
Bone loss is a major health concern for postmenopausal women

New clinical research indicates that Douglas Laboratories’
Ultra-Ostivone™ formula lowers N-linked telopeptides
(NTx), an important marker 
in measuring bone loss.

The loss of bone density with advancing age is

a serious health concern of our population.

The results of a recently completed placebo-

controlled trial of Ultra-Ostivone™, a dietary

supplement containing ipriflavone, demon-

strate a dramatic reduction in urinary 

N-linked telopeptides (NTx), a dynamic 

indicator of bone breakdown1.

This research on Ultra-Ostivone™ is the first

to demonstrate an effect of an ipriflavone-

containing supplement on NTx levels.

Measurement of NTx levels provides the

physician with a rapid assessment of treat-

ment efficacy in the fight against bone loss.
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Fig. 1  Effect of an ipriflavone-containing 
          supplement or placebo on percent 
          change (± SEM) in NTx value.  

Details of the study

The study involved postmenopausal
women not currently receiving hormone
replacement therapy. Subjects received
either Ultra-Ostivone™ or a placebo for 
a 3-month period.  Women received 2 
capsules of Ultra-Ostivone™ daily supplying:

• 600 mg of ipriflavone
• 300 mg of calcium
• 100 I.U. of vitamin D

Urinary NTx levels were measured
before and after treatment.

Results

Women receiving Ultra-Ostivone™

experienced a 29% decrease in NTx 
levels while those receiving the placebo
experienced an increase.

The results of this study confirm the find-
ings of other researchers that demon-
strate the usefulness of ipriflavone at
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Treatment Vertebral Bone Density

Study 12 Ipriflavone 600 mg/day No change
Placebo Decrease

Study 23 Ipriflavone 600 mg/day Increase
Placebo Decrease

Study 34 Ipriflavone 600 mg/day No change
Placebo Decrease

A reduction in the NTx level represents
a beneficial outcome for post-
menopausal women.

slowing the progression of bone loss
in postmenopausal women.

Refer to the chart below for previous
research study results on the ability of
ipriflavone to prevent the decline in bone
loss commonly seen after menopause.

Previous research on the effect of Ipriflavone in bone loss.



Combine Ultra-
Ostivone™ with our
best calcium/ 
magnesium 
product Cal-6 +
Mg.™ for maximum
bone defense.  
Add our Ultra
Preventive® III
multivitamin 
formula for 
the best in 
overall health
maintenance 
and support.

For additional information on our complete line of bone health formulations including ipriflavone-
containing products as well as calcium/magnesium formulations, such as Calcium Microcrystalline
Hydroxyapatite, refer to the latest Douglas Laboratories® product catalog.  If you would like a copy 
of the complete study on Ultra-Ostivone™ or to obtain a copy of our current catalog, call toll-free at 
1-800-245-4440 or 1-888-DOUG LAB (368-4522).
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For additional information on ipriflavone,
N-linked telopeptides and bone loss refer 
o the accompanying article entitled
“Osteoporosis: A review focusing on 
ipriflavone and other key nutrients.” 
beginning on page 4.

Molecular structure 
of Ipriflavone



Andrew Halpner, Ph.D.

Osteoporosis is a skeletal condition characterized by a
decreased density of normally mineralized bone. This results in an
increased risk of fracture, (1) and is a serious health issue facing
older adults, especially postmenopausal woman. Approximately
30% of postmenopausal women in the
United States have some degree of osteo-
porosis present in the hip, spine, or forearm
and are at risk for a fracture (2). By the age
of 65, one third of women will experience a
vertebral fracture and by extreme old age,
one third of women will experience a hip
fracture (3).  However, unlike a fracture in a
young individual, fractures in the elderly result
in significant morbidity and mortality.
Despite the fact that current methods of
detection and treatment are improving, the
diagnosis and initiation of treatment is often
not initiated until the disease process has
already taken a strong hold.  

