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INTRODUCTION                                                          

Statins are among the most prescribed medications 
worldwide. They are extensively used to lower the 
risk of heart attacks, strokes and other cardiovascular 
problems, as well as to reduce mortality from these 
conditions[1]. The primary use of Statins is to manage 
high cholesterol levels. They work by inhibiting 
the enzyme 3-hydroxy-3-methylglutaryl-coenzyme 
A (HMG-CoA) reductase, which is crucial in the 
body’s cholesterol production process[2].

A study has shown that Statins reduce the risk 
of acute respiratory distress syndrome and fetal 
complications in patients with COVID-19[3]. These 
effects may be due to the diverse actions of Statins. 
Recent research suggests that Statins might directly 
inhibit the entry and replication of SARS-CoV-2 
in cells. They may also work through indirect 
mechanisms unrelated to coronavirus infection, such 
as reducing inflammation, preventing blood clots or 
enhancing blood function[4].

Statins are either fat-soluble (like Simvastatin 
and Atorvastatin) or water-soluble (like Pravastatin 
and Rosuvastatin). Water-soluble Statins are mainly 
absorbed by liver cells through specific transporters, 
resulting in high liver concentrations but limited 
distribution elsewhere. Fat-soluble Statins, however, 
can spread throughout the body and are absorbed by 
liver cells via passive diffusion[5].

Atorvastatin, a member of the Statin family, has 
many side effects that can interfere with its use. It 
has been reported to affect the liver, kidneys and 
muscles. The most frequent side effect of Statin 
therapy and the main cause of Statin withdrawal, is 
Statin-associated myalgia[6].

The way Statins cause muscle damage and muscle-
related side effects isn’t fully understood. Researchers 
have suggested several possible explanations, such 
as the depletion of important metabolic products or 
the triggering of programmed cell death[7]. A case of 
drug-related myonecrosis following long-term use 

ABSTRACT
Background and Objective: Atorvastatin (Ator) is widely used to lower blood cholesterol but often causes muscle-related side 
effects. Alfacalcidol (Alf), a vitamin D analog, has shown positive effects on muscle health. This study aimed to elucidate the 
possible protective role of Alf on gastrocnemius muscle damage after Ator intake in male albino rats.
Materials and Methods: Thirty-six adult male albino rats were randomly divided into three groups: Group I (Control; n = 12), 
Group II (Ator-treated; n = 12), and Group III (Ator and Alf-treated; n = 12). Group II received Ator (10 mg/kg/day) in 0.5 ml 
distilled water containing 2 mg Ator. Group III received Alf (1 µg/kg/day) concomitantly with Ator, prepared by crushing and 
dissolving tablets in 0.5 ml distilled water. All drugs were administered orally for 4 weeks. Twenty-four hours after the last dose, 
rats were sacrificed under anesthesia by intraperitoneal injection of phenobarbital (80 mg/kg). A biochemical study for creatine 
phosphokinase (CPK) was performed. Muscle specimens were dissected and examined using light microscopy (Hematoxylin 
and Eosin, Masson’s trichrome, and PAS stains) and electron microscopy. Morphometric and statistical analyses were conducted.
Results: Group II showed histological changes indicating myopathy and degenerative changes, which regressed in Group III. 
The mean CPK values significantly increased in Group II compared to the control and Group III.
Conclusions: Alfacalcidol demonstrated a definitive protective effect against Ator-induced skeletal muscle damage, confirmed 
through biochemical and histological analyses. Alf can be recommended for hypercholesterolemic patients on Statins, particularly 
those at risk of vitamin D deficiency.
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of Atorvastatin was reported, monitored by serum 
markers such as CPK[8].

Alfacalcidol is an active metabolite of vitamin 
D and plays an important role in regulating the 
contraction, proliferation and differentiation of 
skeletal muscle fibers. It has been proven that 
vitamin D affects muscle tissue through both direct 
and indirect mechanisms[9].

Alfacalcidol is regarded as one of the steroidal 
agonists of the vitamin D receptor (VDR). Its 
maximum specificity for binding to muscle VDR 
is due to its OH group in the 1α position. Multiple 
studies have found that vitamin D influences muscle 
performance when its active form, 1,25(OH)₂D, 
attaches to specific receptors, promoting muscle 
development. A comprehensive review of research 
indicates that taking vitamin D supplements can 
decrease muscle problems associated with Statin 
use. Additionally, low levels of 25(OH)D in the 
body have been connected to muscle-related side 
effects from Statins[11]. It has been proven that Statin 
side effects on the musculoskeletal system may be 
minimized by vitamin D restoration and coenzyme 
Q supplementation[12].

The aim of the current study was to evaluate the 
possible protective effect of Alf on gastrocnemius 
muscle damage after intake of Ator in male albino 
rats, expressed by histological changes and confirmed 
by biochemical and morphometric studies.

