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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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ministration they should be considered as individual
drugs [7]. The aim of the present study was to exam-
ine effects of 4 low-molecular-weight heparins
(nadroparin, enoxaparin, parnaparin and dalteparin)
and standard heparin on osteoclast formation,
stimulated by 1,25-dihydroxyvitamin D3, from neona-
tal murine bone marrow cells in vitro.

Materials and Methods

Materials

Dulbecco’s modified Eagle medium (DMEM) (Gibco,
UK), Dulbecco’s modified Eagle medium without
Na pyruvate and NaHCO3 (Gibco, UK), HEPES
(N-[2-hydroxyethyl]piperazine-N´-[2-ethanesulfonic acid])
buffer solution 1 M (Gibco, UK), sodium pyruvate
0.1 M (Sigma Chemical Co., MO), penicillin-streptomycin
solution with 10 000 units of penicillin and 10 mg of
streptomycin per ml in 0.9% NaCl (Sigma Chemical
Co., MO), fetal bovine serum (FBS) (Gibco, UK),
1�,25-dihydroxycholecalciferol (Sigma Chemical
Co., MO), cacodylic acid sodium salt (Sigma Chemi-
cal Co., MO), paraformaldehyde (Sigma Chemical
Co., MO), leukocyte acid phosphatase kit (Sigma
Diagostics, MO, procedure 386). Heparins: heparin
sodium (Heparin “Biochemie”, Biochemie, Austria),
nadroparin calcium (Fraxiparine, Sanofi-Winthrop,
France), enoxaparin sodium (Clexane, Bellon-
Rhône-Poulenc Rorer, France), parnaparin sodium
(Fluxum, Alfa Wassermann, Italy), dalteparin sodium
(Fragmin, Pharmacia & Upjohn, Sweden).

Osteoclast formation from murine bone marrow

cells

Pregnant Wistar rats and BALB/c mice were obtained
from the Animal Farm, Medical University of Silesia.
Bone marrow cells from long bones of 3–10-day-old
rats and 6–9-day-old mice were obtained and cultured
as previously described [34, 35]. The procedure of the
experiments on animals was approved by the Local
Ethics Commission, Katowice, Poland.

Long bones from neonatal rats or mice were asepti-
cally removed and dissected free of soft tissues.
Bones were longitudinally sectioned and marrow
cavities were flushed with DMEM, containing 10%
(v/v) FBS, and 1% (v/v) penicillin/streptomycin solu-

tion, buffered with 10 mmol/l HEPES. The suspen-
sion containing bone fragments was pipetted to re-
lease the cells. After sedimentation of the bone frag-
ments, cell suspension was centrifuged at 250 × g for
10 min. Pellet was resuspended in DMEM with 10%
(v/v) FBS and 1% (v/v) penicillin/streptomycin solu-
tion (final concentrations of 100 U/ml of penicillin and
0.1 mg/ml of streptomycin). Bone marrow cells were
then plated in 12- or 48-well culture plates (Nunc,
Denmark) and incubated at 37°C in 5% CO2 in hu-
midified air. The next day after plating, the medium
was replaced with fresh medium with addition of
1,25-dihydroxyvitamin D3 (10–8 M) and commer-
cially available heparins. Standard heparin was used
at concentrations of 0.1, 0.5*, 1 and 10 IU/ml (* – rat
cultures only). Low-molecular-weight heparins (nadroparin,
enoxaparin, parnaparin and dalteparin) were used at
concentrations of 1, 10, 15* and 100 anti-Xa IU/ml
(* – rat cultures only). The culture media were refreshed
every second day.

The cultures were ended 7 (rat cells) or 9 (rat and
mouse cells) days after plating. Culture medium was
discarded and the cells were rinsed twice with 0.1 M
cacodylate buffer (pH 7.2) and fixed for 15 min at
room temperature with 3% paraformaldehyde in the
cacodylate buffer. Cells were then rinsed twice with
cacodylate buffer and stained for tartrate-resistant
acid phosphatase (TRAP). TRAP staining was per-
formed histochemically with a commercially avail-
able kit (Sigma Diagostics, procedure 386) [34].