Risk Factors

Peak bone mass is reached between the ages of 25 - 30 years,
and over a lifetime, a woman will lose about 50% of bone density
at the spine and 30% at the hip.  This loss can be exacerbated by
either a decreased accumulation of bone during puberty, or an
increased rate of loss later in life. Osteoporosis occurs more com-
monly in Caucasians and Asian Americans than in African
Americans (4).  Certain medications such as steroids and gonadal
hormone-releasing hormone agonists such as Lupron contribute to
a loss of bone density by decreasing calcium absorption and
increasing calcium loss from the body.  For example, with only 7.5
mg prednisone/day bone loss has been observed in as little as 3
months (5).  Excess thyroid hormone has also been shown to 
lead to osteoporosis in postmenopausal women not receiving
estrogen.   Specific risk factors for fracture include; poor balance,
medications that cause drowsiness, family history of fracture, and
a previous fracture. 

Nutritional Treatment

Although calcium may be the most publicized nutrient effecting
bone health, many other nutritional factors have now been 

implicated as having a role in maintaining bone structure and
health.  These factors appear to be essential for or complementary
to the proper utilization of calcium, and include ipriflavone, vita-
min D

3
, copper, zinc, manganese, silicon, vitamin K, and boron

(6).  Data are currently accumulating that demonstrate a beneficial
effect of supplementation with certain 
nutrients on bone health.  

Ipriflavone

Flavonoids (also known as
bioflavonoids) are ubiquitous in plants that
undergo photosynthesis. Scientists first
become interested in flavonoids in the early
1930s when it was discovered that many of
these compounds exhibited vitamin-like 
activity. Flavonoids have since been demon-
strated to have antioxidant, antimicrobial,
antimutagenic and anticarcinogenic 
activities (7).  Recently, focus has centered on
the effects that flavonoids may have on bone
metabolism.  Certain flavonoids, specifically
a class of flavonoids called isoflavones, can

exert estrogen-like activity.  This has caused researchers to 
investigate their utility in preventing postmenopausal bone loss.
While the data regarding the ability of isoflavones to help prevent
bone loss are equivocal, ipriflavone (IP), a specific isoflavone
derivative has received a significant amount of research with very
positive results.

Ipriflavone is a non-hormonal agent currently used in many
countries for the treatment of osteoporosis.  Numerous well-
controlled, clinical trials published in peer-reviewed journals have
demonstrated IP’s ability to slow the continual decline in bone 
mineral density commonly observed after menopause (8-14).
Kovacs et al. (12) treated postmenopausal women with either IP,
600 mg/day or placebo for 1 year.  After 6 months bone miner-
al density (BMD) of the L2 - L4 vetebral region increased signifi-
cantly in the IP-treated group and decreased in the placebo group.
Gennari et al. (14)  also treated postmenopausal women with
either 600 mg IP/day or placebo for 2 years.  After both 1 and 2
years, vertebral bone density had declined in those receiving the
placebo, but did not change in subjects receiving IP.  In fact, Melis
et al. (15) demonstrated that ipriflavone may be as effective as



estrogen in its ability to prevent bone loss, and the combination 
of the two treatments may improve the effects of hormone 
replacement therapy.

The mechanisms by which IP functions are still being elucidated;
however, IP has been shown to reduce the rate of bone breakdown
by inhibiting osteoclast and stimulating osteoblast activity. The
pharmacokinetics of IP have been well studied.  Ipriflavone is well
absorbed and is metabolized into seven different compounds
including daidzein (16).  This is of note, as daidzein is a promi-
nent soy isoflavone, and may be responsible for of soy’s beneficial
effects on bone health.  Most interesting is that unlike estrogen, IP
has little or no effect on breast or reproductive tissue (17-20), and
is without notable side effects.  This makes IP a unique and poten-
tially useful compound in the treatment of osteoporosis. 

