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ABSTRACT

Coenzyme Q10 (CoQ10) is a lipid-soluble compound essential for mitochondrial ATP
production and cellular antioxidant defence. Present in both oxidized (ubiquinone) and
reduced (ubiquinol) forms, it plays a crucial role in energy metabolism and protection against
oxidative stress. This review examines CoQ10’s chemical structure, biological functions, and
sources, along with key insights into its pharmacokinetics and bioavailability challenges.
Clinical research suggests potential benefits of CoQ10 supplementation in cardiovascular
disease, neurodegenerative disorders, metabolic syndrome, and age-related decline. While
generally well tolerated, factors such as dosage, formulation, and drug interactions influence
its efficacy. Recent advances in delivery systems and emerging applications in immune and
skin health are also discussed. By synthesizing current findings, this review highlights the
therapeutic potential of CoQ10 and identifies areas for future investigation.

Keywords: Coenzyme Q10, Ubiquinone, Mitochondrial function, Antioxidant, Bioavailability,
oxidative stress, ATP synthesis

INTRODUCTION

Coenzyme Q10 (CoQ10) was first isolated
in 1957 by Frederick Crane and his team,
marking a pivotal moment in the study of
cellular bioenergetics (1). The name
"Coenzyme Q10" 1is derived from its
chemical structure: a benzoquinone core
linked to a tail of ten isoprene units. This
unique configuration not only defines its
molecular identity but also underpins its
essential biological functions. Owing to its
ubiquitous  distribution  across  living
organisms, CoQ10 is often referred to as
"ubiquinone." (2)

CoQl10 is a fat-soluble, vitamin-like
compound that the human body synthesizes

naturally. It exists in three redox states: the
fully reduced ubiquinol (CoQ10H:), the
intermediate semi-Quinone radical
(CoQ10H-), and the fully oxidized
ubiquinone. This dynamic interconversion is
central to its role in cellular metabolism. (.)

As a vital component of the mitochondrial
electron transport chain, CoQl0 is
indispensable for the production of
adenosine triphosphate (ATP), the energy
currency of the cell. Beyond its role in
energy synthesis, CoQ10 functions as a
powerful antioxidant, safeguarding cellular
structures from oxidative damage and
supporting overall cellular health. Its dual
role in both bioenergetics and antioxidant
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defense highlights its significance in human
physiology and health maintenance. (3)

CHEMICAL STRUCTURE

CoQ10 (C59H9004) is a member of the
ubiquinone family, characterized by a
benzoquinone ring (the “head”) attached to
a long isoprenoid side chain of 10 isoprene
units (the “tail”) in humans. This structure
makes it highly lipophilic and allows it to
embed within cell and mitochondrial
membranes. The full chemical name is 2,3-
dimethoxy-5-methyl-6-decaprenyl-1,4-
benzoquinone. (2)

CLASSIFICATION

Coenzyme  QI10 exists in  two
interconvertible forms: ubiquinone, the
oxidized form, and ubiquinol, the reduced,
electron-rich form. Ubiquinone primarily
functions as an electron carrier in the
mitochondrial electron transport chain,
facilitating ATP production, while ubiquinol
serves as a potent antioxidant, directly
neutralizing free radicals and regenerating
other antioxidants such as vitamin E and
vitamin C. This dynamic redox cycling
between ubiquinone and ubiquinol enables
CoQ10 to fulfill its dual role in cellular
energy metabolism and oxidative stress
protection. (4)

PHYSIOCHEMICAL
CHARACTERISTICS

Coenzyme Q10 (CoQIl0) 1is a highly
lipophilic benzoquinone derivative with a
molecular weight of 863.34 g/mol,
presenting as an orange-colored, odorless,
and tasteless crystalline powder in its
purified form. It demonstrates extremely
low aqueous solubility, which markedly
limits its oral bioavailability.

