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Abstract
Background: Statins are the most effective and best tolerated agents for treating hyperlipidemia. They have 

many side effects. The most common side effect in statins users is myopathy.

Aim: This study is concerned with the description of structural changes in rat skeletal muscle following 
administration of different doses of atorvastatin and identification of the different mechanisms involved in these 
changes. 

Method: Rats were divided randomly into four groups; each group included 6 rats: Group I, the control group, 
received distilled water. Group II received 10 mg/kg/day of atorvastatin. Group III received 40 mg/kg/day of 
atorvastatin. Group IV received 80 mg/kg/day of atorvastatin. Atorvastatin was given for 8 weeks. Vastus medialis 
muscle was taken out, rapidly fixed and processed for histological, histochemical and immunohistochemical studies.

Results: Atorvastatin administration caused morphological changes in the skeletal muscle fibers and in the 
nerve fibers. Degeneration was more obvious in high doses treated groups. Glees stain showed nerve degeneration.  
Succinate dehydrogenase (SDH) staining revealed that SDH activity was affected in type II skeletal muscle fibers 
and with increasing the dose SDH activity in type I muscle fibers also affected. Moreover acetylcholine esterase 
(AChE) activity became affected with the doses of 40, 80 mg/kg of atorvastatin. Immunohistochemical studies using 
myosin heavy chain antibodies revealed degeneration of the type II fibers. However, affection of the type I fibers 
was observed in 80 mg/kg treated group. Morphometric studies showed an increase in the percent of caspase 
3-immuno positive muscle fiber in all treated group.

Conclusion: Atorvastatin has atoxic effect on the skeletal muscle and its nerve supply and this effect is 
dose dependent. Type II muscle fibers were involved with low dose while type I fibers affected with high dose. 
Mitochondrial damage, apoptosis of the muscle fiber and decreased AChE activity could be the mechanisms 
through which atorvastatin induces its toxic effect.

Keywords: Atorvastatin; Myotoxicity rat 

Introduction
Statins are drugs used in the treatment of many diseases including 

hypercholesterolemia, ischemic heart disease (angina, chronic heart 
disease and myocardial infarction), cerebrovascular accidents and 
peripheral arterial disease. Adults with a history of cardiovascular 
disease (CVD) or those with a 10-year risk of developing CVD should 
start statin therapy as a prophylactic measure. As a result of all these 
indications, statins are one of the world’s most prescribed drugs [1]. 
Many forms of statins are present in the markets including atorvastatin 
(Lipitor), lovastatin (Mevacor, Altocor) and simvastatin (Zocor). 
Inhibition of 3-hydroxy-3-methyl glutaryl coenzyme A reductase 
(HMG-CoA reductase), a key enzyme in the cholesterol biosynthetic 
pathway is the mode of action of most of the statins [2].

Many side-effects must be understood and prevented throughout 
the use of statins. The most severe side-effect is rhabdomyolysis, 
which is characterized by damaging of the skeletal muscle which leads 
to the release of muscle proteins into the blood [3]. Statin induces 
rhabdomyolysis that can be acute, subacute, or chronic, and may be 
permanent despite dose reduction or substitutions [4]. 

 Myoglobin release from the damaged muscle can lead to acute 
renal failure. All statins have been associated with adverse muscle 
events [5]. Statins lower the concentration of low-density lipoprotein 

cholesterol and very-low-density lipoprotein cholesterol in people 
with elevated triglycerides. Many patients cannot reach this at low 
doses, so they tend to use high doses of statin. The risk of myopathy 
is increased with high doses [3]. The mechanism determining muscle 
damage is not clear [6]. There are several possible mechanisms such 
as depletion of secondary metabolic intermediates and induction of 
apoptosis, have been proposed for statin-induced myopathy [7]. In 
the markets atorvastatin is available in 10, 20, 40, and 80 mg tablets. 
The aim of the present study was to test the effect of different doses of 
atorvastatin on the skeletal muscles of male albino rat and the possible 
mechanisms involved in this effect by using histological, histochemical 
and immunohistochemical methods.

http://en.wikipedia.org/wiki/Atorvastatin
http://en.wikipedia.org/wiki/Lovastatin
http://en.wikipedia.org/wiki/Simvastatin
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697730/#b39
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Material and Methods
Animals

 This study was conducted in the Histology department of faculty 
of Medicine of El-Minia University. The study was dealing with the 
skeletal muscle tissues of adult male albino rats. Twenty four male 
albino rats at the age 6-8 weeks, weighting 150-200 grams, specific 
pathogens free were used. Animals were housed in a clean plastic cage 
in an air conditioned room under a 12 h light dark cycle. 