MATERIALS AND METHODS                                      

 Experimental design and animals:

The study was conducted at the animal house 
of the Faculty of Veterinary Medicine, Banha 
University, following local approval. The duration 
of the study was 4 weeks. It involved 36 adult male 
albino rats, aged 3 months and weighing between 
200 - 250 grams. The rats were kept in a controlled 
environment with a 12-hour light/dark cycle and 
a temperature maintained at 22 ± 2°C. They were 
housed in groups of no more than 4 rats per cage, 
with standard-sized cages providing adequate space 
for normal social behavior. The environment had 
appropriate humidity and ventilation and the rats 
had unrestricted access to food (grains) and water. 
All experimental procedures adhered to ethical 
guidelines and were approved by the Research 
Ethics Committee of the Faculty of Medicine at 
Helwan University (approval number 22 - 2020).

The medications were freshly prepared each 
day and administered orally via a gastric tube. 
This dosing regimen began on the first day of the 
experiment and continued until 24 hours before the 
animals were anesthetized. The rats were randomly 
divided into three equal groups, each containing           
12 rats.

Group I (Control group): all rats received 0.5 
ml of distilled water daily.

Group II (Ator-treated): Each rat received Ator 
(10 mg/kg/day). A daily dose of 0.5 ml of distilled 
water containing 2 mg of Ator was administered to 
each rat[7].

Group III (Ator and Alf-treated): Each rat 
received Ator as in group II and Alf (0.5 µg/kg/day). 
Additionally, each rat was given 0.5 ml of distilled 
water daily, containing 0.1 µg of Alf[13].

Reagents:

Atorvastatin (Ator): “The medication, marketed 
under the brand name ATOR by the Egyptian 
International Pharmaceutical Industries Company, 
was available in 20 mg tablet form. These tablets 
were ground into a powder and dissolved in distilled 
water.

Alfacalcidol (Alf): Trade name (BON-ONE), 
Minipharm Egypt, in the form of tablets (each 1 µg 
active ingredient). It is prepared by crushing and 
dissolving it in distilled water.

Blood samples and biochemical study:

“Before anesthetizing the rats, blood samples 
were collected from their tail veins using heparinized 
capillary tubes. These samples were analyzed for 
creatine phosphokinase (CPK) at the Biochemistry 
Department of Banha University’s Faculty of 
Medicine. CPK is an enzyme that indicates muscle 
damage and is commonly measured in blood 
tests to diagnose conditions such as myositis and 
rhabdomyolysis[14].

Histological Studies:

Twenty-four hours after the last dose, the 
rats were sacrificed following anesthesia via 
intraperitoneal injection of phenobarbital                                                                        
(80 mg/kg)[15]. Specimens from the gastrocnemius 
muscle were dissected and excised. These specimens 
were then processed for examination under electron 
and light microscopes.
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a. Electron microscopic (EM)examination:

Small pieces of the gastrocnemius muscle, about 
1 mm in size, were extracted. These samples were 
initially treated with 3 % glutaraldehyde for 3 hours. 
They were then further processed using 1 % osmium 
tetroxide in a 0.1 M phosphate buffer solution        
(pH 7.4) at 4°C for 2 hours. The samples underwent 
dehydration and were embedded in resin to form 
solid blocks. Using a diamond knife, extremely 
thin sections (50 - 80 nm thick) were cut from these 
blocks and placed on copper grids. These sections 
were stained first with a saturated uranyl acetate 
solution in 50 % ethanol, followed by lead citrate. 
Finally, the prepared samples were examined using 
a Transmission EM (TEM, specifically the JEOL      
100 OX model)[16].

b. Light microscopic (LM) examination:

Additional tissue samples underwent a series 
of preparatory steps: they were first preserved in                                                                                               
a 10 % formaldehyde solution, then rinsed with tap 
water. Following this, the samples were progressively 
dehydrated using increasing concentrations of 
alcohol. Next, they were cleared using xylene. The 
samples were then successively immersed in soft 
paraffin for 45 minutes and hard paraffin for another 
45 minutes. Finally, they were embedded in hard 
paraffin and arranged into blocks. Paraffin sections 
of 5 - 6 micrometer thickness were cut and subjected 
for:

1.	 Hematoxylin and Eosin (H and E) staining[17].

2.	 Masson's trichrome stain (M.T) for 
demonstration of collagen fibers[17].

3.	 PAS stain for demonstration of glycogen 
substance[18].

Morphometric study:

Image analysis was conducted using a Leica 
Qwin 500 C image analyzer computer system, 
manufactured by Leica Imaging System LTD 
(England). This analysis took place at the Central 
Research Lab of Tanta University, Faculty of 
Medicine. For each slide in both the control and 
experimental groups, ten different areas were chosen 

at random, ensuring they didn't overlap. These areas 
were examined at 400x magnification to perform the 
assessment. 

a- Area % of degenerated muscle fibers.

b- Area % of collagen fibers.

c- The optical density of glycogen content.

Statistical Study:

Statistical study was done using the statistical 
package of social science (SPSS) version 25              
(SPSS Inc., USA). The results were presented 
as averages with their corresponding standard 
deviations. Statistical analysis was performed using 
Analysis of Variance (ANOVA) followed by post 
hoc tests. Any p-value equal to or less than 0.05 was 
considered statistically significant[19].

