
2. Perlu dilakukan penelitian lanjutan mengenai toksisitas statin yang 

menyebabkan disfungsi mitokondria akibat beragam obat statin pada 

berbagai tipe jaringan otot skeletal dan otot jantung. 

3. Perlu dilakukan penelitian lebih lanjut mengenai keterlibatan proses 

stress oksidatif dan apoptosis pada disfungsi mitokondria akibat 

pemberian statin 

4. Perlu dilakukan penelitian dengan durasi perlakuan lebih lama, untuk 

menilai lebih lanjut terkait miotoksistas akibat statin 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 



DAFTAR PUSTAKA 
 

Apostolopoulou, M., Corsini, A. and Roden, M. (2015) ‘The role of 

mitochondria in statin-induced myopathy’, European Journal of 

Clinical Investigation, 45(7), pp. 745–754. doi: 10.1111/eci.12461. 

Arany, Z. et al. (2007) ‘The Transcriptional Coactivator PGC-1β Drives the 

Formation of Oxidative Type IIX Fibers in Skeletal Muscle’, Cell 

Metabolism, 5(1), pp. 35–46. doi: 10.1016/j.cmet.2006.12.003. 

Arifin, W. N. and Zahiruddin, W. M. (2017) ‘Sample size calculation in animal 

studies using resource equation approach’, Malaysian Journal of 

Medical Sciences, 24(5), pp. 101–105. doi: 

10.21315/mjms2017.24.5.11. 

Bach, D. et al. (2003) ‘Mitofusin-2 determines mitochondrial network 

architecture and mitochondrial metabolism: A novel regulatory 

mechanism altered in obesity’, Journal of Biological Chemistry, 

278(19), pp. 17190–17197. doi: 10.1074/jbc.M212754200. 

Baker, S. K. (2005) ‘Molecular clues into the pathogenesis of statin-mediated 

muscle toxicity’, Muscle and Nerve, 31(5), pp. 572–580. doi: 

10.1002/mus.20291. 

Banach, M. et al. (2015) ‘Statin intolerance - An attempt at a unified definition. 

Position paper from an International Lipid Expert Panel’, Archives of 

Medical Science, 11(1), pp. 1–23. doi: 10.5114/aoms.2015.49807. 

Beltowski, J., Wojcicka, G. and Jamroz-Wisniewska, A. (2009) ‘Adverse 

Effects of Statins - Mechanisms and Consequences’, Current Drug 

Safety, 4(3), pp. 209–228. doi: 10.2174/157488609789006949. 

Bhatti, J. S. et al. (2017) Therapeutic Strategies for Mitochondrial Dysfunction 

and Oxidative Stress in Age-Related Metabolic Disorders. 1st edn, 

Progress in Molecular Biology and Translational Science. 1st edn. 

Elsevier Inc. doi: 10.1016/bs.pmbts.2016.12.012. 



Block, G. et al. (2002) ‘Factors associated with oxidative stress in human 

populations’, American Journal of Epidemiology, 156(3), pp. 274–

285. doi: 10.1093/aje/kwf029. 

Bouitbir, J. et al. (2012) ‘Opposite effects of statins on mitochondria of cardiac 

and skeletal muscles: A “mitohormesis” mechanism involving 

reactive oxygen species and PGC-1’, European Heart Journal, 

33(11), pp. 1397–1407. doi: 10.1093/eurheartj/ehr224. 

Cao, P. et al. (2009) ‘Statin-induced muscle damage and atrogin-1 induction 

is the result of a geranylgeranylation defect’, The FASEB Journal, 

23(9), pp. 2844–2854. doi: 10.1096/fj.08-128843. 

Crespo, M. J. (2015) ‘Simvastatin, atorvastatin, and pravastatin equally 

improve the hemodynamic status of diabetic rats’, World Journal of 

Diabetes, 6(10), p. 1168. doi: 10.4239/wjd.v6.i10.1168. 

