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Effects of Glucocorticoid on Bone Metabolism Markers and
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INTRODUCTION

Glucocorticoid-induced osteoporosis has been
recognized since 1932 [1], but its exact
mechanism has not been fully elucidated.
Following factors have been proposed to be
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Abstract:

Statement of Problem: Glucocorticoid-induced osteoporosis is characterized by a
decrease in osteoblast numbers and a marked impairment of new bone formation.
Purpose: The ain of present study was to evaluate the effect of methylprednisolone
acetate on bone metabolism and bone mineral density in rats.

Materials and Methods: Eighteen male Sprague Dawley rats (8 weeks old, weighting
180 gm) were randomly divided into three groups: Group A (n=6), was a baseline
control consisting of normal animals. Group B (n=6), was treated only by normal saline
injection (0.9%) and group C (n=6), injected Methylprednisolone acetate (0.2 mg/kg/s.c.
3 times/week for 4 weeks). Changes in biochemical agents of serum calcium were
evaluated by measuring acid phosphatase and osteocalcin, before and after treatment.
Bone mineral density (BMD) of the lumbar vertebrae was also measured by dual energy
x-ray absorptiometry (DEXA).

Results: The results showed that, serum calcium levels were not affected by
methylprednisolone acetate (p>0.05), but acid phosphatase levels of serum increased
significantly (p<0.05). In addition, the serum osteocalcin levels and bone mineral
density of lumbar vertebrae decreased significantly (p<0.05) in the methylprednisolone
acetate-treated group as compared to the other groups.

Conclusions: The findings indicate that administration of methylprednisolone acetate
decreases bone formation and increases bone resorption in the lumbar vertebrae.
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involved in the pathogenesis of osteopenia:
decreased of intestinal calcium absorption [2-
4] and decreased renal tubular calcium
reabsorption with a consequent increase of the
urinary calcium level [5,6]. Diminished
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calcium absorption and increase of its
excretion could lead to  secondary
hyperparathyroidism [7,8]. In addition, in
steroid-induced osteoporosis, gonadotropine
and sex steroid production is down regulated
[9] and synthesis of local osteoblast growth
factors, such as insulin-like growth factor
(IGF)-1, (IGF)-2 and transforming growth
factor-B (TGF-B) is repressed [10]. However,
the principal cause of decreased bone mass in
steroid-induced osteoporosis is a marked
reduction in osteoblast number and function,
resulting in reduced new bone formation. The
differentiation of osteoblasts is controlled by
growth factors and cytokines [11-14]. Low
doses of glucocorticoids are essential for
normal osteoblast function and inducing
osteoblast differentiation by increasing the
expression of mature bone markers, such as
alkaline phosphatase and osteocalcin [15].
However, the high doses used to achieve
clinical immune suppression, dramatically
reduce the number and function of mature
osteoblasts, with a decrease in osteocalcin. It
has been shown that glucocorticoid-treated
mice exhibit a threefold increase in apoptosis
of vertebral osteoblasts and that apoptosis is
detected in as many as 28% of the osteocytes
in the metaphyseal cortical bone [14]. Bone
loss with resulting fractures is one of the most
dramatic outcomes of steroid therapy. Steroid-
induced osteoporosis is produced by the
imbalance between bone formation and bone
resorption. Most patients do not develop
osteoporosis at the beginning of glucocorticoid
therapy and therefore it is important to identify
people who are at the risk of osteoporosis by
closer follow up. Evaluation of urine and
serum calcium concentration and bone mineral
density is helpful in assessing calcium balance
[16]. Serum osteocalcin has been commonly
employed clinically as a bone formation
marker and has been used to assess the effects
of experimental agents on bone metabolism in
several animal models [17].
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Dual energy X-ray absorptiometry (DEXA)
has been proven to be a precise and reliable
method for measuring bone mineral density
(BMD) in rat models, both in vivo and in vitro
[18,19]. The aim of the present study was to
evaluate the effect of methylprednisolone
acetate on bone metabolism in rats by use of
biochemical markers and bone mineral
densitometry.