RESULTS                                                                      

Biochemical results:

The mean plasma level of CPK enzyme of group 
II (Ator-treated) showed a significant increase when 
compared with that of group I (control) (P ≤ 0.05), 
While group III (Ator and Alf treated) showed a 
non-significant increase when compared with that of 
group I (control) (P > 0.05) and showed significant 
decrease when compared with that of group II    
(Ator-treated) (P ≤ 0.05) (Table 1), (Histogram 1: 
Figure 1).

Table 1: Mean values (± SD) of serum CPK level in control and 
experimental groups:

Experimental Groups Mean Plasma level of CPK 
enzyme ± SD (IU/L)

Group I (control)  122.76 ± 9.03

Group II (Ator treated) 314.65 ± 40.59*

Group III (Ator and Alf treated) 143.50 ± 24.77 $

SD: Standard Deviation.

Significant results at P ≤ 0.05.

* Significant increase versus group I and III.

$ Significant decrease versus group II.
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perimysium appear edematous with some vacuoles, 
mononuclear cell infiltration and congested blood 
capillaries are seen (Figure 3a).

Other fields of group II showed variations in 
size and shape of muscle fibers with distortion of its 
normal architecture as many fibers acquired irregular 
outline rather than polygonal with widening of 
endomysium and perimysium with deposition of fat. 
Some muscle fibers show lysis and dissolution and 
others show tapering of ends. Some fibers exhibit 
darkly stained nuclei while others exhibit rounded 
pale centrally located nuclei (Figure 3b). Group 
III (Ator and Alf treated) demonstrated minimal 
disintegration and disarrangement of few muscle 
fibers otherwise most fibers are parallel cylindrical 
with acidophilic cytoplasm and multiple peripheral 
nuclei. Few of muscle fibers have central nuclei with 
nearly normal endomysium (Figure 4).

Figure 1 (Histogram 1): The mean plasma level of CPK enzyme of all groups.

Histological Results

1. Hematoxylin and Eosin (H and E) results: 

In group I (Control), longitudinal sections 
(L.S) of the skeletal muscle fibers appeared 
cylindrical, parallel and of uniform thickness 
with multiple peripheral oval nuclei. Fibers are 
separated by connective tissue (C.T) endomysium. 
The sarcoplasm appeared acidophilic and crossly 
striated (Figure 2a). In transverse sections (T.S), the 
muscle fibers appeared polygonal with peripheral 
oval nuclei. The individual muscle fibers are 
separated by C.T. endomysium (Figure 2b). Group II                                                                                                         
(Ator treated), L.S revealed disorganized, fragmented 
and discontinued muscle fibers with variability in size 
and shape and some of them showed darkly stained 
nuclei. In addition, the sarcoplasm appeared either 
deeply acidophilic in focal areas of muscle fibers 
or lightly stained in others. The endomysium and 
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Figure 2: H and E stained sections of rat gastrocnemius muscle of group I (control): (a): L.S shows cylindrical parallel muscle fibers (F) of uniform thickness 
and acidophilic sarcoplasm with clear transverse striations (s). Multiple peripheral oval nuclei were seen (white arrows). The muscle fibers are separated by 
C.T endomysium (black arrows). (b): T.S shows polygonal skeletal muscle fibers (F) and peripheral oval nuclei (white arrows). Muscle fibers are separated 
by C.T endomysium (black arrows). (a,b  x400).

Figure 3: H and E stained sections of rat gastrocnemius muscle of group II (Ator treated): (a): L.S shows disorganized, fragmented and discontinued 
muscle fibers (fF) with irregularity in size and shape and darkly stained nuclei (white arrows). Areas of hyper-eosinophilic sarcoplasm (blue arrows) are 
demonstrated. Other fibers show focal areas of lightly stained sarcoplasm (green arrows). The endomysium (black arrows) and perimysium (yellow arrow) 
appeared oedematous with some vacuoles (V) and mononuclear cells infiltration (curved black arrows). Congested blood capillaries (cb) are seen in the 
perimysium. (b): T.S shows many fragmented muscle fibers (fF) with irregular outlines rather than polygonal. Lysis and dissolution of some fibers (red 
arrows), others have tapering ends (black circles). Some fibers exhibit darkly stained nuclei (white arrows), others exhibit rounded pale centrally located 
nuclei (black arrow heads). The endomysium (black arrows) appears wide and the perimysium shows fat deposition (Fa). (a,b  x400).
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alternating light (I) and dark (A) bands clearly visible. 
An oval-shaped nucleus was observed positioned 
beneath the sarcolemma. Within this nucleus, the 
heterochromatin was distributed along the inner 
surface of the nuclear envelope and a nucleolus 
was also discernible (Figure 7a). A pale, narrow H 
band was observed cutting across the A band, with 
a distinct dark M-line running through the center of 
the H band. The Z-line was visible dividing the light 
band in half and sarcomeres were located between 
two consecutive Z-lines (Figure 7b). Additionally, 
mitochondria and sarcoplasmic reticulum cisternae 
appeared under the sarcolemma. There are also 
glycogen granules between myofibrils and under the 
sarcolemma (Figure 7c).

