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Original Research Article 

HE POSSIBLE ROLE OF NANOCURCUMIN IN RAT MODEL OF  STATIN INDUCED T

HISTOLOGICAL AND IMMUNE HISTOCHEMICAL STUDY :MYOPATHY 

 

ABSTRACT 

Background: Statins    are the most   commonly used drugs for reducing hypercholesterolemia. 

Unfortunately,   statins induced myopathy is a common side effect of statins. Usually represented 

by fatigue, muscle pain, muscle tenderness, muscle weakness and nocturnal cramping. Curcumin 

has been proved as anti –inflammatory agent in the inflammatory conditions. 

Aim: This research aimed to study the protective effect of nanocurcumin on the histological 

changes produced by atorvastatin in the skeletal muscles.  

Material and Methods: A thirty albino rats (2-3 months old) were used in the present study.  

The rats were randomly divided into four groups. 

Group I:  (five rats) and was  used as a control group (control) ,  they were given 2 ml carboxy 

methyl cellulous (0.5%)orally through orogastric tube daily for 4 weeks. 

Group II: ( five rats) They were given nanocurcumin  in a dose of 15ml \kg b.w orally through 

orogastric tube daily for 4weeks. 

Group III: (ten rats) They were be given atorvastatin in a dose of 40 ml \kg b.w orally through 

orogastric tube daily for 4 weeks and divided into two subgroups. 

Group III a (animal model):  scarified 24h after the last dose. 

Group III b (recovery group): scarified 2weeks after the last dose. 

Group IV:  (ten rats) they were given atorvastatin in a dose of 40 ml \kg b.w orally through 

orogastric for 4 weeks   followed by nanocurcumin   in a dose of 15mg \kg b.w orally daily for 

4weeks. 
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Results: degenerative and apoptotic changes were observed in the skeletal muscles in the 

atorvastatin treated groups, these changes could be attenuated by administration of 

nanocurcumin. 

Conclusion: Apoptosis is a       mechanism of atorvastatin   induced   myopathy.  Nanocurcumin 

particles could attenuate this process and attenuated   the toxicity of the drug. After stoppage of 

atorvastatin some of histopathological changes could be recovered. 

 

Introduction    

    Myopathy is a weakness of skeletal muscles accompanied by tenderness, pain and 

elevation of the plasma creatinine kinase may be present.        There are many different types 

of myopathies, some of which are   genetic,   inflammatory, or drug induced such as statin, 

Steroids or Zidovudine [1].  

     Statins are the most   commonly used drugs   for reducing   hypercholesterolemia [2]. 

Myositis and/or rhabdomyolysis may occur in approximately 0.1% of statin-treated patients.     

[3]. 

 

      Curcumin has proved it’s benefit as  anti-inflammatory  agent  in the   inflammatory  

conditions  [4],  metabolic syndrome   [5],   pain [6]   as well as   in  relieving  inflammatory  

and  degenerative  eye   conditions [7].   Unfortunately, the major problem associated with 

curcumin   ingestion by itself,   is it’s poor bioavailability  [8]. 

    Nanoparticles of curcumin (nanocurcumin) were  prepared by  special   chemical  

technique  and  were  found  to  have  a narrow  particle  size distribution in the range of 2-40 

nm. Unlike curcumin, nanocurcumin was found to be freely dispersible in water in the 

absence of any surfactants.  

The chemical structure of nanocurcumin was the same as that of curcumin, and there was 

no modification during nanoparticle preparation. Nano formulations of curcumin greatly 

transformed the way of treating diseases by improving its bio-availability, cellular uptake, 

and permeability with enhanced plasma concentration. Curcumin nanoparticles efficaciously 

distribute the exact therapeutic concentration of drug at the site of injury [9].  
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Numerous studies have been reported on the therapeutic efficacy of curcumin 

nanoformulations and explored its consequential properties against the wide range of human 

diseases [9].  

  This work aims to study the possible therapeutic effect of nanocurcumin on experimental 

statin induced myopathy. 

Material and methods 

Chemicals: 

Atorvastatin was obtained from (Sigma Chemical Company, St. Louis, MO, USA). It was 

dissolved in carboxy methylcellulose before usage (0.5%). Curcumin  (purity≥99%)was obtained 

from (Sigma Chemical Company, St. Louis, MO, USA) Nano curcumin was  prepared at 

Chemistry department, Faculty of Sciences, Sohag University . 