Large, multinucleated, TRAP-positive cells were
considered osteoclasts. Some osteoclasts undergo
apoptosis during the culture, remaining visible as
characteristic and easily recognizable “ghosts” [35].
The number and mean diameter of osteoclasts, the to-
tal number of osteoclast-like giant cells (osteoclasts and os-
teoclast “ghosts”) and proportion of osteoclasts in the total
number of osteoclast-like giant cells were determined.

9-Day culture (8 days from the addition of 1,25-
dihydroxyvitamin D3 and heparins) of the bone mar-
row cells has been chosen because it was reported that
in the used method of mouse bone marrow cell cul-
ture, osteoclasts appear on day 6–7 of culture, their
number increases up to day 10, then they rapidly un-
dergo apoptosis [35]. However, as the proportion of
osteoclasts in the total number of osteoclast-like giant
cells in the rat cultures in the present study was rather
low, additional experiments, lasting 7 days (6 days
from the addition of 1,25-dihydroxyvitamin D3 and
heparins), were performed.
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The morphometric measurements were made using
an Optiphot-2 microscope (Nikon), connected through
RGB camera (Cohu) to personal computer (program
Lucia G 4.51, Laboratory Imaging), with final magnifi-
cations of 100–200 times.

The results were obtained from two independent
experiments. Results concerning the number of osteo-
clasts were recalculated for a 48-well-plate well

(1.1 cm2) and are presented as the means ± SEM (n =
3–9 wells), results concerning the mean diameter and
the proportion of osteoclasts in the total number of
osteoclast-like giant cells were obtained from all
counted cells. Student’s t-test for unpaired observa-
tions and Fisher’s exact test were used, when appro-
priate, to compare the results in experimental groups
with those in controls.
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Diameter of osteoclasts
[µm]

Total number of osteoclast-like
giant cells/well

Proportion of osteoclasts in the total number
of osteoclast-like giant cells [%]

