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Cardiovascular diseases, oxidative stress and antioxidants: the decisive role
of coenzyme Q10
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In his timely article [1], Dr. P.K. Singal reviews the More recently, the results of 34 controlled clinical trials
relationship between oxidative stress, antioxidants and and many open-label and long-term studies were reviewed
cardiac diseases. This field is the most extensively investi- [2]. The largest study to date involves 2359 patients and
gated area of cardiovascular research with consequential the participation of cardiologists in 173 Italian hospital
practical therapeutic ramifications. Unfortunately, the au- centers. A table summarizing the current indications for
thor’s presentation of the clinical effectiveness of various clinical use of CoQ in various forms of cardiovascular10

antioxidants in the prevention or restriction of the molecu- diseases is presented in Ref. [3]. The table also includes
lar, cellular and systems effects of oxidative stress is drug-induced (anthracyclines and others) cardio-
limited. An essential omission is the absence of any myopathies, subject of considerable assessment by Dr.
reference to the involvement and the well-studied clinical Singal. The exclusion of CoQ again is an indefensible10

applications of coenzyme Q in various forms of car- issue.10

diovascular diseases — a subject of great interest for the Despite the well-known high risk of cardiomyopathies
readers of this publication. and, ultimately, congestive heart failure incidence associ-

Coenzyme Q (CoQ , ubiquinone) is a naturally ated with doxorubicin (DR, adriamycin) treatment, this10 10

occuring, fat-soluble nutrient (a quinone), with characteris- cytotoxic anthracycline antibiotic is still widely included in
tics that are common to vitamins and, like vitamins, is most cancer clinical regimens because of its efficacy and
essential to the optimal functioning of an organism. CoQ broad-spectrum activity.10

is a potent and versatile antioxidant that is present in Results from the mid-1970s, reviewed by Olson et al.
humans and in some animals. In addition to its antioxidant [4], indicate strongly that DR produces free radicals in
function, CoQ plays an indispensable role in intracellular microsomal systems and it was postulated that, because of10

energy production. Being a vital electron and proton recycling, one DR molecule forms many free radical
carrier, CoQ supports adenosine triphosphate synthesis in molecules. They are capable of causing lipid peroxidation,10

the mitochondrial inner membrane and stabilizes cell especially at the mitochondrial level, resulting in mor-
membranes, thus preserving cellular integrity and function. phological as well as functional mitochondrial injury. The
Most CoQ clinical research is focused on the large, end result of this injury is the clinically critical dis-10

heterogeneous group of cardiovascular diseases. The first integration of the intramitochondrial bioenergetic process.
report of such a clinical trial was published 30 years ago. The heart, with its high energy demand, is more suscep-
Since 1960, 14 international symposia have been organized tible to injuries caused by free radicals. Olson et al. [4]
and the proceedings have been published. This represents a also noted that free radical scavengers attenuate DR-in-
collection of more than 4100 pages of technical contribu- duced cardiac dysfunction, thus contributing to the accept-
tions on various medical and clinical aspects of CoQ . As ance of today’s well-confirmed theory for the causal10

a result, the relationship between cardiac CoQ de- involvement of free radicals in many pathological pro-10

ficiency, cardiovascular diseases and their amelioration by cesses, ranging from neoplasia to aging, and their amelio-
CoQ treatment was demonstrated. ration following the administration of antioxidants.10
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As early as 1974, two reports [5,6] indicated that DR years, treatment of patients with various forms of car-
also restricts mitochondrial respiration by nearly 100% as a diovascular diseases by a combination of CoQ and other10

result of inhibition of CoQ-enzymes in the mitochondria of antioxidants, concomitant with standard drug treatment, is
heart tissue. Consequently, two other publications [7,8] justified and recommended.
demonstrated that, in vitro and in vivo, CoQ supple-10

mentation prevented the inhibition of CoQ-enzymes re-
sulting from DR treatment. Furthermore, it was shown [9] References
that rats receiving DR and CoQ did not develop elec-10

trographic changes, indicating a protective effect. [1] Singal PK, Khaper N, Palace V et al. The role of oxidative stress in
the genesis of heart disease. Cardiovasc Res 1998;40:426–432.In 1978, Cortes et al. [10] reported that treatment of

[2] Langsjoen PH, Langsjoen AM. Overview of the use of CoQ in10patients with DR and CoQ resulted in a decreased10 cardiovascular diseases. Boston, MA: Proceedings of the Interna-
incidence of cardiac dysfunction. This study was followed tional Coenzyme Q Association Conference, May 1998, in press.10
by many clinical trials, confirming and amplifying this [3] Bliznakov EB, Wilkins DJ. Biochemical and clinical consequences
CoQ effect. A study by Karlsson et al. [11] established of inhibiting coenzyme Q biosynthesis by lipid-lowering HMG-1010

CoA reductase inhibitors (statins): A critical overview. Adv Therapythat patients treated with DR have lower tissue CoQ10
1998;15:218–228.contents in heart, skeletal muscle and in blood than healthy

