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Influence of fluvastatin on bone formation

induced by demineralized bone matrix in mice
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Abstract:

In the last decade, statins became widely used drugs in hypercholesterolemia treatment. Several studies have demonstrated that

statins may also be successfully administered in the treatment of osteoporosis. There are, however, no reports regarding the effect of

statins on heterotopic ossification (HO). In this paper, we examined the influence of fluvastatin on heterotopically induced bone

formation in mice. HO was induced by implantation of rat-derived demineralized bone matrix (DBM) into intramuscular pockets in

CFW mice. Mice in the experimental groups received fluvastatin at 3.6 mg/kg per day for 25 consecutive days whilst mice in the

control group received placebo. Twenty five days after DBM implantation blood samples were collected to measure total serum

cholesterol (TC), triglycerides (TG), low density lipoprotein cholesterol (LDL-C) and alkaline phosphatase (AP) activity. Mass of

mineral deposited in the induced ossicle was established after hydrolysis of soft tissues surrounding the induced ossicles. In

fluvastatin-treated mice, the mass of mineral deposited in heterotopically induced ossicles and AP serum concentration were

significantly increased while TG and TC concentrations were decreased, when compared to mice receiving placebo. These results

show that administration of statins, in some instances, may affect heterotopic ossification and that during hypocholesterolemic

treatment of patients with predisposition to HO, following hip arthroplasty, such treatment may increase risk of HO.
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Abbreviations: AP – serum alkaline phosphatase, BMP – bone

morphogenetic protein, DBM – demineralized bone matrix,

HMG-CoA – 3-hydroxy-3-methylglutaryl coenzyme A, HO –

heterotopic ossification, LDL-C – low density lipoprotein cho-

lesterol, TC – serum cholesterol, TG – triglycerides

Introduction

Statins, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-

CoA) reductase inhibitors, are a class of drugs widely

used for lowering serum cholesterol levels. Several

articles have confirmed the positive impact of statins

on bone formation in animal models [17, 20, 34] and

in humans [4, 7, 18]. In numerous experiments inves-

tigating the effects of statins on bone metabolism

[28], reports regarding the effect of statins on hetero-

topic ossification (HO) are lacking. Heterotopic ossi-

fication, which occurs especially after surgical

trauma, is a significant clinical problem. Incidence of

HO secondary to hip arthroplasty and after total knee

arthroplasty varies between 25–45% and 5–10%, re-

spectively [9, 10, 12, 21, 27]. A variety of treatments
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have been attempted to prevent the occurence of HO

after hip surgery. Nonsteroidal anti-inflammatory

drugs, like indomethacin and selective COX-2 inhibi-

tor like celecoxib have been used after hip arthro-

plasty; low-dose irradiation has been reported to be

effective. But such prevention has still not enough effi-

ciency [1, 14, 23]. On the basis of the current literature

data, statins administration may increase HO [6, 7].

Thus, the aim of the present work was to examine

the effects of fluvastatin on the heterotopically in-

duced osteogenesis by implantation of demineralized

bone matrix (DBM) into mice thighs.

Materials and Methods

Animals

Fifty mature male CFW mice weighing 21.73 ± 3.27 g

were used in accordance with the Medical Academy

Ethics Committee guidelines for the care and use of

laboratory animals. The mice were housed up to five

per cage, at 22°C and 40% humidity under 12-h light,

12-h dark cycle with free access to water and normo-

cholesterogenic mice chow. Fluvastatin (Novartis,

Basel, Switzerland) was dissolved in water and phos-

phate buffer to obtain 1 mg/ml stock solution. Doses

of the fluvastatin administered in this study were

comparable to the doses of statin used in the papers,

in which the effect of statin administration generally

on the skeleton was examined [15]. The placebo was

water and phosphate buffer adjusted to pH 7.3 with

osmolality of 335 mOsm/kg H2O. Injections of 0.2 ml

of fluvastatin solution or its solvent were adminis-

tered subcutaneously once a day for 25 consecutive

days, starting on day 1 after the initiation of hetero-

topic bone induction.

