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Abstract 

Background and aims. Statins, the mevalonate pathway inhibitors, have effects on bone formation in vitro and in vivo. 

The aim of the present study was to investigate whether injection of statins could lead to ectopic bone formation in rats. 

Materials and methods. A single dose (0.5 mg) of simvastatin, atrovastatin, lovastatin and polyethylene glycol (control 

material) were injected into four quadrants of dorsal subcutaneous tissue in twelve rats. Intramuscular injections of the same 

statins were also done in femur and arm muscles of eight other rats.  

Results. Cartilage formation was observed in simvastatin-treated area in one rat after six weeks. Bone formation was also 

evident in lovastatin-treated area in one rat and simvastatin-treated area in another after this period. No hard tissue formation 

was detected in muscles. 

Conclusion. Subcutaneous injection of simvastatin and lovastatin can induce ectopic bone formation.   
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Introduction 

ommonly known as statins, 3-Hydroxy 3-
methylglutaryl coenzyme A (HMG Co-A) reduc-

tase inhibitors are routinely prescribed as cholesterol 
lowering drugs. Over the past decade, special atten-
tion has been focused on the potential effects of these 

mevalonate pathway inhibitors on hard tissue metabo-
lism. Mundy et al1 first observed BMP-2 expression in 
vivo and new bone formation in calvaria following 
local administration and increased tibial bone volume 
following systemic administration of statins.  

Studies on the effect of statins on bone formation in 
vivo have investigated the anabolic potential of these 
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mevalonate inhibitors. These animal studies have 
shown their anabolic effect in calvarial,2-4 parietal,5,6 
tibial,7-12 and femoral13,14 bone defects. Animal studies 
on the effect of statin administration in oral and max-
illofacial region have also confirmed their anabolic 
effects on bone.15-21 Bradely et al15 showed that sim-
vastatin stimulates BMP-2 and nitric oxide formation 
and regional bone formation in rat mandible models. 
Lee et al16 examined local application of statins onto 
rat mandibles and observed reduced soft tissue swell-
ing while preserving bone growth, increased bone 
formation and higher maximum force to fracture, 
compared to control group. Ozec et al17 examined the 
effect of local simvastatin application on 3 mm-bone 
defects in rat mandible. Radiologic assessment of 
newly-formed bone by peripheral quantitative com-
puted tomography showed significantly increased 
density in the experimental group. Histologic exami-
nation also confirmed their radiological findings.17 
Wu et al18 examined local application of simvastatin 
in extraction sockets of rat mandibular incisors. Rela-
tive height of the residual alveolar ridge and bone 
mineral density were significantly increased compared 
to control groups. Larger newly formed bone islands 
and higher bone formation rate and quality were also 
detected in simvastatin-treated groups.18 In a similar 
study, Nishimura19 examined local application of sim-
vastatin in rat mandibular sockets. Bone mineral den-
sity measured by dual-energy X-ray absorptiometry 
was higher in simvastatin groups. Increased cortical 
thickness was also evident compared to control 
groups.19 Vaziri et al20 examined local application of 
statins in ligature-induced bone resorption in the man-
dibles of ovariectomized rats. They observed less pe-
riodontal breakdown in simvastatin group.20 Morris et 
al21 examined the effect of local simvastatin injection 
in healing of three-walled intrabony and furcation de-
fects in beagle dogs. Improved ridge augmentation 
and new cementum formation was evident in simvas-
tatin group compared to control groups.21 

Effect of subcutaneous administration of statins on 
bone metabolism is also studied.1,22-26 However, ec-
topic bone formation following single subcutaneous 
injection of statins has not been reported so far. We 
hypothesized that simvastatin would have the poten-
tial to induce ectopic bone formation in stem-cell rich 
areas without proximity to other active materials, as 
used in other studies. The aim of the present study 
was to investigate whether injection of statins could 
lead to ectopic bone formation in rats. 