 

Preparation of nanocurcumin 

Curcumin (100 mg, 0.27 mmol) was dissolved in dichloromethane (20 mL). 1 mL of this 

solution was sprayed into boiling water (50 mL) dropwise with a flow rate of 0.2 mL/min in 5 

minutes under ultrasonic conditions with an ultrasonic power of 100W and a frequency of 30 

KHz. The contents were sonicated for 10 minutes and then stirred at room temperature for about 

20 minutes when a clear orange colored solution was obtained. The solution was concentrated 

under reduced pressure at 50
O
 C and finally freeze dried to obtain an orange powder. 

Particle Size Analysis 

          The mean particle diameter of curcumin nanoparticles was measured by transmission 

Electron Microscope (TEM). Analysis was done on a Morgagni 268 D from FEI (electron 

microscopy unit ,Assuit university). The sample was prepared by placing a drop of the aqueous 

dispersion of curcumin nanoparticles on the copper grid and allowing it to air dry. 

Particle size distribution for the prepared nano curcumin  was evaluated using image J Launcher, 

broken-symmetry software, version (1.4.3.6.7). [10& 11&12] 
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Animals and experimental design: 

A thirty albino rats (2-3 months old) were used in the present study. Their weights ranged from 

200-250 grams. The rats were maintained in a randomized 22
0
c in a well-ventilated animal house 

in the Faculty of Medicine, Sohag University under natural photoperiod conditions and had free 

access to food and water during the course of the experiment. 

 The Institutional Animal Care and the Research Ethics Committee of the Faculty of Medicine, 

Sohag University, Egypt, approved the experimental protocol. 

The rats were randomized divided into four groups. 

Group I : It includes five rats and was  used as a control group (control) ,  they were given 2 ml 

carboxy methyl cellulous (0.5%)orally through orogastric tube daily for 4 weeks. 

Group II: It includes five rats. They were given nanocurcumin in a dose of 15ml\kg b.w orally 

through orogastric tube daily for 4weeks. 

Group III: It includes ten rats. They were be given atorvastatin in a dose of 40 ml\kg b.w orally 

through orogastric tube daily for 4 weeks and divided into two subgroups. 

Group III a(animal model):  sacrefied 24h after the last dose. 

Group III b (recovery group): sacrefied 2weeks after the last dose. 

Group IV : It includes ten rats. They were given atorvastatin in a dose of 40 ml\kg b.w orally 

through orogastric for 4 weeks followed by nanocurcumin in a dose of 15mg\kg b.w orally daily 

for 4weeks. 

The animals were sacrificed at the end of experiment.  24h after the last dose, the animals were 

sacrificed. Specimens of skeletal muscles of (Gluteus, Biceps femoris, gastrocnemius) were 

obtained and fixed in formalin 10% for 24 hours. They were prepared for histological and 

immunohistochemical studies.  

Methods  
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After 24 hours from the last dose, rats were anesthetized using ether inhalation, sacrificed, 

carefully dissected and specimens from skeletal muscles of (Gluteus, Biceps femoris, 

gastrocnemius) were processed for Haematoxyline and eosin and immunohistochemical stains.  

Preparation of the specimens for light microscopic examination  

Perfusion fixation was used and the specimens were fixed in 10% neutral buffered formalin and 

processed for light microscopic study. Paraffin sections of 6μm thickness were obtained for 

Hematoxylin and eosin and immunohistochemical stains. . All histological technique was done 

according to [13]. 

Immunohistochemistry: 

Staining procedure: 

Tissue paraffin embedded 5µm thick sections were performed on coated glass slides. They were 

prepared for stanning with  

 Active caspase -3 for detection of apoptotic cells 

 CD117 for detection of satellite cells 

The slides were de paraffinized in xylene and rehydrated using descending grades of 

alcohols (100%, 90%, 80% and 70%), then put in distilled water for 5 min.  Endogenous 

peroxidase activity was blocked by immersion in 0.6% hydrogen peroxide for 10 minutes using 

peroxidase blocking reagent. Antigen retrieval was done by boiling slides in a microwave oven 

at a high temperature (80°C) for 10 min in citrate buffer solution (pH 6.0). The sections were 

incubated with the primary antibody at 4°C for 18–20h, washed in phosphate-buffered saline 

(pH7.2) and incubated with biotinylated secondary antibodies then with the avidin–biotin 

complex. All incubations were done at room temperature and the staining was visualized with 

diaminobenzidine and chromogen 25: 1. The sections were finally counterstained with 

haematoxylin, dehydrated, cleared, and mounted .The positive reaction appeared as brown 

coloration Negative control slides were done with omission of the 1ry antibodies using non-

immunized goat sera.. Positive control slides for each antibody were used according to 

manufacturer instructions. 