Dillon, L. M., Rebelo, A. P. and Moraes, C. T. (2012) ‘The role of PGC-1 

coactivators in aging skeletal muscle and heart’, IUBMB Life, 64(3), 

pp. 231–241. doi: 10.1002/iub.608. 

Faizania Shabbir, S. (2016) ‘Comparison of Effect of High Fat Diet Induced 

Obesity and Subsequent Atorvastatin Administration on Different 

Anthropometric Measures in Sprague Dawley Rats -’, Pakistan 

Armed Forces Medical Journal, 66(5), pp. 699–704. 

Gems, D. and Partridge, L. (2008) ‘Stress-Response Hormesis and Aging: 

“That which Does Not Kill Us Makes Us Stronger”’, Cell Metabolism, 

7(3), pp. 200–203. doi: 10.1016/j.cmet.2008.01.001. 

Giorgi, C., Marchi, S. and Pinton, P. (2018) ‘The machineries, regulation and 

cellular functions of mitochondrial calcium’, Nature Reviews 

Molecular Cell Biology. Springer US, 19(11), pp. 713–730. doi: 

10.1038/s41580-018-0052-8. 

Goodman, C. A. et al. (2015) ‘Statin-induced increases in atrophy gene 

expression occur independently of changes in PGC1α protein and 



mitochondrial content’, PLoS ONE, 10(5), pp. 1–18. doi: 

10.1371/journal.pone.0128398. 

Görlach, A. et al. (2015) ‘Reactive oxygen species, nutrition, hypoxia and 

diseases: Problems solved?’, Redox Biology. Elsevier, 6, pp. 372–

385. doi: 10.1016/j.redox.2015.08.016. 

Grundy, S. M. et al. (2019) ‘2018 

AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA

/PCNA Guideline on the Management of Blood Cholesterol: 

Executive Summary: A Report of the American College of 

Cardiology/American Heart Association Task Force on Clinical 

Practice Guidelines’, Journal of the American College of Cardiology. 

American College of Cardiology Foundation, 73(24), pp. 3168–3209. 

doi: 10.1016/j.jacc.2018.11.002. 

Guyton and Hall : Textbook of Medical Physiology, 12th edition, Saunder 

Elsevier, 2011 

Handy, D. E. and Loscalzo, J. (2012) ‘Redox regulation of mitochondrial 

function’, Antioxidants and Redox Signaling, 16(11), pp. 1323–1367. 

doi: 10.1089/ars.2011.4123. 

Harrison, T. N. et al. (2018) ‘Trends in Statin Use 2009–2015 in a Large 

Integrated Health System: Pre- and Post-2013 ACC/AHA Guideline 

on Treatment of Blood Cholesterol’, Cardiovascular Drugs and 

Therapy. Cardiovascular Drugs and Therapy, 32(4), pp. 397–404. doi: 

10.1007/s10557-018-6810-1. 

Jasińska, M., Owczarek, J. and Orszulak-Michalak, D. (2007) ‘Statins: A new 

insight into their mechanisms of action and consequent pleiotropic 

effects’, Pharmacological Reports, 59(5), pp. 483–499. 

Jones, S. P. et al. (2003) ‘Simvastatin Attenuates Oxidant-Induced 

Mitochondrial Dysfunction in Cardiac Myocytes’, Circulation 

Research, 93(8), pp. 697–699. doi: 



10.1161/01.RES.0000097262.21507.DF. 

Kaufmann, P. et al. (2006) ‘Toxicity of statins on rat skeletal muscle 

mitochondria’, Cellular and Molecular Life Sciences, 63(19–20), pp. 

2415–2425. doi: 10.1007/s00018-006-6235-z. 

Laufs, U., Scharnagl, H. and März, W. (2015) ‘Statin intolerance’, Current 

Opinion in Lipidology, 26(6), pp. 492–501. doi: 

10.1097/MOL.0000000000000236. 

