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induced by Moloney sarcoma virus (MSV) in mice
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Abstract:

Several studies have demonstrated the pleiotropic effects of statins. Since Wang and associates reported that in rabbits lovastatin

reduced steroid-induced bone loss, numerous authors have confirmed these data, however, others have reported conflicting results.

In this study, the effects of fluvastatin on bone formation were investigated in early and late phase of osteogenesis. In the first set of

experiments (early phase of osteogenesis) CFW/Ll mice were randomly divided into three groups. Two groups were injected with

Moloney–murine sarcoma virus (Mo-MSV) into right thighs to induce orthotopic bone formation. Mice in the experimental group

received fluvastatin for 11 consecutive days. Thirty days after Mo-MSV inoculation, total serum cholesterol, triglycerides, high- and

low-density lipoprotein cholesterol, alkaline phosphatase (AP) were measured and bone mineral increase was calculated. In the

second set of experiments (late phase of osteogenesis), fluvastatin was administered from day 11 after Mo-MSV inoculation for 20

consecutive days. Fluvastatin administration in the early phase of osteogenesis made no significant difference in average bone

increase compared with mice receiving placebo. Lipid profile and AP were not significantly affected. During late phase of

osteogenesis, the average increase in femural dry mass was significantly lower in the group of mice receiving fluvastatin than in the

control group. Also, Mo-MSV-initiated tumors disappeared earlier in mice treated with fluvastatin. This may be attributed to the

antioncogenic potential of fluvastatin. These results also point out that orthotopic bone formation at the sites of Mo-MSV inoculation

in mice seems to be a useful model to examine the pleiotropic effects of statins.
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Abbreviations: AP – alkaline phosphatase, HDL-C – high

density lipoprotein cholesterol, HMG-CoA – 3-hydroxy-3-

methylglutaryl coenzyme A, LDL-C – low density lipoprotein

cholesterol, Mo-MSV – Moloney-murine sarcoma virus, TC –

total cholesterol, TG – triglycerides

Introduction

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

CoA) reductase inhibitors, are a well-established class

of drugs that effectively lower serum cholesterol lev-

els. Since Wang et al. [30] reported that lovastatin re-

duced steroid-induced bone loss in rabbits, several ar-

ticles have confirmed the positive impact of statins on

bone formation.

However, data from experiments with HMG-CoA

inhibitors on bone formation are conflicting. Among

numerous in vitro and in vivo studies demonstrating

the anabolic effect of statins and/or the reduction of

bone loss and improved bone fracture healing [4, 14,

15, 17, 23, 26] there are reports which deny the influ-

ence of statins on bones [3, 5, 11, 25, 29].

Mundy and coworkers reported that this stimula-

tory effect is secondary to the increased expression of
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bone morphogenetic protein-2 gene in bone cells [17].

The aim of the present work was to examine the ef-

fects of fluvastatin, a widely used synthetic statin that

effectively lowers serum cholesterol levels, on the or-

thotopically induced osteogenesis by Moloney-

murine sarcoma virus (Mo-MSV) in mice. Orthotopi-

cally induced osteogenesis by Mo-MSV used in this

study served as a technically simple yet a valuable

model for the local regulation of bone growth. Mo-MSV

induces development of pleomorphic tumors at the

site of inoculation, named incorrectly rhabdomyosar-

coma [22, 33]. Spontaneous regression of such tumors

is followed by periosteal membrane proliferation of

bones adjacent to the tumors and subsequent peri-

osteal bone formation [31, 32].

According to the literature, in rodents daily admin-

istrated doses of statins vary between 5–10 mg/kg.

Here we examine whether fluvastatin, at doses suffi-

cient to lower cholesterol level in humans, would af-

fect bone metabolism in early and late phases of viral

bone induction in mice.

Materials and Methods

Animals

Mature male mice of inbred CFW/Ll strain weighing

21.73 ± 3.27 g were used in accordance with the

Medical Academy Ethics Committe guidelines for the

care and use of laboratory animals. The mice were kept

up to five per cage with free access to mouse chow and

water. Fluvastatin (Novartis, Basel, Switzerland) was

dissolved in water and phosphate buffer to obtain stock

solution pH 7.3, osmolality 337 mOsm/kg H2O. The

placebo was phosphate buffer adjusted to pH 7.3 and

osmolality was 335 mOsm/kg H2O. Two sets of ad-

ministration protocols were applied. Injections of flu-

vastatin or its solvent were administered subcutane-

ously once a day for 11 and 20 consecutive days, re-

spectively. In the first group of experiments,

fluvastatin was administered during the early phase of

osteogenesis, i.e. when periosteal membrane prolifer-

ates. In the second group, the statin was administered

during the late phase of periosteal osteogenesis, i.e.

when periosteal membrane proliferation is ceased.