Group II (Ator treated) showed degeneration 
of some of myofibrils and disruption of the 
characteristic patten of dark and light bands. The 
nucleus has irregular shape and boundaries with 
fragmented discontinued chromatin which mildly 
condensed. The sarcoplasm is densely packed with 
mitochondria of varying sizes and shapes, with some 
showing damaged cristae. Additionally, the cisternae 
of the sarcoplasmic reticulum appear swollen and 
an abundance of connective tissue fibers is also 
observed (Figure 8a). Disruption of Z line and 
affected I band with obviously dilated sarcoplasmic 
reticulum cisternae are observed (Figure 8b).

Figure 4: H and E stained L.S of rat gastrocnemius muscle of group III (Ator and Alf treated) exhibits parallel and cylindrical fibers (F). Few fibers still show 
minimal disintegration and disarrangement (fF). The sarcoplasm appears acidophilic with multiple peripheral oval nuclei (white arrows). Few muscle fibers 
have central slightly pale nuclei (black arrow heads). Nearly normal endomysium (black arrows). (x400)

2.  Masson’s trichrome results:

Group I showed a minimal presence of collagen 
fibers in the endomysium (Figure 5a). In contrast, 
Group II exhibited an extensive accumulation 
of collagen fibers in both the endomysium and 
perimysium (Figure 5b). In group III, a mild amount 
of collagen fibers was observed in the endomysium 
(Figure 5c).

3. Periodic acid Schiff (PAS) results:

In Group I, two distinct types of muscle fibers 
were observed. Some fibers displayed a strong   
PAS-positive reaction (stars), while others exhibited 
a weak reaction (thin arrows) (Figure 6a). Group II 
demonstrated a significant reduction in PAS-positive 
content (Figure 6b), while Group III showed a 
notable recovery of PAS-positive content (Figure 
6c).

Electron microscope  results:

In group I (Control), gastrocnemius muscle from 
this group displayed typical normal ultrastructural 
features. The myofibrils were found to be organized 
in a uniform pattern, aligned parallel to the muscle 
fiber's longitudinal axis. These myofibrils exhibited 
the characteristic striated appearance, with 
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Group III (Ator and Alf treated) showed parallel 
myofibrils that were like the control group, consisting 
of dark A bands, light I bands and dark Z lines. There 
were minor areas with Z line disarrangement. A 

nucleus with condensed chromatin was located at the 
periphery. Some mitochondria appeared in between 
the myofibrils and the sarcoplasmic reticulum 
cisternae were apparently intact (Figure 9).

Figure 5: Masson’s trichrome stained L.S of rat gastrocnemius muscle: (a): group I (control) shows minimal collagen fibers (black arrows) in endomysium. 
(b): group II shows extensive deposition of collagen fibers (black arrows) in the endomysium and perimysium (yellow arrows). (c): group III shows mild 
deposition of collagen fibers (black arrows) in the endomysium. (a, b, c x400).

Figure 6: PAS-stained L.S of rat gastrocnemius muscle (a): group I shows two types of muscle fibers. Some fibers showed intense PAS +ve reaction 
(stars) while others had faint reaction (thin arrows). (b): group II shows a marked decrease in PAS +ve contents (thin arrows). (c): group III shows marked 
restoration of PAS +ve contents (stars). (a, b, c x400).
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Figure 7: EM sections of rat gastrocnemius muscle of the group I (Control): (a) Parallel arrangement of myofibrils (MF) with alternating light (I) and dark 
(A) bands. Oval elongated euchromatic nucleus (N) with prominent nucleolus (NS) and parts of peripheral heterochromatin (arrows). The nucleus lies just 
beneath the sarcolemma (SL).  (TEM X 2500). (b): Parallel arrangement of myofibrils with alternating light (I) and dark (A) bands. A pale narrow region, 
the H band (H), was seen transecting the A band with a dark M-line (white arrows) in the middle of the H band. Sarcomeres ([ ) are seen between two 
successive Z lines (Z). (TEM X 5000). (c): The mitochondria (M) beneath the sarcolemma (SL). Notice the presence of sarcoplasmic reticulum cisternae (S 
(and glycogen granules (G). (TEM X 8000).