All animals became acclimatized for at least 7 days before the outset 
of the study and were given food and water ad-libitum and were kept at 
constant humidity and temperature. The experiment was approved by 
the ethical committee for animal handling for research work in Minia 
University.

Reagents
Atorvastatin (Lipitor®) 40 mg tablets (Egyptian International 

Pharmaceutical Industries Company (EIPICO), company of pharmacy, 
Egypt) were obtained from the market. The tablets were ground and 
then the different doses 10, 40 and 80 mg/kg were calculated. Each dose 
was freshly dissolved in distilled water before the oral intake. 

Experimental design

Animals were randomly divided into four groups (six rats each), the 
control group author included 6 rats were received distilled water and 
the treated groups received atorvastatin dissolved in distilled water by a 
gastric tube at different doses for 8 weeks. Group II received 10 mg/kg/
day of atorvastatin [8]. Group III received 40 mg/kg/day of atorvastatin 
[1]. Group IV received 80 mg/kg/day of atorvastatin. Rats from all groups 
were sacrificed after 8 weeks by decapitation under light halothane 
anesthesia. Skeletal muscle tissue samples were obtained for tissue 
preparation. The vastus medialis muscle of the right limb was obtained 
and divided into two parts. One part was fixed in 10% formal saline 
for paraffin sections which were stained with hematoxylin and eosin, 
Glees method (for axons of nerve fibers) and immunohistochemical 
reagents. The other part was rapidly put in the cryostat for Succinic 
dehydrogenase and Acetyl choline esterase histochemical study. All 
the histological and the histochemical Bancroft and Garblo 2008 [9]. 
Immunohistochemical staining was performed using polyclonal rabbit 
antibodies (anti-cleaved caspase 3) which was obtained from sigma 
aldrich and monoclonal mouse antibodies (anti-myosin fast twitch 
(type II) heavy-chain myosin) which was obtained from thermo 
scientific. Immunohistochemistry for both was performed on paraffin 
sections [10]. Sections were deparaffinized, hydrated then washed in 
0.1 M phosphate buffer saline (PBS). Endogenous peroxidases were 
blocked by treatment with H2O2 in methanol. non-specific background 
staining were inhibited through incubation at room temperature for 
30 min in 0.3% bovine serum albumin. The sections were incubated 
with the diluted primary antibodies for cleaved caspase 3 (1:500) 
and anti-myosin fast twitch (type II) heavy-chain myosin (1:500) for 
60 minutes at room temperature. Sections then were washed 3 times 
each for 5 minutes in buffer and incubated for further 30 minutes with 
biotinylated secondary antibodies diluted 1:1000, followed by washing. 
Following further 30 minutes incubation with Vectastain ABC kits 
(Avidin, Biotinylated horse radish peroxidase Complex) and washing 
for 10 minutes, the substrate, diaminobenzidine tetra hydrochloride 
(DAB) in distilled water was added for 5-10 min. The slides were lightly 
counterstained by hematoxylin. For anti-cleaved caspase 3 positive 
control human tonsil slides were stained. The positive immunoreactivity 

for anti-myosin fast twitch (type II) heavy-chain myosin appeared as 
brown stained cytoplasm of the immunoreactive cells. The positive 
immunoreactivity for anti-cleaved caspase 3 appeared as brown 
cytoplasmic or nuclear staining. Negative control slides were prepared 
by the same steps except they were incubated with the antibody diluent 
instead of primary antibody.

Photography 

Slides were photographed using Olympus digital camera. Images 
were saved as jpg and processed using Adobe Photoshop 7 to 
standardize brightness, contrast and background color. 

Morphometric analysis

The procedures utilized a hardware consisting of a high-resolution 
color digital camera mounted on an Olympus BX51 microscope and 
connected to a computer. 