Schemes of fluvastatin administration

Group 1 – early phase of osteogenesis

For this mode of fluvastatin administration 37 mice

were used. Thirty mice were injected 0.2 ml of stan-

dard Mo-MSV stock into right thigh muscles, seven

mice were untreated and served as the control. Stan-

dard Moloney murine sarcoma virus stock was ob-

tained according to W³odarski et al. [32], aliquoted

and stored at –80°C until the time of experiment.

The mice injected with Mo-MSV were randomly

divided into two groups (19 and 11 mice/group).

Nineteen mice (fluvastatin group) injected with Mo-

MSV received fluvastatin at 1.2 mg/kg/day for 11

consecutive post inoculation days, whilst 11 mice

(control group) received placebo (Fig. 1). The remain-

ing 7 mice were not treated with Mo-MSV or with

fluvastatin. Animals were analyzed on day 30.

Group 2 – late phase of osteogenesis

For this experiment a total of 101 mice were used of

which 94 received Mo-MSV into the right thigh mus-

cles. Of these, 48 mice received fluvastatin whilst 46

mice received placebo. The remaining 7 mice were

not inoculated with Mo-MSV and served as a control

of the experimental model. Fluvastatin was adminis-

tered daily for 20 days since day 11 after Mo-MSV in-

jection (Fig. 1). Subjects were analyzed on day 30.

Analysis of serum lipid levels, alkaline phos-

phatase and bone mass

Thirty days after Mo-MSV inoculation, animals

from both groups were anesthetized with an intraperi-

toneal injection of Rompun (Bayer AG, Leverkusen,

Holland) and Calypsol (Richter Gedeon, Budapest,
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2nd scheme of

fluvastatin

administration

1st scheme of

fluvastatin
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Hungary), blood samples were collected from the ret-

roorbital sinus to measure total serum cholesterol

(TC), triglycerides (TG), high- and low-density lipo-

protein cholesterol (HDL-C and LDL-C, respectively)

and alkaline phosphatase (AP). To obtain the required

volume of serum (0.7 ml) necessary to read measure-

ments on Cobas Integra 700 analyzer (Roche

Diagnostics, Hoffmann-La Roche Ltd., Basel, Switzer-

land) two or three serum samples from the same group

of mice were pooled.

After blood collection, mice were immediately sac-

rificed by cervical dislocation and both hind legs were

excised and hydrolyzed in 0.1 M NaOH at 65°C for

24 h. During this procedure soft tissues are dissolved

and bones can be easily removed without affecting the

mineralized tissue mass. The isolated femurs were

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

The dry bones were weighted on an analytical balance

with an accuracy of 0.1 mg and results are presented

as a percentage of increase (�%) of stimulated femu-

ral mass vs. unstimulated femur, calculated using the

following formula:

All measurements were read by an experimenter

unaware of treatment and time.

Statistical analysis

The significant differences between bone mass ratios

were analyzed using Student’s t-test at p < 0.05 and

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

blood tests. For data that were not normally distrib-

uted, the nonparametric Wilcoxon signed rank test and

the Mann-Whitney test were applied. A p value < 0.05

was considered statistically significant. Statistical

analysis was performed using SAS V.6.12 for Win-

dows software (SAS Institute, USA).

Results

We did not observe extravasation or swelling and no

bacterial infection was found related to subcutane-

ously administered fluvastatin.

Fluvastatin effects on Mo-MSV-induced tu-

morogenesis

In the group 1, where mice were treated with flu-

vastatin in early phase of osteogenesis, the time of ap-

pearance and disappearance of the tumors was similar

in placebo- and fluvastatin-treated mice (4 and 21days

after Mo-MSV inoculation, respectively). In the

group 2, when fluvastatin was administered in the late

phase of osteogenesis, although tumors appeared in

all of Mo-MSV-treated mice simultaneously, the tu-

mors in fluvastatin-treated mice disappeared a few

days earlier (day 19 vs. day 21) (Tab. 1).