Figure 8: EM sections of rat gastrocnemius muscle of group II (Ator treated): (a) Degenerated myofibrils (MF) and disruption of its striations. Disruption 
of Z lines are noticed (Z). Abnormal irregular nucleus (N) with mild condensation of its chromatin (black arrows). Intermyofibrillar mitochondria (M) are 
variable in size and shape, some of them with destructed cristae. Mild dilatation of sarcoplasmic reticulum cisternae (blue arrows). Excess C.T fibers (green 
arrows) in the endomysium around the sarcolemma. (TEM X 2500). (b): EM section of rat gastrocnemius muscle of group II shows obviously disruption of 
Z line (Z) and affected I band (stars). Obviously dilated sarcoplasmic reticulum cisternae (blue arrows). (TEM: X 8000).
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Figure 9: EM section of rat gastrocnemius muscle of group III shows apparently normal parallel myofibrils (MF) with mild disarrangement of Z line 
(Z). Some mitochondria appear in between the myofibrils (M). Apparently normal sarcoplasmic reticulum cisternae (S). A peripheral nucleus (N) with 
condensed chromatin (black arrows) is clearly seen around the nuclear envelope. (TEM X 8000).

in group II showed a significant increase compared 
to the control group (P ≤ 0.05). In contrast, group 
III exhibited a non-significant increase compared 
to group I (control) (P > 0.05) and a significant 
decrease compared to group II (P ≤ 0.05) (Table 2), 
(Histogram 2: Figure 10).

Morphometric results:

1. Mean area % of degenerated muscle fibers:

The mean area percentage of degenerated muscle 
fibers (characterized by fragmentation, discontinuity, 
irregular size and shape and darkly stained nuclei) 

Table 2: The mean values (± SD) of area % of degenerated muscle fibers in control and experimental groups:

Groups        Area % of degenerated muscle fibers 

Group I (control)          13.62 ± 0.16

Group II (Ator treated)         52.18 ± 0.25*

Group III (Ator and Alf treated)          21.5 ± 0.68 $

SD: Standard Deviation.

Significant results at P ≤ 0.05.

* Significant increase versus group I and III.

$ Significant decrease versus group II.
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Figure 10 (Histogram 2): The mean values (± SD) of area % of degenerated muscle fibers in all experimental groups.

2. Mean area % of collagen fibers:

The mean area of collagen fibers in group II 
showed a significant increase compared to the 

control group (P ≤ 0.05). Group III demonstrated 
a non-significant increase compared to the control 
group (Table 3), (Histogram 3: Figure 11).

Table 3: The mean area % of collagen fibers ± SD in all experimental groups:

Groups The mean area % of collagen fibers (Mean ± SD)

Group I (control) 7.31 ± 0.46

Group II (Ator treated) 38.14* ± 0.81

Group III (Ator and Alf treated) 13.69∞ ± 0.53

SD: Standard Deviation.

Significant results at P ≤ 0.05.

* Significant increase versus group I and III.

∞ Non-significant increases versus group I.
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Figure 11 (Histogram 3): The mean area % of collagen fibers ± SD in all experimental groups.

3. Optical density measurements of the PAS staining 
intensities:

The mean area of PAS staining intensities in 
group II showed a significant increase compared 

to the control group (P ≤ 0.05). However, 
in group III, a non-significant increase was 
recorded compared to the control group (Table 4),                                                         
(Histogram 4: Figure 12).

Table 4: The optical density measurements of the PAS staining intensities ± SD in all experimental groups:

Groups             The mean of optical density (Mean ± SD)

Group I (control) 0.86 ± 0.04

GroupII (Ator treated) 0.19* ± 09-1.08

Group III (Ator and Alf treated) 0.65∞ ± 0.04

SD: Standard Deviation.

Significant results at P ≤ 0.05.

* Significant increase versus group I and  III.

∞ Non-significant increases versus group I.
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Figure 12 (Histogram 4): The optical density measurements of the PAS staining intensities ± SD in all experimental groups.

DISCUSSION                                                           
Statins have dramatically transformed the 

treatment of cardiovascular conditions[1]. The 
enzyme HMG-CoA reductase plays a key role in the 
pathway for cholesterol synthesis. Statins work by 
inhibiting this enzyme, leading to a reduction in the 
production of low-density lipoprotein cholesterol 
(LDL-C)[2]. Additionally, Statins may have positive 
effects on other lipid levels, potentially increasing 
high-density lipoprotein cholesterol (HDL-C) and 
affecting triglyceride levels. They can also reduce 
vascular inflammation and enhance endothelial cell 
function[20].

Statins' side effects can lead to decreased 
patient compliance. These effects include myalgia, 
myopathy, rhabdomyolysis, liver toxicity and 
gastrointestinal problems[6]. Patients who do not 
achieve desired cholesterol levels with lower doses 
often need higher doses, which increases their risk 
of developing myopathy[21].

Creatine phosphokinase (CPK) is a marker in 
myopathic processes[22]. Creatine phosphokinase 
levels are used to monitor the safety of Statin use. 
The author added that the Statin treatment should be 
immediately stopped if CPK levels exceed ten times 
the upper limit of normal.

Group II in the present study exhibited a 
significantly higher mean plasma CPK level 

compared to both Groups I and III. In contrast, 
Group III showed a non-significant elevation relative 
to the control group, but a significant reduction 
compared to Group II. Decreased CPK levels 
can compromise muscle structure, as CPK plays                                                       
a crucial role in maintaining the tight lattice in the 
sarcomeres' M-region, thus influencing the stability 
of contracting filaments. This finding aligns with the 
study conducted by[23].