Quantitative data were collected for 2 parameters:- 

The number of degenerated muscle fibers will be counted and 
graded for fiber quantification, the total number of muscle fibers and 
the number of degenerated fibers were counted in 10 different adjacent 
non overlapped fields for the same slide. Three different sections of the 
same animal were used. They were counted in the 40 high power fields. 
Degenerated fibers were graded subjectively; mild- up to approximately 
20% of fibers affected; moderate-up to 50% of fibers affected and severe- 
more than 50% of fibers affected [11].

The percentage of caspase-3 positive fiberscontrol tonsil slides were 
stained was determined in 10 different adjacent non overlapped fields 
the number of caspase-3 positive was divided by the total number of 
fibers at the same fields. Three different sections of the same animal 
were used. 

Results
Morphological study

Examination of H and E stained longitudinal sections (LS) of 
the muscle tissue of the control group revealed that the muscle fibers 
were long, non-branching, striated and cylinder with acidophilic 
sarcoplasm. Their nuclei were multiple, elongated, vesicular and 
peripherally located just beneath the sarcolemma Some  satellite cells 
were noticed on the surface of the myofibers and fibroblast like cells 
appeared within the endomysium (Figure 1A). In transverse section 

Figure 1: A Photomicrograph of rat skeletal muscle tissue of the control group 
showing A. Bundles of non branching cylindrical shaped muscle fibers with 
acidophilic sarcoplasm ( thin arrows), and multiple elongated vesicular nuclei 
peripherally located beneath the sarcolemma (thick arrows). Notice the smaller 
nuclei of satellite cells (curved arrows) and the flat nuclei of fibroblasts in the 
endomysium (arrow heads). x 400. Inset showing cross striations . X1000. B. 
TS of rat skeletal muscle tissue of the control group showing polygonal shaped 
skeletal muscle fibers with acidophilic cytoplasm (arrow) and peripherally 
located nuclei (arrow head). The muscle fibers are separated by endomysium 
(curved arrow). Notice the perimysium is seen between muscle bundles (thick 
arrow). (H&E X 400).

1B 1A
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(TS), the skeletal muscle fibers appeared polygonal with acidophilic 
sarcoplasm and peripherally located nuclei. The muscle fibers are 
grouped into bundles. Each bundle is surrounded by a connective 
tissue sheath (perimysium). Each muscle fiber is surrounded by 
endomysium (Figure 1B). In Group II (10 mg/kg atorvastatin treated 
group), the muscle fibers were more or less with their normal size and 
longitudinal arrangement. Inflammatory cellular infiltration started 
through the endomysium (Figure 2A). Some muscle fibers became 
rounded with loss of the polygonal appearance. Their nuclei appeared 
rounded central instead of their peripheral position. Splitting of few 
muscle fibers and fragmentation of the sarcoplasm were observed in 
both LS and TS (Figures 2A and 2B). 

Examination of sections from group III (40 mg/kg atorvastatin 
treated group), revealed that the LS of the muscle fibrils showed mild 
wavy appearance. Some myofibers had prominent euchromatic nuclei 
that were linearly arranged and often surrounded by more satellite 
cells. Myonuclear changes were also observed in many fibers. These 
changes were in the form of nuclear enlargement, irregular shapes and 
clumping. Internal nuclei were also common (Figures 3A and 3B). 
Inflammatory cellular infiltration was also noticed (Fig.3A) There was 

variation in the fiber size. Few muscle fibers appeared hypertrophied 
with ill defined outlines but most of the fibers still keep their normal 
appearance. Some of the enlarged fibers appeared splitted and others 
showed fragmentation of their cytoplasm (Figure 3C). 