Materials and Methods 

Twenty sixteen-week-old Sprague-Dawley rats (Pas-

teur Institute, Tehran, Iran), including ten males each 
weighing 250 grams and ten females each weighing 
300 grams, were used in this observational experimen-
tal study. All procedures were approved by ethics 
committee of Shahid Beheshti University of Medical 
Sciences. Animals were acclimatized for four weeks 
in polycarbonate cages. They were exposed to a 12-
hour light-dark cycle and had free access to food and 
water. Male and female rats in one group were sepa-
rately caged.  

Statins were dissolved in polyethylene glycol 300 
according to USP26 monographs in order to reach to 
the concentration of 1.0 mg/ml. The rats were ran-
domly assigned to seven groups; in the first three 
groups (each containing 4 rats), three different statins 
(simvastatin, atorvastatin, lovastatin) and polyethylene 
glycol (as the vehicle and the control material) were 
injected subcutaneously in two sides of vertebral col-
umn. In group A, 0.5 ml of simvastatin, atrovastatin, 
lovastatin and polyethylene glycol were respectively 
injected in upper left, upper right, lower right and 
lower left quadrants. The same drugs were injected, 
with one clockwise shift, in upper right, lower right, 
lower left and upper left quadrants respectively in 
group B and the same scenario was repeated in group 
(c) with another clockwise shift. Groups D, E, F and 
G each containing two rats, received intramuscular 
(IM) injections of simvastatin, atorvastatin, lovastatin 
and polyethylene glycol respectively in both femur 
and arm muscles. All injections were done by 28-
gauge needles under general anesthesia (inhalation of 
2 ml of halothane for two minutes in anesthesia 
chambers).  

Animals were sacrificed by an overdose of halo-
thane inhalation after six weeks. Samples containing 
subcutaneous tissue and underlying muscular tissue in 
the first three groups and muscular tissue in the last 
four groups, were separately immersed in plastic con-
tainers of neutral (phosphate buffered) 10% formalin 
solution and sent to an oral pathology laboratory 
(Shahid Beheshti University of Medical Sciences, Te-
hran, Iran). Each sample was cut into 5 m sections 
and 5 to 10 sections of each sample were observed by 
polarized microscope (Y-THM, Nikon, Japan).  

Results 

Three rats, belonging to groups B, E and G, died be-
cause of an overdose of anesthetic agent. Calcified 
tissue formation following statin administration was 
observed in subcutaneous dorsal areas in three rats, 
belonging to groups B and C (Table 1). Simvastatin 
injected area in one rat was filled with chondral tissue. 
No sign of inflammation or foreign body reaction was 
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Table 1. Description of microscopic views of specimens with hard-tissue formation areas 

Injected drug Location of injection 
Calcified 
material Bone type Inflammation 

Foreign-body 
granuloma Giant cells 

Active 
osteoblastic ream 

Simvatatin 
dorsal subcuataneous 

area 100% cartilage --- does not exist does not exist 
does not 

exist does not exist 

Simvastatin 
dorsal subcuataneous 

area 
5% cartilage 
95% bone woven exists does not exist exist exists 

Lovastation 
dorsal subcuataneous 

area 
5% cartilage 
95% bone 

lamellar 
woven does not exist does not exist 

does not 
exist exists 

detected; while mesenchymal connective tissue un-
dergoing cartilaginous differentiation was evident 
(Figure 1).  

Bone formation was noticed in two other rats. Sim-

vastatin-treated tissue in one rat developed two foci of 
bone (95%) and some chondral tissue (5%). Woven 
bone tissue with active osteoblastic ream close to 
newly formed bone was apparent in both foci. Single 

 

   

 
Figure 1. Mesenchymal tissue undergoing cartilaginous 
differentiation following injection of simvastatin in rat 
dorsal subcutaneous tissue after six weeks (a: 40X, b: 
100X, c: 400X). Chondroblasts are evident in lacunae 
(black arrow). 
 

