.
Biochem., 258, 137-144.

13) Uchiyama, S. and Yamaguchi, M. (2005) -Cryp-
toxanthin stimulates cell differentiation and miner-
alization in osteoblastic MC3T3-El cells. J. Cell.
Biochem., 95, 1224—-1234.

14) Uchiyama, S. and Yamaguchi, M. (2004) Inhibitory
effect of p-cryptoxanthin on osteoclast-like cell for-
mation in mouse marrow cultures. Biochem.
Pharmacol., 67, 1297-1305.

15) Uchiyama, S., Sumida, T. and Yamaguchi, M. (2004)
Anabolic effect of g-cryptoxanthin on bone compo-
nents in the femoral tissues of aged rats in vivo and
invitro. J. Health Sci., 50, 491-496.

16) Ono, R., Ma, Z. J. and Yamaguchi, M. (2000) Pro-
longed intake of fermented soybean diets with
supplementation of isoflavone and saponin prevents
bone loss in ovariectomized rats. J. Health Sci., 46,
70-74.

17) Yamaguchi, M., Taguchi, H., Gao, Y. H., Igarashi,
A. and Tsukamoto, Y. (1999) Effect of vitamin K,
(menaquinone-7) in fermented soybean (natto) on
bone loss in ovariectomized rats. J. Bone Miner.
Metab., 17, 23-29.

18) Uchiyama, S. and Yamaguchi, M. (2005) Oral ad-
ministration of S-cryptoxanthin prevents bone loss
in streptozotocin-diabetic rats in vivo. Biol. Pharm.
Bull., 28, 1766—1769.

19) Yamaguchi, M., Igarashi, A., Sakai, M., Degawa,
H. and Ozawa, H. (2005) Prolonged intake of di-
etary fermented isoflavone-rich soybean reinforced
with zinc affects circulating bone biochemical mark-
ers in aged individuals. J. Health Sci., 51, 191-196.

20) Tsukamoto, Y., Ichise, M. and Yamaguchi, M. (2000)
Prolonged intake of dietary fermented soybean
(natto) with the reinforced vitamin K,
(menaquinone-7) enhances circulating y-carboxy-
lated osteocalcin concentrations in healthy individu-

als. J. Health Sci., 46, 317-321.

21) Yamaguchi, M., Igarashi, A., Uchiyama, S., Morita,
S., Sugawara, K. and Sumida, T. (2004) Prolonged
intake of juice (Citrus unshiu) reinforced with g-
cryptoxanthin has an effect on circulating bone bio-
chemical markers in normal individuals. J. Health
Sci., 50, 619-624.

22) Yamaguchi, M., Hamamoto, R., Uchiyama, S.,
Ishiyama, K. and Hashimoto, K. (2006) Anabolic
effects of bee pollen cistus ladaniferus extract on
bone components in the femoral-diaphyseal and
-metaphyseal tissues of rats in vitro and in vivo. J.
Health Sci., 52, 43-49.

23) Hamamoto, R., Ishiyama, K. and Yamaguchi, M.
(2006) Inhibitory effects of bee pollen cistus
ladaniferus extract on bone resorption in femoral
tissues and osteoclast-like cell formation in bone
marrow cells in vitro. J. Health Sci., 52, 268-275.

24) Hidaka, S., Okamoto, Y., Uchiyama, S., Nakatsuma,
A., Hashimoto, K., Ohnishi, S. T. and Yamaguchi,
M. (2006) Royal jelly prevents osteoporosis in rats:
Benefical effects in ovariectomy model and in bone
tissue culture model. Evid. Based Complement.
Alternat. Med., 3, in press.

25) Yamaguchi, M., Oishi, H. and Suketa, Y. (1987)
Stimulatory effect of zinc on bone formation in tis-
sue culture. Biochem. Pharmacol., 36, 4007-4012.

26) Minkin, C. (1982) Bone acid phosphatase: tartrate-
resistant acid phosphatase as a marker of osteoclast
function. Calcif. Tissue Int., 34, 285-290.

27) Takahashi, N., Yamada, H., Yoshiki, S., Roodman,
G. D., Mundy, G. R., Jones, S. J., Boyde, A. and
Suda, T. (1998) Osteoclast-like cell formation and
its regulation by osteotropic hormones in mouse
bone marrow cultures. Endocrinology, 122, 1373—
1382.

28) Burstone, M. S. (1958) Histochemical demonstra-
tion of acid phosphatase with naphthol AS-phos-
phate. J. Natl. Cancer Inst., 21, 523-539.

29) Zaidi, M., Blair, H. C., Moonga, B. S., Abe, E. and
Huang, C. L.-H. (2003) Osteoclastogenesis, bone
resorption, and osteoclast-based therapeutics. J.
Bone Miner. Metab., 21, 123—133.

30) Tanaka, S., Nakamura, 1., Inoue, J.-1., Oda, H. and
Nakamura, K. (2003) Signal transduction pathways
regulating osteoclast differentiation and function. J.
Bone Miner. Metab., 21, 123—-133.



