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Abstract

Osteoporosis is a disease with clinical symptoms of loss of bone mass and
deterioration of microarchitecture on body skeleton, which results in an increased risk
of fractures. The loss of calcitonin and estrogen production in menopause is the major



risk factor for osteoporosis, causing increased skeletal resorption and relatively
decreased bone formation. Bisphosphonates have recently gained an increasing role
in the management of osteoporosis. The aminobisphosphonate, Fosamax®
(alendronate sodium, MSD) has recently been introduced as a new agent for the
treatment of postmenopausal osteoporosis. The purpose of this study is to evaluate
the effect of Fosamax® and SDCP on osteoporosis. We also try to elucidate the
mechanisms of Fosamax® and SDCP on osteoporosis.

In the study, Fosamax®and SDCP were dissolved in 1ml distilled water as suspension
for oral administration. Two-month-old sham-operated and OVX female W.S. rats
were used as experimental animals. After one mouth of OVX, the animals were
started to feed with Fosamax®, SDCP and placebo. The test animals were divided into
6 groups. The animals of the 1% group were treated by Fosamax® via oral
administration with a daily dose of 1.0mg. The animals for the 2", 3" and 4™ group
were orally administrated by SDCP with a daily dose of 1.0mg, 0.5mg, and 0.25mg,
respectively. The normal saline was used as placebo for the animal of 5™ group. The
6™ group was controlled group without any treatment. All the animals were caged
separately with air condition, auto-washing, and humidity control. After administrated
all kinds of drug for a period of time, the animals were scarified. The trabecula number
and structure around the epiphyseal area were examined by histological observation.
The righ humerus, ulna, radius, femur, and tibia were harvested to evaluate BMD by
the method of bone ash. Serum alkaline phosphonatase (ALP) and parathyroid
hormone (PTH) assay were measured to evaluate the bone turnover rate.

After ingestion of either alendronate or sintered dicalcium pyrophosphate for one
month, most of the biochemical parameters did not show any significant change. After
ovariectomy, there is significant thinning and disconnection of trabeculae in the
lumbar vertebrae when compared with the shamed operated normal control. After
ingestion of the alendronate and/or sintered dicalcium pyrophosphate, the
trabeculation of lumbar vertebrae showed thickening of trabeculae with restoration of
interconnection.

Thus, sintered dicalcium pyrophosphate can increase bone mass in the
ovariectomized rat. The possible clinical application of SDCP in the osteoporosis will
be established.
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INTRODUCTION

Osteoporosis is a major health-care problem of ageing communities. Postmenopausal
osteoporosis is a common disorder characterized by an increase in bone resorption
relative to bone formation, generally in conjunction with an increased rate of bone



turnover. The progressive decrease in bone mass leads to an increased susceptibility
to fractures, which result in substantial morbidity and mortality. The ultimate goal of
pharmacologic treatment in osteoporosis is to reduce the risk of fractures by
increasing bone mass of normal quality. Sintered dicalcium pyrophosphate is a
synthetic compound that has been proved to be quite biocompatible to bone tissue in
the animal model (Lin et al. 1995). Later, sintered dicalcium pyrophosphate was
shown to be more biocompatible than hydroxyapatite (Sun et al. 1997). As a
pyrophosphate analogs, sintered dicalcium pyrophosphate should be useful in clinical
setting characterized by abnormal bone resorption such as osteoporosis. In this study,
we use ovariectomized rat model is to evaluate the effects of sintered dicalcium
pyrophosphate on the prevention of osteoporosis.

MATERIALS AND METHODS

Thirty-six female rats weighing between 250-350 g were used in this study. They were
randomly divided into six groups. In Group A, the negative normal control group,
sham operation without ovariectomy was performed. The Group B was positive
osteoporotic control group. The rats in Groups B to F received bilateral ovariectomy
via bilateral retroperitoneal approaches. In the Groups A and B, starch were given;
while in the group C, Alendronate sodium 10 mg/day was given. In the Groups D to F,
sintered dicalcium pyrophosphate (Sun et al. 1997-b) 2.5 mg, 5 mg, and 10 mg/day
were given, separately. The animals were sacrificed at 4 weeks after treatment. For
all rats, whole blood samples were obtained for the biochemical study of bone
metabolism including alkaline phosphatase, aspartate aminotransferase and alanine
aminotransferase (GOT/GPT), amylase, creatinine, calcium, inorganic phosphorus
content and parathyroid hormone. Long bone of four limbs and lumbar spine were
harvested immediately. The long bones of four limbs were trimmed of soft tissue, the
weight of bone ashes of each long bone was measured for further analysis. The
histomorphologic study of cancellous bone was made at the lumbar vertebrae.
RESULTS

After ingestion of either alendronate or sintered dicalcium pyrophosphate for one
month, most of the biochemical parameters in serum including aspartate
aminotransferase and alanine aminotransferase (GOT/GPT), amylase, creatinine,
calcium, inorganic phosphorus did not show any significant change. After
ovariectomy, the alkaline phosphatase titer in the serum increased from 167.5 U/L in
the normal rats to 355.0 U/L in the ovariectomized rats; ingestion of alendronate did
not affect the increase in alkaline phosphatase titer by ovariectomy, but the ingestion
of sintered pyrophosphate did decrease the alkaline phosphatase titer in the
ovariectomized rats. After ovariectomy, the parathyroid hormone in the serum did not
showed any statistical change when compared to that of the normal rats; ingestion of



alendronate or sintered pyrophosphate increased the parathyroid hormone titer in the
ovariectomized rats. After ovariectomy, there is significant thinning and disconnection
of trabeculae in the lumbar vertebrae when compared with the shamed operated
normal control. After ingestion of the alendronate and/or sintered dicalcium
pyrophosphate, the trabeculation of lumbar vertebrae showed thickening of
trabeculae with restoration of interconnection. When compared with the
ovariectomized rats, ingestion of 10 mg/day alendronate increased the bone ashes,
1.44%, 7.84%, 1.38% and 0.01% in the bone ashes of arm, forearm, femur and tibia
separately; while ingestion of 10 mg/day sintered dicalcium pyrophosphate increased
the bone ashes, 6.65%, 13.1%, 10.36% and 6.21% in the bone ashes of arm,
forearm, femur and tibia separately.

DISCUSSION

The ingestion of either alendronate or sintered dicalcium pyrophosphate did not have
any deleterious effect on the liver, kidney and pancrease, since there is no significant
changes in the biochemical parameters such as aspartate aminotransferase and
alanine aminotransferase, amylase, creatinine, calcium, and inorganic phosphorus.
The alendronate is a potent inhibitor of bone resorption. To maintain the calcium and
phosphorus homeostasis, the ovariectomized rats must secret more parathyroid
hormone to achieve this goal. This is the reason why the ingestion of alendronate or
sintered pyrophosphate did significantly increase the parathyroid hormone titer in the
ovariectomized rats. After ovariectomy, the ingestion of alendronate increased the
bone mineral contents in the long bones; while the effects were even better after
ingestion of sintered dicalcium pyrophosphate. Like bisphosphonates, the fine
mechanism or mechanisms by which sintered dicalcium pyrophosphates act on bone
resorption are not known; however, they seem to be due either to direct inhibition of
osteoclasts, cells that may be derived from granulocyte-macrophage colony forming
units, or to an indirect effect on secretion of soluble osteoclast-activating factors by
osteoblasts. However, this hypothesis needs to be evaluated in the further study.
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