MATERIALS AND METHODS
Glucocorticoid treatment of animals:
Eighteen male Sprague Dawley rats (8 weeks
old, weighting 180g) were used in this study.
The animals were kept in plastic cages, under
standard laboratory conditions with a constant
temperature of 24 degrees centigrade and a 12-
h light, 12-h dark cycle. All rats were
maintained on a standard diet of laboratory rat
chow containing 0.75% calcium, 0.6%
phosphorus, 500 IU /kg vitamin D3 and had
free access to tap water. They were kept on
this diet throughout the study period. The
animals were divided randomly into three
groups: Six rats served as the baseline control
(group A), Six rats as sham (group B),
receiving normal saline by subcutaneous
injection (0.9%, 100 microliter/100g body
weight, 3 times/week for 4 weeks), and finally
the remaining 6 rats (group C), were injected
Methylprednisolone acetate (Red Crescent,
Iran) subcutaneously (0.2 mg/kg, 3 times/week
for 4 weeks).

In order to assess bone metabolic markers,
blood was drawn before the injections by
puncturing the orbital sinus under diethyl ether
anesthesia, and the same procedure was
repeated before scarifying the animals. The
blood samples were immediately centrifuged
and serum samples were stored at -70 degrees
centigrade until assays were performed. All
rats were scarified by overdosing the diethyl
ether at the end of the 4 week period. For
evaluation of the lumbar vertebrae bone mass,
mineral densitometry was performed.
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Determination of Bone Metabolic Markers:
Total serum calcium and acid phosphatase
were determined by a spectrophotometer using
commercially available test kits (Ziestchem
diagnostic, Tehran, Iran) [20]. Serum osteocalcin
was assessed by enzyme immunoassay (DRG
Instrument GmbH, Germany).

Bone Mass Measurement: The bone mineral
content of lumbar vertebrae was measured by
dual energy X-ray absorptiometry (DEXA)
using the Norlaand small subject, resolution
0.5 X 0.5 mm, speed 60mm/s, Host scanner
3.2,3.2 and 1.1. Bone mineral density (BMD)
was expressed as gram of mineral per unit area
of bone (g/cm2).

Statistical Analysis: The obtained bio-
chemical markers and BMD measurements
were analyzed using the one way analysis of
variance (ANOVA). Duncan and Dunnett tests
were utilized to compare the mean values
between the three groups. Statistical
significance was set at a p value of <0.05.

RESULTS

Effects of methylprednisolone acetate on
serum bone biochemical markers: Table 1,
demonstrates serum calcium levels in groups
A, B and C before and after treatment. A
statistically significant difference (P<0.05)
was not observed in serum calcium levels
among the groups before and after treatment.
In addition, serum osteocalcin concentration
means did not show a statistically significant
difference between the three groups before the

treatments. After treatment, the concentration
of serum osteocalcin (a parameter of bone
formation) was significantly lower (P<0.05) in
group C, in comparison to the control groups.
Table 1 also shows the levels of serum acid
phosphatase in all three groups before and
after treatment. A statistically significant
difference was not observed between groups
before treatment (P>0.05); but, after treatment,
the level of serum acid phosphatase increased
significantly (P<0.05) in the glucocorticoid
treated rats as compared to the other groups.
Administration of methylprednisolone acetate
decreased the level of serum osteocalcin
(P<0.05) and increased serum acid
phosphatase (P<0.05).

Effect of methylprednisolon acetate on
lumbar vertebrae BMD: After 4 weeks of
glucocorticoid treatment, bone mineral content
and bone mineral density (g/cm2) decreased
significantly (P<0.05) in the glucocorticoid
treated animals as compared to the other
groups (Table 1 and Fig. 1A,B).

DISCUSSION

The present study was designed to evaluate the
effect of glucocorticoides on bone metabolism
in rats by using biochemical markers and
measuring bone mineral density. According to
our results, administration of 0.2 mgkg
methylprednisolone acetate causes bone loss in
rats. This is in agreement with previous
findings [16,21] which have shown that
administration of glucocorticoid, leads to a

Table I: Serum biochemical markers and bone mineral density (BMD) of lumbar vertebra in studied groups.
Ca=Calcium, AcP=Acid Phosphatase, Osc=Osteocalcin, MPA=Metyl Prednisolone Acetate, BMD=Bone Mineral

Density, A=After treatment, B=Beafor treatment

Elements Ca(mg/d)B  Ca(mg/dl)A  AcP(tu/l)B  AcP(tu/)A  Osc(ng/mHA  BMD(g/cm?)A

Control  8.87(0.97)  894(0.95)  26.33(7.36) 30.44(6.09) 3.49 (1.84) 0.1362 (5.94E0.4)
Placebo  8.82(0.06)  8.60(50.96)  26.83 (6.07) 33.35(6.34) 2.22(0.62) 0.1320 (1.19E0.2)
MPA 8.76 (0.51)  8.23(0.55)  35.81(10.03) 55.10 (14.73) 1.50(0.59) 0.1201 (7.57E0.3)

Values are average (standard deviation)
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Fig.1: Bone mineral densities of lumbar vertebra in control (A), Placebo (B), and Methyl Prednisolone acetate

(C) groups.

decrease in bone mass.