CoQ10 is  thermolabile, undergoing
degradation at elevated temperatures
(notably above 46°C), and 1is also

photolabile, necessitating protection from

light and heat during storage and
formulation. (5)
Structurally, CoQ10 exhibits geometric

isomerism; however, only the all-trans

isomer is endogenously synthesized and
biologically active. Due to its hydrophobic

nature, CoQ10 localizes predominantly
within the phospholipid bilayers of
intracellular membranes, especially the

inner mitochondrial membrane. (6)

The compound’s high molecular weight and
poor water solubility contribute to its
limited gastrointestinal absorption,
prompting ongoing research into advanced
delivery systems, including nanoemulsions,
liposomes, and solid lipid nanoparticles, to
enhance its pharmacokinetic profile and
systemic bioavailability. (7)(8)

BIOLOGICAL ROLE

CoQI10 plays a critical biological role in
cellular bioenergetics and antioxidant
defense. Within the mitochondria, CoQ10 is
an indispensable cofactor in the electron
transport chain (ETC), where it facilitates

ATP synthesis. Located in the inner
mitochondrial membrane, it accepts
electrons from Complex [ (NADH

dehydrogenase) and Complex II (succinate
dehydrogenase), subsequently transferring
them to Complex III (cytochrome bcl
complex). This electron flow is coupled
with the active translocation of protons (H")
from the mitochondrial matrix into the
intermembrane space, creating a proton
motive force. This electrochemical gradient
is then utilized by ATP synthase to drive the
phosphorylation of ADP to ATP, the
fundamental energy currency of the cell (9)
In addition to its role in energy production,
CoQ10, in its reduced form (ubiquinol),
functions as a powerful lipophilic
antioxidant. It scavenges reactive oxygen
species ~ (ROS),  thereby  protecting
mitochondrial and cellular membranes from
oxidative damage. CoQIl10 also plays a
pivotal role in regenerating other key

antioxidants, such as vitamin E (a-
tocopherol), which supports the
maintenance  of  intracellular  redox
homeostasis (10) (11). Moreover, it

contributes to the structural stabilization of
cell membranes, regulation of programmed
cell death (apoptosis), and modulation of
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critical ~ cellular  signaling  pathways,
underscoring its multifunctional importance
in cellular physiology (12).

SOURCES OF CoQ10:

1. Endogenous Synthesis

Coenzyme Q10 (CoQ10) 1is primarily
synthesized endogenously in the human
body, with the majority of its supply
produced through a complex, multi-step
biosynthetic process. This synthesis occurs
in nearly all tissues and involves the
mevalonate pathway, the same metabolic
route responsible for cholesterol production.
Several vitamins and trace elements serve as
essential cofactors in this pathway,
including vitamins B2, B6, B12, C, folic
acid, niacin, and pantothenic acid. However,
endogenous CoQ10 synthesis tends to
decline with age and can be further
impacted by genetic factors, chronic
diseases, and the use of statin medications,
which inhibit the mevalonate pathway. (13)
(14)

Dietary Supplements

In addition to internal production, CoQ10
can be obtained from dietary sources,
although the intake from food is generally
low. Among animal-based foods, organ
meats such as heart, liver, and kidney are
the richest sources, followed by beef, pork,
poultry, and fatty fishlike sardines,
mackerel, and salmon. Plant-based foods
contain lower concentrations, with spinach,

broccoli, cauliflower, peanuts, sesame
seeds, and whole grains providing modest
amounts. Average dietary intake is

estimated at only 3-6 mg per day,
substantially below the doses commonly
used in clinical supplementation.