Lee, J. et al. (2017) ‘Loss of Hepatic Mitochondrial Long-Chain Fatty Acid 

Oxidation Confers Resistance to Diet-Induced Obesity and Glucose 

Intolerance’, Cell Reports. ElsevierCompany., 20(3), pp. 655–667. 

doi: 10.1016/j.celrep.2017.06.080. 

Li, J. M. et al. (2002) ‘Activation of NADPH oxidase during progression of 

cardiac hypertrophy to failure’, Hypertension, 40(4), pp. 477–484. doi: 

10.1161/01.HYP.0000032031.30374.32. 

Liao, J. K. and Laufs, U. (2009) ‘Pleiotropic effects of statins-NIH Public 

Access’, Annual Review of Pharmacology and Toxicology, (8), p. 28. 

doi: 10.1146/annurev.pharmtox.45.120403.095748.PLEIOTROPIC. 

Ljubicic, V. et al. (2010) ‘Transcriptional and post-transcriptional regulation of 

mitochondrial biogenesis in skeletal muscle: Effects of exercise and 

aging’, Biochimica et Biophysica Acta - General Subjects. Elsevier 

B.V., 1800(3), pp. 223–234. doi: 10.1016/j.bbagen.2009.07.031. 

Maack, C. et al. (2003) ‘Oxygen free radical, release in human failing 

myocardium is associated with increased activity of Rac1-GTPase 

and represents a target for statin treatment’, Circulation, 108(13), pp. 

1567–1574. doi: 10.1161/01.CIR.0000091084.46500.BB. 

MacCarthy, P. A. et al. (2001) ‘Impaired endothelial regulation of ventricular 

relaxation in cardiac hypertrophy: Role of reactive oxygen species 

and NADPH oxidase’, Circulation, 104(24), pp. 2967–2974. doi: 

10.1161/hc4901.100382. 



Di Meo, S. et al. (2016) ‘Role of ROS and RNS Sources in Physiological and 

Pathological Conditions’, Oxidative Medicine and Cellular Longevity, 

2016. doi: 10.1155/2016/1245049. 

Moßhammer, D. et al. (2014) ‘Mechanisms and assessment of statin-related 

muscular adverse effects’, British Journal of Clinical Pharmacology, 

78(3), pp. 454–466. doi: 10.1111/bcp.12360. 

Mybiosorce (2013) Manual protocol of Rat Peroxisome Proliferator Activated 

Receptor Gamma Coactivator 1 Alpha (PPARgC1a) ELISA Kit. 

Nakagami, H., Takemoto, M. and Liao, J. K. (2003) ‘NADPH oxidase-derived 

superoxide anion mediates angiotensin II-induced cardiac 

hypertrophy’, Journal of Molecular and Cellular Cardiology, 35(7), pp. 

851–859. doi: 10.1016/S0022-2828(03)00145-7. 

Node, K. et al. (2003) ‘Short-term statin therapy improves cardiac function 

and symptoms in patients with idiopathic dilated cardiomyopathy’, 

Circulation, 108(7), pp. 839–843. doi: 

10.1161/01.CIR.0000084539.58092.DE. 

Panajatovic, M. et al. (2020) ‘Role of PGC-1-alpha-associated Mitochondrial 

Biogenesis in Statin-induced Myotoxicity’, European Cardiology 

Review, 15, p. e35. doi: 10.15420/ecr.2020.15.1.po12. 

Piantadosi, C. A. and Suliman, H. B. (2006) ‘Mitochondrial transcription factor 

A induction by redox activation of nuclear respiratory factor 1’, 

Journal of Biological Chemistry, 281(1), pp. 324–333. doi: 

10.1074/jbc.M508805200. 

De Pinieux, G. et al. (1996) ‘Lipid-lowering drugs and mitochondrial function: 

Effects of HMG-CoA reductase inhibitors on serum ubiquinone and 

blood lactate/pyruvate ratio’, British Journal of Clinical Pharmacology, 

42(3), pp. 333–337. doi: 10.1046/j.1365-2125.1996.04178.x. 