The rat model of glucocorticoid-induced
osteoporosis has been well documented,
although rats have been reported to be
relatively resistant to glucocorticoid-induced
bone damage, both in vivo and in vitro [21].
However in several in vivo studies, marked
inhibition of bone formation [22] and decrease
in BMD [23] and cortical strength [23] have
been reported. Prednisolone treatment,
increased the 24-h renal calcium excretion by
45% and induced a small increase in serum
PTH without affecting serum 1,25(OH), D3
and serum calcium [24]. Other studies using
short courses of glucocoricoids have also
shown increased renal calcium excretion and
unaltered serum calcium levels [25].
Glucocorticoid administration could decrease
intestinal absorption of calcium [3] and
intestinal hyperabsorption is unlikely to be the
cause of the urinary calcium excretion found
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in prednisolone-treated cases [24]. More likely
glucocorticoids may enhance renal calcium
excretion directly by altering the tubular
reabsorption [3,26] or indirectly by an
increased filtered calcium load secondary to
rapidly decreasing bone formation or
increasing bone resorption [26]. On the other
hand the unaltered serum calcium may be
caused by a concomitant net increment of bone
resorption. The results of the present study are
in accordance with these findings. Tartrate-
resistant acid phosphatase (TRAP) is a
lysosomal hydrolyser, which has been shown
to be released from osteoclasts during bone
resorption. Acid phosphatase is present in
bone, spleen, prostate, erythrocytes and
platelets. In serum, only bone and erythrocyte
isoenzymes of acid phosphatase are insensitive
to tartrate, Therefore in the absence of
hemolysis, the activity of this isoenzyme,
TRAP, can be used as an index of osteoclastic

67



Journal of Dentistry, Tehran University of Medical Sciences

Sobhani et al

activity, i,e bone resorption [27]. In the present
study serum acid phosphatase was increased in
the experimental group as compared to the
other groups. Some researchers reported that
osteocalcin is a noncollagenous matrix protein
produced by osteoblasts and serum osteocalcin
correlates with the rate of bone mineralization
[28]. Other investigators stated that gluco-
corticoids inhibit bone formation both by a
direct inhibition of osteoblast function and by
a suppression of the proliferation and
differentiation of osteoblast precursor cells [7].
Prednisolone treatment has been shown to
inhibited bone formation as estimated by a
decrease in osteocalcin levels [25,29]. In the
present study, serum osteocalcin levels
decreased in the experimental groups at the

end of the 4™ week.

CONCLUSION

Utilizing biochemical markers and Bone
Mineral Densitometry (BMD), this study

confirmed that 0.02mg/kg methylprednisolone
acetate administration (3 times a week for 4
weeks) could induce osteoporosis in rats.

REFRENCES

1- Cushing H. The basophil adenomas of the
pituitary body and their clinical manifestations
(pituitary basophilism), 1932. Obes Res 1994
Sep;2(5):486-508.

2- Goulding A, Gold E. Effects of dietary sodium
chloride loading on parathyroid function, 1,25-
dihydroxyvitamin D, calcium balance, and bone
metabolism in female rats during chronic
prednisolone administration. Endocrinology 1986
Nov;119(5):2148-54.

3- Hahn TJ, Halstead LR, Baran DT. Effects off
short term glucocorticoid administration on
intestinal calcium absorption and circulating
vitamin D metabolite concentrations in man. J Clin
Endocrinol Metab 1981 Jan;52(1):111-5.

4- Morris HA, Need AG, O'Loughlin PD,
Horowitz M, Bridges A, Nordin BE.
Malabsorption of calcium in corticosteroid-induced

68

osteoporosis. Calcif  Tissue Int 1990
May;46(5):305-8.