2. Supplements

To compensate for reduced synthesis or
increased physiological demand, CoQ10 is
often supplemented in the form of capsules
or softgels. The two principal forms
available are ubiquinone (oxidized) and
ubiquinol (reduced), with ubiquinol offering
higher bioavailability. Supplementation is
particularly recommended for individuals
with  cardiovascular or mitochondrial

conditions, those taking statins, and older
adults with  diminished endogenous
production. Thus, while the body can
synthesize CoQ10 naturally,
supplementation may be necessary to
restore or enhance its levels in certain
populations. (15) (16)

MECHANISM OF ACTION

1. Cellular Energy Production

CoQ10 exerts its mechanism of action
primarily through its critical involvement in
cellular energy production and antioxidant
defense. Within the mitochondria, CoQ10
functions as a vital electron carrier in the
electron transport chain (ETC), located in
the inner mitochondrial membrane. (17) It
facilitates the transfer of electrons from
Complexes I (NADH dehydrogenase) and II
(succinate dehydrogenase) to Complex III
(cytochrome bel complex), a crucial step
that enables the generation of a proton
gradient across the membrane. This
electrochemical gradient drives ATP
synthase, the enzyme responsible for
synthesizing adenosine triphosphate (ATP),
which serves as the primary energy currency
of the cell. By enabling efficient electron
transfer, CoQl10 ensures proper
mitochondrial function and supports cellular
bioenergetics. (18)

2. Antioxidant Protection

In its reduced form, ubiquinol, CoQ10
functions as a powerful lipophilic
antioxidant that plays a central role in
protecting cells from oxidative stress. It
directly scavenges reactive oxygen species
(ROS), thereby preventing oxidative
damage to essential biomolecules such as
lipids, proteins, and DNA. In addition to its
direct antioxidant activity, CoQ10 enhances
the function of endogenous antioxidant
enzymes like superoxide dismutase (SOD),
further fortifying the cell's defense
mechanisms. It is particularly effective in
preventing lipid peroxidation within cellular
membranes and circulating lipoproteins,
which helps reduce the formation of pro-
oxidative = compounds and  supports
cardiovascular health. Moreover, CoQ10
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contributes to the regeneration of other
antioxidants, notably vitamin E (o-
tocopherol), thereby amplifying and
sustaining the cellular antioxidant network

(19)

PHARMACOKINETIC PARAMETERS
1. Absorption

CoQ10 1is a hydrophobic (lipophilic)
molecule with a relatively high molecular
weight, which results in slow and limited
absorption when ingested orally. The
bioavailability of dietary CoQI0 is
significantly enhanced when consumed with
fatty meals, due to improved solubilization
and micelle formation in the gastrointestinal
tract. Advanced formulations such as
solubilized CoQ10, Iliposomes, Nano
capsules, and Nano emulsions have been
developed to further enhance absorption and

bioavailability. Following oral
administration, peak plasma concentrations
(Tmax) typically occur between

approximately 5.8 to 8.1 hours, depending
on the formulation. Additionally, a
secondary plasma concentration peak is
sometimes observed, attributed to
enterohepatic recirculation and
redistribution of CoQ10 from hepatic stores
back into systemic circulation. (20)

2. Distribution

CoQI10 is primarily absorbed in the small
intestine and incorporated into chylomicrons
for lymphatic transport. In the bloodstream,
CoQ10 is predominantly associated with

lipoproteins, including very low-density
lipoproteins (VLDL), low-density
lipoproteins (LDL), and high-density
lipoproteins (HDL). Preclinical studies

demonstrate that high doses of CoQ10 result
in tissue uptake across multiple organs,
notably accumulating in mitochondria rich
tissues such as the heart, brain, liver,
kidneys, and skeletal muscles, which have

3. Metabolism
CoQ10 undergoes extensive metabolism in
various tissues. During or shortly after

intestinal absorption, CoQ10 is
enzymatically reduced to its active
antioxidant  form,  ubiquinol, = which
constitutes ~ approximately  95%  of

circulating CoQ10 in plasma. Metabolites of
CoQ10 are phosphorylated intracellularly
and transported via plasma to target tissues,
maintaining redox cycling  between
ubiquinone and ubiquinol forms essential
for mitochondrial function and antioxidant
activity.(22) (20)

4. Elimination

The primary excretion route for CoQ10 and
its metabolites is via the biliary system into
the feces. Renal elimination is minimal,
with only a small fraction of CoQ10
excreted in the urine. (21)