   

 

 
Figure 2. Bone formation following injection of lovas-
tatin in rat dorsal subcutaneous tissue after six weeks. 
Lammellar bone (*), woven bone (#) and osteoblastic 
ream (black arrow) are evident (a: 100X, b: 200X, c: 
400X).  Bone marrow-like tissue is also detectable (white 
arrow). 

a a 
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b 

b 
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giant cells were also found in some areas. 
Two bone foci (95%) and some cartilage (5%) were 

also formed in lovastatin-treated dorsal subcutaneous 
tissue of one other rat. Lamellar and woven bone tis-
sue and active osteoblastic ream were detected in both 
foci. The exclusive finding in this sample was forma-
tion of a bone marrow-like tissue in one bone focus. 
No sign of inflammation was detected in lovastatin-
treated area (Figure 2). 

Discussion 

In the present study, the authors injected three types of 
statins in dorsal subcutaneous tissue and femur and 
arm muscles of rat. Ectopic hard tissue formation was 
detected in subcutaneous area in simvastatin- and lo-
vastatin-treated areas in three rats. This is the first re-
port of ectopic bone formation following a single in-
jection of statins in subcutaneous tissue. 

Adult subcutaneous tissue is an abundant source of 
mesenchymal stem cells which share with the bone 
marrow mesenchymal stem cells the capacity to dif-
ferentiate into different mesenchymal lineages. Subcu-
taneous adipose cells can convert to osteoblast-like 
cells leading to ectopic bone formation in subcutane-
ous fat.27 

Studies have shown the osseoinductive effect of sta-
tins on stem cells in vitro. Maeda et al28 cultured 
MC3T3-E1 cells (a clonal pre-osteoblastic cell line 
derived from newborn mouse calvaria) in presence of 
simvastatin, atorvastatin or cerivastatin for 4-24 days. 
Simvastatin markedly increased mRNA expression for 
bone morphogenetic protein-2 (BMP-2), vascular en-
dothelial growth factor (VEGF), alkaline phosphatase, 
type I collagen, bone sialoprotein, and osteocalcin 
(OCN) in MC3T3-E1 cells, while suppressing gene 
expression for collagenase-1, and collagenase-3. Stat-
ins were also shown to stimulate mineralization.28 
Baek et al29 used simvastatin in rat bone marrow 
stromal cells culture and observed that simvastatin 
enhanced matrix calcification and increased alkaline 
phosphatase (ALP) activity. It was shown that simvas-
tatin decreased the proliferation of cells, while osteo-
calcin mRNA expression level was enhanced.29 A 
study on the effect of a fluvastatin-releasing hydrogel 
on human mesenchymal stem cells showed increased 
levels of CBFA1, alkaline phosphatase and type I col-
lagen expression. BMP-2 formation and mineraliza-
tion were also shown to enhance.30 A recent in vitro 
study, investigating the effect of three doses of mevi-
nolin (lovastatin) on bone differentiation in D1 cells 
cloned from bone marrow stromal cells, showed high-
er levels of alkaline phosphatase, type I collagen and 
osteocalcin after mevinolin administration. Os-

teoblast-specific surface molecules in mevinolin-
treated groups were also detected.31 

Subcutaneous bone formation following injection of 
statins over the calvarium has also been reported. In 
one study, an increase in new bone formation was ob-
served following subcutaneous injection of simvas-
tatin over the murine calvaria after 5 days.1 More bone 
formation compared to control group was demon-
strated 22 days following simvastatin injection over 
murine calvaria in another study.32 Jinno et al23 in-
jected fluvastatin and atelocollagen-alpha-tricalcium 
phosphate (alpha-TCP) over the rat calvaria and ob-
served more new bone formation compared to the 
control groups.  

It can be hypothesized that subcutaneous injection 
of simvastatin and lovastatin can lead to differentia-
tion of subcutaneous mesenchymal stem cells. Our 
findings demonstrate that this potential is not depend-
ent on proximity of the subcutaneous tissue to bone 
(e.g. calvarium) or on statins use together with other 
active materials (e.g. alpha-TCP). It can be concluded 
that subcutaneous injection of simvastatin and lovas-
tatin can induce ectopic bone formation in subcutane-
ous tissue. Further investigation is required to canvass 
the details of statins effect on bone formation mecha-
nisms. 
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