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Abstract

Objectives. To study the acute short-term effects on the biochemical parameters of calcium
and bone homeostasis in post-menopausal women treated with a high dose of prednisone
alone or with additional etidronate, before and during 5 days of treatment.

Methods. Serum calcium, phosphorus, creatinine, alkaline phosphatase activity, osteocalcin,
carboxy-terminal propeptide of type I procollagen (PICP), cross-linked carboxy-terminal
telopeptide of type I collagen (ICTP), parathyroid hormone (PTH), 25-hydroxyvitamin D
and urinary excretion of calcium over 24 h were measured before and during 5 days of
treatment in 14 post-menopausal women treated with a high dose of prednisone (60 mg/day)
alone (group A) or combined with cyclical etidronate (group B).

Results. Significant differences from baseline were found in osteocalcin and urinary
excretion of calcium in both groups and for ICTP in group B. Significant differences between
groups were calculated at day 5 of the study for osteocalcin, ICTP and 24 h urine calcium
excretion (P < 0.01). Urinary excretion of calcium over 24 h increased in group A (+14.7%;
P < 0.05) and decreased in group B (—22.1%; P < 0.01). Osteocalcin levels decreased in
group A (— 38.1%) and increased in group B (427.4%; both P < 0.01). ICTP decreased only
in group B (—19.4%; P < 0.01).

Conclusions. The results are consistent with the fact that etidronate is acutely able to
prevent bone resorption due to corticosteroids. The increase in osteocalcin in the etidronate-
treated group is a new feature. A direct or indirect (PTH, 1,25 vitamin D?) stimulatory effect
of etidronate on the osteoblast cannot be excluded.
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Osteoporosis and pathological fractures due to use of
prednisone, in a daily dosage of more than 7.5 mg for
periods longer than 6 months have been recognized for
a long time [1-3]. However, the contribution of different
pathophysiological mechanisms is still unclear.
Supraphysiological doses of glucocorticosteroids given
to animals and men, result in a negative calcium balance
[4-7] which is associated with secondary hyperparathy-
roidism contributing to further calcium and bone loss
[7-9]. Also direct effects of glucocorticosteroids on
osteoblasts have been described [10-12]. Nowadays it
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becomes clear that with the use of glucocorticosteroids
for shorter or longer time periods [13], an uncoupling
between bone resorption and formation occurs. Chronic
use of glucocorticosteroids increases resorption and
decreases formation, which leads to the development of
osteopenia and fractures [2, 3, 14]. Different treatment
modalities such as hormone replacement therapy, calci-
tonin, fluor and bisphosphonates have been used to
prevent or treat low bone mass due to glucocorticoster-
oids [15-24]. We and others found a pronounced
increase of bone mineral density (BMD) in patients with
steroid-induced osteoporosis treated with etidronate or
alendronate [21-24]. The results suggested an additional
effect of bisphosphonates apart from decreased resorp-
tion alone. No data, however, have been published
dealing with the acute effect of bisphosphonates on
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glucocorticoid-induced changes in circulating bone
markers. The objective of the current study was to
determine the short-term effect of the bisphosphonate
etidronate on glucocorticoid-induced changes in bio-
chemical parameters of calcium and bone homeostasis
in post-menopausal women with temporal arteritis
treated with a high dosage of glucocorticosteroids.

Patients and methods

Study design

This prospective randomized open-label study was con-
ducted in an out-patient clinic. Within a time period of
12 months 14 post-menopausal patients with histologi-
cally proven temporal arteritis were randomly allocated
to the following treatments: high dose of prednisone
(60 mg/daily) alone (group A) or high dose of prednis-
one (60 mg/daily) with etidronate (400 mg daily) (group
B) for 5 days. Patients with any disease or medication
that could interfere with calcium or bone metabolism
were excluded from the study. All patients gave informed
consent to the study. The procedures followed adhered
to the guidelines of the Helsinki declaration for physi-
cian-initiated studies.

The study participants took their prednisone at 8.00
a.m. The patients in group B received 400 mg etidronate
1 h before prednisone intake. Breakfast was served at
9.00 a.m. The patients had a dietary calcium intake of
400-800 mg before the study and they were kept on this
level during the study.

