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The purpose of this study was to evaluate the effects of simvastatin, by oral or subcutaneous administration, on tibial defects
regeneration and blood cholesterol level in rats. A surgical defect was made on the right tibia of 40 male animals assigned to 4 groups
(n=10), based on two routes of administration and on the use or not of simvastatin: subcutaneous injection of simvastatin (7 mg/kg)
(group AT) or only the vehicle of drug suspension (group AC), above the defect area, for 5 days; and 20 mg/kg of simvastatin macerated
on water (group BT) or only water (group BC), orally, daily, during the whole observation period. The animals were sacrificed after 15
or 30 days, when blood samples were analyzed to check plasma cholesterol levels. Tibiae were removed and, after decalcification and
routine laboratorial processing, histological and histomorphometrical analyses were carried out. ANOVA was used for statistical
analysis at 5% signficance level. The histological and histomorphometrical analyses showed significant differences only between the
experimental periods (p<0.05). Animals sacrificed after 30 days showed better bone repair (p<0.05). There was no statistically
significant difference (p>0.05) for blood cholesterol levels between the groups. In conclusion, simvastatin administration either orally
or subcutaneously did not improve bone repair of experimental tibial defects and did not alter blood cholesterol levels in rats.
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INTRODUCTION

The bone tissue has a unique potential for restoring
its original structure completely after injuries. However,
large defects caused by trauma, cysts, neoplasms,
infections or congenital malformations may not
regenerate spontaneously and the use of surgical or
pharmacological measures is required for complete
regeneration. Bone deficiencies are of major concern
and affect therapies in all dental and medical fields.
Because of the limitations of current bone grafting
methods, alternative methods for repairing bone defects
are needed. Future bone defect treatment may rest on
the use of inductive materials, like recombinant bone
morphogenetic proteins, which have been added as

adjuncts to already known biomaterials with success.
Statins or 3-hydroxy 3-methylglutaryl coenzyme

A reductase (HMG-CoA reductase) inhibitors have been
widely used over the last decade for the treatment of
hypercholesterolemia. HMG-CoA reductase, which
converts HMG-CoA to mevalonate, is the rate-limiting
enzyme in the synthesis of cholesterol. Competitive
inhibition of this enzyme by statins decreases intracellular
cholesterol biosynthesis, which leads to transcriptionally
upregulated production of microsomal HMG-CoA
reductase and low-density lipoprotein (LDL) cell surface
receptors (1). Due to upregulation of HMG-CoA
reductase, cholesterol synthesis is slightly decreased,
but there is a stimulation of low-density lipoprotein
cholesterol removal from blood, which reduces plasma



Braz Dent J 17(4) 2006

268 A.L. Anbinder et al.

cholesterol levels (2).
Recent studies have shown that these drugs are

also capable of stimulating bone formation by increasing
expression of BMP-2 (3). Because of this, it is believed
that statins, if selectively target to bone, might be useful
for fractures and osteoporosis treatment (3). These
facts raised much interest in the scientific world and
many studies were made, suggesting that HMG-CoA
reductase inhibitors may increase bone density and
decrease risk of fractures (4).

Because of its high hepatic targeting property,
statins do not accumulate in bone, like bisphosphonates
do (5). To make possible the use of HMG-CoA reductase
inhibitors as therapy for bone pathologies, it is important
to find a way of using these drugs that maximize their
action on bone, without harming their cardiovascular
benefits.

Therefore, this study evaluated the effects of
simvastatin, a drug of the statin group, by oral or
subcutaneous administration, on bone regeneration of
tibial defects and blood cholesterol levels in rats.

MATERIAL AND METHODS

Forty male rats (Rattus norvegicus, albinus,
Wistar) weighing approximately 400 g were used. The
animals were allowed free access to water and standard
laboratory food pellets. The study design was approved
by the Ethics in  Research Committee of the School of
Dentistry of São José dos Campos, São Paulo State
University, Brazil.

A monocortical bone defect on the right tibia was
created in all animals. Anesthesia was induced
intramuscularly with a 0.1 mL/100g dose injection of a
mixture of xylazine (Rompun®; Bayer, São Paulo, SP,
Brazil) and ketamine (Francotar®; Virbac, Roseira, SP,
Brazil) at 1:0.5 ratio mL. The overlying skin of the right
tibia was shaved and disinfected with iodated alcohol.
After this, a 1.5 cm skin and muscle incision was made
to expose the bone surface of the middle third of the tibia
(Fig. 1A), where, on the wider region, a monocortical
defect was created. A 2-mm diameter trephine and a size
8 stainless steel dental burs were used on a low-speed
handpiece (Aseptico; Woodinville, WA, USA), under
constant saline irrigation to create an oval bone defect
measuring approximately 2.5 mm in width and 3 mm in
length, with the cortical thickness (Fig. 1B). The mus-
cular layer was sutured with resorbable #4.0 catgut

(Cirumédica, Cotia, SP, Brazil) and the skin was sutured
with interrupted #4.0 silk suture (Ethicon/Johnson &
Johnson, São José dos Campos, SP, Brazil).