Regarding sections from group IV (80 mg/kg atorvastatin treated 
group), the muscle fibers showed disarray of orientation. Their 
myofibrils became extensively wavy (Figure 4A) Inflammatory cellular 
infiltration was also noticed in-between the myofibers (Figures 4B 
and 4C). There was marked variation in the fiber size and most of the 
myofibers lost their polygonal appearance and appeared swollen. This 
obscured the endomysium between the deformed myofibers (Figures 
4B and 4C). The degenerated muscle fibers appear swollen with pale 
stained sarcoplasm that was extensively fragmented (Figures 4A and 
4C). Some myofibers had prominent euchromatic nuclei that were 
linearly arranged and often surrounded by more satellite cells (Figure 
4D). In the Glees stained sections of the control group, the nerve fibers 
showed a continuous uniform impregnation of the silver stain while 
the myoneural junctions appeared as a hen leg appearance (Figure 
5A). In Group II, There was considerable damage of the nerve fibers. 
This appeared in the form of the breakup of the silver impregnation in 
comparison with the uniform staining of the control group. Thinning 
of the nerve fibers was noticed in some areas along their length 
(Figure 5B). More damage was noticed in group III (Figures 5C and 
5D) and IV (Figures 5E and 5F). The degenerated nerve fibers became 
markedly thin and appeared as ghosts. Silver droplets appeared around 
the degenerated nerve fiber. Many nerve fibers showed disorganized 
neurofibrils with breakup of the silver impregnation of this degenerated 
nerve. Histochemical studies for detection of succinic dehydrogenase 
enzyme (SDH) activity showed that the transverse section (TS) of the 
muscular tissue of the control group was consisting mostly of lightly 
stained (type II) with few deeply stained (type I), the type II fibers are 
large while type I fibers are small. The staining is granular throughout 
the fibers (Figure 6A). In group II, some of the low oxidative fast twitch 
fibers (type II) had central and eccentric loss of staining, while the high 
oxidative slow twitch fibers (type I) were not affected (Figure 6B). In 

Figure 2: A photomicrograph of rat skeletal muscle tissue of treated group 
II showing A. LS of muscle fibers with inflammatory cellular infiltration (thick 
arrows) and splitting of muscle fibers (arrow heads). Notice the central nuclei 
(arrow). B. TS of the muscle fibers showing rounding of some fibers (thick 
arrows) and rounded internal nuclei (arrows). Notice muscle fiber splitting 
(arrow heads) and fragmentation of the sarcoplasm of some muscle fibers 
(curved arrow). (H&E x 400).
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Figure 3: A photomicrograph of rat skeletal muscle tissue of treated group 
III showing A. LS of muscle fibers with inflammatory cellular infiltration (thick 
arrows), splitting of muscle fibers (arrow heads) and mild wavy appearance of 
myofibrils (curved arrow). Notice the central nuclei ( arrows). B. Myofibers with 
linearly arranged euchromatic nuclei (black arrow), Many satellite cells (blue 
arrows). Notice myonuclear changes in the form of nuclear enlargement (red 
arrow) and irregular shapes (white arrow). C. TS of muscle fibers showing 
rounded internal nuclei (arrows), splitted muscle fiber (thick arrows) and 
fragmentation of sarcoplasm of some muscle fibers (stars). (H&E x 400).

 

                                                                                                                             

4A 

4D 

4C
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Figure 4: A photomicrograph of rat skeletal muscle tissue of treated group 
IV showing A. Wavy myofibrils (curved arrows) with areas of fragmented 
sarcoplasm (stars). Notice pale acidophilic sarcoplasm of the degenerated 
fibers (circles). x 400. B. Chain of fibroblast like cells (arrowhead). x 1000. 
C. TS muscle fibers showing rounded internal nuclei (arrow) , spiltted muscle 
fibers (thick arrow) and the fragmentation of sarcoplasm of some fibers (stars). 
Notice the mononuclear cellular infiltration (green arrow), swollen muscle 
fibers and with indistinct endomysium (arrow heads). X400. D. Myofibers with 
prominent linearly arranged euchromatic nuclei (black arrows) . Notice many 
satellite cells (blue arrows). (H&E).
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group III, both two types of the muscle fibers were affected. Many low 
oxidative fast twitch fibers (type II) showed central and eccentric loss of 
staining. The high oxidative slow twitch fibers (type I) showed decrease 