Measurements

Blood and urine were collected at 7.00 a.m. daily for 5
days starting 1 day before any medication was taken.
The following biochemical parameters were evaluated
before and during the first 5 days of treatment: serum
calcium, phosphorus, creatinine, alkaline phosphatase
activity, osteocalcin, carboxy-terminal propeptide of
type I procollagen (PICP), cross-linked carboxy-
terminal telopeptide of type I collagen (ICTP), para-
thyroid hormone (PTH) and 25-hydroxyvitamin D.
Urinary excretion of calcium over 24 h was measured
daily from day —1 to day 5. The serum and urine
calcium, serum phosphorus, alkaline phosphatase and
creatinine were measured by autoanalyser techniques.
The samples for hormonal measurements were immedi-
ately frozen and stored at —20°C until use. All hormonal
measurements were performed in a one assay session.
The radioimmunoassay (RIA) used for osteocalcin
measurements was the commercially available kit of
Incstar Corporation [Stillwater, MN, USA; intra- and
inter-assay coefficient of variation (CV) 3.8% and 4.3%,
respectively; sensitivity of the assay 0.5 pug/l; normal
values 1.8-6.6 ug/l]. PICP and ICTP results were
obtained with the RIA produced by Farmos Diagnostica
(Orion Corporation Farmos, Turku, Finland). The
intra- and inter-assay CV were 4.7% and 5.3% for PICP
and 6.2% and 7.9% for ICTP. Sensitivity was 1.2 ug/l
for PICP and 0.43 pg/l for ICTP; normal values PICP,

50-170 pug/l and ICTP 1.4-5.4 ug/l. PTH was measured
using a two-sided RIA. The first step involved extraction
and concentration of plasma PTH using solid-phase
anti-amino-terminal antibodies. After elution, the PTH
immunoextract was analysed using a sensitive mid- and
C-region immunoassay [25]. The intra- and inter-assay
CV were 8.3% and 10.2%, respectively; the sensitivity of
the assay was 0.8 pmol/l (normal values 0.8—5.0 pmol/l).

Serum 25-hydroxyvitamin D was quantified, after
acetonitrile extraction, using a direct commercial RIA
(Incstar Corporation). The intra- and inter-assay CV
were 6.3% and 13.0%, respectively (normal values
25-125 nmol/1).

Statistics

Data were expressed as mean =+ standard error of the
mean (S.E.M.), with 95% confidence intervals of the
mean. The significance of change from baseline was
determined by a paired t-test, SPSS Windows version
8.0 (P denoted by P). The significance of difference
between means of biochemical parameters, at the end
of the study (day 5), was determined by an independent
two-sample ¢-test (P denoted by P*). Also analysis of
covariance (ANCOVA, with mean pre-treatment value
determinations and time as covariables) was performed
to compare the differences between groups at day 5 of
the study. Differences were considered statistically sig-
nificant when P < 0.05.

Results

Fourteen post-menopausal women were randomized to
group A and group B. Each group comprised seven
women. At baseline the two treatment groups were
comparable in age and biochemical parameters. Group
A: n=7; mean age 72 yr, range 59-82 yr. Group B:
n = 7; mean age 74 yr, range 63-82 yr. The results are
given in Table 1 and illustrated for osteocalcin (Fig. 1),
urinary excretion of calcium over 24 h (Fig. 2) and the
telopeptide ICTP (Fig. 3). In both groups of prednisone
alone and combined prednisone and etidronate treat-
ment, serum calcium and phosphate levels, alkaline
phosphatase, PTH and 25-hydroxyvitamin D levels vir-
tually remained unchanged.

In the prednisone alone group, serum osteocalcin
levels significantly decreased from 2.7 + 0.3 mg/l at
baseline to 1.7 £ 0.1 mg/l after 5 days (—38.1%,
P < 0.01). In contrast, with the combined treatment
group, serum osteocalcin levels steadily increased from
2.4 4+ 0.3 mg/1 at baseline to 3.0 + 0.4 mg/] after 5 days
(+27.4%, P < 0.01). The change in osteocalcin between
the two groups was statistically significant from day 3
(P* <0.05). The procollagen I Ilevels remained
unchanged in both treatment groups.

