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Objective: The aim of the present study was to evaluate the influence of simvastatin on

mechanical properties of muscle and bone in hypercholesterolemic rats submitted to phys-

ical  exercise.

Methods: Ten male Wistar rats were submitted to a high-fat diet rich in cholesterol for 90

days. The animals were then divided into two groups: animals treated with physical exercise

(EG) and animals treated with physical exercise and simvastatin (ESG). Protocols for physical

exercise in water and simvastatin administration were performed for eight weeks. After

this period, the animals were euthanized; the left tibia and right gastrocnemius muscle

were dissected for mechanical analysis, and the right tibia for densitometry. The data were

analyzed using Student’s t-test, considering a level of significance of 5%.

Results: The comparison of maximum load and stiffness revealed no significant differences

between the groups for both the tibia (p = 0.851 and p = 0.259) and the gastrocnemius (p = 0.911

and  p = 0.083). The tibia BMD also showed no significant difference between the groups

(p  = 0.803).

Conclusion: Simvastatin had no negative effects on mechanical properties in tibia and gas-

trocnemius of hypercholesterolemic rats submitted to physical exercise.
©  2017 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora

Ltda. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Efeitos  da  sinvastatina  associada  ao  exercício  físico  na  resistência
mecânica  de  músculos  e  ossos  de  ratos

Palavras-chave:

Hipercolesterolemia

Sinvastatina

Exercício

Tíbia

Gastrocnêmio

r  e  s  u  m  o

Objetivo: Avaliar a influência da sinvastatina nas propriedades mecânicas de ossos e mús-

culos de ratos hipercolesterolêmicos submetidos a exercício físico.

Métodos: Foram usados dez ratos machos da raça Wistar, submetidos a dieta hiperlipídica

rica em colesterol por 90 dias. Os animais foram então distribuídos em dois grupos: submeti-

dos a tratamento com exercício físico (GE) e submetidos a tratamento com exercício físico e

sinvastatina (GE + S). Foi aplicado um protocolo de exercício físico na água e administração

de  sinvastatina por oito semanas. Após esse período, os animais foram eutanasiados e dis-

secados a tíbia esquerda e o músculo gastrocnêmio direito de cada animal para análise

mecânica e a tíbia direita para densitometria. Para análise dos dados foi aplicado o teste t

de  Student, considerou-se nível de significância de 5%.

Resultados: A comparação da força máxima e rigidez não revelou diferença significativa

entre os grupos tanto para a tíbia (p = 0,851 e p = 0,259) quanto para o músculo gastrocnêmio

(p  = 0,911 e p = 0,083). A DMO das tíbias também não apresentou diferença significativa entre

os  grupos (p = 0,803).

Conclusão: A sinvastatina não teve efeitos deletérios nas propriedades mecânicas da tíbia

e  do músculo gastrocnêmio de ratos hipercolesterolêmicos submetidos a exercício físico

aeróbio.
©  2017 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://

hypercholesterolemia induction.5 After 90 days, blood sam-
ples were drawn through cardiac puncture and laboratory
tests were performed to confirm the elevation of the animals’
Introduction

Hypercholesterolemia is characterized by abnormal elevation
of blood cholesterol levels, being considered a significant risk
factor for cardiovascular disease. Its treatment and the pre-
vention of cardiovascular diseases involve nutritional therapy,
physical exercise practice, and drug therapy.1

Simvastatin is a drug used to treat and prevent hyper-
cholesterolemia. It acts as an inhibitor of the enzyme
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reduc-
tase, a key enzyme in the biosynthetic pathway of cholesterol
in the liver, inhibiting cholesterol synthesis.2 Due to their
pleiotropic effects, other applications of statins are being
studied. There are reports of adverse effects of statins use
on muscle tissue, including pain, myopathy and, in more
severe cases, rhabdomyolysis.3 Evidence also indicates that
statins may have effects on bone tissue,4 but there are many
controversies.

Physical exercise can also act on the musculoskeletal sys-
tem and may be indicated as a complementary therapy to
simvastatin for reducing cholesterol levels. Morphological
changes in bones and muscles derived from these therapies
have been studied. It is necessary to assess the relationship
of simvastatin to exercise in order to demonstrate the effect
of these two  therapeutic modalities on the mechanical resis-
tance of bone and muscle tissue. Therefore, this study is aimed
at evaluating the influence of simvastatin on the mechanical
properties of bones and muscles of hypercholesterolemic rats

submitted to physical exercise.
creativecommons.org/licenses/by-nc-nd/4.0/).