in the intensity of staining in the center (Figure 6C). In group IV the 
low oxidative fast twitch fibers (type II) had large areas of complete 
loss of staining, while the highly oxidative slow twitch fibers (type I) 
showed eccentric loss of staining (Figure 6D). AChE was detected at 
the motor end plate regions in the different groups. In both the control 
group (Figure 7A) and group II (Figure 7B), AChE staining showed 
that the neuromuscular junctions (NMJ) were brown, oval, round 
or elliptical and compact. They were distributed along the border of 
the muscle fibers. In group III, some NMJ areas were lightly stained 
and less compacted when compared to the control group (Figure 7C). 
NMJ appeared smaller in size, less compacted and lighter in staining 
in group IV when compared with the previous groups (Figure 7D). 
Immunohistochemical study of muscle tissues using myosin fast 
twitch (type II) heavy chain antibody showed that skeletal muscle 
tissue from the control group had a positive reaction in the form of fine 
brown granules, the two types of muscle fibers could be demonstrated 
the more numerous immunopositive type II fast twitch fibers and 
the less numerous slow twitch muscle fibers (type I) that remained 
unstained (Figure 8A). For the negative control, slides were prepared 
from skeletal muscle tissue (Figure 8B). In group II, splitting of some 
of the immunopositive type II fibers with sparing of the negative 
immunoreactive type I fibers was noticed (Figure 8C). In group III many 
type II fibers appeared degenerated with fragmented cytoplasm while 
the type I fibers retained their normal histological appearance (Figure 
8D). Both immunopositive and immunonegative fibers were affected 
in group IV. Extensive fragmentation of the sarcoplasm appeared in 
the immunopositive (type II) fibers while some immunonegative (type 
I) fibers showed splittting (Figure 8E). The positive immunoreactivity 
for activated caspase 3 appeared in the form of brown coloration of 
the cytoplasm and/or nuclei of the immunoreactive cells. Positive 
control slides prepared from human tonsil demonstrated the positive 
reaction of caspase 3 in the form of fine brown granules (Figure 9A). 
For the negative control, slides were prepared from skeletal muscle 
tissue (Figure 9B). Sections of the control group I showed no detectable 
immunolabeling for activated caspase 3 in the skeletal muscle sections 
(Figure 10A). In group II, there was obvious high immunoreactivity 
for activated caspase 3 in the cytoplasm of the rounded muscle fibers. 
Some immunopositive muscle fibers showed splitting and some nuclei 
were positively stained (Figure 10B). In group III (Figure 10C) and 

5A 5B

5C 5D

5E 5F

Figure 5: Glees staining of the skeletal muscle tissue of A. Control group 
showing intact nerve fiber with uniform diameter (arrow). Notice the myoneural 
junctions (thick arrow) has a hen leg appearance. B. Group II showing break 
up of the nerve fiber staining (arrows) and thinning of some areas along the 
nerve fiber (thick arrows). C and D. Group III showing thinning of the nerve 
fiber (arrow). Notice the droplets of degenerated axon ( thick arrow). Notice 
disorganized neurofibrils (black arrow) of the nerve fiber. E and F. Group IV 
showing break up of the nerve fiber staining (arrows) with thinning of the nerve 
fiber (thick arrow). Some nerve fiber appears as a ghost (arrow head). Others 
have disorganized neurofibrils (black arrow). (Glees x 1000).

6A 6B

6D6C

Figure 6: Succinic dehydrogenase histochemical staining of the vastus 
medialis muscle tissue of A. control group showing the muscle consisting 
mostly of type II fibers with less intensity and few type I fibers with high 
intensity of staining. B. Group II showing type II fibers with central (arrows) and 
eccentric (thick arrow) loss of staining. Notice sparing of type I fibers (star). 
C. Group III showing central and eccentric loss of staining of type II fibers 
(arrows). Notice decrease the intensity of staining in the center of type I fibers 
(red arrow). D. Group IV showing complete loss of staining in large areas 
of type II fibers (arrows). Notice that type I fibers showing eccentric loss of 
staining (red arrows). (Succinic dehydrogenase histochemistry x 400).

7A 7B 

7C 
7D 

Figure 7: AChE histochemial staining of skeletal muscle tissue of A. control 
group showing brown, oval, round and compact NMJ (neuromuscular junction) 
areas (arrows) distributed along the border of the muscle fibers. B. Group II 
showing NMJ areas resemble the control group (arrow). C. Group III showing 
some areas of the NMJ are lightly stained (arrows). D. Group IV showing small 
sized lightly stained NMJ areas (arrows). (AChE histochemistry x 400).
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Discussion 
Prevention of major cardiovascular events (coronary events, 

coronary revascularization, and ischemic strokes) is one of the 
important roles of statins. Additional benefits with intensive statin 
therapy, and the prophylactic approaches against cardiovascular 
diseases, led to a widespread use of statins and the prescription of 
higher doses [5]. Although statins could be tolerated, many degrees 
of myopathy ranging from mild myalgia to rhabdomyolysis have been 
reported [1]. 