The bone resorption marker ICTP remained virtually
unchanged during prednisone treatment alone, but
gradually decreased in the bisphosphonate group to
levels 19.4% below baseline at day 5 (P < 0.01). At that
time the difference between both groups was statistically



TaBLE 1. Biochemical markers of calcium and bone homeostasis (mean + s.E.M. and 95% confidence interval) (group A, prednisone; group B, prednisone and etidronate)

Group

Before

Day 0

Day 1

Day 2

Day 3

Day 4

Day 5

SeCa (mmol/l)

SePO, (mmol/l)

Uca (mmol/1)

Alkaline phosphatase (U/1)

Osteocalcin (mg/1)

Procollagen 1 (ug)

Telopeptide (ug)

PTH (pmol/1)

Creatinine (umol/1)

25 hydroxyvitamin D (nmol/1)

T > wWe>wWeW>®Ee>®e>E>E>T >

2.36 + 0.04 (2.26-2.46)
2.34 + 0.05 (2.23-2.45)
1.12 + 0.07 (0.95-1.28)
1.10 + 0.08 (0.91-1.28)
6.5+ 06 (5.1-7.9)
62+08 (4.3-8.1)

62+ 6.3 (46-77)

61 +4.3 (51-72)
27403 (1.9-35)
24403 (1.6-32)
217 +41 (116-318)
266 + 53 (136-395)
30404 (2.0-4.1)
3.0+ 0.6 (1.5-4.4)
19403 (1.1-2.6)
1.6+02 (1.0-2.1)

94 +45 (83-105)

93 +42 (83-104)

42474 (24-60)

43447 (31-54)

2.35 4+ 0.04 (2.26-2.43)
2.32 4 0.05 (2.20-2.44)
1.12 + 0.06 (0.98-1.26)
1.08 + 0.07 (0.91-1.25)
6.6+0.7 (4.8-8.4)

6.2+0.7 (43-8.0)

61 £58 (47-75)

61 £3.9 (52-71)
27403 (1.9-35)
23403 (1.6-3.0)
213 38 (119-307)
260 + 52 (133-388)
30404 (2.1-39)
30406 (14-45)
20403 (1.1-2.8)
1.6+02 (1.1-2.1)

95 +4.7 (83-106)

90 +34 (82-99)

41469 (23-58)

44447 (32-55)

2.37 4+ 0.04 (2.26-2.47)
2.30 4 0.04 (2.21-2.39)
1.14 + 0.06 (1.00-1.28)
1.10 + 0.06 (0.94-1.26)

64+08 (44-84)
59409 (3.7-8.1)

61 £5.0 (49-73)

62 +4.3 (52-79)
26403 (1.9-33)
24403 (1.7-3.1)
207 +35 (120-293)
268 + 54 (136-400)
30404 (2.1-4.0)
28405 (1.5-42)
20404 (1.1-28)
1.6+02 (1.1-2.2)

93 454 (79-106)

93 +3.7 (84-102)

42464 (27-38)

44+ 44 (33-54)

2.35 4+ 0.05 (2.24-2.46)
2.33 4+ 0.04 (2.23-2.41)
1.18 + 0.06 (1.02-1.33)
1.07 + 0.07 (0.91-1.24)

72407 (54-8.9)
56+08 (3.7-74)

62 +5.7 (49-77)

62 +5.1 (51-76)
20402 (14-2.6)
25403 (1.7-3.2)
206 + 43 (102-310)
275 £49  (155-395)
31404 (22-40)
29406 (1.5-43)
21403 (1.3-2.9)
15402 (1.1-1.9)

93 +3.1 (86-101)

90 +3.8 (81-100)

42471 (24-59)

43454 (30-56)

2.35 +0.04 (2.26-2.43)
2.34 +0.04 (2.24-2.43)
1.10 + 0.07 (0.94-1.27)
1.11 + 0.07 (0.93-1.29)
71409 (49-93)
50406 (3.5-6.6)
62462 (46-77)
61 +£4.7 (50-73)
19402 (1.5-22)
28403 (1.9-3.6)
213437 (123-303)
277 453 (148-405)
31404 (2.1-4.1)
24406 (1.4-4.1)
20403 (1.2-2.8)
16402 (1.2-2.1)
92449 (80-105)
94 +42 (84-104)
42474 (24-60)
41446 (30-52)