Control 396.7 ± 47.7 3.3 ± 1.1 60.0

Standard heparin 0.1 IU/ml 331.2 ± 38.0 3.7 ± 1.9 90.9

Standard heparin 0.5 IU/ml 344.1 ± 38.8 7.0 ± 3.1 90.5*

Standard heparin 1 IU/ml 420.1 ± 61.2 3.3 ± 1.3 90.0

Standard heparin 10 IU/ml 229.3 ± 0.0 1.3 ± 0.9 25.0

Nadroparin 1 anti-Xa IU/ml 400.7 ± 0.0 0.3 ± 0.3 100.0

Nadroparin 10 anti-Xa IU/ml 675.7 ± 91.3* 2.3 ± 1.5 57.1

Nadroparin 15 anti-Xa IU/ml 397.0 ± 48.6 3.7 ± 1.9 72.7

Nadroparin 100 anti-Xa IU/ml 353.9 ± 59.5 3.0 ± 1.5 66.7

Enoxaparin 1 anti-Xa IU/ml 323.9 ± 28.0 9.0 ± 1.2* 81.5

Enoxaparin 10 anti-Xa IU/ml 386.6 ± 24.7 12.3 ± 1.5** 62.2

Enoxaparin 15 anti-Xa IU/ml 361.2 ± 34.6 13.3 ± 2.8** 62.5

Enoxaparin 100 anti-Xa IU/ml 311.5 ± 28.7 4.7 ± 0.7 42.9

Parnaparin 1 anti-Xa IU/ml 325.9 ± 15.9 10.3 ± 2.0** 93.6**

Parnaparin 10 anti-Xa IU/ml 335.4 ± 22.3 11.0 ± 4.0* 75.8

Parnaparin 15 anti-Xa IU/ml 349.8 ± 21.8 6.7 ± 3.3 85.0

Parnaparin 100 anti-Xa IU/ml 294.6 ± 17.4 3.3 ± 1.2 60.0

Dalteparin 1 anti-Xa IU/ml 402.5 ± 48.0 5.7 ± 0.9 58.8

Dalteparin 10 anti-Xa IU/ml 387.9 ± 24.9 10.7 ± 3.3* 81.3

Dalteparin 15 anti-Xa IU/ml 373.4 ± 36.1 11.3 ± 1.2** 70.6

Dalteparin 100 anti-Xa IU/ml 218.1 ± 23.4 2.0 ± 1.0 66.7
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Results

Rat bone marrow cell culture

Standard heparin (0.1–10 IU/ml) and low-molecular-
weight heparins (1–100 anti-Xa IU/ml) affected the
formation of osteoclasts from rat bone marrow cells in
two directions, depending on the heparin concentra-
tion (Fig. 1, 2; Tab. 1, 2).

In rat bone marrow cell cultures, lasting 7 or 9 days,
the heparins at lower concentrations (0.1–1 IU/ml for
standard heparin and 1–15 anti-Xa IU/ml for low-
molecular-weight heparins) tended to increase the os-
teoclast formation (increases in the number of osteo-
clasts and/or osteoclast-like giant cells were ob-
served).

In the 7-day culture, the number of osteoclasts in-
creased in the presence of all the heparins at lower
concentrations (0.1–1 IU/ml for standard heparin and
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Diameter of osteoclasts
[µm]

Total number of osteoclast-like
giant cells/well

Proportion of osteoclasts in the total number
of osteoclast-like giant cells [%]

Control 307.2 ± 9.4 13.1 ± 2.6 40.3

Standard heparin 0.1 IU/ml 334.2 ± 12.8 18.0 ± 3.5 47.1

Standard heparin 0.5 IU/ml 340.0 ± 20.3 16.2 ± 4.2 25.8**

Standard heparin 1 IU/ml 270.7 ± 19.7 22.0 ± 4.9 10.9***

Standard heparin 10 IU/ml 261.1 ± 49.3 4.8 ± 3.1 22.7

Nadroparin 1 anti-Xa IU/ml 332.7 ± 11.3 18.0 ± 3.2 45.2

Nadroparin 10 anti-Xa IU/ml 315.9 ± 16.5 26.0 ± 3.1* 17.4***

Nadroparin 15 anti-Xa IU/ml 326.4 ± 18.7 23.5 ± 1.8 19.8***

Nadroparin 100 anti-Xa IU/ml 367.1 ± 0.0 11.3 ± 4.1 1.4***

Enoxaparin 1 anti-Xa IU/ml 324.6 ± 13.8 25.1 ± 9.1 31.5

Enoxaparin 10 anti-Xa IU/ml 309.3 ± 14.4 18.4 ± 3.0 29.7*

Enoxaparin 15 anti-Xa IU/ml 290.9 ± 12.9 17.6 ± 3.8 26.1**

Enoxaparin 100 anti-Xa IU/ml 296.3 ± 21.1 11.6 ± 4.9 30.8

Parnaparin 1 anti-Xa IU/ml 323.8 ± 12.0 21.8 ± 2.0 51.3*

Parnaparin 10 anti-Xa IU/ml 289.1 ± 13.8 21.2 ± 2.6 20.2***

Parnaparin 15 anti-Xa IU/ml 251.6 ± 16.0* 23.3 ± 3.5 10.8***

Parnaparin 100 anti-Xa IU/ml 185.9 ± 1.9 8.2 ± 4.9 5.1***

Dalteparin 1 anti-Xa IU/ml 274.0 ± 10.6* 20.0 ± 5.5 48.8

Dalteparin 10 anti-Xa IU/ml 270.5 ± 10.9* 32.4 ± 2.2** 18.1***

Dalteparin 15 anti-Xa IU/ml 285.9 ± 14.2 24.0 ± 2.1* 16.2***

Dalteparin 100 anti-Xa IU/ml 279.7± 87.6 6.5 ± 2.3 10.5***
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1–15 anti-Xa IU/ml for low-molecular-weight hepar-
ins), with the exception of nadroparin (Fig. 1).