 The present work was done to show the potential myotoxicity 
of atorvastatin and whether these effects are dose dependent or not. 
This study was also attempting to study the possible mechanisms 
beyond these changes using histological, histochemical and 
immunocytochemical techniques. Eng et al.,  [12] reported that vastus 
medialis of the quadriceps femoris muscle mostly are formed of type 
II white fibers. Statins affect type II muscle fibers mainly [11,13]. That 
is the reason for doing the current study on that muscle in particular. 
In the current study, different structural changes were detected in the 
skeletal muscle tissue of rats receiving 10, 40 or 80 mg/kg of atorvastatin. 

Hematoxylin and eosin stain revealed focal areas with 
inflammatory cell infiltration, rounding and splitting of the muscle 
fibers. Fragmentation of the sarcoplasm and dense centrally located 
nuclei were also detected in all groups. These changes become more 
obvious with increasing the dose of atorvastatin. Marked damage of 
the muscle fibers noticed with the use of 80 mg/kg dose. This confirmed 
by grading of degeneration of muscle fibers. This was in agreement 
with Rallidis et al., [14] who reported that in clinical practice 5-10% 
of patients receiving statins develop myopathy, and this myopathy 
was dose dependent. Also this was in line with the study of Silva et al. 
[15] who reported a 10-fold increase in myopathy in patients taking 
a high dose of atorvastatin or simvastatin compared to patients on a 
lower dose. This study confirmed the finding of those studies through 
histological examination of the muscle fibers of treated rats with 
different doses of the drug.

group IV (Figure 10D), most of the muscle fibers showed positive 
cytoplasmic and nuclear expression. Few muscle fibers showed negative 
immunoreactivity. 

 The morphometric results

It was found that the percent of fiber degeneration in control rats 
was very low. On the other hand, there was moderate muscle fiber 
degeneration (20.3-28%) in group II while in group III and IV the 
muscle fiber degeneration was severe (55.9-66%) and (82.7-90.2%) 
respectively.

The percent of caspase-3 positive fibers in the control group 
ranging from (0-1%). Higher percent was noticed in group II (8-10%). 
More caspase-3 immunopositive fibers were detected in groups III 
and IV. The percent was (40-60%) and (80-95%) for groups III and IV 
respectively.

8A
8B

8D8C

8E

Figure 8: Myosin heavy chain immunohistochemical staining of the vastus 
medialis muscle tissue of A. Positive control group showing positive 
immunoreactivity in type II fibers (thin arrows) and negative immunoreactivity 
in type I fibers (thick arrows). B. Negative control. C. Group II showing splitting 
of some positive immunoreactive (type II) fibers (arrow). D. Group III showing 
fragmentation of sarcoplasm of immunopositive (type II) fibers (thin arrow) with 
sparing of immunonegative (type I) fibers (thick arrow). E. Group IV showing 
extensive fragmentation of sarcoplasm of the immunopositive (type II) fibers 
(thin arrows) and splitting of immunonegative (type I) fibers (thick arrow). 
(immunohistochemistry counter stain H x 400).

9A 
9B 

Figure 9:  A. Positive control tonsilar tissue showing positive immune reaction 
of caspase 3 (arrows). B. Rat skeletal muscle tissue showing a negative 
reaction in a negative control slide for caspase 3. (immunohistochemistry 
counter stain H x 400).

  
10B 

10A 

10D 10C

Figure 10: Caspase 3 immunohistochemical staining of skeletal muscle 
tissue of A. Control group showing negative immunoreactivity in the muscle 
fibers. B. Group II showing positive immunoreactivity in cytoplasm of some 
rounded muscle fibers (thin arrow). Notice some nuclei showing positive 
immunoreactivity (arrow heads) and many fibers showing splitting (red arrow) .
C. Group III showing positive immunoreactivity in cytoplasm of most of the 
muscle fibers (thin arrow). Notice nuclear expression (arrow head). D. Group 
IV showing positive cytoplasmic immune reaction in the muscle fibres (arrow). 
Some nuclei showing positive reaction (arrow heads). (immunohistochemistry 
counter stain H x 400).
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Degeneration and inflammatory cellular infiltration in skeletal 
muscle fibers were noticed in this study. This was reported by many 
investigators using a variety of statins [16,7,17]. It could be suggested 
that the degenerative changes that affected the muscle fibers might be 
the stimulus that initiated the inflammatory reaction. This was explained 
by Stevnes and Lowe, [18], who stated that the degenerated fibers 
release different inflammatory mediators that lead to mononuclear 
cellular infiltration. Many markers were reported as signs of muscle 
fiber damage and degenerative myopathies as the central located nuclei 
observed in this study [19,20]. The splitting of the muscle fibers might 
be due to the insufficient oxygen supply and metabolites exchange to 
the enlarged and hypertrophied fibers [17].