Rederstorff, M., Krol, A. and Lescure, A. (2006) ‘Understanding the 

importance of selenium and selenoproteins in muscle function’, 



Cellular and Molecular Life Sciences, 63(1), pp. 52–59. doi: 

10.1007/s00018-005-5313-y. 

Sano, M. and Fukuda, K. (2008) ‘Editorial: Activation of mitochondrial 

biogenesis by hormesis’, Circulation Research, 103(11), pp. 1191–

1193. doi: 10.1161/CIRCRESAHA.108.189092. 

Satoh, K. et al. (1995) ‘inhibitors on mitochondrial respiration in ischaemic 

dog hearts’, pp. 1894–1898. 

Schachter, M. (2005) ‘Chemical, pharmacokinetic and pharmacodynamic 

properties of statins: An update’, Fundamental and Clinical 

Pharmacology, 19(1), pp. 117–125. doi: 10.1111/j.1472-

8206.2004.00299.x. 

Seshadri, S. et al. (2019) ‘Statins exacerbate glucose intolerance and 

hyperglycemia in a high sucrose fed rodent model’, Scientific Reports. 

Springer US, 9(1), pp. 1–9. doi: 10.1038/s41598-019-45369-8. 

Silverman, M. G. et al. (2016) ‘Association between lowering LDL-C and 

cardiovascular risk reduction among different therapeutic 

interventions: A systematic review and meta-analysis’, JAMA - 

Journal of the American Medical Association, 316(12), pp. 1289–

1297. doi: 10.1001/jama.2016.13985. 

Sirvent, P., Bordenave, S., et al. (2005) ‘Simvastatin induces impairment in 

skeletal muscle while heart is protected’, Biochemical and 

Biophysical Research Communications, 338(3), pp. 1426–1434. doi: 

10.1016/j.bbrc.2005.10.108. 

Sirvent, P., Mercier, J., et al. (2005) ‘Simvastatin triggers mitochondria-

induced Ca2+ signaling alteration in skeletal muscle’, Biochemical 

and Biophysical Research Communications, 329(3), pp. 1067–1075. 

doi: 10.1016/j.bbrc.2005.02.070. 

Sirvent, P., Mercier, J. and Lacampagne, A. (2008) ‘New insights into 

mechanisms of statin-associated myotoxicity’, Current Opinion in 



Pharmacology, 8(3), pp. 333–338. doi: 10.1016/j.coph.2007.12.010. 

Sparrow, C. P. et al. (2001) ‘Activities Independent of Plasma Cholesterol 

Lowering’, pp. 115–121. 

St-Pierre, J. et al. (2006) ‘Suppression of Reactive Oxygen Species and 

Neurodegeneration by the PGC-1 Transcriptional Coactivators’, Cell, 

127(2), pp. 397–408. doi: 10.1016/j.cell.2006.09.024. 

Takemoto, M. et al. (2001) ‘Statins as antioxidant therapy for preventing 

cardiac myocyte hypertrophy’, Journal of Clinical Investigation, 

108(10), pp. 1429–1437. doi: 10.1172/JCI13350. 

Uchida, K. et al. (1999) ‘Activation of stress signaling pathways by the end 

product of lipid peroxidation: 4-Hydroxy-2-nonenal is a potential 

inducer of intracellular peroxide production’, Journal of Biological 

Chemistry, 274(4), pp. 2234–2242. doi: 10.1074/jbc.274.4.2234. 

Vaklavas, C. et al. (2009) ‘Molecular basis of statin-associated myopathy’, 

Atherosclerosis, 202(1), pp. 18–28. doi: 

10.1016/j.atherosclerosis.2008.05.021. 

Ventura-Clapier, R., Garnier, A. and Veksler, V. (2008) ‘Transcriptional 

control of mitochondrial biogenesis: The central role of PGC-1α’, 

Cardiovascular Research, 79(2), pp. 208–217. doi: 

10.1093/cvr/cvn098. 

