
Abstract
Coenzyme Q10 (CoQ10) is a naturally occurring, lipid-soluble compound crucial for cellular energy production and antioxidant defense. 
Structurally composed of a benzoquinone ring and a polyisoprenoid side chain, CoQ10 resides within cell membranes, particularly in 
mitochondria. It plays a key role in the mitochondrial electron transport chain, facilitating ATP generation. Beyond energy production, 
CoQ10 protects cells from oxidative stress and supports the regeneration of other antioxidants like vitamins C and E. It is also involved 
in various metabolic pathways, including cholesterol synthesis, lysosomal function, and inflammation regulation. Although the body 
synthesizes CoQ10, its levels decline with age and can be reduced by certain diseases and medications, notably statins. This decline 
contributes to mitochondrial dysfunction, especially in metabolically active tissues such as muscle, brain, and retina. Ubidecarenone 
is the pharmaceutical form of CoQ10, often used in supplements. It has shown therapeutic potential in conditions involving oxidative 
stress, mitochondrial dysfunction, and statin-induced myopathy. Despite its low toxicity and good tolerability, CoQ10’s clinical use faces 
challenges, particularly related to its bioavailability and ability to reach target tissues like the brain or retina. Although supplementation 
shows promise in improving oxidative stress markers, consistent clinical benefits in conditions such as neurodegenerative diseases 
remain inconclusive. Interactions with drugs like warfarin and certain chemotherapeutics also require caution. Future research should 
focus on improving delivery systems, determining optimal dosing, and establishing clear guidelines for its therapeutic use. Enhanced 
formulations may help unlock CoQ10’s full potential in treating age-related and chronic diseases more effectively.
Keywords: coenzyme Q10, free radical, antioxidant, ubidecarenone, mitochondria, chronic diseases
Journal of Applied Pharmaceutical Sciences and Research, (2025);  DOI: 10.31069/japsr.v8i1.01

Unlocking the Potential of Coenzyme Q10: From Cellular 
Energy to Clinical Applications
Aditya Vikram Singh1*, Farida Ahmad2, Syed Shariq Naeem3
1Junior Resident, Department of Pharmacology, Jawaharlal Nehru Medical College & Hospital, AMU, Aligarh, India.
2Professor, Department of Pharmacology, Jawaharlal Nehru Medical College & Hospital, AMU, Aligarh, India.
3Assistant Professor, Department of Pharmacology, Jawaharlal Nehru Medical College & Hospital, AMU, Aligarh, India.
Corresponding Author Email ID: aditya459410@gmail.com

Received: 02/01/2025      Accepted: 17/03/2025  Published: 15/04/2025

REVIEW ARTICLE

© The Author(s). 2025 Open Access This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International 
(CC BY-NC-SA 4.0) (https://creativecommons.org/licenses/by-nc-sa/4.0/)

Introduction

Coenzyme Q10
Coenzyme Q10 (CoQ10) is a lipid-soluble molecule 
characterized by a benzoquinone core and a 10-unit 
polyisoprenoid side chain, which anchors it within the lipid 
bilayers of various cell membranes1 (Figure 1). The redox-
active sites of CoQ10 are located within its benzoquinone 
ring, enabling its role in cellular energy production and 
antioxidant defense. CoQ10 has been extensively studied 
since it was f irst described in 1955. Although often 
described as a vitamin-like compound, it is not classified as 
a vitamin since it is synthesized by multiple human tissues. 
Its biosynthesis involves three key steps: the formation of 
the benzoquinone ring from 4-hydroxybenzoate, derived 
from tyrosine or phenylalanine; the production of the 
polyisoprenoid side chain from acetyl-coenzyme A (CoA) 
via the mevalonate pathway; and the final assembly of these 
components to form the functional CoQ10 molecule1.

Finally, the two structures are combined to form 
coenzyme Q10. The benzoquinone ring structure is further 
modified by hydroxylation, methylation, and decarboxylation 

to form CoQ102. The biosynthesis process for coenzyme 
Q10 has many possible rate-limiting stages, such as the 
polyisoprenoid chain synthesis (via HMG-CoA reductase) 
and the condensation of the polyisoprenoid chain and 
benzoquinone ring (through prenyltransferase)3.