2.34 + 0.04 (2.24-2.44)
2.33 4 0.04 (2.23-2.42)
1.12 + 0.07 (0.95-1.29)
1.08 + 0.06 (0.92-1.24)
72409 (5.0-9.3)
49407 (3.1-6.7)
60 +5.9 (46-75)
63+3.9 (53-72)
17402 (1.3-2.1)
3.0 + 0.4 (2.0-4.0)
220 +45 (108-331)
272449 (153-391)
31403 (2.3-40)
27406 (1.3-4.1)
22404 (13-3.1)
17402 (1.3-2.2)
91 +4.8 (78-103)
93 +44 (82-104)
42478 (23-61)
42455 (28-56)

2.34 4+ 0.04 (2.25-2.44)
2.34 4 0.05 (2.23-2.45)
111 +0.07 (1.00-1.21)
1.03 + 0.06 (0.88-1.17)
75408 (5.5-9.4)
48 £0.6 (3.4-6.1)
61 +5.8 (47-75)
64+ 4.1 (54-74)
17401 (1.4-2.0)¢
30404 (22-39)
219+ 36 (131-307)
279 + 54 (144-409)
32403 (24-40)F
24405 (1.2-3.7)
21404 (1.2-3.0)
19402 (1.5-2.4)
95+ 43 (84-105)
92 +3.2 (85-100)
43475 (25-62)
43446 (31-54)

2P < 0.01 difference from baseline after 5 days.
bP < 0.05 difference from baseline after 5 days.

°P* < 0.01 difference between groups after 5 days.

SeCa, serum calcium; SePO,, serum phosphate; Uca, urine calcium excretion.
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F1G. 1. Time course of serum osteocalcin (mean + S.E.M.). Group A, prednisone; group B, prednisone and etidronate.

mmol/24hr
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* P* < 0.05 differences between groups *#* P* < (.01 differences between groups

F1G. 2. Time course of 24 h urinary calcium excretion (mean =+ S.E.M.). Group A, prednisone; group B, prednisone and etidronate.

significant (P* < 0.01). Urinary calcium excretion P < 0.01). The difference in urinary calcium excretion
gradually increased over 5 days in the prednisone alone  between both groups was already statistically significant
group (+14.7%, P < 0.05) but decreased in the com-  from day 3 on. Every patient completed the study and
bined prednisone and etidronate group (—22.1%, the study drug was well tolerated.
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ug/l
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*#* p* < (.01 differences between groups

DAY 2
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F1G. 3. Time course of serum telopeptide (mean + S.E.M.). Group A, prednisone; group B, prednisone and etidronate.

Discussion

Short-term high-dose glucocorticoid therapy in post-
menopausal women with fluoride arteritis temporalis
resulted in acute changes in bone formation and resorp-
tion as reflected by a 38% decrease of osteocalcin—not
PICP or alkaline phosphatase—and a 15% increase in
urinary calcium excretion. The glucocorticoid-induced
changes in bone remodelling markers have been attrib-
uted to a decrease in differentiated function of mature
osteoblasts leading to a decrease in osteocalcin transcrip-
tion and—not in this study—a decrease in type I collagen
expression and increase in its degradation [10-12, 26,
27]. Other studies administering 10—20 mg of prednisone
daily for 1 week to healthy men found a similar decrease
in osteocalcin (—35%) and increase in urinary calcium
(+45%), however, they reported a decrease in PICP [28,
29] and both decreased [28] and increased [29] ICTP
has been reported. This could be explained by the
different dosages of prednisone and/or the difference in
study population. Similar results were obtained in
patients with rheumatoid arthritis given a high dose of
dexamethasone [13], in patients with multiple sclerosis
given huge intravenous doses of methyl prednisolone
[30] and after high-dose corticosteroid inhalation [31].

From the present study it appears that combined
etidronate and glucocorticoid administration acutely
reversed glucocorticoid-induced suppression of bone
formation as reflected by a 27% increase in osteocalcin
within 5 days. Urinary calcium excretion decreased from
+14.7% in the prednisone alone group to —22.1% in
the combined therapy group, indicating attenuation of
bone resorption. This was also illustrated by a decrease
in ICTP. This decrease of bone resorption markers is
well known in chronically bisphosphonate-treated
patients on glucocorticoids, but has never been reported
after such a short time interval as in this study.

The increase in osteocalcin levels during short-term
etidronate administration in glucocorticoid-treated
patients is, however, remarkable, although we must be
careful when extrapolating our short-term study results
to the long-term benefits.