Fluvastatin lowers Mo-MSV-induced bone for-

mation and AP serum concentrations

The Mo-MSV inoculations have provoked a substan-

tial increase in femoral mass within the group of

placebo-treated and fluvastatin-treated animals in the

group 1 and 2 (Tab. 2, 3), so the average right femur

weight of all mice inoculated with Mo-MSV was in-

creased when compared to contralateral bone. We did

not observe significant differences in the average dry

weight increase in femurs between fluvastatin-treated

and placebo-treated mice in group 1 (Tab. 2). In the

group 2 the average femural dry weight increase was

significantly lower in fluvastatin-treated mice than in

placebo-treated mice (Tab. 3). Serum levels of AP in-

creased significantly after Mo-MSV inoculation in

placebo-treated mice. In the fluvastatin-treated group

this regulation was not observed (Tab. 3).
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weight of Mo-MSV-stimulated (right) femur – weight of not treated with Mo-MSV (left) femur × 100%

weight of not treated with Mo-MSV (left) femur
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Treatment Time of appearance
of the tumors (days)

Time of
disappearance

of the tumors (days)

Early phase of
osteogenesis

fluvastatin 4 21 ± 1

placebo 4 21 ± 1

Late phase of
osteogenesis

fluvastatin 4 19 ± 1

placebo 4 21 ± 1
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Treatment n Effect of fluvastatin on bone mass Alkaline
phosphatase (U/l)

p values

Dry weight (mg) p values The average increment
of dry bones mass (%)

p values

Fluvastatin (Mo-MSV) 19 Left femur 27.6 ± 3.5
p < 0.05 12.5 ± 11.4

p > 0.05

150.4 ± 18.6

p > 0.05

Right femur 30.9 ± 3.8

Placebo (Mo-MSV) 11 Left femur 29.5 ± 2.5
p < 0.05 7.05 ± 8.0

155.4 ± 15.5

Right femur 31.5 ± 2.8

Mice not treated with Mo-MSV 7 Left femur 28.6 ± 3.5
p > 0.05

152.7 ± 17.2

Right femur 28.3 ± 5.4
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Treatment n Effect of fluvastatin on bone mass Alkaline
phosphatase (U/l)

p values

Dry weight (mg) p values The average increment
of dry bones mass (%)

p values

Fluvastatin (Mo-MSV) 48 Left femur 27.6 ± 6.6
p < 0.05

19.8 ± 17.7

p < 0.05

90.9 ± 35.6 p < 0.05

Right femur 33.0 ± 8.9

Placebo (Mo-MSV) 46 Left femur 28.4 ± 5.2
p < 0.05

27.3 ± 19.9 112.3 ± 27.3

Right femur 36.2 ± 8.7

Mice not treated with Mo-MSV 7 Left femur 27.3 ± 6.3
p > 0.05

89.5 ± 30.3

Right femur 28.9 ± 5.4
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Treatment n Lipid profile

Total cholesterol
(mg/dl)

Low-density lipoprotein
cholesterol (mg/dl)

High-density lipoprotein
cholesterol (mg/dl)

Triglycerides
(mg/dl)

Fluvastatin (Mo-MSV) 19 65.1 ± 3.5 6.5 ± 3.4 46.6 ± 3.3 150.2 ± 40.3

Placebo (Mo-MSV) 11 63.2 ± 3.4 8.4 ± 2.1 46.8 ± 3.0 146.8 ± 33.7

Mice not treated with Mo-MSV 7 63.2 ± 2.9 7.6 ± 3.0 47.0 ± 3.0 148.7 ± 38.7

p values p > 0.05 p > 0.05 p > 0.05 p > 0.05

Table 5. �
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Treatment n Lipid profile

Total cholesterol
(mg/dl)

Low-density lipoprotein
cholesterol (mg/dl)

High-density lipoprotein
cholesterol (mg/dl)

Triglycerides
(mg/dl)

Fluvastatin (Mo-MSV) 48 76.1 ± 12.2 12.3 ± 6.9 42.2 ± 13.2 158.6 ± 48.5

Placebo (Mo-MSV) 46 78.9 ± 14.2 13.5 ± 10.0 48.5 ± 17.0 150.4 ± 28.5

Mice not treated with Mo-MSV 7 79.3 ± 14.0 13.5 ± 9.8 47.5 ± 16.6 157.3 ± 40.8

p values p > 0.05 p > 0.05 p > 0.05 p > 0.05



Low doses of fluvastatin did not affect serum

lipid profile

The results of lipid profile determination in the group

1 and 2 are presented in Table 4 and 5, respectively.