After the 9-day culture, the number of osteoclasts
tended to increase only at the lowest concentrations of
the heparins (Fig. 2). At the highest concentrations (1
and 10 IU/ml for standard heparin and 100 anti-Xa
IU/ml for low-molecular-weight heparins), in the
9-day culture, the heparins decreased the number of
osteoclasts. The osteoclast number-decreasing effect
of enoxaparin was the weakest.

The total number of osteoclast-like giant cells (os-
teoclasts and osteoclast “ghosts”) also increased in the
presence of the heparins at lower concentrations (with
the exception of nadroparin in the shorter culture). At
the highest used heparin concentrations, in 9-day cul-
ture, the total number of osteoclast-like giant cells
tended to decrease or was not affected (Tab. 1, 2).

The heparins also affected the proportion of osteo-
clasts in the total number of osteoclast-like giant cells,
especially in the 9-day culture (Tab. 1, 2). The propor-
tion was 60.0% and 40.3% in the 7-day and 9-day
control cultures, respectively. In the 7-day culture,
there was a tendency to increase the proportion in the
presence of the investigated heparins, especially stan-
dard heparin (0.1–1 IU/ml). However, after additional
2 days (9-day culture), the proportion of osteoclasts in
the total number of osteoclast-like giant cells signifi-
cantly decreased in the presence of the heparins at
higher concentrations (but not yet at the lowest used
concentrations). From among the low-molecular-
weight heparins, the effect of enoxaparin was the least
pronounced.

The shortening of the osteoclast life-span by the
heparins might contribute to the observed decrease in
the osteoclast number in the 9-day rat culture at the
highest heparin concentrations.

The heparins did not affect rat osteoclast diameter
in a consistent way (Tab. 1, 2).

Mouse bone marrow cell culture

In the mouse bone marrow cell culture (lasting 9 days),
standard heparin at 0.1 IU/ml intensified osteoclast
formation, whereas at higher concentrations (1 and
10 IU/ml) it suppressed osteoclast formation (Fig. 3,
Tab. 3). The low-molecular-weight heparins sup-
pressed the formation of osteoclasts at all used con-
centrations (1–100 anti-Xa IU/ml). The number of os-
teoclasts and the total number of osteoclast-like giant
cells were similarly affected.
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There was no statistically significant effect of stan-
dard heparin and low-molecular-weight heparins on
the proportion of osteoclasts in the total number of
osteoclast-like giant cells in the mouse bone marrow
cell culture.

The heparins did not affect osteoclast diameter in
a consistent way (Tab. 3).

Discussion

In the present study, standard heparin and low-
molecular-weight heparins (nadroparin, enoxaparin,
parnaparin and dalteparin) affected the formation of

osteoclasts. Osteoclasts are multinucleated cells that
are responsible for the resorption of bone. Osteoclasts
are formed from hematopoietic cells of the mono-
cyte/macrophage lineage [33]. The number and the
activity of osteoclasts are critical for maintaining nor-
mal bone turnover. The number is determined by rates
of cell differentiation and death [39].