There are five possible mechanisms by which this
increase in osteocalcin could be explained: first,
decreased elimination of osteocalcin by the kidney
during etidronate therapy. This is unlikely since in most
studies on post-menopausal osteoporosis etidronate
induces a decrease in osteocalcin. Second, altered
degradation, third, increased production of osteocalcin,
fourth, an indirect effect of etidronate on bone turnover
by influencing the inflammatory process [32] and, fifth,
initial displacement of osteocalcin from hydroxyapatite
by EHDP as shown by Price et al in rats [33]. This
could also explain the initial rise in osteocalcin found
by Tobias et al. in the first 2 weeks of treatment of post-
menopausal women with hormone replacement therapy
or a bisphosphonate [34].

A direct or indirect stimulatory effect of bisphosphon-
ates on the osteoblast could be postulated, especially in
high turnover bone disease as in patients with Paget’s
disease, in whom an increase in osteocalcin occurs after
APD treatment [35]. Also, in vitamin D-deficient post-
menopausal osteoporotic women, chronic etidronate
therapy has been reported to induce a rise in osteocalcin
[36]. Bisphosphonates may exert their effects on the
osteoblast indirectly by at least two different mechan-
isms. One is the modulation in the release of cytokines
by the osteoclast and the release of local signals due to
the effects on the osteoclast function, resulting in
decreased resorption [37]. The other is through stimula-
tion of the production of the calciotropic hormones
1,25-dihydroxyvitamin D and PTH, which could
increase during bisphosphonate treatment [6, 38, 39].
Recently Staal et al. [40] and Zhang et al. [41] reported
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increased expression of plasma osteocalcin by 1,25-
dihydroxyvitamin D which is inhibited by glucocortico-
ids [42]. Our hypothesis is that etidronate could reverse
this mechanism. Unfortunately we have no data on
plasma 1,25 vitamin D5 levels during the short-term
administration of glucocorticoid alone or combined
glucocorticoid and etidronate. During the short-term
treatment period, serum phosphate and PTH levels
remained virtually unchanged in both groups. Therefore,
it seems unlikely that they trigger changes that could
explain the increase in osteocalcin. Finally, etidronate
could have a direct stimulatory effect on osteoblast
function in a state of glucocorticoid-induced high bone
turnover.

In conclusion, the present study is the first demon-
strating an acute beneficial effect of etidronate on gluco-
corticoid-induced bone degradation as reflected by
prevention of bone resorption and in addition stimula-
tion of the bone formation marker osteocalcin by a thus
far unknown direct or indirect effect (PTH, 1,25-dihy-
droxyvitamin D;) on the osteoblast. A study with more
individuals, a longer follow-up period with new more
specific markers and vitamin D metabolites is warranted.

Acknowledgements

We would like to thank Professor Huibert A. P. Pols
and Professor Jonathan H. Tobias for their critical
review and advice. We are grateful to K. Kragt and
W. J. Jansen for their assistance with the data and
statistics.

References

1. Meunier PJ. Is steroid-induced osteoporosis preventable?
N Engl J Med 1993;328:1781-2.

2. Cooper C, Coupland C, Mitchell M. Rheumatoid arthritis,
corticosteroid therapy and the risk of hip fracture. Ann
Rheum Dis 1995;54:49-52.

3. Lems WF, Jahangier ZN, Jacobs JWG, Bijlsma
JWIJ. Vertebral fractures in patients with rheumatoid arth-
ritis treated with corticosteroids. Clin Exp Rheum 1995;
13:293-7.

4. Need AG, Philcox JC, Hartley TF, Nordin BE. Calcium
metabolism and osteoporosis in corticosteroid-treated
postmenopausal woman. Aust NZ J Med 1986;16:341.

5. Colette C, Monnier L, Herbute NP, Blotman F,
Miruoze J. Calcium absorption in corticoid treated sub-
jects: effects of single oral dose of calcitriol. Horm Metab
Res 1987;19:335-8.

6. Findling JW, Adams NS, Lemann J, Gray RW, Thomas
CJ, Tyrrell JB. Vitamin D metabolites and parathyroid
hormone in Cushing’s syndrome: relationship to calcium
and phosphorus homeostasis. J Clin Endocrinol Metab
1982;54:1039-44.