Induction of the heterotopic ossicle was achieved

by implantation of DBM derived from rat into mice

thigh muscle. The animals were anesthetized with an

intraperitoneal injection containing Rompun (Bayer

AG, Leverkusen, Holland) and Calypsol (Gedeon

Richter, Budapest, Hungary) [26]. Short (4 mm) lon-

gitudinal skin and muscle incisions were performed

on the inner side of right mice thigh and then DBM

particle was inserted into muscle. Afterwards the

muscles were sutured by 4–0 Polyglactin 910 (Vicryl,

Ethicon Inc.) and the skin was sutured with 4–0 silk

sutures. DBM was prepared from long bones har-

vested from 4-month-old male Lewis rats. Long

bones were cleaned of adherent soft tissues and

washed in cold deionized water. After that they were

demineralized with 0.1 M HCl for 12 h at 4°C. The

acid and the free minerals were intensively washed

away with deionized water. DBMs were cut into pieces

weighing 0.7 ± 0.1 mg and implanted. The process of

bone formation starts on days 6–10 after DBM im-

plantation, following appearance of cartilage [24].

This cartilage mineralizes and is subsequently re-

placed by bone [31, 32] and after 21 days fully devel-

oped ossicle, usually containing bone marrow, is ob-

served [22].

Animals were divided into three groups: mice with

implanted DBM and receiving fluvastatin, mice with

implanted DBM and receiving placebo and intact

mice – without DBM implantation, served as a con-

trol of experimental model, as presented in Table 1.

Two mice receiving fluvastatin were killed on the day

17 post DBM implantation for histological analysis.

Serum lipid levels, alkaline phosphatase and

bone mass analysis

Twenty five days after DBM implantation, animals

from the fluvastatin-treated group, the placebo-treated

group and mice of the control group, were anesthe-

tized as described above, blood samples were col-

lected from the retroorbital sinus to measure total se-

rum cholesterol (TC), triglycerides (TG), low density

lipoprotein cholesterol (LDL-C) and alkaline phos-

phatase (AP). To obtain the required volume of serum

(0.7 ml) necessary to read measurements on the Co-

bas Integra 700 analyzer (Roche Diagnostics, Hoff-

mann-La Roche Ltd, Basel, Switzerland) two or three

serum samples from the same group of mice were

pooled.

After blood collection, mice, where DBM implan-

tations were performed, were immediately sacrificed

by cervical dislocation and thigh muscles were ex-

cised and hydrolyzed in 0.1 M NaOH at 65°C for 24 h.

During this procedure soft tissues are dissolved and

easily removed without affecting the mineralized tis-

sue mass. The deposited undigested ossicles were

washed in distilled water and dried at 65°C overnight.

The dry bone mineral was weighed with an accuracy

to 0.1 mg.
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Histology

Two animals with implanted DBM receiving fluvasta-

tin were sacrificed 17 days after DBM implantation

by cervical dislocation. Thigh muscles with grafted

DBM were fixed in Bouin solution, decalcified in

EDTA, embedded in paraffin wax, and 10 µm serial

sections were stained with hematoxylin and eosin and

were analyzed for induced bone tissue.

All measurements were read blind as to fluvastatin-

treatment.

Statistical analysis

The significant difference between the yields of in-

duced bone was analyzed using Student’s t-test and

ANOVA with Scheffé’s post-hoc test was used for

blood samples. Statistical tests were considered sig-

nificant when the p value was less then 0.05. Statisti-

cal analysis was performed using SAS V.6.12 for

Windows software (SAS Institute, USA).

Results

We did not observe extravasation or tissue swelling,

and no bacterial infection due to subcutaneously ad-

ministered fluvastatin was found.

Intramuscular implantation of DBM is a simple

and reproducible method for induction of ectopic

bone formation in mice. As presented in Figure 1, on

day 17 post DBM implantation, cartilage was subse-

quently replaced by bone and hematopoietic bone

marrow formation was observed.

The heterotopically induced bone mineral mass

was significantly greater in fluvastatin-treated mice

than in placebo-treated mice. This process was ac-

companied with a significant increase in AP activity.

Following fluvastatin administration TC and TG con-

centrations were significantly lower when compared

to placebo-treated and control mice (Tab. 1).

Discussion

In the present study we demonstrate that mass of het-

erotopically induced ossicles in CFW mice receiving

fluvastatin was significantly increased when com-

pared with mice receiving placebo. This increase was

accompanied with the increase in serum AP activity.