The effects on osteoclast formation are usually
studied using mouse systems, in which osteoclasts are
formed in response to different factors, such as 1,25-
dihydroxyvitamin D3, parathormone (PTH), inter-
leukin 11 (IL-11), receptor activator of nuclear factor
�B ligand (RANKL) and macrophage colony-
stimulating factor (M-CSF) [33]. On the other hand,
most of the experiments concerning the mechanism of
heparin effects on the skeletal system were performed
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Diameter of osteoclasts
[µm]

Total number of osteoclast-like
giant cells/well

Proportion of osteoclasts in the total
number of osteoclast-like giant cells

[%]

Control 311.8 ± 11.0 17.9 ± 2.6 58.4

Standard heparin 0.1 IU/ml 323.2 ± 11.8 40.3 ± 16.6* 49.6

Standard heparin 1 IU/ml 269.1 ± 27.9 2.7 ± 2.2** 75.0

Standard heparin 10 IU/ml 357.0 ± 35.3 2.7 ± 2.7** 50.0

Nadroparin 1 anti-Xa IU/ml 262.0 ± 17.9 6.7 ± 4.1* 55.0

Nadroparin 10 anti-Xa IU/ml 324.4 ± 26.4 1.3 ± 0.7** 100.0

Nadroparin 100 anti-Xa IU/ml 406.1 ± 47.5** 5.3 ± 3.9* 75.0

Enoxaparin 1 anti-Xa IU/ml 308.2 ± 36.4 6.0 ± 3.5* 38.9

Enoxaparin 10 anti-Xa IU/ml 175.2 ± 0.0 0.7 ± 0.3** 50.0

Enoxaparin 100 anti-Xa IU/ml 247.9 ± 0.0 0.7 ± 0.3** 50.0

Parnaparin 1 anti-Xa IU/ml 257.8 ± 20.7 3.7 ± 1.9* 45.5

Parnaparin 10 anti-Xa IU/ml 323.8 ± 67.6 1.0 ± 0.6** 100.0

Parnaparin 100 anti-Xa IU/ml 471.1 ± 19.8* 1.7 ± 0.3** 60.0

Dalteparin 1 anti-Xa IU/ml 245.0 ± 15.1* 12.3 ± 5.2 48.6

Dalteparin 10 anti-Xa IU/ml 206.7 ± 21.1* 2.3 ± 1.5** 71.4

Dalteparin 100 anti-Xa IU/ml 363.4 ± 65.4 3.0 ± 1.5** 44.4
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on rats, so we decided to examine the effects of stan-
dard heparin and low-molecular-weight heparins also
on the rat bone marrow cell culture.

In the present study, during the culture of the bone
marrow cells, some formed osteoclasts died, remain-
ing visible as characteristic, easily recognizable
“ghosts” [35]. As some of the remainders of necrotic
giant cells could be not the osteoclast debris, the
counts of the number of osteoclast “ghosts” may only
be of an approximate accuracy. Nevertheless, analysis
of the proportion of osteoclasts in the total number of
osteoclast-like giant cells (osteoclasts and osteoclast
“ghosts”) enabled us to roughly estimate the influence
of the examined heparins on the osteoclast viability.

Although in an organ culture, heparin did not cause
bone resorption in mouse tibiae and calvaria [17], un-
fractionated heparin in vitro stimulated bone resorp-
tion in fetal rat calvaria at concentrations commonly
used for prophylaxis and treatment of thromboembo-
lism, with maximal effect at concentrations � 0.35
U/ml [31]. In contrast, the concentrations � 14 anti-Xa
U/ml of low-molecular-weight heparins (enoxaparin,
dalteparin, tinzaparin and ardeparin) were required for
maximal effect. Concentrations of heparins used in
the present study were chosen based on the results of
the abovementioned study [31].

Standard heparin has been reported to intensify os-
teoclast formation in co-cultures of mouse bone mar-
row and calvaria cells, induced by IL-11 [37]. In the
present study, we used another model of osteoclast
formation in vitro, with 1,25-dihydroxyvitamin D3 as
a stimulating factor, to examine the effects of hepar-
ins. As commercially available preparations of hepar-
ins were used in the present study, the possibility of
the effect of adjuvant substances on the culture cannot
be excluded. Nevertheless, the experiment enabled us
to make some observations.