FACTORS AFFECTING
PHARMACOKINETICS (PK) AND
BIOAVALIABILITY (BA) OF CoQ10

1. Solubility and Formulation:

Coenzyme Q10 (CoQ10) is highly lipophilic
and exhibits poor water solubility, which
limits its dissolution and absorption in the

gastrointestinal ~ tract. The type of
formulation  significantly impacts its
bioavailability.  Oil-based,  solubilized,

nanoparticle, or liposomal forms generally
demonstrate superior absorption compared
to dry powder forms. These enhanced
formulations  help  bypass  solubility
limitations and improve delivery. (22) (23)
2. Role of Food and Dosage:

CoQ10 absorption is notably improved
when taken with dietary fats. The presence
of fat stimulates bile secretion, which aids in
emulsification and micelle formation,
facilitating  better  intestinal  uptake.
Although higher doses can increase plasma
concentrations, the efficiency of absorption
declines at very high doses due to saturation

high energetic demands. This tissue of the body’s transport

distribution underpins CoQ10’s therapeutic mechanisms(24)Redox State and
potential in cardiovascular and  Physiological Factors:

neurodegenerative disorders. (20) (21) The redox state of CoQIl0 plays an

important role in its bioavailability.
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Ubiquinol, the reduced form, is generally
more  bioavailable than  ubiquinone,
particularly in older individuals or those
with absorption issues.(25) Age and various
health conditions can reduce both
endogenous synthesis and absorption of
CoQ10, further necessitating
supplementation in such populations.
3. Genetics, Interactions, and Gut
Health:
Genetic polymorphisms that affect lipid
metabolism and transporter proteins may
lead to inter-individual variability in CoQ10
absorption and distribution. Additionally,
certain medications, such as statins, and
nutrients like B vitamins and selenium, can
alter CoQ10 levels by interfering with its
synthesis or intestinal uptake. (26), (27)
Lastly, gastrointestinal health plays a critical
role, conditions that impair gut integrity or
function (e.g., malabsorption syndromes)
can significantly hinder CoQ10 absorption.
(28)

FORMULATION CHALLENGES AND
INNOVATION

CoQ10’s clinical effectiveness is often
hindered by its poor water solubility and
low oral bioavailability, making it
challenging to achieve therapeutic plasma
concentrations through standard
supplementation. (22) One of the key
limitations 1s its lipophilic nature, which
restricts efficient absorption in the aqueous
environment of the gastrointestinal tract. To
address this, various formulation strategies
have been developed. Oil-based softgels,
liposomal carriers, and nanoparticle systems
enhance micelle formation and facilitate
intestinal uptake, improving absorption
rates. (23) Dose-splitting has also proven
beneficial, as CoQ10 absorption tends to
plateau at higher doses due to saturation of
transport pathways, dividing the total dose
throughout the day helps maintain more
consistent blood levels. (29)Another
effective strategy is co-administration with
fat-containing meals, which stimulates bile
secretion and enhances solubilization and
micellar  incorporation of CoQ10.To

overcome absorption issues in individuals
with compromised gut function or metabolic
differences, advanced delivery systems such
as liposomes, Nano capsules, Nano
emulsions, and water-soluble or emulsified
forms are being explored. These novel
formulations aim to bypass conventional
absorption barriers. Moreover, individual
variability, arising from genetic
polymorphisms, age-related decline in
endogenous synthesis, health status, and gut
integrity, can significantly influence CoQ10
uptake and distribution. Consequently,
personalized dosing approaches may be
necessary to optimize therapeutic outcomes
in diverse patient populations.(24)

CLINICAL APPLICATIONS

CoQ10 has demonstrated broad therapeutic
potential across multiple clinical domains,
especially in cardiovascular, metabolic,
neurological, and reproductive health.

