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Nutritional pharmacology is expanding into the field of cardiovascular disease by adding 
safe, heart-protecting options derived from foods such as fatty acids and enzymes into 
treatment regimens.i ii iii    In particular, researchers are targeting focus on antioxidants 
that offset damage caused by free radicals in mitochondria.iv   A pivotal enzyme from 
the quinone family known alternately as “Coenzyme Q10”, “CoQ10”, or “ubiquinone” (for 
its ubiquity in every cell), mitigates oxidation in the mitochondrion by quenching free 
radicals that accumulate there. The benefits of exogenous supplementation with CoQ10 
for human patients with cardiovascular disease have been recognized for over twenty 
years, but introduction into veterinary cardiology has been slow. 

Oxidation and the Heart 

Oxidative stress occurs when reactive oxygen species (ROS) overwhelm the organism’s 
antioxidant defenses.  ROS generators within compromised hearts include stressed 
cardiomyocytes, activated vascular endothelia, activated neutrophils, and perivascular 
tissue.v  Oxidants from these sources contribute to necrosis following ischemia. vi    
Failing hearts produce more ROS than do healthy hearts.   

Out of all the organelles in heart cells, mitochondria exhibit the highest vulnerability to 
oxidative damage.  Since mitochondria provide the metabolic energy necessary for 
cellular survival, preventing and/or reversing oxidative damage could provide dramatic 
medical benefits in disease.  Cardiac muscle cells, or cardiomyocytes, rely heavily on 
ongoing ATP production by mitochondria for support of their contractile mechanical 
function.  Mitochondria are so numerous in cardiomyocytes that they occupy up to 60% 
of the cell’s volume. Decline of mitochondrial ATP generation leads to contractile 
compromise and, potentially, heart failure.  Estimates indicate that cardiomyocytes use 
75% of mitochondrial ATP-derived energy for contraction of the myocardium while 25% 
goes to maintaining ionic homeostasis.vii   

Antioxidation and the Heart 

CoQ10 promotes cardiomyocyte homeostasis and survival.viii It does so at least in part 
by preserving mitochondrial ATP production, which as noted previously supports 
contractile function and cardiac output.  In a heart facing reperfusion injury, CoQ10 can 
also limit injury by enhancing SOD and GPx activity.ix In its antioxidant capacity, CoQ10 
regenerates alpha-tocopherol, the reduced form of vitamin E.  Recently, researchers 
have begun to investigate the pleiotropic effects associated with CoQ10, finding that its 
actions include regulation and alteration of genomic expression.  In so doing, CoQ10 
targets multiple genes involved in cell signaling and intermediary metabolism.x 
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The outcome of CoQ10 supplementation include enhanced electron transport and ATP 
production, improved antioxidant protection and redox signaling, and stabilization of the 
mitochondrial permeability transition pore that protects against apoptotic cell death.xi 

 Specific Applications of CoQ10 in cardiac disease 

Although myocardial infarction is thought to occur rarely in small animals,xii xiii heart 
disease of other types occurs with relative frequency, including breed-related 
cardiomyopathy in dogs, hypertrophic cardiomyopathy in cats, chronic congestive heart 
failure in dogs,xiv and doxorubicin-induced cardiotoxicity.  These conditions increase the 
risk of oxidative stress, which CoQ10 can help counteract.xv xvi xvii   

CoQ10 and Doxorubicin-Induced Cardiotoxicity 

The anthracycline-based chemotherapeutic, doxorubicin, appears widely in 
chemotherapy regimens for cancer.  However, its main detractor is dose-related 
cardiotoxicity.  CoQ10 prevents or reduces doxorubicin-linked cardiomyopathy.  It limits 
oxidative damage to the inner mitochondrial membrane and the oxidative damage that 
doxorubicin causes to mitochondrial DNA that leads to apoptosis in cardiomyocytes.xviii  
Three non-randomized clinical trials provide evidence that CoQ10 coadministered with 
anthracyclines diminishes cardiotoxicity without compromising anti-tumor effects.xix  
However, whether this holds true in veterinary patients await further examination with 
large, randomized clinical trials.   

Tissue Penetration of CoQ10 Supplementation 

Whether or not exogenously administered CoQ10 reaches target tissues depends 
heavily on product bioavailability, dosage, species, and duration of treatment.xx   

Drug Interactions 

CoQ10 carries a strong safety profile,xxi but one concern deserves mention, especially 
when considering CoQ10 supplementation for animals at risk for thromboembolic 
disease.  The structural similarity of CoQ10 to vitamin K has raised questions about pro-
coagulant attributes and antagonism of the anticoagulant benefits of warfarin.xxii  In 
contrast, a 2007 study reported an increased risk of bleeding in patients taking warfarin 
and CoQ10.xxiii  Thus, it is uncertain whether CoQ10 affects coagulation parameters 
and, if so, in which direction and at what dose. 

