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Abstract:

Long-term administration of heparin can lead to development of osteoporosis. The aim of the present study was to examine the

effects of standard heparin and low-molecular-weight heparins (nadroparin, enoxaparin, parnaparin and dalteparin) on osteoclast

formation from neonatal murine bone marrow cells stimulated by 1,25-dihydroxyvitamin D� in vitro. Standard heparin

(0.1–10 IU/ml) and low-molecular-weight heparins (1–100 anti-Xa IU/ml) affected the formation of osteoclasts in two directions. In

the rat bone marrow cell cultures, at lower concentrations, the heparins tended to increase the formation of osteoclasts, whereas at the

highest concentrations (10 IU/ml and 100 anti-Xa IU/ml, respectively) they tended to decrease the number of osteoclasts. In the

mouse bone marrow cell culture, the heparins suppressed the formation of osteoclasts, with the exception of standard heparin at

0.1 IU/ml which intensified the process. Results of the present study indicate species differences in the sensitivity of bone marrow

cells to standard heparin and low-molecular-weight heparins.
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Introduction

Long-term administration of heparin can lead to de-

velopment of osteoporosis. Heparin-induced osteopo-

rosis is a rare but potentially serious complication of

therapy with standard heparin and low-molecular-

weight heparins [36].

Heparin-induced osteoporosis has been studied in

in vivo and in vitro models. Although the exact

mechanism of the damaging effect of heparin on the

skeletal system remains unclear, numerous experi-

mental data indicate that standard heparin disturbs

bone formation and accelerates bone resorption [3,

21, 24, 26, 31]. Standard heparin has been reported to

affect the formation and activity of osteoclasts [6, 37].

Low-molecular-weight heparins have a number of

advantages over standard heparin [18]. It is not clear

if low-molecular-weight heparins cause lesser os-

teopenia. Only a few studies were conducted in order

to establish the risk of development of skeletal

changes associated with administration of low-

molecular-weight heparins in humans [1, 5, 20, 25,

28, 32, 38]. There are reports from in vitro and in vivo

animal experiments indicating weaker effect of some

low-molecular-weight heparins on bones than that of

standard heparin [3, 22, 23, 26, 31] and reports indi-

cating similar effects of low-molecular-weight hepar-

ins and standard heparin on the skeletal system [9, 19].

Low-molecular-weight heparins differ in terms of

their molecular weights, pharmacokinetics and poten-

cies [16] and according to the US Food and Drug Ad-
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