Morphometric Studies 
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Ten high power fields (x400) form each animal slide in all groups were photographed using 

microscope Leica ICC50 Wetzlar (Germany). Analysis of each field was done using Image J 

software (version 1.46r)   for measuring the percentage area of the immune reactive positive cells 

for active caspase-3 and CD117. 

 

  Statistical analysis  

All data were expressed as mean ± standard error (SEM). Data analyses were performed using 

SPSS software (version 16.00; SPSS Inc., Chicago, Illinois (|USA). Data analyses of different 

groups were performed using independent  -test, and Least Significant Difference (LSD) with a 

statistical significance of P<0.05. Graph were drawn in the GraphPad Prism software (version 6). 

RESULTS 

  Nanocurcumin particles was examined by the transmission electron microscope that showed 

the size of nanocurcumin, particles ranging from 24 nm up to 30 nm. (Fig.1) 

    Both group I& II showed the same histological findings. The longitudinal section 

(L.S) of the skeletal muscle fibers revealed that the muscle fibers appeared cylindrical 

multinucleated fibers .Elongated nuclei were found peripherally just under the 

sarcolemma. The sarcoplasm was acidophilic with longitudinal and transverse 

striations. (Fig.2) 

    In group IIIa, L.S of the skeletal muscle fibers showed disorganized, fragmented and 

discontinued muscle fibers. Splitting and hypertrophy of muscle fiber were frequently 

observed with loss of transverse and longitudinal striations of the myofibers. Cellular 

infiltration in perimysium was observed. The cytoplasm contained dense central nuclei, 

as well as remnants of necrotic nuclei Nuclear chain phenomena was also observed. 

Some nuclei were internal rather than peripheral to the muscle fibers. (Fig.3) 

    In group IIIb,   L.S of skeletal muscle fibers revealed that there was apparent 

recovery of some myofiber in the form of restoration of the longitudinal striations no 

splitting, with peripheral nuclei. (Fig.4) 

   In group IV, L.S of skeletal muscle fibers appeared more or less as the control group. 

the transverse and longitudinal striations were restored .The nuclei were peripheral 

with minimal internal nuclei and cellular infiltration. (Fig.5) 



 

7 
 

  Immunohistochemical stanning 

 Active caspase-3 

   In both group I& II, examination of active caspase -3 stained sections of showed revealed        

negative immune reaction. Fig.6 

    In group ΙΙΙa, there was a marked increase in the number of active caspase -3 immune 

positive cells .Fig.7 

   In group IIΙb, Examination of active caspase -3 stained sections revealed moderate increase 

in the number of active caspase -3 immune positive cells Fig.8 

   in group ΙV,examination of active caspase -3 stained sections) revealed minmal increase in 

the number of active caspase -3   immune positive cells. Fig.9 

 CD117/C-KIT 

    Examination of CD 117 stained sections of the control groups (group Ι) and (group ΙΙ) 

revealed positive immune reaction in satellite cell in endomysium.  They were oval cells with 

long, slender processes there were located interstitial and peri fibrillar, adjacent to the 

sarcolemma of muscle fibers.  Their distribution along the muscular fiber appeared to be 

random, with various positions. They either were oriented parallel or perpendicular to the 

longitudinal axis of the muscle fiber.  Fig.10 

    In group ΙΙΙ a, examination of CD 117stained sections showed scanty staining positive 

satellite cells. Fig.11 

In group IIΙb, examination of CD 117stained sections revealed increase in number of satellite 

cells staining positive cells . Fig.12 

  In groupIV, examination of CD 117stained sections revealed increase in the number of 

stainning positive satellite cells. Fig.13 
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Fig.1: (a) TEM image of the prepared nano curcumin and (b) Histogram for particle size 

distribution of the prepared nano curcumin 

 

    Fig.2 A photomicrograph of a  longitudinal section of skeletal muscles 

showing ., transverse  and longitudinal striation of myofiber  (line),the nuclei are  

located peripherally  just beneath the sarcolemma  (arrow)with minimal CT in 

between muscle bundles( star).   Group I    Hx&E     X400) 
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   Fig.,3 A photomicrograph of a longitudinal section of skeletal muscles showing., 

splitting of myofibers  (line), fragmentation of its sarcoplasm (arrowhead) and  

cellular infiltration in perimysium (star).               (Group IIIa   Hx&E      X400). 