[4] Olson RD, Boerth RC, Gerber JG et al. Mechanism of Adriamycin
controls. The authors concluded that the lower the heart cardiotoxicity: Evidence of oxidative stress. Life Sci 1981;29:1393–
muscle CoQ level, the more impaired was the cardiac 1401.10

function, thus again demonstrating a relationship between [5] Gosalvez M, Blanco M, Hunter J et al. Effects of anticancer agents
on the respiration of isolated mitochondria and tumor cells. Eur JDR-induced cardiac injury, CoQ functional deficiency10
Cancer 1974;10:567–574.and clinical compensation with CoQ supplementation.10 [6] Iwamoto Y, Hansen IL, Porter TH et al. Inhibition of coenzyme

Other studies indicated that CoQ treatment does not10 Q -enzymes, succinoxidase and NADH-oxidase, by Adriamycin10
abrogate the antitumor effect of DR. In contrast, it is and other quinones having antitumor activity. Biochem Biophys Res
expected that this effect will be enhanced, since it was Commun 1974;58:633–638.

[7] Bertazzoli C, Sala L, Solcia E et al. Experimental Adriamycinreported (reviewed in [12,13]), that CoQ is a potent10
cardiotoxicity prevented by ubiquinone in vivo in rabbits. Int Resmodulator of the immune system’s effectiveness in neo-
Commun Sys Med Sci 1975;3:468.

plasia, infections (including retroviral) and in aging. Since [8] Kishi T, Folkers K. Prevention by coenzyme Q of the inhibition10
then, this concept has been confirmed in experimental and by Adriamycin of coenzyme Q -enzymes. Cancer Treat Rep10

clinical studies, including those in cancer patients [14,15]. 1976;60:223–224.
[9] Zbinden G, Bachman E, Bolliger H. Study of coenzyme Q inMore specifically, treatment of experimental animals with

toxicity of Adriamycin. In: Folkers K, Yamamura Y, eds. BiomedicalCoQ reverses the inhibition of the antibody response10 and clinical aspects of coenzyme Q. Amsterdam: Elsevier /North-
caused by DR administration, thus indicating a compensa- Holland Biomedical Press, 1977, pp. 219–228.
tion of the profound immunosuppression, another ground [10] Cortes EP, Gupta M, Chou C et al. Adriamycin cardiotoxicity: Early
for concern during DR treatment of cancer patients [13]. detection by systolic time interval and possible prevention by

coenzyme Q . Cancer Treat Rep 1978;62:887–891.We should note here that, in the old clinical trials, a 10

¨[11] Karlsson J, Folkers K, Astrom H et al. Effect of Adriamycin onlower CoQ dose was used (30–100 mg/day). Today,10 heart and skeletal muscle coenzyme Q in man. In: Folkers K,
because of excellent tolerance of patients and product Yamamura Y, eds. Biomedical and Clinical Aspects of Coenzyme Q.
availability, much higher doses are recommended (200– Amsterdam: Elsevier, 1986, pp. 241–245.
600 mg/day and even higher). [12] Bliznakov E. Coenzyme Q in experimental infections and neoplasia.

In: Folkers K, Yamamura Y, eds. Biomedical and Clinical Aspects ofLastly, Dr. Singal in his article discusses the therapeutic
Coenzyme Q. Amsterdam: Elsevier /North-Holland Biomedicalefficacy of vitamin E and other antioxidant vitamins in
Press, 1977, pp. 73–83.

various forms of cardiovascular diseases. An interesting [13] Bliznakov E. Coenzyme Q, the immune system and aging. In:
earlier observation, not cited in this article, is that CoQ Folkers K, Yamamura Y, eds. Biomedical and Clinical Aspects of10

induces the regeneration of the utilized vitamin E from Coenzyme Q. Amsterdam: Elsevier /North-Holland Biomedical
Press, 1981, pp. 311–323.a-tocopheroxyl radicals, thus amplifying the vitamin E

[14] Folkers K. Progress in biochemical approaches to clinical therapyantioxidant effect, a process that otherwise must rely on
with coenzyme Q . In: Lenaz G, Barnabei O, Rabbi A, Battino M,10access of water-soluble antioxidants, such as ascorbate. eds. Highlights in Ubiquinone Research. London: Taylor & Francis,

Furthermore, evidence has accumulated that CoQ pre- 1990, pp. 309–322.10

vents both the initiation and the propagation of lipid [15] Folkers K, Ellis J, Yang O et al. Coenzyme Q deficiency in cancer10

patients: Potential for immunotherapy with coenzyme Q . In:peroxidation, whereas vitamin E acts exclusively as a 10

Vitamins and Cancer Prevention, Contemporary Issues in Clinicalchain-breaking antioxidant, inhibiting propagation. The
Nutrition, New York: Wiley–Liss, 1991, pp. 103–110.

intriguing CoQ -vitamin E link was reviewed by Ernster10 [16] Emster E, Forsmark-Andree P. Ubiquinol: an endogenous anti-
et al. [16]. oxidant in aerobic organisms. Clin Invest 1993;71:S60–S65.

In our opinion, based on the review of the extensive
literature and our personal experience for more than 20
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