In groups III and IV, some myofibers were noticed with linearly 
arranged euchromatic nuclei and often surrounded by many satellite 
cells. These findings might indicate the presence of regenerating fibers 
that usually appeared near areas of necrosis and degeneration [21]. After 
muscle injury, infiltrating inflammatory cells release cytokines and 
growth factors that might affect satellite cells leading to its activation 
and proliferation and finally to differentiation into myoblasts [22]. 

Using glees stain, there were apparent degenerative changes 
affecting the nerve fibers. These changes may be in the form of thinning 
or disorganization of their neurofibrils leading to break up of the nerve 
fibers. The nerve fiber damage was extensive in rats receiving 80 mg/
kg. The effects of statins on the nervous system are controversial, 
since some authors suggest neuroprotective effects whilst others 
have demonstrated that statins induced neuronal apoptosis [23]. A 
study conducted by Otruba et al., [24] confirmed definite damage 
to peripheral nerves in patients taking statins for more than 2 years. 
Inhibition of 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) 
pathway deprives the cell from important antioxidant molecules such 
as ubiquinone or coenzyme Q10 [11]. This will cause production of 
free radicals, which affect the nerve cells [25]. In contrast, many studies 
reported that the serum coenzyme Q10 levels decrease during statin 
treatment but its myocyte levels are not consistently decreased [14]. 

Succinic dehydrogenase, a constitutive molecule of complex II of 
the mitochondrial electron transport chain, has been reported to play 
an important role at high respiration rates, and its activity has been 
considered a good indicator of the mitochondrial oxidative capacity 
[26]. The vastus medialis was consisting mostly of low oxidative 
(lightly stained) fast twitch fibers (type II) with few high oxidative 
(deeply stained) slow twitch fibers (type I). In this study, there was a 
decrease in succinate dehydrogenase (SDH) activity started in type II 
(lightly stained) fibers in low doses. With increasing the dose both type 
I and II were affected. The central and eccentric absence of oxidative 
enzyme reaction (SDH) in all muscle fibers was noticed in the central 
core disease myopathy. These regions represent areas of absence 
of mitochondria and distortion of myofilaments when examined 
ultrastructurally [27]. Hassan et al., [17] suggested an involvement of 
mitochondria with statin treatment. It was reported that statins inhibit 
the HMG-CoA-reductase which results in low intracellular cholesterol 
levels. Low intracellular cholesterol levels modulate fluidity of cell 
membranes. This in turn alters in the Na+/k+ pump function leads 
to degeneration of the membranous organelles of muscle fibers [28]. 
Sirvent et al., 2005 [29] reported that simvastatin induces an efflux of 
Ca2+ from the mitochondria of isolated human muscle fibers. This 
efflux is caused by a disruption in mitochondrial function. Altered 
Ca2+ homeostasis leads to muscle dysfunction and dysregulation.

AChE is an important component of all cholinergic synapses 
in the central and peripheral nervous systems. It rapidly hydrolyzes 

acetylcholine released from the nerve terminals [30]. It is well 
established that AChE activity is also influenced by the pattern of nerve 
impulses, muscle electromechanical activity and neurogenic substances 
conveyed by axonal transport [31]. The levels of AChE mRNA decrease 
following skeletal muscle denervation [32]. 