Future Work 

As with most dietary supplements and herbs prescribed for animals, pharmacokinetics 
and pharmacodynamics of the many CoQ10 preparations remain largely unknown for 
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veterinary patients.xxiv  xxv Dosing guidelines vary widely, regardless of species.  
Fortunately, CoQ10 so far appears safe even at intakes of 1200 mg/day in humans.xxvi 

 

                                                            
i Freeman LM and Rush JE.  Nutrition and cardiomyopathy:  lessons from spontaneous animal models.  Curr Heart 
Fail Rep.  2007;4(2):84‐90. 
ii Hamlin RL and Buffington CAT.  Nutrition and the heart.  Veterinary Clinics of North America:  Small Animal 
Practice.  1989;19(3):527‐538. 
iii Freeman LM.  Interventional nutrition for cardiac disease.  Clinical Techniques in Small Animal Practice.  
1998;13(4):232‐237. 
iv Rocha M and Victor VM.  Targeting antioxidants to mitochondria and cardiovascular diseases:  the effects of 
mitoquinone.  Med Sci Monit.  2007;13(7):RA132‐RA145. 
v Bolcal CC, Yildirim V, Doganci S, et al.  Do N‐acetylcystein, β‐glucan, and coenzyme Q10 mollify myocardial 
ischemia‐reperfusion injury?  The Heart Surgery Forum.  2007;10(3):E222‐E227. 
vi Bolcal CC, Yildirim V, Doganci S, et al.  Do N‐acetylcystein, β‐glucan, and coenzyme Q10 mollify myocardial 
ischemia‐reperfusion injury?  The Heart Surgery Forum.  2007;10(3):E222‐E227. 
vii Haas RH.  The evidence basis for coenzyme Q therapy in oxidative phosphorylation disease.  Mitochondrion.  
2007;7S:S136‐S145. 
viii Haas RH.  The evidence basis for coenzyme Q therapy in oxidative phosphorylation disease.  Mitochondrion.  
2007;7S:S136‐S145. 
ix Bolcal CC, Yildirim V, Doganci S, et al.  Do N‐acetylcystein, β‐glucan, and coenzyme Q10 mollify myocardial 
ischemia‐reperfusion injury?  The Heart Surgery Forum.  2007;10(3):E222‐E227. 
x Pepe S, Marasco SF, Haas SJ, et al.  Coenzyme Q10 in cardiovascular disease.  Mitochondrion.  2007;7S:S154‐S167. 
xi Haas RH.  The evidence basis for coenzyme Q therapy in oxidative phosphorylation disease.  Mitochondrion.  
2007;7S:S136‐S145. 
xii DeFrancesco TC, Atkins CE, and Keene BW.  Myocardial infarction complicating management of congestive heart 
failure in a dog.  J Am Anim Hosp Assoc.  1996;32(1):68‐72. 
xiii Driehys S, Van Winkle TJ, Sammarco CD, et al.  Myocardial infarction in dogs and cats:  37 cases (1985‐1994).  J 
Am Vet Med Associ.  1998;213(10):1444‐1448. 
xiv Tarnow I, Falk T, Tidholm A, et al.  Hemostatic biomarkers in dogs with chronic congestive heart failure.  J Vet 
Intern Med.  2007;21:451‐457. 
xv Lin CS, Liu CY, Sun YL, et al.  Alteration of endogenous antioxidant enzymes in naturally occurring hypertrophic 
cardiomyopathy.  Biochem Mol Biol Int.  1997;43(6):1253‐1263. 
xvi Baumer AT, Flesch M, Wang X, et al.  Antioxidative enzymes in human hearts with idiopathic dilated 
cardiomyopathy.  J Mol Cell Cardiol.  2000;32(1):121‐130. 
xvii Sam F, Kerstetter DL, Pimental DR, et al.  Increased reactive oxygen species production and functional 
alterations in antioxidant enzymes in human failing myocardium.  J Card Fail.  2005;11(6):473‐480. 
xviii Pepe S, Marasco SF, Haas SJ, et al.  Coenzyme Q10 in cardiovascular disease.  Mitochondrion.  2007;7S:S154‐
S167. 
xix Pepe S, Marasco SF, Haas SJ, et al.  Coenzyme Q10 in cardiovascular disease.  Mitochondrion.  2007;7S:S154‐
S167. 
xx Haas RH.  The evidence basis for coenzyme Q therapy in oxidative phosphorylation disease.  Mitochondrion.  
2007;7S:S136‐S145. 
xxi Nukui K, Matsuoka Y, Yamagishi T, et al.  Safety assessment of PureSorb‐Q ™40 in healthy subjects and serum 
coenzyme Q10 level in excessive dosing.  J Nutri Sci Vitamino.  2007;53:198‐206. 
xxii Pepe S, Marasco SF, Haas SJ, et al.  Coenzyme Q10 in cardiovascular disease.  Mitochondrion.  2007;7S:S154‐
S167. 
xxiii Shalansky S, Lynd L, Richardson K, et al.  Risk of warfarin‐related bleeding events and supratherapeutic 
International Normalized Ratios associated with complementary and alternative medicine:  a longitudinal analysis.  
Pharmacotherapy.  2007;27(9):1237‐1247. 



© 2008 Narda G. Robinson, DO, DVM, MS, FAAMA.  All rights reserved. 
 

                                                                                                                                                                                                
xxiv Zaghloul AA, Gurley B, Khan M, et al.  Bioavailability assessment of oral coenzyme Q10 formulations in dogs.  
Drug Development and Industrial Pharmacy.  2002;28(10):1195‐1200. 

xxv Kommuru TR, Gurley B, Khan MA, Reddy IK. Self‐emulsifying drug delivery systems (SEDDS) of coenzyme Q10: 
formulation development and bioavailability assessment. Int J Pharm. 2001 Jan 16;212(2):233‐46. 

xxvi Hathcock JN and Shao A.  Risk assessment for coenzyme Q10 (ubiquinone).  Regulatory Toxicology and 
Pharmacology.  2006;45:282‐288. 