1. Cardiovascular Health:

In heart failure patients, large randomized
controlled trials (such as the Q-SYMBIO
study) have shown that CoQIl0
supplementation at doses of 100 mg three
times daily can significantly reduce major
cardiovascular events, all-cause and cardiac
mortality, and improve symptoms and New
York Heart Association (NYHA) functional
class. (30) (31)Additionally, CoQ10 has
been shown to reduce blood pressure and
enhance endothelial function by mitigating
oxidative stress and increasing nitric oxide
(NO) bioavailability. Meta-analyses reveal
marked improvements in flow-mediated
dilation (FMD), a vital indicator of vascular
health. Furthermore, CoQ10 is effective in
managing statin-induced myopathy, a
common adverse effect due to statin-
induced reduction in endogenous CoQ10
levels Supplementation helps alleviate
muscle pain and fatigue, thereby improving
compliance with statin therapy.

2. Metabolic and Endocrine Health:
CoQ10 has shown beneficial effects on
glucose and lipid metabolism, particularly in
patients with metabolic syndrome and
polycystic  ovary syndrome (PCOS).

International Journal of Health Sciences and Research (www.ijhsr.org) 110
Volume 15; Issue: 9; September 2025



Srushti Kudalkar et.al. Coenzyme Q10: a comprehensive review of its roles in mitochondrial health and

systemic function

Supplementation at 100 mg/day for 12
weeks improves insulin sensitivity, blood
glucose control, and lipid profiles.( (32) )
Mechanistically, CoQ10 modulates gene
expression by downregulating oxidized
LDL receptor 1 and upregulating PPAR-y,
thereby improving metabolic and
inflammatory markers. Co-administration
with vitamin E (a-tocopherol) enhances
insulin  tolerance and increases sex
hormone-binding globulin (SHBG), further
supporting metabolic health. (33) (34)

3. Neurological and Cognitive Health:
CoQ10 plays a neuroprotective role in
neurodegenerative  diseases such  as
Parkinson’s and Alzheimer’s, primarily by
reducing oxidative damage and maintaining
mitochondrial integrity. (35) In migraine
management, CoQ10 supplementation has
been associated with a reduction in attack
frequency, although effects on severity and
duration remain inconsistent. (36) (37) (38)
4. Fatigue and Exercise Performance:
Meta-analyses have shown that CoQ10
significantly reduces fatigue levels in both
healthy individuals and patients with
chronic conditions, with greater benefits
observed at higher doses and longer
durations. It also enhances exercise capacity
and reduces perceived exertion in
individuals with heart failure and other
chronic illnesses. (39) (40)

5. Reproductive Health:

In the context of PCOS and infertility,
CoQ10 supports oocyte quality, fertilization,
and embryo development. (41) It also
improves reproductive hormone balance by
reducing luteinizing hormone (LH) and
testosterone levels, contributing to more
favorable hormonal profiles(32)

6. Other Conditions:

CoQ10 has shown promise in reducing
oxidative stress and improving metabolic
parameters in patients with obesity and non-
alcoholic fatty liver disease (NAFLD). (34)
Additionally, emerging evidence supports
its role in alleviating symptoms associated

DOSAGE AND ADMINISTRATION
Typical Dosage:

The standard recommended dose of CoQ10
for adults ranges from 100 to 200 mg per
day, though doses up to 300400 mg per
day are commonly used in clinical trials for
cardiovascular and neurological conditions.
In some cases, especially for mitochondrial
or neurodegenerative disorders, much
higher doses (up to 1,200-3,000 mg per
day) have been studied under medical
supervision(42) (43) (44)

Administration:

CoQ10 is best taken with a meal containing
fat to enhance absorption, as it is a fat-
soluble compound. Dividing the total daily
dose into two or three smaller doses may
optimize plasma levels and reduce
gastrointestinal side effects (16)(45) (46)

Formulations:
CoQ10 supplements are available in various
forms, including capsules, softgels,

chewable tablets, and liquid syrups. Both
ubiquinone  (oxidized) and ubiquinol
(reduced) forms are used; the choice may
depend on individual needs and product
availability. (42)