Currently, the measurement of BMD is considered the gold
standard in terms of assessing the degree of osteoporosis present.
Unfortunately, BMD is a static measurement.  Recently, a marker of
bone turnover, the N-linked telopeptide assay (NTx) has become
available as a clinical tool to dynamically assess the efficacy of
anti-resorptive therapy.  This assay measures type I collagen
degradation products and has been correlated with changes in
BMD.  A reduction in the NTx value represents a beneficial out-
come for the osteoporotic patient. While the effect of calcium and
other anti-resorptive therapies have been investigated for their
ability to produce changes in this assay (21-22), reports demon-
strating the effect of ipriflavone, or ipriflavone-containing products
on this marker are lacking.  Douglas Laboratories® has recently
completed a pilot trial investigating the effect of an ipriflavone-
containing dietary supplement on urinary N-linked telopeptide
levels in postmenopausal women (23).  A total of 8 women, at least
5 years post menopause were recruited to participate in the study.
Women were free from any history of bone or kidney disorders and
were not receiving hormone replacement therapy.  The women
received either a supplement containing 300 mg ipriflavone, 150
mg calcium, and 50 IU vitamin D taken twice daily with meals, or
an identical looking placebo for 3 months.  The participants
received NTx measurements before and after the study.  After 3
months, there was an average 29% decrease in NTx values for
those subjects consuming the supplement, while an increase in NTx
values was observed for those taking the placebo.

The effectiveness of IP at slowing changes in postmenopausal
bone density has been well established via measurements of
changes in bone mineral density (BMD).  Although BMD is a use-
ful indicator of fracture risk, BMD provides only a static picture of

bone metabolism.  Urinary markers offer the clinician 
a dynamic and easily measured indication of response to 
treatment.  Our preliminary data provide additional evidence to
support the use of IP or IP-containing supplements for the preven-
tion of bone loss in postmenopausal women.

Calcium and vitamin D
3

Osteoporotic fractures can be reduced if peak bone mass and
age-related bone loss can be minimized.  Once women reach
menopause, bone loss occurs rapidly (3%/year) over the first 5
years post menopause and then continues at approximately
1%/year during the following years (24).  Calcium and vitamin D

3

work in concert, with D
3

mediating the intestinal absorption of 
calcium as well as having direct effects on calcium metabolism in
the kidney and bone.  Studies investigating the ability of supple-
mental calcium and vitamin D

3
to slow bone loss have yielded

equivocal results, with some studies demonstrating a positive effect
(25-28) and others showing no effect (29-30).   These conflicting
results may be due to differences in study design, the type of 
calcium used, the sites of bone loss investigated (spine vs. hip), as
well as varying menopausal status and dietary calcium intake in
the subjects being investigated.  A number of recent studies, 
however, have reported a positive effect of supplemental calcium
alone, or in combination with vitamin D

3
on bone loss.  Dawson-

Hughes et al. (25) assessed the effect of calcium supplementation
on bone density in postmenopausal women. Supplementation with
500 mg/d calcium citrate malate in women with a dietary 
calcium intake <400 mg/d resulted in significantly less loss of
bone density over a two year period compared with placebo.  The
ability of calcium to diminish the loss of bone was site specific and
was less evident in women consuming >400 mg/d from their diet.
Dawson-Hughes et al. (31) also reported that supplementation
with 400 IU/d vitamin D

3
prevented wintertime bone loss in

healthy postmenopausal women.  Investigations of the combined
supplementation of calcium and vitamin D

3
have also yielded 

positive results.  Aloia et al. (32) found that bone loss was diminished
in postmenopausal women receiving 1700 mg/d calcium and
400 IU/d vitamin D

3
over a 3 year period.  The positive effect 

of vitamin D
3
on the efficacy of calcium is not unexpected, as these

nutrients function together.  Finally, Chapuy et al. (33) recently
reported that the combined supplementation of 1200 mg/d calcium
and 800 IU/d D3 in nursing home residents significantly reduced
fracture rates during a 3 year trial. None of the trials mentioned
above reported any noteworthy side effects as a result of 
supplementation.



Vitamin K

Vitamin K has been known for many years to be involved in
the synthesis of a number of proteins (vitamin K dependent pro-
teins) by acting as a co-factor for their carboxylation (34).  Vitamin
K’s most well understood function is as a co-
factor for proteins involved in blood coagu-
lation; however, vitamin K dependent pro-
teins have also been identified in bone (35).
One of these proteins, osteocalcin, is
involved in regulating bone mineralization
(36), and may require more vitamin K than
the proteins involved in blood coagulation in
order to function properly (37).  This has
lead to the concept that current intake of 
vitamin K may be less than adequate and
supplemental vitamin K may be beneficial
for optimal bone health.