CoQ10 is a vital enzyme playing a crucial role in ATP 
production by acting as a cofactor for cellular enzymes. It is 
involved in many important cellular processes, most notably 
in the mitochondria but also in other parts of the cell4. During 
oxidative phosphorylation, CoQ10 is an essential component 
of the mitochondrial electron transport chain (mtETC), 
responsible for transporting electrons from complexes I 
and II to complex III (Figure 2). In addition to its role as a 
cofactor of dihydroorate dehydrogenase, it participates in 
the control of the mitochondrial permeability transition pore, 
the metabolism of fatty acids, pyrimidines, and mitochondrial 
uncoupling proteins5. Coenzyme Q10 (CoQ10) is a crucial 
lipid-soluble antioxidant that prevents oxidative stress (OS) 
caused by free radicals2. It protects cellular membranes, 
including mitochondrial and extra-mitochondrial, such as 
the Endoplasmic reticulum, Golgi apparatus, peroxisomes 
and lysosomes6.

mailto:aditya459410@gmail.com


Unveiling Clinical and Cellular Roles of Coenzyme Q10

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025 2

CoQ10 not only directly functions as an antioxidant, but it 
also plays a role in the regeneration of vitamin C and vitamin 
E, which are also antioxidants3. Coenzyme Q10 also plays 
a role in inflammation mediation (has anti-inflammatory 
properties), metabolism of cholesterol7,35, lysosomal pH 
regulation8, sulphide metabolism (as sulphide quinone 
oxidoreductase cofactor)9, and in the metabolism of amino 
acid (as choline dehydrogenase and proline dehydrogenase 
cofactor, respectively, in biosynthesis of glycine and proline/
arginine, respectively)10,11. Evidence suggests that coenzyme 
Q10 directly influences the expression of several genes12. 
There are two forms of coenzyme Q10—ubiquinone and 
ubiquinol—and their continuous interconversion is essential 
to the correct functioning of the molecule13.

The precise daily requirement for CoQ10 is still uncertain, 
although it has been approximated to be around 500 mg/day. 
This estimation is calculated on basis of a total body pool of 
2000 mg and an average tissue turnover period of four days14. 
The body obtains a little quantity of CoQ10 (about 5 mg) 
from the daily food15, while the majority of the daily need is 
produced internally. CoQ10 is synthesised in several tissues, 
with especially elevated concentrations seen in the kidney, 
heart, skeletal muscle, and liver16. Considering the CoQ10 
levels in tissues (measured in grammes per gramme of tissue) 
along with the weight of organs, it is evident that the liver 
is the primary location for CoQ10 production in the body. 
Aging is linked to a decline in CoQ10 levels and heightened 
oxidative stress. Peak production is typically achieved at 
roughly 25 years of age, following which there is a gradual 

drop. By the age of 65, production levels are around 50% of 
what they were at age 2517.

Deficiency in CoQ10 primarily affects metabolically active 
tissues such as skeletal muscle, the brain, and the retina. 
CoQ10 levels are diminished not only due to the process of 
ageing, but also as a result of specific medications, mainly 
statins, and several disorders2. In addition, due to its several 
crucial functions in cellular metabolism, a deficit of CoQ10, 
whether resulting from ageing, pharmaceutical medicines, 
or sickness, can have significant impacts on an individual’s 
health.

The beneficial effects of CoQ10 have been reported 
in the treatment of chronic diseases. Retinal diseases and 
neurodegenerative disorders, including Alzheimer’s disease, 
Parkinson’s disease, Huntington’s disease, and Friedreich’s 
ataxia, are characterized by increased oxidative stress, which 
the diminished CoQ10 levels fail to counterbalance. While 
animal studies suggest that CoQ10 supplementation may 
be beneficial for these conditions, its clinical application 
in humans presents several challenges, particularly in 
ensuring safe and effective delivery to affected tissues18. 
AD does not show significant improvement with CoQ10 
supplementation, likely due to the limited efficacy of oral 
formulations. However, synthetic alternatives like Idebenone 
have demonstrated potential in neurodegenerative 
diseases, including AD, though further research is required 
to establish their effectiveness. The existence of various 
formulations, from the use of ubiquinol or ubiquinone to 
new analogues such as Ubisol-Q10 or Qter®, which vary in 
their bioavailability and effectiveness, makes it difficult to 
compare studies and reach a clear conclusion on the clinical 
use of CoQ1019. Additional studies are necessary to better 
understand the interplay between aging, CoQ10, and disease 
development. Existing research indicates that high-dose 
CoQ10 supplementation provides positive effects in retinal 
diseases, whereas its impact on neurodegenerative disorders 
is less evident20.