7. Suzuki Y, Ichikawa Y, Saito E, Homma M. Importance
of increased urinary calcium excretion in the development
of secondary hyperparathyroidism of patients under gluco-
corticoid therapy. Metabolism 1983;32:151-6.

8. Lukert BP, Adams JS. Calcium and phosphorus homeost-
asis in man: Effect of corticosteroids. Arch Int Med
1976;136:1249-53.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

A. Struijs et al.

. Gennari C, Imbimbo B, Montagnani M, Bernini M, Avioli

LV. Effects of prednisone and deflazacort on mineral
metabolism and parathyroid hormone activity in humans.
Calcif Tissue Int 1984;36:245-52.

Delany AM, Dong Y, Canalis E. Mechanisms of glucocor-
ticoid action in bone cells. J Cell Biochem 1994;56:
295-302.

Chevalley T, Strong DD, Mohan S, Baylink DJ, Linkhart
TH. Evidence for a role for insulin-like growth factor
binding proteins in glucocorticoid inhibition of normal
human osteoblast-like cell proliferation. Eur J Endocrinol
1996;134:591-601.

Morrison NA, Shine J, Fragonas JC. 1,25-dihydroxy-
vitamin D-responsive element and glucocorticoid
repression in the osteocalcin gene. Science 1989;146:
1158-61.

Lems WF, Gerrits MI, Jacobs JWG, Vugt RM, van Rijn
HIM, Bijlsma JWJ. Changes in markers of bone metabol-
ism during high dose corticosteroid pulse treatment in
patients with rheumatoid arthritis. Ann Rheum Dis
1996;55:288-93.

Dempster DW. Bone histomorphometry in glucocorticoid-
induced osteoporosis. J Bone Miner Res 1989;4:137-41.
Sambrook P, Birmingham J, Kelly P et al. Prevention of
corticosteroid osteoporosis. N Engl J Med 1993;328:
1747-52.

Murphy S, Khaw KT, Cassidy A, Compston JE. Sex
hormones and bone mineral density in elderly men. Bone
Miner 1993;20:133-40.

Bagatell CJ, Bremner WJ. Androgens in men—uses and
abuses. N Engl J Med 1996;334:707-14.

Reid IR, King AR, Alexander CJ, Ibbertson HK.
Prevention of steroid induced osteoporosis with (3-amino-
1-hydroxypropylidene)-1,1-bisphosphonate (APD). Lancet
1988;1:143-6.

Lukert BP, Johnson BE, Robinson RG. Estrogen and
progesterone replacement therapy reduces glucocorticoid-
induced bone loss. J Bone Miner Res 1992;7:1063-9.
Montemurro L, Schiraldi G, Fraioli P, Tosi G, Riboldi A,
Rizzato G. Prevention of corticosteroid-induced osteopor-
osis with salmon calcitonin in sarcoid patients. Calcif
Tissue Int 1991;49:71-6.

Mulder H, Struijs A. Intermittent cyclical etidronate in
the prevention of corticosteroid-induced bone loss. Br
J Rheumatol 1994;33:348-50.

Struijs A, Snelder AA, Mulder H. Cyclical etidronate
reverses bone loss of the spine and proximal femur in
patients with established corticosteroid-induced osteopor-
osis. Am J Med 1995;99:235-42.

Adachi JD, Bensen WG, Brown J et al Intermittent
etidronate therapy to prevent corticosteroid-induced osteo-
porosis. N Engl J Med 1997;337:382-7.

Saag KG, Emkey R, Schnitzer TJ et al. Alendronate for
the prevention and treatment of glucocorticoid-induced
osteoporosis. N Engl J Med 1998;339:292-9.

Hackeng WHL, Lips P, Netelenbos C, Lips CJM. Clinical
implications of estimation of intact parathyroid hormone
(PTH) versus total immunoreactive PTH in normal sub-
jects and hyperparathyroid patients. J Clin Endocrinol
Metab 1986;63:447-53.

Lems WF, Jacobs JWG, van den Brink HR, van Rijn
HIM, Bijlsma JWIJ. Transient decrease in osteocalcin and
markers of collagen type 1 formation during corticosteroid
pulse therapy. Br J Rheum 1993;32:787-90.

Beresford JN, Gallagher JA, Poser JW, Russel RGG.
Production of osteocalcin by human bone cells in vitro.



28.

29.

30.

31.

32.