A number of observations have related
vitamin K to bone.  Postmenopausal bone
loss is associated with poor vitamin K intake,
and patients with hip fractures have been reported to have very
low circulating concentrations of vitamin K (38-39).  Additionally,
circulating concentrations of undercarboxylated osteocalcin have
been reported to be inversely correlated with bone density in the
hip (40).  It has also been observed that supplementation of post-
menopausal women with 1 mg vitamin K for 2 weeks increases
serum markers of bone formation and may reduce urinary losses
of calcium (41).  However, data with respect to the effect of 
supplemental vitamin K on bone mass or fracture are limited. One
Japanese study, (42) has shown a significant reduction in 
postmenopausal bone loss in women receiving supplemental 
vitamin K.  Similar studies from Western countries assessing the
effect of supplemental vitamin K are being awaited. 

Manganese, Copper, Zinc and Vitamin C

The role that manganese, copper, zinc and vitamin C play in
the metabolism of bone has been extensively investigated.
Nonetheless, compared with calcium and vitamin D

3
their exact

biochemistry with respect to bone metabolism is not as well under-
stood. Copper and vitamin C are both required for the proper 
formation of collagen. Additionally, vitamin C plays a role in the
formation of glycosaminoglycans.  Manganese is involved in 
the synthesis of mucopolysacchrides that are essential for the 

formation of the bone matrix, and zinc deficiency causes a reduc-
tion in collagen synthesis and osteoblasts (cells involved in the 
formation of new bone) activity.  Cross-sectional and animal data
report the diets deficient in manganese and copper are associated

with a lower bone mineral density.  Saltman
and Strause (43) supplemented  post-
menopausal women with either 1)
1000mg/d calcium citrate,  2) trace minerals
(5mg/d copper, 2.5 mg/d manganese, and
15 mg/d zinc), 3) a combination of calcium
and trace minerals, or  4) a placebo for 2 y.
Women receiving the trace minerals plus 
calcium lost significantly less bone mineral
density compared with placebo.  Neither the 
minerals nor the calcium alone showed a 
significant difference compared with 
placebo.  These data suggest an important
interaction between calcium and trace 
minerals in the prevention of bone loss in
postmenopausal women.

Magnesium

Given that sixty percent of all the magnesium in the body is
located in bone, it is reasonable to conclude that magnesium 
is also closely related to bone structure and function. Magnesium
status has been shown to influence various parameters that affect
bone metabolism.   Magnesium deficiency has been associated
with the inhibition of parathyroid hormone release and
increased resistance to parathyroid hormone.  Additionally,
magnesium deficiency is associated with a decreased concen-
tration of serum vitamin D

3
and results in tissue resistance to the

action of vitamin D
3
.  Prospective studies examining the effect of

supplemental magnesium on bone density are very limited.  Rude
and Olerich supplemented 5 patients with gluten sensitive
enteropathy (who often have malabsorption problems) with 504 -
576 mg/d magnesium.  Supplementation for 2 years resulted in
an increase in bone mineral density and an increase in serum
parathyroid hormone.  No other data on magnesium supplemen-
tation and bone parameters are available.

Silicon

Silicon is a trace mineral that has been implicated in the 
formation and maintenance of healthy bone.  Its exact function
remains unclear; however, animal data have accumulated indicating



its essentiality.  Rats and chicks placed on diets containing 
only 1ppm silicon showed incomplete and deformed skeletal
development (44).  The defect appears to be in the formation of 
glycosaminoglycans and collagen, both of which are needed 
for the formation of the bone matrix (45).  Silicon has been found
attached to collagen and increases during the early mineralization
process of bone (46).  It appears that silicon helps to 
provide a stable organic matrix
to allow for the proper formation
of bone to occur.   

Boron

Boron is another trace ele-
ment that is involved in bone
metabolism and mineralization,
although like silicon, its exact
function is unclear.  Similar to
other trace minerals, boron’s
action on bone may be mediat-
ed through its ability to affect other parameters associated with
bone, including calcium, magnesium, parathyroid hormone, calci-
tonin, osteocalcin (47).  The results of supplementing animals and
humans with boron have yielded conflicting results based on the
amount supplemented and the model studied.  Consumption by
rats of water containing 300 mg boron/L resulted in a decrease in
the calcium content and size of certain bones.  Daily consumption
of 4 and 8 mg boron/kg body weight in pigs (equivalent to
approximately 550 mg/d in humans) resulted in decreased bone
mineral content and decreased bone mass.  Chapin et al (48) sup-

plemented rats with varying concentrations of boron (1.4 mg - 63
mg/kg body weight) and reported an increase in vertebral
strength at all doses of boron supplementation. 