Despite evidence of improvements in oxidative stress 
markers, the direct clinical benefits remain uncertain. A 

Figure 1: The chemical structure of CoQ10 (Crane, 2001)

Figure 2: Illustration of the mitochondrial electron transport chain (METC) showing the role of coenzyme Q10 as an electron carrier (Crane, 2001)
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consensus needs to be reached about the optimal dose for 
its therapeutic use with different diseases, since discrepancies 
in its effects are observed between different studies. A key 
limitation is the bioavailability of CoQ10, particularly its ability 
to cross the blood-brain barrier when administered orally or 
reach the retina through topical application21.

Ubidecarenone
Ubidecarenone is a market preparation of CoQ10. 
Mitochondrial dysfunction is a crucial molecular event that 
leads to the development of cachectic myopathy22,23. More 
precisely, the deterioration of mitochondria is proposed 
as a precursor to muscle wasting in cachexia24 making it a 
crucial focus for early intervention in treatment. Hence the 
possible role of Ubidercarenone in preventing myopathy. 
Ubidecarenone functions as a crucial electron carrier 
in the mitochondrial electron transport chain (mtETC) 
during oxidative phosphorylation that safeguards both the 
mitochondrial and extra-mitochondrial cellular membranes 
from oxidative stress caused by free radicals25.

Ubidecarenone (Coenzyme-Q10) supplementation also 
ameliorates muscle symptoms related to use of statins, 
therefore Ubidecarenone supplementation could be done 
to benefit patients experiencing statin induced myopathy26.

Ubidecarenone supplementation is generally safe and 
well tolerated. Toxicity of Ubidecarenone is low and serious 
side effects have not been reported. Gastrointestinal side 
effects such as abdominal pain and passage of soft feces 
are the most commonly documented side effects27. Plasma 
levels of Ubidecarenone reach a plateau at around 2400 mg/
day.28 Ubidecarenone supplementation upto 3600 mg/day 
was safely tolerated in patients of Huntington’s disease as 
well as healthy controls.29

Ubidecarenone has some structural similarity to Vitamin 
K and it may increase the metabolism of warfarin through 
selective interaction with cytochrome P450 enzymes30. 
Theophylline may also be affected by Ubidecarenone 
supplementation, since it is also metabolized by cytochrome 
P450 enzymes. In fact, animal studies found altered 
theophylline pharmacokinetic parameters with Ubi-
decarenone coadministration31. As a potent antioxidant, 
it may confer an increased protection to oxidative stress 
and therefore, it may reduce the efficacy of certain pro-
oxidant chemotherapeutic treatments such as Cisplatin, 
doxorubicin, and bleomycin32. Since Ubidecarenone may 
have an antihypertensive effect leading to decrease of arterial 
pressure when co-administered with antihypertensive drugs. 
Therefore, monitoring is advised33. The antihypertensive 
effect of the drug is probably based on a diminution of 
peripheral resistance34.

Conclusion
Coenzyme Q10 (CoQ10) is a vital lipid-soluble molecule with 
essential roles in cellular energy production, antioxidant 
defense, and various metabolic processes. Its declining 
levels with age and certain medical conditions highlight 

the need for supplementation, particularly in mitochondrial 
dysfunction and oxidative stress-related diseases. While 
CoQ10 has shown promise in treating chronic conditions, 
challenges remain regarding its bioavailability, optimal 
dosage, and clinical efficacy. Further research is required to 
establish standardized therapeutic guidelines and improve 
delivery mechanisms. Advancements in CoQ10 formulations 
may enhance its clinical applications, ultimately providing 
more effective interventions for neurodegenerative, 
cardiovascular, and metabolic disorders.

Financial Disclosure Statement
The authors have no relevant affiliations or financial 
involvement with any organization or entity with a financial 
interest in or financial conflict with the subject matter 
or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership 
or options, expert testimony, grants or patents received or 
pending, or royalties.

Conflict of Interest
The authors certify that they do not have any conflicts of 
interest regarding this research.

Statement
Our study has not been published elsewhere nor has it been 
submitted simultaneously for publication elsewhere.

References
1. Crane FL. Biochemical functions of coenzyme Q10. 

Journal of the American College of Nutrition. 2001 Dec 
1;20(6):591-8.

2. Hargreaves IP, Duncan AJ, Heales SJ, Land JM. The effect 
of HMG-CoA reductase inhibitors on coenzyme Q 10: 
possible biochemical/clinical implications. Drug safety. 
2005 Aug;28:659-76.