To prepare the drug for subcutaneous injection,
simvastatin (Galena, Campinas, SP, Brazil) was dissolved
in dymethylsulfoxide (DMSO; Sigma Chemical Co., St
Louis, MO, USA) at a ratio of 112 mg/mL. Next, 0.1%
bovine serum albumin (BSA; Sigma Chemical Co.)
diluted in phosphate-buffered saline (PBS) was added to
the mixture until final DMSO concentration reached
4%. To prepare the vehicle for injection in the control
animals, 4% DMSO was dissolved in a solution of 0.1%
bovine serum albumin/PBS. Oral suspension was
prepared by macerating 20 mg/kg of simvastatin
(Sinvascor® 20 mg; Baldacci, São Paulo, SP, Brazil) in
filtered water at a ratio of 40 mg/mL.

The animals were assigned to 4 groups (n=10),
based on two routes of administration (subcutaneous
injection or oral) and on the use or not of simvastatin:
A-treated (AT): the rats received a subcutaneous injec-
tion of simvastatin suspension above the defect region
3 times a day during 5 days postoperatively (the final
dose was 7 mg/kg/day); A-control (AC): the animals
received only the corresponding volume of vehicle of
suspension used in group AT, above the defect region,
3 times a day during 5 days postoperatively; B-treated
(BT): the animals received 20 mg/kg/day of simvastatin
orally, daily, from surgery until sacrifice day; B-control
(BC): the animals received only the corresponding

Figure 1. Detail of the surgical proceedure. (A) Bone exposure;
(B) Bone defect.
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volume of filtered water used in group BT, orally, daily,
from surgery until sacrifice day.

Doses used in groups AT and AC were divided in
3 fractions because it was not possible to inject the total
volume subcutaneously (7 mg/kg/day) in one dose.
Dose schedule and route of administration were based
on Mundy et al. (3).

Five rats per group were sacrificed 15 days
postoperatively (groups AT15, AC15, BT15, BC15) and
the remaining animals 30 days after surgery (groups
AT30, AC30, BT30, BC30). At the moment of sacrifice,
the animals were put under the same anesthesia as at
time of surgery and 2 mL of blood from the cava vein
were obtained using syringes with heparin (Liquemine;
Roché, Rio de Janeiro, RJ, Brazil). Animals were
euthanized by decapitation and the right tibiae were
removed and fixed in 10% buffered formalin (Labsynth,
Diadema, SP, Brazil).

Total cholesterol level on plasma samples was
analyzed by modified Huang’s method, based on the
Liebermann-Buchard reaction (6). In this chemical
method, cholesterol combines with a cromogenic reagent
and a green substance is produced. The color intensity
of the substance is measured by a spectrophotometer.

The tibiae were decalcified in a 20% formic acid
aqueous solution (Merck, Darmstadt, Germany) and
cross-sectioned at the central region of bone defect.
The specimens were embedded in paraffin parallel to the
sectioned surface and the blocks were cut into 8 five-
micrometer-thick semi-serial sections (15 μm between
each level). After staining with hematoxylin and eosin
(HE), the specimens were evaluated by light microscopy.

The percentage of reossification of the bone
defect center was histomorphometrically evaluated by
point-counting planimetry. For this procedure, a grid of
parallel equidistant test lines with 72 cross-points was
used. Using an X20 objective, the grid was placed over
the entire defect thickness. The proportion of intersec-
tion points between lines of a graticule lying over a
structure is equal to the area proportion of that structure
in the section (7). It was considered the percentage of
all points over cancellous or cortical bone matrix and
osteocyte lacunae to total number of points over bone
defect. Using a systematic random sampling design, 4
sections of each block were selected and analyzed per
animal. The mean percentage of the 8 sections of each
animal was taken as the value for each rat.