Investigations of boron supplementation in humans were started
with a report by Nielson (49) who placed postmenopausal women
on a low boron diet followed by a diet supplemented with 3 mg/d

boron.  Supplementation signifi-
cantly reduced the loss of urinary
calcium and magnesium as well
as increased serum levels of
estrogen (involved in preventing
bone demineralization).  Peace et
al. (50) attempted to repeat these
results in a similar study involving
postmenopausal women, but was
unable to confirm the earlier
results. Meacham et al. (51)
investigated the effects of boron
supplementation (3 mg/d) in pre-

menopausal women over 10 months,   and found that boron 
supplementation increased serum magnesium levels.

Science is continuing to uncover new ways to help 
slow the continual loss of bone in postmenopausal women.
Together with a healthful diet and proper vitamin and mineral 
supplementation, IP is now recognized to be an effective addition
to the arsenal of tools available to the practitioner in the fight
against osteoporosis.

References
1) Glaser, D. L., Kaplan, F.S.  Osteoporosis, definition and clinical presentation.
Spine  1997;22:12S-16S.   

2) Melton, L., J.  Epidemiology of spinal osteoporosis.  Spine  1997;22:2S-11S.

3) Riggs, B.L., Melton, L. J.  Involutional osteoporosis  N Engl J Med
1986;314:1676-1686.

4) Villa, M.L., Marcus, R., Delay, R., et al.  Factor contributing to skeletal health of
postmenopausal Mexican American women.  J Bone Miner Res  1995;10:1233-
1242.

5) Saito, J. K., Davis, J.W., Wasnich, R.D., et al.  Users of low-dose glucocorticoids
have increased bone loss: a longitudinal study.  Calcif Tissue Int  1995:57:115-119.

6) NRC (National Research Council).  (1989) Recommended Dietary Allowances,
10th ed. Report of the Committee on Dietary Allowances, Food and Nutrition Board,
Commission of Life Sciences.  National Academy of Sciences, Washington, D.C.
176 pp.

7) Brandi, M. L.  Flavonoids: biochemical effects and therapeutic applications.  Bone
and Mineral  1992;19:S3-S14.

8) Gambacciani, M., Cappagli, B., Piaggesi L. et al.  Ipriflavone prevents the loss of
bone mass in pharmacological menopause induced by GnRH-agonists.  Calcif Tissue
Int 1997;61:S15-S18.

9) Gennari, C., Adami, S., Agnusdei, D. et al. Effect of chronic treatment with ipri-
flavone in postmenopausal women with low bone mass.  Calcif Tissue Int
1997;61:S19-S22.

10) Agnusdei, D., Bufalino, L.  Efficacy of ipriflavone in established osteoporosis and
long-term safety.  Calcif Tissue Int 1997;61:S23-S27.

11) Ushiroyama, T., Okamura, S., Ikeda, A., Ueki M.  Efficacy of ipriflavone and 1α
vitamin D therapy for the cessation of vertebral bone loss.  Int J Gynecol Obstet
1995;48:283-288.

12) Kovacs, A.  Efficacy of ipriflavone in the prevention and treatment of post-
menopausal osteoporosis.  Agents Actions  1994;41:86-87.

13) Ohta, H., Komukai, S., Makita, K.  Effects of 1-year ipriflavone treatment in
lumbar mineral density and bone metabolic markers in postmenopausal women with
low bone density.  Horm Res 1999;51:178-183.

14) Gennari, C., Agnusdei, D., Crepaldi, G. et al.  Effects of ipriflavone - a synthetic
derivative of natural isoflavones - on bone mass loss in the early years after
menopause.  Menopause  1998;5:9-15.



Written by Andrew Halpner, Ph.D. 