5- Nielsen HK, Thomsen K, Eriksen EF, Charles
P, Storm T, Mosekilde L. The effects of high-dose
glucocorticoid administration on serum bone
gamma carboxyglutamic acid-containing protein,
serum alkaline phosphatase and vitamin D
metabolites in normal subjects. Bone Miner 1988
Apr;4(1):105-13.

6- Suzuki Y, Ichikawa Y, Saito E, Homma M.
Importance of increased urinary calcium excretion
in the development of secondary
hyperparathyroidism of patients under
glucocorticoid  therapy.  Metabolism 1983
Feb;32(2):151-6.

7- Canalis E. Related Clinical review 83:
Mechanisms of glucocorticoid action in bone:
implications to glucocorticoid-induced
osteoporosis. J Clin Endocrinol Metab 1996
Oct;81(10):3441-7. Review.

8- Hahn TJ. Corticosteroid-induced osteopenia.
Arch Intern Med 1978 May 15;138 Spec No:882-5.
9- Lukert BP, Raisz LG. Glucocorticoid-induced
osteoporosis: pathogenesis and management. Ann
Intern Med 1990 Mar 1;112(5):352-64. Review.
10- Camp HS, Tafuri SR. Regulation of
peroxisome proliferator-activated receptor gamma
activity by mitogen-activated protein kinase. J Biol
Chem 1997 Apr 18;272(16):10811-6.

11- Ahdjoudj S, Lasmoles F, Oyajobi BO, Lomri
A, Delannoy P, Marie PJ. Reciprocal control of
osteoblast/chondroblast and osteoblast/adipocyte
differentiation of multipotential clonal human
marrow stromal F/STRO-1(+) cells. J Cell
Biochem 2001;81(1):23-38.

12- Hulley PA, Gordon F, Hough FS. Inhibition of
mitogen-activated protein kinase activity and
proliferation of an early osteoblast cell line (MBA
15.4) by dexamethasone: role of protein
phosphatases. Endocrinology 1998
May;139(5):2423-31.

13- Manolagas SC. Birth and death of bone cells:
basic regulatory mechanisms and implications for
the pathogenesis and treatment of osteoporosis.
Endocr Rev 2000 Apr;21(2):115-37. Review.

2005; Vol. 2, No. 2



Sobhani et al

Effects of Glucocorticoid on Bone ...

14- Weinstein RS, Jilka RL, Parfitt AM,
Manolagas SC. Inhibition of osteoblastogenesis
and promotion of apoptosis of osteoblasts and
osteocytes by glucocorticoids. Potential
mechanisms of their deleterious effects on bone. J
Clin Invest 1998 Jul 15;102(2):274-82.

15- Shalhoub V, Conlon D, Tassinari M, Quinn C,
Partridge N, Stein GS, Lian JB. Glucocorticoids
promote development of the osteoblast phenotype
by selectively modulating expression of cell
growth and differentiation associated genes. J Cell
Biochem 1992 Dec;50(4):425-40.

16- Okazaki Y, Tsurukami H, Nishida S, Okimoto
N, Aota S, Takeda S, Nakamura T. Prednisolone
prevents decreases in trabecular bone mass and
strength by reducing bone resorption and bone
formation defect in adjuvant-induced arthritic rats.
Bone 1998 Oct;23(4):353-60.

17- Ismail F, Epstein S., Fallon MD, Thomas SB,
Reinhardt TA. Serum bone gla protein and the
vitamin D  endocrine  system in  the
oophorectomized rat.  Endocrinology 1988
Feb;122(2):624-30.

18- Griffin MG, Kimble R, Hopfer W, Pacifici R.
Dual-energy x-ray absorptiometry of the rat:
accuracy, precision, and measurement of bone loss.
J Bone Miner Res 1993 Jul;8(7):795-800.

19- Sievanen H, Kannus P, Jarvinen M. Precision
of measurement by  dual-energy  X-ray
absorptiometry of bone mineral density and
content in rat hindlimb in vitro.J Bone Miner Res
1994 Apr;9(4):473-8.

20- Furuichi H, Fukuyama R, Izumo N, Fujita T,
Kohno T, Nakamuta H, Koida M. Bone-anabolic
effect of salmon calcitonin on glucocorticoid-
induced osteopenia in rats.Biol Pharm Bull 2000
Aug;23(8):946-51.

21- Hulley PA, Conradie MM, Langeveldt CR,
Hough FS. Glucocorticoid-induced osteoporosis in
the rat is prevented by the tyrosine phosphatase
inhibitor, sodium orthovanadate.Bone 2002

2005; Vol. 2, No. 2

Jul;31(1):220-9.