ADVERSE EFFECTS

CoQ10 is widely considered safe and well-
tolerated across a broad dosage range. Most
side effects are mild and transient.
Commonly reported adverse effects include
gastrointestinal discomfort, such as nausea,
diarrhea, stomach wupset, and reduced
appetite. Some individuals may also
experience headaches or, in rare cases,
insomnia or fatigue(47) (48)

Serious or Rare Adverse Effects

Though uncommon, CoQ10 can have more
significant effects in certain individuals(49)

1. Blood Pressure Reduction:

CoQ10 may lower blood pressure, which
could be problematic for people with

with fibromyalgia and chronic fatigue  hypotension or those taking
syndrome, further underlining its diverse antihypertensive medications, potentially
clinical applications. causing dizziness or fainting.
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2. Anticoagulant Interaction:

CoQ10 may reduce the effectiveness of
blood-thinning medications like warfarin,
increasing the risk of clot formation and
requiring careful monitoring.(50)

3. Allergic Reactions:

Severe allergic reactions are rare but can
occur. Symptoms may include facial or
throat swelling and difficulty breathing,
requiring immediate medical attention.
Overall, CoQ10 maintains a strong safety
record, especially when used under proper
medical guidance, particularly in individuals
with preexisting health conditions or those
on concurrent medications.

CONTRAINDICATIONS

The safety of CoQ10 during pregnancy and
breastfeeding has not been firmly
established due to limited clinical data.
Therefore, its use in these populations
should be approached with caution and only
under the supervision of a qualified
healthcare = professional.  Additionally,
individuals with certain medical conditions
such as liver disease, heart failure, diabetes,
or those undergoing chemotherapy should
consult their physician before using CoQ10.
In these cases, CoQ10 may interact with
medications or influence disease
progression,  necessitating  personalized
evaluation and monitoring.(18)

COMBINATION PARTNER
Combination Partners of CoQ10
Coenzyme Q10 is often co-administered
with other nutrients to enhance its efficacy
and broaden its clinical applications.
Vitamin E is a key partner due to its
antioxidant synergy with CoQ10. CoQ10
helps regenerate oxidized vitamin E,
amplifying antioxidant protection and
supporting metabolic health, particularly
under oxidative stress conditions.(51) (52)
Omega-3 fatty acids are frequently
combined with CoQI10 for cardiovascular
benefits. Their anti-inflammatory and lipid-
lowering properties complement CoQ10’s
role in improving endothelial function and
energy metabolism, making this

combination effective in managing heart
health and dyslipidemia.

L-Carnitine and CoQ10 work synergistically
at the mitochondrial level to support ATP
production. This partnership is particularly
beneficial in conditions like heart failure,
chronic fatigue, and male infertility, where
enhanced cellular energy is critical.
Selenium, a trace mineral essential for
antioxidant  enzyme  activity  (e.g.,
glutathione peroxidase), supports CoQ10’s
role in reducing oxidative damage. The
combination is especially useful in elderly
individuals and those with cardiovascular
concerns.

Magnesium plays a vital role in ATP
synthesis and muscle function. When used
with CoQ10, it may reduce muscle fatigue
and support patients experiencing statin-

induced myopathy by improving
mitochondrial performance and energy
availability.

Lastly, B vitamins, including B6, B12, and
folate, enhance mitochondrial metabolism
and lower homocysteine levels. When
paired with CoQ10, they contribute to
improved cardiovascular and neurological
function, offering protective benefits for
both the heart and brain.

CONCLUSION

Coenzyme Q10 (CoQ10) is essential for
cellular energy production and antioxidant
protection, playing a key role in
cardiovascular, metabolic, and neurological
health. While the body produces CoQ10
naturally, supplementation can benefit
individuals with specific health conditions
or increased needs. Challenges related to its
poor bioavailability are being addressed
through advanced formulations. CoQ10 is
generally safe and well-tolerated, making it
a valuable supplement for supporting
overall health. Continued research and
innovation will further enhance its clinical
applications and effectiveness.
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