Descriptive statistics data were calculated and

presented graphically as means (±SD) using the statis-
tical software Statistica for Windows v. 5.0 (StatSoft
Inc., Tulsa, OK, USA). In this experiment, the depen-
dent variables were (i) blood cholesterol level and (ii)
bone regeneration, while the independent variables were
(i) administration route (oral or subcutaneous), (ii) drug
(administration or not of simvastatin) and (iii) observa-
tion period (15 or 30 days). Data were submitted to
statistical analysis by ANOVA at 5% significance level
using the statistical software Minitab for Windows (v.
13.1, 2000; Minitab Inc., State College, PA, USA).

RESULTS

Blood Cholesterol Level Analysis

Descriptive statistics data of blood cholesterol
level can be seen on Figure 2. Due to insufficient plasma
volume of 1 sample of groups AC30 and AT30, only 4
samples were analyzed in these groups. Mean values
ranged from 48.07 mg/dL (group BC30) to 74.02 mg/
dL (group AC30); standard deviation ranged from 5.39
mg/dL (group BT15) to 16.59 mg/dL (group AC15);
and the coefficient of variation ranged from 7.30%
(group BT15) to 24.38% (group AC15).

There was no statistically significant difference
among the tested main effects and interactions, regard-
ing cholesterol level. Blood cholesterol level was neither
affected by administration route (F(df1,30)= 1.22;
p=0.278), drug (F(df1,30)= 1.18; p=0.287), observation
period (F(df1,30)= 3.73; p=0.063), nor by the interac-

Figure 2. Means (±SD) of blood cholesterol level data (mg/dL).
The groups did not differ significantly. A: subcutaneous
administration; B: oral administration; C: control; T: treated.
Observation period: 15 or 30 days.
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tion of administration route, drug and observation pe-
riod (F(df1,30)= 3.81; p=0.06). Other interactions did
not affect blood cholesterol level significantly either.

Histomorphometrical Analysis

Descriptive statistics data of bone regeneration
on the center of the defect is shown on Figure 3. One
animal of group BC30 had its right tibia fractured and
was excluded from the analysis. Mean values of bone
regeneration ranged from 36.7% (group AT15) to
52.9% (group BT30); standard deviation ranged from
6.5% (group BT15) to 13.7% (group BC30); and the
coefficient of variation ranged from 14.29% (group
BT15) to 26.81% (group BC30).

Statistically significant difference was found
only between animals sacrificed after 15 and 30 days
(F(df1,31)=7.92; p=0.008). Animals killed after 30
days had a greater percentage of bone formation (49.1
± 10.4%) than those killed after 15 days (40.5 ± 8.1%)
(Fig. 4). Bone regeneration was neither affected signifi-
cantly by route of administration (F(df1,31)=2.60; p=
0.117), by drug (F(df1,31)=0.11; p= 0.739) nor by the
interaction of administration route, drug and observa-
tion period (F(df1,31)=0.33; p=0.571). Other interac-
tions did not affect bone regeneration significantly.

Histological Analysis

15-Day Period. Woven bone formation from the
well-defined margins of lesion was seen across the

defect (Figs. 5A and 5B). In most specimens, there was
linear closure of the defect by new cancellous bone (Fig.
5A). New bone formation was inside medullar canal and
on the opposite region of the defect (Fig. 5A) in some
specimens. Bone formation was originated from
periosteum and mainly from endosteum. Bone
remodeling was observed in preexistent bone near
defect site, with subperiosteal callus formation, enclosing
new bone formation and immature trabeculae delimiting
connective tissue portions. A thick or slim fibrous
connective tissue layer was formed over bone bridge
surface, without occupying defect site (Fig. 5A). This
tissue, which may correspond to periosteum in
organization or surgical scar, had flattened and spindle-
shaped cells near new bone formation. Trabeculae bone
containing numerous and large osteocytes were
surrounded by flat or voluminous osteoblasts and delim-
ited wide marrow spaces (Fig. 5B). Few multinucleated
giant cells were observed over trabeculae surface,
especially under periosteum.

30-Day Period. The main characteristic of sec-
tions of animals sacrificed after 30 days was a slim bone
bridge across the defect, composed mainly of cortical
bone, resulting in linear closure (Fig. 6A). Bone marrow
and vascular connective tissue were found included in
bone bridges. Bone trabeculae surrounded by osteo-
genic cells and delimiting bone marrow were sometimes
observed inside medullar canal (Fig. 6A). New bone
was composed of smaller osteocytes (Fig. 6B), ar-
ranged in a quite lamellar pattern and sometimes of large
osteocytes arranged in an irregular pattern. Periosteum

Figure 3. Means (±SD) of bone regeneration data (%) on bone
defect center. A: subcutaneous  administration; B: oral administration;
C: control; T: treated. Observation period: 15 or 30 days.