Because we have measured mass of mineral of het-

erotopically induced ossicles in vivo, it was unneces-

sary to analyze other markers of bone formation, such

as procollagen I aminoterminal peptide, bone mor-

phogenetic protein (BMP)-2 expression, or osteocal-

cin mRNA. Subcutaneous administration of fluvasta-

tin was also sufficient to lower serum TC and TG con-
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Group
of mice

n Yield of bone induction
(mg)

Alkaline phosphatase
(U/l)

Total cholesterol
(mg/dl)

Low-density lipoprotein cholesterol
(mg/dl)

Triglycerides
(mg/dl)

F 20 1.56 ± 0.61� 109.86 ± 16.81� 95.57 ± 4.58� 11.5 ± 9.61 174.5 ± 50.81�

P 20 0.75 ± 0.33 92.38 ± 23.12 101.65 ± 6.02 10.18 ± 8.05 210.8 ± 35.28

C 8 N/A 93.75 ± 26.84 99.63 ± 5.34 8.38 ± 9.84 211.38 ± 39.11

B

CB

BM

B

DBM

C

M
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centration in CFW mice, although mice were

normocholesterolemic and were fed on standard

chow. Thus, we conclude that CFW mice are more

sensitive to hypocholesterolemic treatment when

compared to C57Bl mice used in previous experi-

ments (unpublished data).

So far there are no reports regarding the influence

of statins on heterotopic ossification.

Heterotopic osteogenesis is frequently observed in

patients with spinal cord or traumatic brain injury.

The heterotopic bone is frequently produced in the hip

[8]. The factors involved in heterotopic osteogenesis

following central nervous system injury are not de-

fined as yet, although the humoral factors released

during neural injury are claimed to trigger heterotopic

osteogenesis [2, 25] or to stimulate osteoblastic cells

in vivo [13]. Wildburger et al. [35] have reported an

increased level of serum prolactin in patients with

traumatic brain injury, postulating that this hormone is

one of the humoral factors involved in the phenome-

non of enhanced osteogenesis in those patients. Trentz

et al. [30] reported that in patients with brain injury

the serum osteocalcin level is significantly lowered,

and postulated that lower level of this hormone may

play an important role in patients with brain injury

and in the later development of posttraumatic hetero-

topic ossification. Genetic factors are also considered

to play a role in development of this phenomenon [8].

Histology of neurogenic para osteo-arthropathy mir-

rors the histology of heterotopic bone formation in-

duced by demineralized bone matrix implantation,

chondrogenesis being an early event of this phenome-

non [37]. The trauma associated with central nervous

system injury induce the changes which activate os-

teogenesis cells. Otfinowski [19] examined the effect

of neural injury on heterotopic osteogenesis by dem-

ineralized bone matrix in rats and found that cerebral

cortical injury and peripheral neurotomy enhanced

heterotopic osteogenesis while spinal cord injury

markedly decreased the dynamics of osteogenesis in

this model. This inhibition was an early event, at the

later stage of heterotopic bone induction, effects of

neural damage were reduced, and the histological pat-

tern of heterotopic osteogenesis was similar in all

groups.

It is documented that ectopic bone formation is

achieved by BMP-2 [36] in several in vivo models

[11, 16, 29]. Recently methods to prolong ectopic os-

teoinduction by exogenous bone morphogenetic pro-

teins, have been reported [5]. We suppose that in eld-

erly patients statin administration may have such

a prolonging effect. Further work is needed to deter-

mine the mechanism by which the increase in hetero-

topically induced ossicles in mice occurs. We suppose

that amount of the BMPs, which is responsible for os-

teoinductive properties of DBM [3] is augmented by

statin administration [6, 15]. Recently the induction of

heat shock proteins in the osteoblastic MC3T3-E1 cell

line by simvastatin was reported [33]. Whether this

pathway of osteoblast activation takes place in the

model of bone formation by BMPs, is yet to be eluci-

dated.

Statins are widely used drugs and substantial

number of patients in orthopedic wards are prone to

heterotopic ossification. It would be of interest to ex-

plore whether statins administered in the treatment of

dyslipidemia in patients who have also undergone hip

or knee surgery increases either incidence or degree

of heterotopic ossification.
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