3. Rodick TC, Seibels DR, Babu JR, Huggins KW, Ren G, 
Mathews ST. Potential role of coenzyme Q10 in health and 
disease conditions. Nutrition and Dietary Supplements. 
2018 Feb 14:1-1.

4. García-Sánchez A, Miranda-Díaz AG, Cardona-Muñoz 
EG. The role of oxidative stress in physiopathology and 
pharmacological treatment with pro‐and antioxidant 
properties in chronic diseases. Oxidative medicine and 
cellular longevity. 2020;2020(1):2082145.

5. Pisoschi AM, Pop A, Iordache F, Stanca L, Predoi G, 
Serban AI. Oxidative stress mitigation by antioxidants-an 
overview on their chemistry and influences on health 
status. European Journal of Medicinal Chemistry. 2021 
Jan 1;209:112891.

6. Acosta MJ, Fonseca LV, Desbats MA, Cerqua C, Zordan 
R, Trevisson E, Salviati L. Coenzyme Q biosynthesis in 
health and disease. Biochimica et Biophysica Acta (BBA)-
Bioenergetics. 2016 Aug 1;1857(8):1079-85.

7. Schmelzer C, Lindner I, Rimbach G, Niklowitz P, Menke T, 
Döring F. Functions of coenzyme Q10 in inflammation and 



Unveiling Clinical and Cellular Roles of Coenzyme Q10

Journal of Applied Pharmaceutical Sciences and Research - Vol. 8 - No. 1, March 2025 4

gene expression. Biofactors. 2008;32(1‐4):179-83.
8. Heaton RA, Heales S, Rahman K, Sexton DW, Hargreaves 

I. The effect of cellular coenzyme Q10 deficiency on 
lysosomal acidification. Journal of clinical medicine. 2020 
Jun 19;9(6):1923.

9. Quinzii CM, Luna-Sanchez M, Ziosi M, Hidalgo-Gutierrez 
A, Kleiner G, Lopez LC. The role of sulfide oxidation 
impairment in the pathogenesis of primary CoQ 
deficiency. Frontiers in physiology. 2017 Jul 25;8:525.

10. Salvi F, Gadda G. Human choline dehydrogenase: medical 
promises and biochemical challenges. Archives of 
biochemistry and biophysics. 2013 Sep 15;537(2):243-52.

11. Hancock CN, Liu W, Alvord WG, Phang JM. Co-regulation 
of mitochondrial respiration by proline dehydrogenase/
oxidase and succinate. Amino acids. 2016 Mar;48:859-72.

12. Gutierrez-Mariscal FM, Yubero-Serrano EM, Villalba JM, 
Lopez-Miranda J. Coenzyme Q10: From bench to clinic 
in aging diseases, a translational review. Critical reviews 
in food science and nutrition. 2019 Aug 6;59(14):2240-57.

13. Luo Y, Ma J, Lu W. The significance of mitochondrial 
dysfunction in cancer. International journal of molecular 
sciences. 2020 Aug 5;21(16):5598.

14. Berger MM, Shenkin A, Schweinlin A, Amrein K, Augsburger 
M, Biesalski HK, Bischoff SC, Casaer MP, Gundogan K, Lepp 
HL, De Man AM. ESPEN micronutrient guideline. Clinical 
Nutrition. 2022 Jun 1;41(6):1357-424.

15. Weber C, Bysted A, Hłlmer G. The coenzyme Q10 
content of the average Danish diet. International Journal 
for Vitamin and Nutrition research. Internationale 
Zeitschrift fur Vitamin-und Ernahrungsforschung. Journal 
International de Vitaminologie et de Nutrition. 1997 Jan 
1;67(2):123-9.

16. Martelli A, Testai L, Colletti A, Cicero AF. Coenzyme 
Q10: Clinical applications in cardiovascular diseases. 
Antioxidants. 2020 Apr;9(4):341.

17. Kalén A, Appelkvist EL, Dallner G. Age-related changes in 
the lipid compositions of rat and human tissues. Lipids. 
1989 Jul;24(7):579-84.

18. Barcelos IP, Haas RH. CoQ10 and aging. Biology. 2019 May 
11;8(2):28.

19. Potgieter M, Pretorius E, Pepper MS. Primary and 
secondary coenzyme Q10 deficiency: the role of 
therapeutic supplementation. Nutrition reviews. 2013 
Mar 1;71(3):180-8.