Figure 4. Means (±SD) of bone regeneration data (%) on  bone
defect center. The observation periods (15 and 30 days) did not
differ significantly.
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and endosteum were organized most times. Reversal
basophilic lines on new bone matrix (Fig. 6B) and
multinucleated giant cells that were found in many
sections indicated bone remodeling. Bone marrow
inclusion in the margins of the defect area indicated that
remodeling also occurred in old bone.

DISCUSSION

An experimental bone wound used to assess
repair should be large enough to preclude spontaneous
healing, because only in this situation the osteogenic
potential of an implant or graft may be considered
unequivocal (8). A critical size defect may be defined as
the smallest size intraosseous wound in a particular bone
and species that will not heal spontaneously during the
lifetime of the animal. However, because most studies
are of limited duration and do not extend over the entire
life of the animal, the critical size defect in animal
research refers to the size of a defect that will not heal
over the duration of the study (9).

Based on linear length of new bone, there was
defect closure in animals sacrificed after 15 and 30 days
of surgery. According to Schmitz and Hollinger’s (8)
critical size defect concept, in the present experiment,
defect size was not critical. Nevertheless, based on
cross-sectional area analysis, there was no complete
healing. Actually, in all specimens, it was possible to
identify the defect region and note the difference be-
tween new and old bone. There was no complete
spontaneous bone regeneration in the control group,
making the analysis of the osteogenic potential of
simvastatin possible, under this experimental model.

There was no significant difference in blood
cholesterol level related to any studied variable. Lack of
hipocholesterolemic activity of statins in normal rats has
been found (10,11). However, studies show that statins
are effective in lowering blood cholesterol in monkeys
(12) and humans (13) without hypercholesterolemia.

According to Endo et al. (10), who administered
mevastatin, a HMG-CoA reductase inhibitor, to rats and
mice, species differences in statin efficacy in lowering

Figure 5. Histological aspect of animals sacrificed after 15 days.
(A) Linear defect closure with cancellous bone. Well-defined
bone defect margins ( ), bone formation inside medullar canal
( ) and on the opposite region to the defect ( ). Fibrous
connective tissue layer over bone bridge surface, without
occupying defect site ( ) (HE, X25). (B) Woven bone trabeculae
with numerous and large osteocytes ( ), surrounded by
osteoblasts ( ) and delimiting marrow spaces ( ) (HE, X200).

Figure 6. Histological aspect of animals sacrificed after 30 days.
(A) Linear defect closure by a slim bone bridge and few trabeculae
inside medullar canal ( ). Fibrous connective tissue layer over
bone bridge surface, without occupying defect site ( ) (HE,
X25). (B) Cortical bone bridge, with reversal lines ( ) and

smaller osteocytes ( ) than observed in specimens sacrificed
after 15 days, beginning a lamellar organization. Osteogenic cells
( ) surrounding the bone bridge (HE, X200).
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the plasma cholesterol levels is secondary to the ability
of certain species to metabolize plasma lipoprotein via
hepatic pathways. Statins should cause a transient
decrease of hepatic cholesterol. To meet this privation,
an increased consumption of plasma cholesterol levels
would occur in hens, dogs, monkeys and humans, while
hepatic HMG-CoA reductase would be elevated in rats
and mice due to their inability to catabolize plasma
lipoproteins in the liver. This elevation of hepatic
reductase, which overcomes statin inhibition, appears
to account for the lack of effectiveness of these drugs
in rats and mice. In addition, decreased excretion of bile
acids in rats treated with mevastatin would partly
contribute to the ineffectiveness in these animals (10).

Statistical analysis of histomorphometrical data
showed significant difference related only to observation
period. Increased bone healing after 30 days is a
predictable result. However, there was no difference
related to administration route (oral or subcutaneous) or
drug (administration or not of simvastatin). Data from
histomorphometrical analysis agree with those of
histological analysis, which revealed difference only
related to the observation period. Animals killed after 15
days showed the same morphological aspects, such as
woven bone trabeculae formation and linear defect
closure by new cancellous bone. Groups sacrificed
after 30 days showed linear defect closure with a
cortical bone bridge, smaller osteocytes and osteocytes
lacunae, sometimes in a lamellar pattern, and fewer bone
trabeculae, which are the result of bone remodeling.