Biochemically, elevated CPK levels may reflect 
the histological evidence of myopathy observed in 
the gastrocnemius muscle. This muscle was chosen 
for study because it predominantly consists of type II 
white fibers[24]. Type II fibers are known to be more 
susceptible to Statin-induced myopathy compared to 
type I fibers. While Statins at low doses primarily 
affect type II fibers, higher doses can impact type 
I fibers as well[7]. Furthermore, Reduced gene 
expression of peroxisome proliferator-activated 
receptor gamma coactivator-1α (PGC-1α) expression 
provides an additional reason for the pale, glycolytic 
muscle fibers' heightened vulnerability to muscle 
injury[25].

By LM examination, Group II (Ator-treated) 
sections revealed disorganized, fragmented and 
discontinued muscle fibers with variability in size 
and shape. Some of them showed darkly stained 
nuclei. Similarly, degenerated and disorganized 
muscle fibers were found in the skeletal muscle of 
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rats treated with Atorvastatin and vitamin D”[26]. The 
observed variation in fiber sizes in this group was 
explained by atrophy and compensatory hypertrophy 
in some fibers. Muscle atrophy could result from 
either an elevated rate of protein breakdown, 
reduced protein synthesis or a combination of 
these processes[26]. Statin therapy was found to 
inhibit the HMG-CoA reductase pathway, leading 
to disrupted protein synthesis and resulting in 
muscle fiber atrophy. Moreover, Statins activate 
skeletal ryanodine receptors (RyR1), which could be                     
a critical factor in the onset of myopathy[27].

The sarcoplasm appeared either deeply acidophilic 
in focal areas of muscle fibers or lightly stained in 
others. These findings indicate cytoplasmic protein 
denaturation. The endomysium appeared edematous 
and contained vacuoles, fat deposition, mononuclear 
cell infiltration and congested blood capillaries. It was 
reported that the infiltration of mononuclear cells in 
the endomysium and perimysium likely results from 
the release of particular mediators during myocyte 
degeneration, leading to an inflammatory reaction 
and the recruitment of inflammatory cells[28].

Other fields show lysis and dissolution of some 
muscle fibers and tapering ends of others. This 
might be related to destroyed mitochondria and 
myofilament loss[29]. Other  fibers exhibit darkly 
stained nuclei and others exhibit rounded pale nuclei 
that are centrally located. These findings confirm 
the incidence of skeletal muscle fiber inflammation 
that progressed to degeneration. This is consistent 
with new studies showing that muscle injury 
activates satellite cells, causing them to multiply. 
These activated cells, termed myoblasts, can form 
myotubules with centrally located vesicular nuclei[30]. 

Our results of Masson trichrome staining 
confirm significant collagen fiber deposition in 
the endomysium and perimysium. A recent study 
observed numerous collagen fibers within these 
areas in Masson and Van Gieson-stained muscle 
sections[31]. A progressive increase in collagen fibers 
was noted, correlating with the extent of muscle 
damage. It has been observed that an increase in 
intrafascicular connective tissue typically indicates 
a response to myofiber loss, where fibroblasts 
replace damaged areas and form collagen fibers[24]. 
An alternative explanation, supported by other 
researchers, suggests that this fibrotic process is 
promoted by the release of growth factors like 
platelet-derived growth factor and transforming 
growth factor-β1, which trigger myogenic cell 
differentiation into myofibroblasts and stimulate 
extracellular matrix cells to produce collagen[32].

In the current study, PAS staining also confirmed 
glycogen storage disorder in Group II which 
revealed a marked decline in PAS contents. In 
contrast, group III recruited a marked restoration 
of PAS contents. These results align with those of                                                                                  
Hedberg-Oldfors et al., 2019[33]. Morphometric and 
statistical analyses confirmed the previous findings, 
revealing a sig rise in the mean area percentage 
of degenerated muscle fibers and collagen fiber 
deposition in Group II compared to the control 
and Group III. Furthermore, Group II exhibited a 
sig decrease in PAS content compared to the other 
groups.

Electron microscopy examination of group II in 
this study showed degeneration of certain myofibrils 
and disruption of the normal dark and light band 
pattern, including the Z line. The nucleus exhibited 
an irregular shape with fragmented and somewhat 
condensed chromatin. The sarcoplasm was packed 
with mitochondria of different sizes and shapes, 
some with damaged cristae and the sarcoplasmic 
reticulum cisternae were notably dilated. These 
results are consistent with those reported by[22], who 
proposed that disfigured mitochondria in the Ator-
treated group might help maintain ATP production 
during apoptosis caused by reactive oxygen species.

Moreover, a lack of prenylated protein, another 
substance that is important to the HMG-CoA 
reductase pathway, causes odd intracellular signaling, 
myofiber vacuolation, organelle enlargement and 
ultimately apoptosis. This theory could account 
for the appearance of sarcoplasmic reticulum's 
dilated cisternae[34]. The mitochondrial dysfunction 
observed may help clarify the previously described 
issues. Furthermore, it has been reported that 
Statins can alter membrane properties by inhibiting 
the production of ubiquinone, which impairs 
mitochondrial ATP synthesis. This disruption in the 
energy metabolism of myocytes can result in plasma 
membrane damage, pyknosis, vacuolation of the 
myofibers and swelling of organelles[34].