Dr. Halpner received his Ph.D. in Nutrition from Tufts
University School of Nutrition Science and Policy.  His
extensive research and interests focus around antioxi-
dant nutrients, including their interactions and ability to
prevent and treat age-related degenerative diseases.
Dr. Halpner is Director of Product Development and
Technical Services for Douglas Laboratories®.

© 2000 Douglas Laboratories, Inc. All Rights Reserved.

15) Melis, G. B., Paoletti, A.M., Bartolini, R. et al.  Ipriflavone and low doses of
estrogens in the prevention of bone mineral loss in climacterium.  Bone Miner
1992;19(suppl):S49-S56.

16) Messina, M. J.  Legumes and soybeans: overview of their nutritional profiles and
health effects.  Am J Clin Nutr  1999;70(suppl):439S-450S.

17) Gennari, C.  Ipriflavone: background.  Calcif Tissue Int  1997;61:S3-S4.

18) Cecchini, M. G., Fleisch, H., Muhlbauer, C.  Ipriflavone inhibits bone resorption
in intact and ovariectomized rats.  Calcif Tissue Int  1997;61:S9-S11.

19) Notoya, K., Yoshida, K., Taketomi, S. et al.  Inhibitory effect of ipriflavone on pit
formation in mouse unfractionated bone cells.  Calcif Tissue Int  1992;51:S3-S6.

20) Melis, G.B., Paoletti, A.M., Cagnacci, A. et al.  Lack of any estrogenic effect of
ipriflavone in postmenopausal women.  J Endocrinol Invest  1992;15:755-761.

21) Kamel, S., Fardellone, P., Meddah, B. et al.  Response of several markers of
bone collagen degradation to calcium supplementation in postmenopausal women
with low calcium intake.  Clin Chem 1998;44:1437-1442.

22) Ravn, P., Fledelius, C., Rosenquist, C., et al.  High bone turnover is associated
with low bone mass in both pre- and postmenopausal women.  Bone 1996;19:291-
298.

23) Halpner, A. D., Kellermann, G., Ahlgrimm, M. J.  The Effect of an Ipriflavone-
Containing Supplement on Urinary N-Linked Telopeptide Levels in Postmenopausal
Women.  J Womens Health Gender Based Med  In Press.

24) Dawson-Hughes, B.  Calcium and vitamin D nutritional needs of elderly women.
J Nutr  1996;126:1165S-1167S.

25) Dawson-Hughes, B., Dallal, G. E., Krall, E. A., Sadowski, L., Sahyoun, N.,
Tannenbaum, S.   A controlled trial of the effect of calcium supplementation on bone
density in postmenopausal women.  N Engl J Med  1990;323:878-883.

26) Horsman, A., Gallagher, J. C., Simpson, M., Nordin, B. E..  Prospective trial of
oestrogen and calcium in postmenopausal women.  BMJ  1977;2:789-792.

27) Polley, K. J.,  Nordin, B. E.,  Baghurst, P. A., Walker C. J., Chatterton, B.E.
Effect of calcium supplementation on forearm bone mineral content in post-
menopausal women: a prospective sequential controlled trial.  J Nutr
1987;117:1929-1935.

28) Recker, R. R. , Saville, P. D., Heaney, R.P.    Effect of estrogens and calcium car-
bonate on bone loss in postmenopausal women.  Ann Intern Med  1977;87:649-
655.

29) Nilas, L., Christiansen, C., Rodbro, P.    Calcium supplementation and post-
menopausal bone loss.  BMJ  1984;289:1103-1106.

30) Riggs, B. L., Wahner, H. W., Melton, L. J. III., Richelson, L. S., Judd, H. L.,
O’Fallon, W. M.    Does calcium supplementation prevent postmenopausal bone
loss?  A double blind, controlled clinical study.  N Engl J Med  1987;316:173-177.

31) Dawson-Hughes, B., Dallal, G. E., Krall, E. A., Sadowski, L., Harris, S., Sokoll,
L. J., Falconer, G.    Effect of vitamin D supplementation on wintertime and overall
bone loss in healthy postmenopausal women.  Ann Intern Med  1991;115:505-512.

32) Aloia, J. F., Vaswani, A., Yeh, J. K., Ross, P. L., Flaster, E., Dilmanian, F. A.
Calcium supplementation with and without hormone replacement to prevent post-
menopausal bone loss.  Ann Intern Med  1994;120:97-103.