 In the present work, histochemical finding of the skeletal muscle 
tissue of the 10 mg/kg treated group showed that the acetylcholine 
esterase (AChE) staining did not affected. On the other hand, there was 
a reduction in AChE staining at dose of 40 mg/kg. At dose of 80 mg/kg, 
the intensity of staining decreased. In addition, there were small sized 
neuromuscular junction (NMJ) areas. The intensity of AChE staining 
reflects its activity as reported by Wen et al., [31]. While Liu et al., [33] 
suggested that the density of AChE staining reflects the amount of 
AChE in the NMJ and the size of the AChE–positive region reflected 
the size of the NMJ. This result was in agreement with Cibickova et 
al., [34] who found that low doses of atorvastatin (10 or 20 mg/kg) did 
not affect acetylcholine esterase activity. We could not report any study 
investigate the effect of high doses of statin on the AChE. 

Vignaud et al.,  [35] showed that the AChE deficiency in mice 
results in reduced muscle weight and absolute maximal isometric 
force. Muscle weakness has also been reported in humans deficient in 
endplate AChE [36]. It has been well documented that a deficiency of 
AChE results in a change in hind limb muscle function and decreased 
ability of the hind limb to resist fatigue [37]. The decrease of the 
AChE activity observed would lead to an incomplete hydrolysis of the 
acetylcholine (ACh), and its accumulation at the synaptic cleft [31]. 

Using myosin heavy chain antibodies, two types of muscle fibers 
could be demonstrated, the more numerous immunopositive type II 
fast twitch fibers and the less numerous slow myofibers (type I) that 
remained unstained. In this study, it was found that in the vastus 
medialis of the quadriceps femoris muscle with a high content of 
type II fibers, there was quite degeneration of the type II fibers with 
essentially total sparing of the type I fibers in rats receiving 10 or 40 
mg/kg. However, affection of the type I fibers was observed in 80 mg/
kg treated group.

These histological findings were in a good agreement with 
Westwood et al.,  [11] who found that muscles showing the most severe 
necrosis following administration of statin contained a substantial 
proportion of type II fibers, and in these muscles it was the type II 
fibers that become degenerated first and the type I fibers were least 
sensitive to statins. The observation that statin myotoxicity affects 
type II, glycolytic muscle fibers more than type I, oxidative fibers [16] 
could be explained by decreased mitochondrial number/function in 
pale, glycolytic muscle enhances susceptibility to muscle damage and 
wasting. This observation could be also explained by the protective 
effect of PGC-1α gene expression which is greater in oxidative fibers 
[13]. Overexpression of PGC-1α gene, a transcriptional coactivator 
that induces mitochondrial biogenesis and protects against the 
development of muscle atrophy, dramatically prevented statin-induced 
muscle damage [38].

Caspases play a key role in apoptosis [39]. Immunohistochemical 
localization of activated (cleaved) caspase 3 in rat skeletal muscle tissues 
as an indicator of apoptosis was performed. In this study, the percent 
of caspase 3-immuno positive muscle fiber in the control rats was very 
low. In the other hand, the percent of the caspase 3-immuno positive 
muscle fibers increased with higher doses. This was in agreement with 
the study of Mazroa and Asker, [19] who observed the expression of 
active caspase 9 in rat skeletal muscle after 10 mg/kg of atorvastatin 
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treatment and the study of Urso et al.,  [40] who found that atorvastatin 
induces apoptosis in the skeletal muscle at a genetic level. Different 
statins can induce apoptosis in skeletal muscle [41]. This result was 
explained by Rallidis et al., [14] who reported that statin induced 
myotoxicity through the depletion of isoprenoids that control the rate 
of myofiber apoptosis. Isoprenoids are linked to proteins by either 
farnesylation or geranylgeranylation. The reduction of these proteins 
increases cytosolic calcium, which activates a cascade of events leading 
to the activation of caspase-3. 

 In spite of all the degenerative findings encountered in the present 
study and in other studies, some researches considered atorvastatin and 
the other statins safe to use even in high doses [42] and consider statins 
the most effective prescribed drugs for lowering serum cholesterol [43] 
not only by inhibiting cholesterol synthesis, but also through other 
mechanisms. 

Conclusions
It can be concluded that atorvastatin has toxic effect on the skeletal 

muscle and its nerve supply and this effect is dose dependent. This 
toxic effect involves type II muscle fibers with low dose while type I 
fibers affected with high dose. Early involvement of the mitochondria, 
skeletal muscle fibers apoptosis and decreased AChE activity could be 
the mechanisms through which atorvastatin induces its toxic effect. 
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