Material  and  methods

This was an experimental pilot study in an animal model,
following the rules of the Brazilian College of Animal Exper-
imentation and the International Guiding Principles for
Biomedical Research Involving Animals. It was previously
approved by the Ethics in the Use of Animals Committee of
the University of Vale do Sapucaí (Univás), under protocol
202/13.

Ten male Wistar rats were used, with body mass between
270 and 290 g. The animals were purchased through the Univás
Vivarium, and kept under controlled conditions of 21 ± 2 ◦C,
55–60% humidity, and 12 h light/dark cycle, with water and
food ad libitum.

The animals were randomly divided into two groups
(n = 5) according to the proposed treatments: exercise group
(EG) – animals were treated with physical exercise; and
simvastatin + exercise group (SEG) – animals were treated
simultaneously with exercise and simvastatin.

Induction  of  hypercholesterolemia

The animals received a hypercholesterolemic diet based on
the AIN-93 from the American Institute of Nutrition, com-
posed of 18% lipids per kg (1.25% of cholesterol) for 90 days, for
cholesterol level.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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imvastatin  administration

imvastatin was administered at a dose of 20 mg/kg. The pow-
ered drug was mixed with grade I purified water in Milli-Q
ystem, and the suspension was supplied through gavage. Due
o the growth and the modification of the body weight of the
nimals, the drug dose was recalculated daily, and adminis-
ered for eight weeks.

hysical  exercise  protocol

he exercise protocol consisted in 60 min  of water training five
imes a week for eight weeks, in a swimming system adapted
or rats.6 A rectangular-shaped, smooth-surface swimming
ank was used, measuring 120 cm in length, 60 cm in width,
nd 60 cm in height.7 The water was maintained at 40 cm
epth, with the temperature at 31 ± 1 ◦C.8 Prior to the start
f the experiments, all animals were adapted to the water in
he previously described tank under the same conditions. The
daptation lasted five days, in which the animals were placed
n the water for an increasing time of 5, 15, 25, 35, and 45 min,
espectively, in order to avoid stress of the animal without
romoting physiological adjustments during that period. The
nimals were supervised during all of the exercise period, to
void floating or being supported.

orphometry

he animals were weighed weekly to check body mass. After
he treatment period, the animals were euthanized using
xcessive dose of anesthetic (xylazine and ketamine). The
ight and left tibiae and the right gastrocnemius of each ani-

al  were dissected.
The tibiae were weighed on a scale with 0.01 g precision

AC-2000, Marte
®

). The tibial length was measured with a dig-

tal caliper with 0.01 mm precision (Mitutoyo
®

).

ensitometry

he right tibiae were submitted to densitometry on an X-
ay dual-density densitometer (DPX-Alpha, Lunar

®
, USA) from

he Bioengineering Laboratory of FMRP/USP. The images were
cquired with the tibiae in the same position, immersed in a

 cm deep sterile physiological solution in a plastic container.
sing the DPX software (version 4.7 E, Lunar

®
, USA), the bones

ere manually demarcated in a 9 mm2 region of interest just
elow the epiphyseal disk; bone mineral density (BMD) infor-
ation was collected.

echanical  analysis

o assess mechanical properties, the left tibia of the animals
ere submitted to a three-point bending test with a Universal
esting Machine (DL10.000, EMIC

®
, Brazil) from the Bioengi-

eering Laboratory of FMRP/USP. The bones were placed on

wo support points, 25 mm apart from each other. A 500N load
ell was used, and force was applied at a speed of 1 mm/min
ntil sample rupture. The properties analyzed were maximum
trength and relative stiffness.
;5 3(3):287–292 289

The right gastrocnemius muscle was subjected to a ten-
sile test with a Universal Testing Machine (DL10.000, EMIC

®
,

Brazil) coupled to a 500-N loading cell to measure the maxi-
mum strength and relative stiffness of the muscle fibers. The
following parameters were used: speed of 10 mm/min, preload
of 5 N, and accommodation time of 30 s.