The effects of standard heparin and all investigated
low-molecular-weight heparins on osteoclast forma-
tion followed similar patterns. The heparins turned
out to affect the formation of osteoclasts in two direc-
tions. In rat bone marrow cell cultures, the heparins at
lower concentrations tended to intensify the osteoclast
formation, whereas at the highest concentrations
(10 IU/ml and 100 anti-Xa IU/ml for standard heparin
and low-molecular-weight heparins, respectively)
they tended to suppress or did not affect the osteoclast
formation. The mouse bone marrow cell culture was
more sensitive to heparins. There was suppression of
the osteoclast formation at all concentrations of the

investigated heparins, with the exception of standard
heparin at the lowest concentration (0.1 IU/ml) which
intensified the process.

Results of the present study, concerning mouse
bone marrow cell culture, are at variance with the re-
sults of Walton et al. [37], who observed that standard
heparin (10 and 25 �g/ml) intensified osteoclast for-
mation induced by IL-11. IL-11 takes part in the re-
sponses of osteoblasts to 1,25-dihydroxyvitamin D3.
1,25-Dihydroxyvitamin D3 induced production of IL-
11 by osteoblasts [29]. An antibody neutralizing IL-11
suppressed osteoclast development induced by 1,25-
dihydroxyvitamin D3 [12]. However, the effects of
1,25-dihydroxyvitamin D3 are more complex, as gly-
coprotein 130 (gp130) utilizing cytokines (to which
IL-11 belongs) require signal transducer and activator
of transcription 3 (STAT3) activation in stromal/os-
teoblastic cells for stimulation of osteoclastogenesis,
and 1,25-dihydroxyvitamin D3 does not [27]. It may
be speculated that heparin suppressed 1,25-
dihydroxyvitamin D3-stimulated osteoclast formation
by affecting other signal transduction pathways which
promote an increase in the RANKL/osteoprotegerin
(OPG) ratio, for example vitamin D receptor pathway.

The osteoclast formation-increasing effect, ob-
served at lower concentrations of the investigated
heparins in rat cultures is consistent with the results of
the abovementioned in vitro experiment [31], con-
cerning the effects of heparins on resorptive activity
in rat organ culture. Heparin (5 �g/ml) also increased
bone resorption by the isolated chick and rat osteo-
clasts [6]. On the other hand, the suppressive effect of
the heparins on osteoclast formation in mouse cul-
tures, observed in the present study, is consistent with
the lack of the effect of heparin on resorptive activity
observed in mouse organ culture [17].

Recently, a biphasic effect of heparin on other bone
cells has also been reported; heparin turned out to be
inhibitory towards osteoblast-like Saos-2 cells at high
concentrations but stimulatory at low concentrations [13].

In vivo experiments demonstrated that standard
heparin affected the rat skeletal system in a time- and
dose-dependent manner [21, 24]. Histomorphometric
studies of trabecular bone revealed an increase in os-
teoclast surface and decreases in osteoblast and os-
teoid surface in standard heparin-treated rats, indicat-
ing that both bone resorption and bone formation
were affected by standard heparin [21, 30]. Results of
our experiment, indicating increases in osteoclast for-
mation, are consistent with the results of in vivo stud-
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ies, in which the intensification of bone resorption
was noted [9, 21, 22, 26]. It is possible that the ten-
dency to decrease osteoclast number, observed in vi-

tro at the highest concentrations in the present study,
would require in vivo higher doses than those used in
the abovementioned experiments.

In in vivo experiments in rats, Muir et al. [22], who
compared the effects of standard heparin with those of
a low-molecular-weight heparin (tinzaparin), found
that tinzaparin only decreased the rate of bone forma-
tion, causing less osteopenia than standard heparin,
which decreased the rate of bone formation and in-
creased the rate of bone resorption. In the present
study, in rat cultures, also low-molecular-weight
heparins were able to increase osteoclast formation. In
our in vivo experiments, nadroparin and enoxaparin
seemed to affect both bone formation and resorption
[9, 10]. Nishiyama et al. [26], who compared the ef-
fects of dalteparin with that of standard heparin, con-
cluded that the greatest difference between them con-
sisted in the lesser effect of dalteparin on bone forma-
tion. It should be pointed out that there may be
differences between various low-molecular-weight
heparins, concerning their effects on the skeletal sys-
tem. Some differences were noted in the present
study. In our in vivo study, enoxaparin caused more
noticeable changes in the mechanical properties of the
femur than nadroparin [11].