33) Chapuy, M. C., Arlot, M. E., Delmas, P. D., Meunier, P. J.    Effect of calcium
and cholecalciferol treatment for three years on hip fractures in elderly women.  BMJ
1994;308:1081-1082.

34) Wardlaw, G. M., Insel, P. M.  (1993) Perspectives in nutrition (Mosby Year
Book, Inc. St. Louis, MO) p.370.

35) Hauschka, P. V., Lian, J. B., Cole, D. E. C., Gundberg, C. M.   Osteocalcin and
matrix Gla protein: vitamin K dependent proteins in bone.  Physiol Rev 1989;
69:990-1047.

36) Price, P.,A.  Role of vitamin-K-dependent proteins in bone metabolism.  Annu
Rev Nutr 1988;8:565-583.

37) Vermeer, C.,  Gijbers, B., Craciun, A. M.,  Groenen-Van Dooren, M., Knapen,
M.   Effects of vitamin K on bone mass and bone metabolism.  J Nutr
1996;126:1187S-1191S. 

38) Hart, J. P., Catterall, A., Dodds, R. A., Klenerman, L., Shearer, M. J., Bitensky,
L., Chayen, J.    Circulating vitamin K1 levels in fractured neck of femur.  Lancet
1984;2:283.

39) Hart, J. P., Shearer, M. J., Klenerman, L., Caterall, A., Reeve, J., Sambrook, P.
N., Dodds, R. A., Bitensky, L., Chayen, J.    Electrochemical detection of depressed
circulating levels of vitamin  K1 in osteoporosis.  J Clin Endocrinol Metab
1985;60:1268-1269.

40) Szulc, P., Chaapuy, M-C., Meunier, P. J., Delmas, P. D.    Serum undercarboxy-
lated osteocalcin correlates with hip bone mineral density in elderly women.  J Clin
Invest  1993;91:1769-1774.

41) Knapen, M. H. J., Jie, K-S. G., Hamulyak, K., Vermeer, C.    Vitamin K-induced
changes in markers for osteoblast activity and urinary calcium loss.  Calcif Tissue Int
1993;53:811-85.

42) Orimo, H., Shiraki, M., Fujita, T., Onomura, T., Inoue, T., Kushida, K.   Clinical
evaluation of menatetrenone in the treatment on involutional osteoporosis - a dou-
ble-blind multicenter comparative study with 1α hydroxy vitamin D3.  1992.

43) Saltman, P. D., Strause, L.    The role of trace minerals in osteoporosis.  J Am
Col Nutr  1993;12:384-389.

44) Carlise, E.   Silicon as an essential element.  Federation Proc  1974;33:1758-
1766.

45) Varma, R., Ranbir, S., Allen, W. S., Wardi, A. H.   On the carbohydrate protein
linkage group in vitreous humor hyaluronate.  Biochim Biophys Acta
1974;263:584-588.

46) Carlise, E. M. (1986)   Trace Elements in human and animal nutrition, 5th ed.
W. Mertz ed. (Academic Press, New York, NY) p.373.

47) McCoy, H., Kenney, A., Montgomery, C.,  Irwin, A., Williams, L., Orrell.
Relation of boron to the composition and mechanical properties of bone.  Environ
Health Perspect  1994;102(suppl 7):49-53.

48) Chapin, R. E., Ku, W. W., Kenney, M. A., McCoy, H., Gladen, B., Wine, R. N.,
Wilson, R., Elwell, M. R.    The effects of dietary boron on bone strength in rats.
Fundam Appl Toxicol  1997;35:205-215.

49) Nielson, F. H.  FASEB J  1987;1:394.

50) Peace, H., Loveridge, N., Reid D., Beattie, J. H.  (1990)  7th international sym-
posium on trace element metabolism in man and animals (TEMA-7), Dubrovnik,
May.

51) Meacham, S. L., Taper, L. J., Volpe, S. L.    Effects of boron supplementation on
bone mineral density and dietary, blood, and urinary calcium, phosphorous, mag-
nesium, and boron in female athletes.  Environ Health Perspect  1994;102(suppl
7):79-82.