  

 

Fig.,4: A photomicrograph of a longitudinal section of skeletal muscles showing 

., preserved longitudinal striations (straight arrow) ,minimal splitting, peripheral 

vesicular flat nuclei  (curved arrow) with connective tissue in between   muscle 

bundles (star).                      (  Group IIIb       Hx&E      X400) 
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 Fig.5: A photomicrograph of a longitudinal section of skeletal muscles 

showing ., preserved transverse and longitudinal striations(straight arrow), 

peripheral nuclei  (curved arrow) with minimal internal nuclei  (head arrow)and 

minimal cellular infiltration (star) .                                                      (Group IV    

HX&E      X400). 

 

 Fig.6 A: photomicrograph of a longitudinal section of the skeletal muscles 

showing, no expression of active caspase-3 positive cells.  (Group I active 

caspase-3 X400) 
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 Fig.7: A photomicrograph of a longitudinal section of the skeletal muscles 

showing., marked expression of active caspase-3 positive cells (stars)compared 

to group I &II.   (Group IIIa     active caspase-3 X400) 

 

Fig. 8: A photomicrograph of a longitudinal section of the skeletal muscles 

showing., moderate expression of  active caspase-3 positive cells(arrow) 

compared to group IIIa.                                (Group IIIb     active caspase-3 

X400) 
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Fig. 9: A photomicrograph of immunohistochemical staining of skeletal 

muscles of group4 showing., minimal expression of active caspase-3 positive 

cells (arrow) compared to group IIIa. ( GroupIV     active caspase-3 X400) 

 

 Fig. 10: A photomicrograph of immunohistochemical staining of skeletal 

muscles showing, scanty expression of CD117positive cells (arrow).                                                                                                                

(Group 1   CD117  X400) 
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Fig. 11: A photomicrograph of immunohistochemical staining of skeletal 

muscles showing., scanty expression of CD117positive stalliete cells (arrow).                                                

(Group IIIa   CD117  X400) 

 

Fig.12: A photomicrograph of immunohistochemical staining of skeletal 

muscles showing., increased expression of CD117positive  satellite cells 

(arrow).  (GroupIIIb   CD117  X400) 
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Fig. 13: A photomicrograph of immunohistochemical staining of skeletal 

muscles showing., increased expression of CD117positive  satellite cells 

(arrow).                                                ( Group IV CD117  X400) 

 

Histogram I:-Mean measurement of area density of active caspase -3positive cells of control, 

nano curcumin control, myopathy, recovery and therapeutic groups 
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Histogram II :-Mean measurement of CD 117 positive cells 

control, myopathy, recovery and therapeutic  groups 

DISCUSSION 

The size of the prepared nano curcumin was confirmed by TEM analysis as shown in Figure 1 

and the calculated histogram for particle size distribution shows that the mean particle size is 

confirmed nano sized particles of Curcumin is 26 nm[10&11&12] 

        Statins are reversible competitive inhibitors of 3-hydroxy-3-methylglutaryl-coenzymeA 

reductase (HMG CoA R) that reduce the intracellular synthesis of cholesterol [1]. Although 

statins could be tolerated, many degrees of myopathy ranging from mild myalgia to 

rhabdomyolysis have been reported. 

This present work was done to show the potential myotoxicity of atorvastatin. We choose the 

vastus medialis of the quadriceps femoris and gastrocnemius muscle as they are formed mostly 

of type II white fibers which were reported by previous studies to be selectively vulnerable to 

statin‑induced myotoxicity [14&15].  

Hematoxylin and eosin stain of myopathic group revealed focal areas of degenerative changes. 

They were manifested by splitting of the muscle fibers, fragmentation of the sarcoplasm, loss of 

transverse and longitudinal striations. Nuclear chain and dense centrally located nuclei were 
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frequently observed. Furthermore, we found inflammatory cell infiltrations. These results were in 

agreement with literature [16&17].  

    Degeneration and inflammatory cellular infiltrations in the skeletal muscle fibers were noticed 

by many investigators using a variety of statins [18]. It was proved that splitting of the muscle 

fibers might be due to the insufficient oxygen supply as reported [19]. 