In the present study, the proportion of osteoclasts in
the total number of osteoclast-like giant cells de-
creased in the 9-day rat culture in the presence of the
heparins at higher concentrations, indicating induc-
tion of osteoclast death. The effect of enoxaparin was
the least pronounced, which may indicate its higher
toxicity for bones than that of other low-molecular-
weight heparins. The effect of the heparins on the pro-
portion was not yet observed in the 7-day rat culture
and at the lowest concentrations of the heparins in the
9-day rat culture, in which there was rather a tendency
to increase the proportion. There are no reports on the
effect of heparin on bone cell apoptosis. However,
heparin has been reported to induce apoptosis in hu-
man hepatoma cells and lymphoblasts [8, 15].

The possible shorter life-span of rat osteoclasts in
the presence of heparins might in vivo contribute to
alleviation of the intensifying effect of heparins on the
osteoclast formation. However, the effect on the propor-
tion was not observed in the mouse osteoclast culture.

It is possible that complex effects of heparins on
osteoclast formation and life-span may be partially re-

sponsible for the lack of dose-response relationship
concerning unfavorable changes in the skeletal sys-
tem caused by heparin administration in humans [2].

The mechanism of the effects of the heparins on os-
teoclast formation and survival may be connected
with heparin ability to bind proteins. Heparin is
known to protect some growth factors characterized
by their high affinity for heparin (heparin-binding
growth factors) from proteolytic degradations and to
potentiate their in vitro biological effects [4]. Heparin
binds to bone matrix and interacts with a variety of
cell types found in the bone environment, including
cells of the osteoblast lineage, and such interactions
may, among others, release growth factors and/or cy-
tokines capable of inducing the formation of osteo-
clasts from pluripotent mononuclear precursors in the
bone marrow [14]. Heparin was found to enhance IL-
11’s ability to induce the expression of RANKL in
murine calvaria cells. Osteoblast expression of
RANKL, in the presence of M-CSF, is required for
the formation of mature osteoclasts [37].

Summarizing, in the rat cultures, in most cases
higher concentrations of low-molecular-weight hepar-
ins were required for effects similar to those of stan-
dard heparin. These observations are consistent with
the reports indicating lesser influence of low-
molecular-weight heparins on bones than that of stan-
dard heparin [3, 22, 23, 26, 31]. The mechanisms re-
sponsible for the differences between the effects of
standard heparin and low-molecular-weight heparins,
as well as the differences between the effects of dif-
ferent low-molecular-weight heparins, observed in the
present study, need to be elucidated. The differences
could be the result of their different capability of
binding various proteins, which can differently affect
the processes of osteoclast formation and apoptosis.
However, in the mouse culture, similar concentrations
of the heparins caused similar suppressive effect on
osteoclast formation, indicating species differences.
In contrast, in mouse osteoblast model of bone nodule
formation, enoxaparin was found to be less active
than standard heparin [3]. The molecular size was
a major determinant of heparin’s ability to inhibit
bone nodule formation [3].

Because of the limited number of patients receiving
low-molecular-weight heparins for long periods, in
which their effect on the skeletal system was evalu-
ated, the main body of evidence for their smaller ten-
dency to cause osteopenia comes from the animal (rat
and rabbit) and in vitro studies. As there is a possibil-
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ity of species differences in the sensitivity to heparins,
one should be aware that also low-molecular-weight
heparins could unfavorably affect the skeletal system
in humans.
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