20. Manzar H, Abdulhussein D, Yap TE, Cordeiro MF. 
Cellular consequences of coenzyme Q10 deficiency in 
neurodegeneration of the retina and brain. International 
Journal of Molecular Sciences. 2020 Dec 6;21(23):9299.

21. Gutierrez-Mariscal FM, Arenas-de Larriva AP, Limia-Perez 
L, Romero-Cabrera JL, Yubero-Serrano EM, López-
Miranda J. Coenzyme Q10 supplementation for the 
reduction of oxidative stress: Clinical implications in the 
treatment of chronic diseases. International journal of 
molecular sciences. 2020 Oct 23;21(21):7870.

22. Penna F, Ballarò R, Costelli P. The redox balance: a target 
for interventions against muscle wasting in cancer 
cachexia?. Antioxidants & Redox Signaling. 2020 Sep 
10;33(8):542-58.

23. VanderVeen BN, Fix DK , Carson JA . Disrupted 
skeletal muscle mitochondrial dynamics, mitophagy, 
and biogenesis during cancer cachexia: a role for 
inflammation. Oxidative medicine and cellular longevity. 
2017;2017(1):3292087.

24. Brown JL, Rosa‐Caldwell ME, Lee DE, Blackwell TA, Brown 
LA, Perry RA, Haynie WS, Hardee JP, Carson JA, Wiggs MP, 
Washington TA. Mitochondrial degeneration precedes 
the development of muscle atrophy in progression of 
cancer cachexia in tumour‐bearing mice. Journal of 
cachexia, sarcopenia and muscle. 2017 Dec;8(6):926-38.

25. Coletti D. Chemotherapy-induced muscle wasting: an 
update. European journal of translational myology. 2018 
Jun 4;28(2):7587.

26. Qu H, Guo M, Chai H, Wang WT, Gao ZY, Shi DZ. Effects of 
coenzyme Q10 on statin‐induced myopathy: an updated 
meta‐analysis of randomized controlled trials. Journal of 
the American Heart Association. 2018 Oct 2;7(19):e009835.

27. Ikematsu H, Nakamura K, Harashima SI, Fujii K, Fukutomi 
N. Safety assessment of coenzyme Q10 (Kaneka Q10) in 
healthy subjects: a double-blind, randomized, placebo-
controlled trial. Regulatory Toxicology and Pharmacology. 
2006 Apr 1;44(3):212-8.

28. Shults CW, Beal MF, Song D, Fontaine D. Pilot trial of high 
dosages of coenzyme Q10 in patients with Parkinson's 
disease. Experimental neurology. 2004 Aug 1;188(2):491-4.

29. Huntington Study Group Pre2CARE Investigators. 
Safety and tolerability of high‐dosage coenzyme Q10 in 
Huntington's disease and healthy subjects. Movement 
Disorders. 2010 Sep 15;25(12):1924-8.

30. Sharma A, Fonarow GC, Butler J, Ezekowitz JA, Felker GM. 
Coenzyme Q10 and heart failure: a state-of-the-art review. 
Circulation: Heart Failure. 2016 Apr;9(4):e002639.

31. Baskaran R, Shanmugam S, Nagayya-Sriraman S, Kim 
JH, Jeong TC, Yong CS, Choi HG, Yoo BK. The effect of 
coenzyme Q10 on the pharmacokinetic parameters 
of theophylline. Archives of pharmacal research. 2008 
Jul;31:938-44.

32. Yasueda A, Urushima H, Ito T. Efficacy and interaction of 
antioxidant supplements as adjuvant therapy in cancer 
treatment: a systematic review. Integrative cancer 
therapies. 2016 Mar;15(1):17-39.

33. Bonakdar RA, Guarneri E. Coenzyme Q10. American family 
physician. 2005 Sep 15;72(6):1065-70.

34. Digiesi V, Cantini F, Oradei A, Bisi G, Guarino GC, Brocchi 
A, Bellandi F, Mancini M, Littarru GP. Coenzyme Q10 in 
essential hypertension. Molecular aspects of medicine. 
1994 Jan 1;15:s257-63.

35. Hargreaves IP. Ubiquinone: cholesterol's reclusive cousin. 
Annals of clinical biochemistry. 2003 May 1;40(3):207-18.

How to cite this article: Singh AV, Ahmad F, Naeem SS. Unlocking the Potential of Coenzyme Q10: From Cellular Energy to Clinical 
Applications. Journal of Applied Pharmaceutical Sciences and Research. 2025; 8(1):1-4 Doi : 10.31069/japsr.v8i1.01