Wassmann, S. et al. (2001) ‘HMG-CoA reductase inhibitors improve 

endothelial dysfunction in normocholesterolemic hypertension via 

reduced production of reactive oxygen species’, Hypertension, 37(6), 

pp. 1450–1457. doi: 10.1161/01.HYP.37.6.1450. 

Winfried, M. and Ludwigs-university, A. (2000) ‘Hamsters With Inherited 

Cardiomyopathy’, (8), pp. 275–279. doi: 10.1054/JCPT.2000.16695. 

Wolin, M. S., Ahmad, M. and Gupte, S. A. (2005) ‘The sources of oxidative 

stress in the vessel wall’, in Kidney International. Blackwell 



Publishing Inc., pp. 1659–1661. doi: 10.1111/j.1523-

1755.2005.00257.x. 

Wright, D. C. et al. (2007) ‘Exercise-induced mitochondrial biogenesis begins 

before the increase in muscle PGC-1α expression’, Journal of 

Biological Chemistry, 282(1), pp. 194–199. doi: 

10.1074/jbc.M606116200. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

LAMPIRAN 

 

 

 
 

 



Lampiran 1 .Rekomendasi Persetujuan Etik 

 

 



Lampiran 2. Surat Keterangan Selesai Penelitian 

 

 

 

 

 



Lampiran 3. Dokumentasi Penelitian 

 

Kondisi kandang hewan coba 

 

Pengukuran berat badan hewan coba dengan menggunakan 
timbangan neraca digital. Terlihat bahwa seluruh badan tikus 
dipastikan menapak pada dasar wadah untuk memastikan hasil 
pengukuran yang valid. 

 



 

Pengukuran panjang badan dan lingkarperut tikus hewan coba 

 

Pengambilan jaringan otot skeletal dan otot jantung tikus setelah 

diterminasi 



 

Pengambilan jaringan otot skeletal tikus (otot gastrocnemius)  

 

Pembuatan larutan standar untuk metode ELISA 



 

Pemberian solution substrat pada tiap well dengan menggunakan 

micropipet 

 

Inkubasi Well yang telah diberikan solution substrat 

 

 

 

 

 



Lampiran 4. Analisis Data Statistik SPSS 

 

 



Lampiran 6. Jurnal Publikasi 

Simvastatin Toxicity Induces Mitochondrial Dysfunction in Rat 
Skeletal Muscle  

 
Zulfahmidah1,3*, Marhaen Hardjo2, Syahrijuita Kadir 2, Rahmawati 

Minhajat 4,5, Alfian Zainuddin 6 
1Student of Graduate School, Hasanuddin University, Indonesia 

2Lecturer of Biochemistry Department, Faculty of Medicine, Hasanuddin 
University, Indonesia 

3 Lecturer of Biochemistry Department, Faculty of Medicine, Universitas Muslim 
Indonesia, Indonesia 

4Lecturer of Histology Department, Faculty of Medicine, Hasanuddin University, 
Indonesia 

5Lecturer of Internal Medicine Department, Faculty of Medicine, Hasanuddin 
University, Indonesia 

6Lecturer of Community Medicine Department, Faculty of Medicine, Hasanuddin 
University, Indonesia 