22- Shen V, Birchman R, Liang XG, Wu DD,
Lindsay R, Dempster DW. Prednisolone alone, or
in combination with estrogen or dietary calcium
deficiency or immobilization, inhibits bone
formation but does not induce bone loss in mature
rats.Bone 1997 Oct;21(4):345-51.

23- Ortoft G, Oxlund H. Qualitative alterations of
cortical bone in female rats after long-term
administration  of  growth  hormone and
glucocorticoid.Bone 1996 Jun;18(6):581-90.

24- 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 Sep;23(3):297-302.

25- 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
Jul;9(7):1097-105.

26- Schapira D, Linn S, Sarid M, Mokadi S,
Kabala A, Silbermann M. Calcium and vitamin D
enriched diets increase and preserve vertebral
mineral content in aging laboratory rats. Bone
1995 May;16(5):575-82.

27- Gala J, Diaz-Curiel M, de la Piedra C, Calero
J. Short-and long-term effects of calcium and
exercise on bone mineral density in ovariectomized
rats. Br J Nutr 2001 Oct;86(4):521-7.

28- Brixen K, Nielsen HK, Eriksen EF, Charles P,
Mosekilde L. Efficacy of wheat germ lectin-
precipitated alkaline phosphatase in serum as an
estimator of bone mineralization rate: comparison
to serum total alkaline phosphatase and serum
bone  Gla-protein.Calcif Tissue Int 1989
Feb;44(2):93-8.

29- Prummel MF, Wiersinga WM, Lips P, Sanders
GT, Sauerwein HP. The course of biochemical
parameters of bone turnover during treatment with
corticosteroids.J] Clin Endocrinol Metab 1991
Feb;72(2):382-6.

69



Ol gt poad g3lio G SLES 33 i 95 555" o5 o5 5!
Rat o)l gl givao S o

rel.falf S Sl .8 —igswv\.ﬁ.o £ —Qs;laﬂ £ —\Q‘Zéu.ualg: N —Yéé')ﬁ 4 —\@bqw £

Il Ol ol (S5 il oSl ¢ Sy oS (P psle (o3398] 05, Sl £ e oy
Il el Ol Sby pole oKl (Kb 018l gyt pole bjgel 09,5 ye

Ol Ol -l Sy pole olKlh (Kb 015l gondgn (sbigel 09,5 esils '

S O L oy 5 (S e oSl o Kby 015 sl (Bige] 3,8 okl

ol

2 Sl pasioe pals  Lacewdginnl i 3 (ials @90 o 1aassSisyss ol j1 b g sl :ailes Oby
D g pasude e sl

A pbol Rat lgscw] Saxe JBs g pmddgilie p Sliwl 9o e 1 fpund Baa b pols adllas i B0

09,5 dw dy Bolas o b ay (p)5 VAL 2905 (59 9 an A oy L) Sprague Dawley sl 51 5 Rat VA slaxs @ §a85 5595
3 C 0555 3 545 ploml clloJlo s 30,5 B g3 5 39 s plls slasises Job (1012) A 05, 153 s (U F
Ol b By F Ol s PSS 32 Slil 4 o)Xk /Y e s atin 3 LY g atin ¥ e @ gy ) glg o e
Oyl ine JLSs b dulio Loy e 5 b (550l b S sitl g 0lind sl iy ol Sluanign Jolgs
A5 e (Dual Energy X ray Absorptiometry) DEXA g, 5l edlatol b (508 (slae e (BMD)

iaI3E (5 f3isine yob 2 s Wlan sl Ll (P> /+0) L yusts il glg3iase Syl o0 cp s S’ s HUbidly
it 0555 )3 5 bisine y3b & (508 Sloe e 4l 53 Syl idss JSa 5 (o dS il s (P /-0) ol
(P<+/+0) cél Lials” bl oyglg50,

35 IS LS s il (glg3a Jiio 5195 o 3,5 el plyicoe 3650 ol 5l Sl ol ull 38 S domad
3dien (505 sl gl o Jaljél g gl

il e Jz 1ol pudslio (sln SIS £ 5l 13555,58 55 S 1 SlS” (S0l

(VPAF Jlo ¥ o led ,F 5,95) Ol g5 (Sloss s sidlage Oloas 9 (S jy pole al&ails (Sub juilass doxo