It has been documented that Statins increase 
cytosolic calcium which activates caspase-3 and leads 
to cell death and apoptosis[35]. This could account 
for the presence of darkly stained nuclei observed 
within certain muscle fibers in the present study. 
An alternative theory posits that Statins may affect 
mitochondrial function by impairing the respiratory 
chain, which reduces ATP levels and boosts ROS 
production. This process can cause mitochondrial 
membrane permeability transition, cytochrome c 
release into the cytosol and subsequent apoptosis. 
Concurrently, Statins are linked to mitochondrial 
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dysfunction and disturbances in the Akt/mTOR 
signaling pathway, leading to enhanced protein 
degradation in skeletal muscle, reduced protein 
synthesis and activation of apoptosis[36].

Evidence indicates that Ator impairs 
mitochondrial activity and oxygen usage by 
diminishing the ubiquinone content in muscle fibers, 
which subsequently enhances lactate production[37]. 
This metabolic abnormality could prompt the 
accumulation of lipids within myocytes and 
consequently causes of myopathy[38].

The degenerative changes observed under LM and 
EM were linked to the cumulative effects of Statins 
on the sarcolemma, disrupting the muscle fibers' 
ion transport system and initiating degeneration. 
Statins damage muscle cells by altering membrane 
cholesterol content, with muscle cells being 
particularly vulnerable due to their unique lipid and 
protein distribution[26]. The authors explained that 
reduced cholesterol levels affect membrane fluidity 
and impair sodium-potassium pump function, 
potentially leading to organelle degeneration 
and cell damage. These mechanisms explain the 
observed structural alterations in muscle tissue at 
the microscopic level, highlighting the complex 
interplay between Statins, cellular membranes and 
muscle fiber integrity.

Alfacalcidol, 1α- hydroxyl vitamin D3, is                              
a synthetic vitamin D analog that regulates calcium 
and is frequently used to treat osteoporosis. Vitamin 
D has been shown to have an anabolic effect on 
muscular tissue, as it promoting the synthesis of 
muscle cytoskeletal protein[39]. It is considered one 
of the steroidal VDR agonists. It exhibits the highest 
specificity for binding to VDR in muscle[22]. Notably, 
for patients with high cholesterol who experience 
muscle pain and weakness from Statin use, vitamin 
D supplementation often enables them to resume 
Statin treatment without these adverse effects[40].

Our choice was to utilize Alf (1α-(OH) D3 as it has 
a decreased risk of hypercalcemia and hypercalciuria, 
because following oral administration and intestinal 
absorption, it must be activated in the liver via 
25-hydroxylation. Hence, in contrast to calcitriol, 
it exhibits a slower plasma concentration curve[41]. 
Additionally, Alf activation is unaffected by liver 
disease, except in cases of advanced cirrhosis.

In the current study, serum CPK levels were 
significantly lower in group III (Ator and Alf 
treated) compared to group II (Ator treated) 
and did not differ significantly from the control 

group. This could account for the histological 
improvement observed in the LM results, which 
showed minimal disintegration of muscle fibers. The 
muscle fibers appeared as parallel cylindrical fibers 
with acidophilic cytoplasm, multiple peripheral 
nuclei, a few central nuclei and apparently normal 
endomysium. These findings were confirmed by 
Masson trichrome and PAS-stained sections, which 
revealed a mild amount of collagen fibers in the 
endomysium and perimysium and strong PAS 
content compared to group II. These results are in 
line with other studies[31, 33]. The previous findings 
indicated a clear amelioration of the degenerative 
changes that developed in group II.

By ultrastructural examination of group III, 
parallel myofibrils arranged almost similarly to 
those of the control group are observed. However, 
certain areas show myofibrillar dissolution and lysis. 
Other areas exhibit disarrangement of myofibrils and 
Z lines. A peripherally located nucleus with mildly 
condensed chromatin is seen. Intermyofibrillar 
mitochondria are either normal or have fragmented 
cristae, with seemingly normal sarcoplasmic 
reticulum cisternae. These findings are consistent 
with records of Chogtu et al., 2020[26].

Morphometrically, the improvements in 
degenerated muscle fibers achieved by Alf in group 
III might be explained by the theory that skeletal 
muscle vitamin D receptors regulate different 
transcription factors in muscle cells, encouraging 
the growth of muscle cells and their differentiation 
into mature type II muscle fibers[42]. An additional 
rationale for the observed enhancements in 
group III’s skeletal muscle fibers is the potential 
correlation between vitamin D and Ator. Less 
hazardous metabolites may arise from vitamin D’s 
induction of the CYP3A4 enzyme, which boosts the 
metabolism of several Statins, including Ator. Thus, 
it is proposed that taking vitamin D at the same time 
as Ator could lessen the possibility of its negative 
effects on muscle[43].