     It could be suggested that the degenerative changes of the affected muscle fibers might be the 

stimulus that initiate the inflammatory reactions. This was in accordance with Stevnes and 

Lowe, 2000 who stated that the degenerated fibers release different inflammatory mediators that 

lead to mononuclear cellular infiltration [20]. 

    In recovery group, some myofibers were noticed with linearly arranged euchromatic nuclei. 

Transverse and longitudinal striations start to be restored. These findings were in accordance with 

[21] who found that Patients with statin-associated myopathy experienced full resolution of 

muscle pain on cessation of statin therapy. 

     Caspases play a key role in apoptosis [22]. In this study, there was a high significant 

expression of active caspase 3-immuno positive reaction of the muscle fiber as compared to the 

control group. This was in agreement with the study of Mazroa and Asker,2010 who observed 

high expression of active caspase 9 in rat skeletal muscle after 10 mg/kg of atorvastatin 

treatment[17]. In agreement with our results Urso et al., 2005   proved that atorvastatin induced 

apoptosis in the skeletal muscle [23].  

     Different statins can induce apoptosis in the skeletal muscle. This result was explained by   

Rallidis et al., 2012 who found that statin induced myotoxicity through depletion of isoprenoids 

that control the rate of myofiber apoptosis. The depletion of isoprenoids are responsible for 

induction of apoptosis. Isoprenoids are also required for synthesis of ubiquinone which is a 

component of the electron transport chain. The reduction of isoprenoids associated proteins 

increases cytosolic calcium, which activates a cascade of events leading to the activation of 

caspase-3. [24] 

In spite of the degenerative findings that encountered in the present study and in other studies, 

some researches considered atorvastatin and the other statins safe to use even in high doses [25] 

and consider statins the most effective prescribed drugs for lowering serum cholesterol [26]. 

Satellite cells are inactive, reserve myoblasts that persist after muscle differentiation. After injury 

or certain other stimuli, the normally quiescent satellite cells are activated, proliferate and fuse to 

form new skeletal muscle fibers [27]. 
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In this study we found CD117 positive cells in satellite cell in endomysium.  They were oval cells 

with long, slender processes they were located interstitial and peri fibrillar, adjacent to the 

sarcolemma of muscle fibers. Their distribution along the muscular fiber. In agreement with our 

suggestion Ceausu et al., 2016 found the same results in post mortum examination of skeletal 

muscles[28]. 

  In contrary to our suggestion which consider a positive reaction for CD117/c-kit is suggestive 

for SCs, Popescu et al., 2011 suggested that stem cells from the muscle stem cell niche lack the 

immunopositivity for CD117, these positive CD117 cells being considered as telocytes [29]. 

    In therapeutic group by using H&E, we found that some myofibers were noticed with vesicular 

peripherally arranged euchromatic nuclei with reappearance of transverse and longitudinal 

striations. These findings might indicate the presence of regenerating fibers that usually appeared 

near areas of necrosis and degeneration.  

   The current study showed that the use of nanocurcumin particles after atorvastatin ingestion led 

to a marked improvement of histopathological, immuno histochemical changes. Curcumin is an 

anti-inflammatory and an antioxidant agent which modulates the oxidative stress manifestations 

of atorvastatin in different types of muscles.  

 

Curcumin had inhibitory actions in tissue injury mediated by the inflammatory transcription 

factors, protein kinases, oxidative stress, and inflammation. [4]  

   Manjunatha and Srinivasan, 2007 reported that curcumin has an antioxidant effect based on 

lipid peroxidation modulation and the increase of antioxidant enzyme activity because it reverses 

glutathione depletion which is consistent with our results [30] 

     In agreement with our results Pinlaor et al., 2010 had reported that curcumin increased the 

serum matrix metalloproteinases MMP-13 levels that are responsible for the restoration of normal 

collagen distribution in the muscle fibers. [31] 

CONCLUSION  

      Atorvastatin caused histopathological changes of the skeletal muscles through induction 

stress and apoptotic changes while nanocurcumin particles have anti-oxidant effects and led to 

marked improvement of these histopathological changes. Recovery of some histopathological 

changes after stoppage of atorvastatin treatment. 

RECOMMENDATION 
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Further studies should be done in animals using nano curcumin as a protective agent, also using 

ordinary curcumin instead of nano curcumin.  Extra studies should be done in human with 

different concentrations. 
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