Statistical  analysis

Student’s t-test was used to compare the groups. Statistical
analyses were performed using SPSS (version 20.0), and a sig-
nificance level of 5% was adopted.

Results

Body  mass  and  feed  intake

The body mass of the animals at the beginning of the experi-
ment was similar (p = 0.183). The groups maintained similar
body mass after hypercholesterolemia induction (p = 0.132)
and at the end of the experiment (p = 0.210). The weight gain
was increased until the eighth week (the end of the hyperc-
holesterolemic diet; p < 0.001); from the eighth week onwards,
with the beginning of the treatment, weight loss was grad-
ual, and the animals lost weight significantly at the end of the
experiment (p = 0.033).

The mean daily dietary intake was measured until the end
of the hypercholesterolemia induction, and no statistically
significant differences were observed between the groups dur-
ing this period (p = 0.120). Subsequently, the mean daily feed
intake during the treatment period was also measured, and
no statistically significant differences were observed between
the groups (p = 0.784). Feed intake before and after physi-
cal training also did not present differences (p = 0.281). Fig. 1
presents the body mass and feed consumption values for both
groups.

Tibia  assessment

The morphometric measurements showed no significant dif-
ferences in tibial length (p = 0.834) and weight (p = 0.302)
between the groups.

When comparing the maximum strength (p = 0.851) and
relative rigidity (p = 0.259) of the left tibia, no statistically
significant differences were observed between the groups.
Furthermore, no statistically significant differences were
observed in BMD between both groups (p = 0.803). The results
are shown in Table 1.

Gastrocnemius  assessment

The resistance of the gastrocnemius muscle was not affected
by the association of simvastatin and exercise. When com-
paring the maximum strength, no statistically significant
differences were observed between the groups (p = 0.911). In
the traction test, gastrocnemius stiffness also did not present

a significant difference (p = 0.083). The results are shown in
Fig. 2.
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Fig. 1 – (A) Comparison between exercise (EG) and exercise + simvastatin (ESG) groups at three different times. Both groups
presented weight gain until the end of the diet and had weight loss with treatment, with no significant difference between
groups at any of the times. *Significant difference in relation to the beginning. +Significant difference in relation to
post-treatment; (B) feed intake did not change before and after treatment and did not differ between groups.

Table 1 – Results of bone length, weight and bone mineral density (BMD) of the right tibiae and maximal strength and
rigidity of the left tibiae in the exercise (EG) and exercise + simvastatin (ESG) groups.

Right tibia Left tibia

Length (mm) Weight (g) BMD (g/cm2) Maximum force (N) Relative stiffness (N/mm)

EG 43.37 ± 0.45 0.96 ± 0.04 0.12 ± 0.01 129.57 ± 18.21 264.91 ± 38.46
ESG 43.32 ± 0.25 1.01 ± 0.09 0.12 ± 0.04 127.91 ± 5.96 233.23 ± 43.76
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Fig. 2 – (A) Exercise (EG) and exercise and simvastatin (ESG) groups presented similar maximum strength at the mechanical

gastrocnemius test; (B) rigidity was similar between groups.

Discussion

The present study evaluated the use of simvastatin associated
with exercise on the tibia and gastrocnemius of hyperc-
holesterolemic rats, since both are lipid-lowering therapeutic
modalities that affect the musculoskeletal system. The results
of the present study did not demonstrate an influence of

physical exercise on the morphometric, mechanical, and BMD
properties of the tibiae of rats regardless of simvastatin use.
When associated with exercise, simvastatin also did not affect
the mechanical resistance of the gastrocnemius muscle.
Even a low-impact exercise such as swimming stimulates
bone formation. The muscular action in physical exercise pro-
motes a mechanical stimulation to the bones, which, due
to their piezoelectric properties, respond positively to this
stimulus.9 In turn, simvastatin did not affect bone stimulation;
both groups presented similar BMD and mechanical proper-
ties. In the present study, physical exercise, as a strong factor
influencing bone tissue, may have suppressed the simvastatin
response.
Studies have reported that statins act in the stimulation of
bone tissue.4,10 This action occurs due to the stimulation of
bone morphogenic protein (BMP-2), which causes osteoblastic
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roliferation and differentiation, resulting in a greater and bet-
er bone tissue formation. According to Anbinder et al.,11 all
tatins stimulate BMP-2, except pravastatin. Statins were also
ssociated with a decrease in osteoclast activity and conse-
uent reduction in bone absorption observed by an increased
steoprotegerin (OPG) expression and decreased expression of
uclear kappa-B binding factor (RANKL).12 Thus, the possible
se of statins to potentiate the treatment of bone deficiencies
as been investigated. Oxlund and Andreassen13 assessed the
ffects of simvastatin on the tibia and vertebra of ovariec-
omized rats and observed a reduction in trabecular bone
oss. Skoglund et al.14 also reported that rats with femoral
ractures treated with 120 mg/kg simvastatin presented better
esistance than those not treated with simvastatin.