 
*Correspondence Email: zulfahmidahp19@student.unhas.ac.id 

Telp: +6282345319900 
 

ABSTRACT 

Background: Statins are the class of drugs that are widely used for lowering LDL 
cholesterol and as primary and secondary prevention to cardiovascular disease. However, 
the widespread use of statins is constrained by the presence of toxicity or intolerance, which 
affects drug control rates. The toxicity or intolerance of statins ranges from 10-15%. The 
most common statin toxicity is statin-associated muscle symptoms (SAMS). The 
underlying mechanisms of SAMS involve the disruption of mitochondrial biogenesis, 
potential membrane changes, reduced number of mitochondria, and changes in protein 
oxidative activity due to the accumulation of ROS in cells and tissues. The disruption of 
mitochondrial biogenesis can be marked by a decrease of peroxisome proliferator-activated 
receptor co-activator gamma (PGC-1a). This study aimed to determine the effect of 
simvastatin on skeletal muscle PGC-1a. 
Methods: Sixteen female Wistar rats (8-10 weeks of age) were randomized into 2 groups: 
(1) control group (n=8), and (2) simvastatin group(n=8). For 30 days, the simvastatin group 
was exposed to simvastatin at a dose of 10 mg/kg/day. Meanwhile, the control group 
animals only received 0.5% methyl cellulose. Gastrocnemius muscles were collected and 
PGC-1a levels were evaluated by using ELISA Kit. 
Results: Following 30 days of treatment, a significantly lower level of skeletal muscle 
PGC-1awas observed in the simvastatin group compared to the control group (p = .026).  
Conclusion: Our finding indicates that administration of simvastatin at a dose of 10 
mg/kg/day for 30 days may decrease skeletal muscle PGC-1a leading to mitochondrial 
dysfunction in rat skeletal muscle. 
Keywords: Statin; Toxicity; Mitochondrial dysfunction; peroxisome proliferator-
activated receptor co-activator gamma; Skeletal muscle 



INTRODUCTION 

Statins are the class of drugs that are widely used for lowering LDL cholesterol and 

as primary and secondary prevention to cardiovascular disease (1). The widespread 

use of statins is restricted by the presence of toxicity or the associated intolerance, 

which influences the rates of drug monitoring. Statin toxicity or intolerance varies 

from 10 to 15%. In other studies, toxicity can approach 30 % (2). Statin-associated 

muscle symptoms have been the most common statin toxicity (SAMS). The 

underlying mechanisms of SAMS involve the disruption of mitochondrial 

biogenesis, potential membrane changes, reduced number of mitochondria, and 

changes in protein oxidative activity due to the accumulation of ROS in cells and 

tissues. The disruption of mitochondrial biogenesis can be marked by a decrease of 

peroxisome proliferator-activated receptor co-activator gamma (PGC-1α). This 

study aimed to determine the effect of simvastatin on skeletal muscle PGC-1α. 

MATERIAL AND METHOD 

Animal 

Sixteen female Wistar rats (8-10 weeks of age), were housed in proportion 

3 rats per cage with a 12h light/dark cycle. The sample size was determined by 

using the Research Equation Method, where E is the total number of animals – total 

number of groups. The value of E should lie between 10 and 20. Any sample size, 

which keeps E between 10 and 20, should be considered as adequate. The total 

number of animals included in this study were 16 rats. The total numbers of groups 

in this study were 2 groups. (3) 

 Rats were randomized into 2 groups: (1) control group (n=8), (2) 

simvastatin group (n=8). For 30 days, the simvastatin group was exposed to 

simvastatin at a dose of 10 mg/kg/day. Simvastatin (Kimia Farma, Indonesia) was 

suspended in 0.5% methyl cellulose and administered via oral gavage at a dose of 

5.0 ml/kg. Meanwhile, control group animals received 0.5% methyl cellulose by 

oral gavage at the same relative volume for 30 days. Food consumption was 



monitored daily and rat body mass was measured every week. On day 30, 24 hours 

following the last simvastatin or vehicle treatment, animals were sacrificed by 

intraperitoneal injection of ketamine (0.05 ml.kg-1) dan xylazine (0.01 ml.kg-1) 

followed by cervical dislocation. Gastrocnemius tissue was collected and stored 

immediately at -20°C for further analysis. 

 

Measurement of PGC-1α Concentration 

The tissue samples (90-100 mg) were homogenized with 1000 μL ice-cold 

PBS using ultra-turrax homogenizer. Homogenates were centrifuged for 5 minutes 

at 5,000 g at 4°C. Supernatants were removed and aliquots were stored at -200C. 