33.

34.

3s.

Effects of etidronate on glucocorticoid-induced bone degradation

Effects of 1,25(0OH ),Dj5, 24,25(0OH ),D;, parathyroid hor-
mone and glucocorticoids. Metab Bone Dis Rel Res
1984;5:229-34.

Gram J, Junker P, Nielsen HK, Bollerslev J. Effects of
short-term treatment with prednisolone and calcitriol on
bone and mineral metabolism in normal men. Bone
1998;23:297-302.

Lems WF, Jacobs JWG, van Rijn HIM, Bijlsma
JWIJ. Changes in calcium and bone metabolism during
treatment with low dose prednisone in young, healthy,
male volunteers. Clin Rheumatol 1995;14:420-4.

Cosman F, Nieves J, Herbert J, Shen V, Lindsay R. High-
dose glucocorticoids in multiple sclerosis patients exert
direct effects on the kidney and skeleton. J Bone Miner
Res 1994;9:1097-1105.

Barnes PJ, Pedersen S, Busse W. Efficacy and safety of
inhaled corticosteroids. Am J Resp Crit Care Med
1998;157:S1-S53.

Bijvoet OLM, Frijlink K, Jie K et al. APD in Paget’s
disease of bone. Role of the mononuclear phagocyte
system? Arthritis Rheum 1980;23:1143-1203.

Price PA, Willlamson MK, Baukol SA. The vitamin
K-dependent bone protein and the biological response of
bone to 1,25 dihydroxyvitamin D;. In: Veis A, ed. The
chemistry and biology of mineralized connective tissues.
New York: Elsevier/North Holland, 1981:327-35.

Tobias JH, Laversuch CJ, Chambers TJ, Gallagher AC.
Aminohexane bisphosphonate suppresses bone turnover
in post menopausal women more rapidly than oestrogen-
gestagen therapy. Br J Rheumatol 1996;35:636-41.
Papapoulos SD, Frohlich M, Mudde AH, Harinck HIJ,
Berg H, Bijvoet OLM. Serum osteocalcin in Paget’s disease
of bone: Basal concentrations and response to bisphos-

36.

37.

38.

39.

40.

41.

42.

529

phonate treatment. J Clin Endocrinol Metab
1987;65:89-94.

Koster JC, Hackeng WHL, Mulder H. Diminished effect
of etidronate in vitamin D deficient osteopenic post-
menopausal women. Eur J Clin Pharmacol 1996;51:145-7.
Boonekamp PM, vd Wee-Pals LJA, v Wijk-v Lennep
MML, Thesingh CW, Bijvoet OLM. Two modes of action
of bisphosphonates on osteoclastic resorption of mineral-
ized matrix. Bone Miner 1986;1:27-39.

Adami S, Frijlink WB, Bijvoet OLM, O’Riordan JHL,
Clemens TL, Papapoulos SE. Regulation of calcium
absorption by 1,25-dihydroxyvitamin D. Studies of the
effect of a bisphosphonate treatment. Calcif Tissue Int
1982;34:317-20.

Papapoulos SE, Harinck HI1J, Bijvoet OLM, Gleed JH,
Fraher LJ, O’Riordan JHL. Effects of decreasing serum
calcium on circulating parathyroid hormone and vitamin
metabolites in normocalcaemic and hypercalcaemic
patients treated with APD. Bone Miner 1986;1:69-78.
Staal A, van den Bemd GJ, Birkenhager JC, Pols HAP,
van Leeuwen JP. Consequences of vitamin D receptor
regulation for the 1,25 dihydroxyvitamin Dj-induced
24-hydroxylase activity in osteoblast-like cells: initiation
of the c24-oxidation pathway. Bone 1997;20:237-43.
Zhang R, Ducy P, Karsenty G. 1,25 dihydroxyvitamin D
inhibits osteocalcin expression in mouse through an indir-
ect mechanism. J Biol Chem 1997;272:110-6.

Lian JB, Shalhoub V, Aslam F, Frenkel B, Green J,
Hamrah M er al. Species-specific glucocorticoid and 1,25
dihydroxyvitamin D3 responsiveness in mouse mc3t3-El
osteoblast: dexamethasone inhibits osteoblast differenti-
ation and vitamin D down-regulates osteocalcin gene
expression. Endocrinology 1997;138:2117-27.