In the group 1 receiving fluvastatin, the data

showed a tendency to a lower total cholesterol con-

centration, but this difference was not statistically sig-

nificant when compared with placebo-Mo-MSV-

treated and Mo-MSV-untreated mice. In group 2, se-

rum lipid profile did not change significantly in either

group of mice when compared to untreated Mo-MSV

mice.

Discussion

In the present study, fluvastatin administered in early

phase of periosteal osteogenesis (injections of fluvas-

tatin 1– 11 days after Mo-MSV inoculation) showed

no significant effect on femoral dry mass increase.

These results indicate that fluvastatin at doses ade-

quate to lower cholesterol levels in humans have no

proosteogenic potential at the time of early osteogene-

sis. Lack of significant serum lipid modification in

mice receiving fluvastatin, compared to mice receiv-

ing placebo, may be explained by a very short period

(11 days) of fluvastatin administration and by the rela-

tively low doses of statin used in this study.

Of particular interest are the results of the second

set of experiments in late phase of osteogenesis. Flu-

vastatin administration during intensive periosteal os-

teogenesis (daily injections of fluvastatin 11–30 days

after Mo-MSV inoculation) lowered new bone forma-

tion, indicating the pleiotropic effects of fluvastatin.

In this study, we were unable to determine the precise

reason for this inhibition. However, the tendency to

the accelerated regression of tumors in fluvastatin-

treated mice implies that inhibitory effect of fluvasta-

tin on bone formation was caused by its antitumor ac-

tivity [2, 6–8, 10, 18]. Mo-MSV-induced tumors lo-

cally stimulate periosteal membrane to proliferate and

to produce new bone [32]. In this experiment, fluvas-

tatin administration could reduce the release of cyto-

kines, involved in stimulating the periosteum by the

Mo-MSV-tumor. The depletion of such agents stimu-

lating the periosteum could antagonize the proosteo-

genic effect of fluvastatin. Further work is needed to

determine whether the antitumor properties of fluvas-

tatin, noted in these studies, are related to the trigger-

ing of apoptosis [1]. Although the pro-apoptotic

potency of fluvastatin, simvastatin and lovastatin, has

been considered to be of medium magnitude [19], it is

proven that the lovastatin concentration required to

induce apoptosis in vitro might be too high to be ap-

plied in the animal model [9, 16]. Phase 1 study in pa-

tients with cancer has revealed that the administration

of lovastatin at doses 2 to 25 mg/kg daily resulted in

achieving a plasma drug concentrations in the range

between 0.1 and 3.9 µM, sufficient to induce antipro-

liferative and proapoptotic effects [27].

Lack of the expected increase in bone induction by

fluvastatin was consistent with serum AP level, which

was lower than in placebo-treated mice. Lack of the

lipid lowering effect of fluvastatin strengthens the

previous results indicating the pleiotropic effects of

certain statins beyond their effect on plasma lipid lev-

els [12, 20, 21, 24, 28]. The AP levels in mice not

treated with Mo-MSV, differed in groups 1 and 2.

This may suggest a certain degree of variability be-

tween pools of animals used, or miscalibration of ap-

paratus, since both sets of experiments were done at

different times. We were unable, however, to deter-

mine if there was any miscalibration, however the

blood samples of control and of fluvastatin-treated

sera were measured at the same time for group 1 and

2. No comparison of the results between group 1 and

2 was done. We believe that the absolute AP level is

less important than the degree of its regulation.

The administration of fluvastatin during orthotopic

bone formation at sites of tumors evoked by Mo-MSV

inoculation in mice seems to be an interesting exam-

ple of the pleiotropic effect of statins. In our paper

statins do not enhance bone formation in rodents, but

are sufficient to reduce the growth of Moloney sar-

coma. In our experiment the dose 1.2 mg/kg of fluvas-

tatin applied for two weeks in mice have no effect on

serum lipid profile, while in human such dose applied

for 4 and 12 weeks decreased TC and LDL-C [20]. Li

et al., however, using a dose of fluvastatin similar to

doses used by us were unable to reduce the level of

cholesterol in humans [13]. Our results support the

findings about a relatively weak effect of statin ther-

apy on bone metabolism and partially explain contra-

dictory results of other studies on the effect of statins

on bone. There is a need for further analysis of the ef-

fect of statins on bone with the use of different doses

effectively lowering serum cholesterol level.
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