Protein contents of the homogenates were quantified using a Thermo fisher 

Bradford Assay. Quantitative measurement of PGC-1α in tissue homogenate 

samples was performed by using a commercial enzyme-linked immunosorbent 

assay (ELISA) kit, according to the manufacturer’s instructions. Absorbance from 

each sample was measured in duplicate using a microplate reader at a wavelength 

of 450 nm. PGC-1α concentration data (ng/mg) were presented as a ratio between 

PGC-1α concentration (ng/mL) and total protein content of homogenates (mg/mL). 

Statistical Analysis 

All measurement data are expressed as mean ± standard error mean (SEM). 

To determine the effect of simvastatin on skeletal muscle PGC-1α, an independent 

t-test was performed to identify the differences of skeletal muscle PGC-1α between 

the control and simvastatin groups. A P value < 0.05 was considered statistically 

significant. All statistical analyses were performed using the statistical software 

SPSS version 23.0 

 
RESULT AND DISCUSSION 

 
Table 1 summarizes the changes in the anthropometric profiles in both 

groups. No significant differences in body weight changes were observed between 

the control and simvastatin groups. However, the increase in BMI was significantly 

lower in the simvastatin group compared to the control group (p = .030).  



Our finding is similar to the study conducted by Seshadri et al. (2019) which 

reported that simvastatin 20 mg kg-1day-1 did not provide a significant change in 

body weight in high-sucrose diet rats following 30 days of administration. However, 

when a longer duration of simvastatin treatment (i.e up to 80 days) was applied, 

significant weight loss was observed.(4) 

Table 1. Anthropometric Changes in Control and Simvastatin Group 

Variables Control (n=8) Simvastatin 
Group (n=8) p value 

%  Body Weight Changes 12.34 ± 6.37 9.77 ± 
9.00 .162 

% BMI Changes 21.12 ± 18.26 13.86 ± 
22.17 .030* 

 
The main finding of the present study (Figure 1) revealed a significantly 

lower level of skeletal muscle PGC-1α in the simvastatin group compared to the 

control group (p = .026).  This is similar to the study by Goodman et al.(2015) 

which found a decrease in PGC-1α  levels in the soleus muscles of mice given 

simvastatin 60 mg kg-1day-1 and simvastatin 80 mg kg-1day-1  for 2 weeks.(5)  

Besides, Boutbir et al. (2012)showed that there was a decrease in skeletal muscle 

PGC-1α level in rats treated with atorvastatin 10 mg/Kg BW compared to the 

control group. In addition, mice received simvastatin 5 mg kg-1day-1  for 3 weeks 

showed worsened muscle dysfunction and impaired mitochondrial respiration in 

both oxidative and glycolytic muscle fiber types (7). Statin-induced reduction in 

PGC-1α can explain that statin-induced myotoxicity can be associated with the 

occurrence of mitochondrial dysfunction. 

Mitochondrial dysfunction is a condition characterized by impaired 

mitochondrial biogenesis, changes in membrane potential, reduced number of 

mitochondria, and changes in protein oxidative activity due to accumulation of ROS 

in cells and tissues. Mitochondrial dysfunction is also defined as a decrease in the 

ability of the mitochondria to synthesize high energy compounds such as adenosine 

5 'triphosphate. 

Various hypotheses explain that myotoxicity due to statins may result in 

mitochondrial dysfunction. Inhibition of HMG-CoA reductase caused by statins 



also results in the decrease in several intermediates of the mevalonic pathway, such 

as dolichol, prenylated protein, and electron transport chain protein, heme A and 

ubiquinone (coenzyme Q10, CoQ10), which close the bonds between complex I 

and II of the electron transport chain in mitochondria. (8–10) 

  
Figure 1. The Differences of Skeletal Muscle PGC-1α Levels between Simvastatin and 
Control Group 

 
CONCLUSION 

In conclusion, administration of simvastatin at a dose of 10 mg/kg/day for 

30 days may decrease skeletal muscle PGC-1a leading to mitochondrial 

dysfunction in rat skeletal muscle.  
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