CONCLUSION                                                          

The concurrent administration of Alf prevented 
Ator-induced myopathy and preserved the structure 
of skeletal muscle fibers, as evidenced by lower 
CPK levels and the almost normal appearance of 
fibers under LM and EM. Alf can be recommended 
for hypercholesterolemic patients on Statins, 
particularly those at risk of vitamin D deficiency. 
It is important to ensure regular monitoring of 
serum calcium and vitamin D levels to prevent 
hypercalcemia and ensure optimal dosing of Alf.
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Combining Alf with other treatments that 
support muscle health, such as physical therapy 
or antioxidants, is highly recommended due to its 
potential beneficial effects. Using nanoparticles 
to enhance the bioavailability and effectiveness of 
these antioxidants could be beneficial, However 
further research is required to minimize adverse 
effects and maximize their therapeutic benefits.
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الملخص العربي

الفاكالسيدول كعامل وقائي ضد تلف عضلة بطن الساق بعد تناول 
أتورفاستاتين: دراسة هستولوجية وبيوكيميائية

زينب محمد الطيب1، دعاء مبروك خالد1، 2، محمد سامي محمد1

قسم الهستولوجي – كلية الطب – 1جامعة حلوان - 2جامعة مصر للعلوم والتكنولوجيا

الخلفية والهدف: يستخدم عقار  الأتورفاستاتين )أتور( على نطاق واسع لخفض نسبة الكوليسترول في الدم ولكنه غالبا 

ما يسبب آثارًا جانبية مرتبطة بالعضلات. أظهر ألفاكالسيدول )ألف(، وهو نظير فيتامين د، تأثيرات إيجابية على صحة 

العضلات .كان الهدف من العمل الحالي هو توضيح الدور الوقائي المحتمل للالفاكالسيدول  علي  تلف عضلة بطن الساق 

الناجم بعد تناول عقار الأتور في ذكور الجرذان البيضاء البالغة.

المواد والطرق: تم تقسيم 36 فأراً أبيضاً من الذكور البالغين عشوائياً إلى: المجموعة الأولى )المجموعة الضابطة(، 

العدد )12(. المجموعة الثانية )المعالجة بعقار  الأتورفاستاتين(، عدد )12(، تلقى كل فأر أتورفاستاتين )10 ميللغرام 

/كجم( يوميا على شكل 0.5 مل من الماء المقطر الذي يحتوي على )2( ملليغرام من أتورفاستاتين. المجموعة الثالثة 

الثانية  المجموعة  في  كما  أتورفاستاتين  فأر  كل  تلقى   ،)12( عدد  والفاكالسيدول(،  الأتورفاستاتين  بعقار  )المعالجة  

بالتزامن مع الالفاكالسيدول والذي تم تعاطيه على شكل أقراص )كل 1 ميكروجرام من المادة الفعالة( تم تحضيرها عن 

طريق سحقها وإذابتها في 0.5 مل من الماء المقطر. تم تحضير جميع الأدوية يومياً وإعطاؤها عن طريق الفم لمدة اربعة  

أسابيع. بعد اربعة وعشرين ساعة من الجرعة الأخيرة, تم التضحية بالفئران بعد تخديرهم عن طريق حقن الفينوباربيتال 

)80 ميللغرام/ كجم( داخل الغشاء البرتوني. تم تشريح واستئصال عينات من عضلة بطن الساق واستئصالها للدراسة 

 )PAS النسيجية بواسطة المجهر الضوئي للصبغات التالية: )الهيماتوكسيلين والايوسين وماسون ثلاثية الألوان وصبغة

بالأضافة الى اعداد بلوكات الراتين لفحصها بالمجهرالإلكتروني. كما تم إجراء دراسة بيوكيميائية لإنزيم فسفوكيناز 

الكرياتين )CPK(. وأجريت القياسات الكمية الشكلية )المورفومترية( والدراسات الإحصائية كانت مؤكدة.

النتائج: أظهرت المجموعة الثانية تغيرات نسيجية تشير إلى الاعتلال العضلي الذي تراجع في المجموعة الثالثة. كما 

الثانية مقارنة  المجموعة  إلى زيادة ملحوظة في   )CPK الكرياتين)  إنزيمات فوسفوكيناز  لـ  المتوسطة   القيم  أشارت 

بالمجموعة الضابطة والمجموعة الثالثة. وكانت القيم المورفومترية مؤكدة. 
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الاستنتاجات: أثبت آلالفاكالسيدول تأثير وقائي مؤكد ضد عقار أتور في تلف العضلات الهيكلية المحدث تجريبياً في ذكور 

الجرذان البيضاء. تم تأكيد هذه التأثيرات من خلال التحليلات البيوكيميائية والنسيجية ويمكن التوصية بـ آلالفاكالسيدول 

لمرضى ارتفاع الكوليسترول في الدم الذين يتناولون الستاتينات، وخاصة أولئك المعرضين لخطر نقص فيتامين د.

الكلمات الدالة: الالفاكالسيدول، التلف العضلي، الستاتين، التركيب الدقيق، الصبغات الخاصة.