Mundy et al. (3) reported that statins increase
bone formation after subcutaneous injection of
simvastatin over the skull bones of mice and after oral
administration to rats, ovariectomized or not. Statin
effects improving bone density and reducing risk of
fractures have been documented by various studies (4).
Such effects seem to be the result of the increasing
production and expression of BMP-2 (3). These obser-
vations emphasize the unknown role of the mevalonate
pathway in the regulation of bone formation, according
to Rogers (5). Although the exact molecular mechanism
by which statins increase bone formation is not known,
it is possible that small GTPases, prenylated by products
of the mevalonate pathway, negatively regulate expres-
sion of BMP-2. By inhibiting the mevalonate pathway
and preventing the prenylation and function of small
GTPases, BMP-2 expression may be stimulated, which
causes increased osteoblast proliferation and, conse-

quently, enhanced bone formation (5).
Although several studies have shown a beneficial

effect of statins on bone (4,14,15), this subject is still
controversial. Van Staa et al. (16) analyzed the medical
records of 81,880 patients who had fractures and
concluded that the use of statins at dosages prescribed
in clinical practice was not associated with a reduction
in risk fracture. According to these authors (16), the
lower fracture rates previously reported among statin
users are most likely explained by the residual
confounding effect of obesity in those analyses, and
other sources of inconsistency include variations in
study design. Maritz et al. (17) reported that simvastatin
was unable to prevent bone loss caused by ovariectomy
in rats and suggested a permissive effect for estrogens
in statin action on bone. According to them (17), the
contrasting results obtained in their study and those of
Mundy et al. (3) may be explained by differences in
statins, dosages, methods of administration, experimental
animal model and design. On the other hand, another
study (18) analyzed mandibular bone defect regeneration
in ovariectomized and non-ovariectomized rats and
found that simvastatin aided new bone formation only in
ovariectomized animals.

In the present study, based on the hypothesis that
statins stimulate bone formation, simvastatin did not aid
defect bone regeneration, agreeing with a previous
study (18) that found no effect of simvastatin on non-
ovariectomized rats bone healing. The effect of
simvastatin on the mandibular bone defect regeneration
only in ovariectomized rats is probably associated with
the increase in bone density caused by the use of this
medicament for osteoporosis (18). Statins stimulate
bone formation in remodeling process (3), but did not
stimulate bone formation in regeneration process, by
oral or subcutaneous administration. A recent study
(19), however, found that rat bone defects grafted with
carriers of collagen matrix mixed with simvastatin
solution had accelerated bone formation when compared
to those without locally statin. Several hypotheses may
be drawn from the results of this study, but none of
them has been proven. Differences between bone
remodeling and bone regeneration processes may explain
the different effects of statins in these cases. Lack of
selective bone targeting property of simvastatin may
have been a cause of inefficacy in improving bone
regeneration, in spite of subcutaneous administration.
Tested doses may have been inadequate to cause a better
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bone healing. Perhaps intermittent use of high doses
would stimulate bone formation more effectively than
daily use of standard doses (20). Further research is
required to find formulations, doses, routes and schedules
of administration that optimize the effects of statins
without decreasing their benefits (20) and only after
these, it will be possible to state that simvastatin does not
alter bone regeneration.

RESUMO

Este estudo avaliou a influência da sinvastatina, administrada por
via oral ou subcutânea, na reparação de defeitos ósseos em tíbia e
nos níveis de colesterol sangüíneo, em ratos. Foram realizados
defeitos cirúrgicos nas tíbias direitas de 40 ratos machos,
distribuídos em 4 grupos (n=10), tomando-se como base duas
vias de administração e o uso ou não de sinvastatina: injeção
subcutânea de sinvastatina (7 mg/kg) (grupo AT) ou apenas do
veículo de suspensão da droga (grupo AC), sobre a região do
defeito, durante 5 dias; 20 mg/kg de sinvastatina (grupo BT) ou
água filtrada (grupo BC) via oral, diariamente, durante todo o
período de observação. Os animais foram sacrificados após 15 ou
30 dias, quando amostras sangüíneas foram colhidas para análise
do nível de colesterol. As tíbias foram removidas e, após
descalcificação e procedimentos laboratoriais de rotina, procedeu-
se à análise histológica e histomorfométrica. Para avaliação
estatística utilizou-se ANOVA com nível de significância de 5%.
As análises histomorfométrica e histológica mostraram diferença
entre os grupos apenas com relação ao período experimental
(p<0,05), apresentando os melhores resultados os animais
sacrificados em 30 dias (p<0,05). Quanto ao nível de colesterol
sangüíneo, não houve diferença estatisticamente significante en-
tre os grupos analisados (p>0,05). Concluiu-se que, nas condições
utilizadas, a sinvastatina, administrada via oral ou subcutânea,
não exerceu efeito estimulador sobre o reparo ósseo de defeitos
experimentais em tíbias de ratos e não alterou os níveis de
colesterol sangüíneo.
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