However, other studies have failed to observe bone stimula-
ion after simvastatin treatment in rats.15,16 Maritz et al.16 also
tated that high doses of simvastatin increase bone forma-
ion, while low doses of simvastatin may decrease it. Different
oses, times, and modes of administration may have been the
ause of the controversial results. To avoid side effects derived
rom high doses of simvastatin, local administration in the
ones appears to be an attractive solution for the use of this
rug in bone therapy.17

Simvastatin is also associated with morphological and
tructural damage in skeletal muscle.18 It does not act exclu-
ively on the biosynthetic pathway of cholesterol, but also
nhibits the synthesis of coenzyme Q10, which affects mito-
hondrial oxidative phosphorylation and can lead to apoptosis
n muscle fibers.19 Rats in which simvastatin is used present

orphological and structural changes that may be aggravated
hen the use of this drug is associated with exercise.5,20 Bon-
m et al.21 reported that the association of simvastatin with
readmill exercise led to an increase in the muscle injury in
ats. In the present study, no statistically significant differ-
nces were observed in the mechanical properties of animals,
egardless of the use of simvastatin. The study by Padulla
t al.22 indicated that the cardiac musculature of trained
ats underwent beneficial adaptations in response to exercise,
ecoming more  resistant to the apoptotic effects of statins.
hysical exercise is a powerful stimulator in mitochondrial
iogenesis. Thus, although some studies describe that exer-
ise causes microlesions that can aggravate myopathy due to
he use of statins, physical activity promotes muscle strength-
ning, which may have prevented musculoskeletal damage
elated to biomechanical resistance.

The animals were fed a hypercholesterolemic diet to
ause hypercholesterolemia and better mimic the effects of
reatment.5 The animals gained increasing weight through-
ut the hypercholesterolemic feeding. This increased weight
ain can be explained by the natural growth of the animals
ombined with a diet rich in lipids. From the end of the diet
o the beginning of physical activity practice, the animals lost
eight. Although the treatment led to weight loss, the feed

onsumption did not change. This fact can be explained by
he increase in energy expenditure due to the practice of phys-
cal exercise, mimicking the dietary and physical reeducation

nvolved in a conservative treatment for cholesterolemic con-
rol that, due to new habits, leads to weight loss.

In the present study, swimming was chosen because con-
inuous aerobic exercise is the physical activity of choice for
;5 3(3):287–292 291

patients with hypercholesterolemia. The low-impact exercise
did not decrease the muscular resistance associated with the
use of simvastatin and it may even have promoted mus-
cle strengthening, avoiding this damage. Bone tissue was
also unaffected by the use of simvastatin. Although simvas-
tatin can be considered a bone formation stimulator, it did
not potentiate or suppress the effects of physical exercise.
Moreover, the combination of simvastatin with exercise acts
as a regulator of metabolic disorders that may be harmful
to the musculoskeletal system.23 Therefore, the practice of
low-intensity physical exercise is indicated as an adjunctive
treatment for dyslipidemia control, not only because of its
lipid-lowering effect, but also because of the accumulation of
musculoskeletal benefits that avoid damage associated with
medication use.

It is important to know the biomechanical response of
bones and muscles to a hypercholesterolemia therapy. The
present study complements others that evaluated the mor-
phological and structural effects of simvastatin and exercise
in the musculoskeletal system. However, the study included
small samples, and may not be possible to extrapolate the
results into a larger group. Further studies with larger samples
are therefore encouraged. The findings permit the conclusion
that simvastatin had no deleterious effects on the mechani-
cal properties of the tibia and gastrocnemius muscle of rats
submitted to aerobic exercise.
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