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Abstract
Coenzyme Q10 (CoQ10) is a lipophilic molecule that shares characteristics with nutrients like vitamins and is located in all 
biological membranes of our body. It acts as a key component for the synthesis of ATP and also a life-sustaining cofactor for 
complexes I, II, and III of the electron transport chain in the mitochondria. Several reported research studies advocate the 
use of CoQ10 as a nutritional supplement or along with other therapeutic agents as an aid to preserve or modify the health 
of aged people and also to eradicate neural health–related problems. Moreover, CoQ10 has been the subject of numerous 
preclinical and clinical investigations to determine its dosage, safety, and tolerability. This review will summarize CoQ10’s 
background, biochemistry, pharmacokinetics and bioavailability, physicochemical properties, mechanism of action, valuable 
functions, consequences of deprivation and overconsumption, available marketed formulations, and the impact of CoQ10 
therapy in various neurodegenerative diseases based on preclinical and clinical research.
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Introduction

Coenzyme Q10 (CoQ10), an organic lipophilic unit, abun-
dantly located in biological membranes specially in mito-
chondria (in reduced form—ubiquinol and oxidized form—
ubiquinone), was first identified by Frederick C. in Wisconsin 
(USA, 1957) [1]. Therapeutic usage of CoQ10 emerged firstly 
from oxidative phosphorylation (OXPHOS) defects and sev-
eral CoQ10 deficiency ailments where the CoQ10 deficiency 
was documented clearly. Therefore, these pathological situ-
ations gave evidences regarding the efficacy and safety of 
COQ10 treatment [2]. Several reported studies certified that 
enhanced ROS production, free-radical generation, altered 
mitochondrial function (impaired OXPHOS), and oxidative 

stress engaged with the pathophysiology of various neuron-
related or neurodegenerative problems [3]. Furthermore, it is 
also evidenced that CoQ10 plays an effective role at the level 
of the mitochondrial electron transport chain functioning as 
well as acts as a powerful antioxidant and anti-inflammatory 
agent [4, 5]. Several preclinical and clinical studies have been 
conducted on CoQ10 till now to find out its dose, safety, and 
tolerability. This review aims to summarize the CoQ10 back-
ground, biochemistry, pharmacokinetics and bioavailability, 
physicochemical properties, mechanism of action, valuable 
functions, repercussion of its deprivation and overconsump-
tion, and available marketed formulation and also sums up 
the impact of CoQ10 therapy in various neurodegenerative 
diseases conducted through preclinical and clinical studies.

History

Crane and his partners distinguished a unique quinone moi-
ety in the lipid samples of mitochondria [6], in David Green’s 
Laboratory (USA), and called it ubiquinone or CoQ10 as 
a result of its contribution in ETC. The compound struc-
tural constitution of CoQ10 (1958) was presented by Wolf 
at Merck Laboratories [7], and it was discovered to have a 
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structure like that of quinone, which was later represented by 
Morton and partners [8] and named ubiquinone as a sign of 
its omnipresence in various tissues. Ubiquinone was created 
as an authentic name of CoQ10 in 1975 based on the Bio-
chemical Nomenclature by the IUPAC-IUB Commission [9]. 
As of late, the “vitamin Q” term has been foreseen [10] as a 
result of its different gainful impacts. However, the ubiqui-
none term is the most satisfactory term for a few reasons: 
first, it presents a co-enzymatic property as well as acts as a 
potential anti-oxidative agent in its reduced form; also, it is 
time to time synthesized in all mammalian tissues and hence 
not considered as a real vitamin [11]. The primary investiga-
tion for the treatment of human infection by coenzyme Q7 
was congestive cardiovascular breakdown, and it was done 
by Prof. Yamamura (Japan, 1963). Moreover, Mellors and 
Tappel [12, 13] portray that the diminished structure CoQ6 
was a significant anti-oxidative agent. Diminished levels of 
CoQ10 in cardiovascular-related illness of people [14] was 
archived by Littarru and his co-workers alongside Folkers. 
The Nobel Prize was awarded to P.D. Mitchell (1978) for his 
contribution in comprehending and explaining the energy 
transfer in biological systems by means of the chemiosmotic 
hypothesis definition, which involves the basic proton drive 
job of CoQ10 in the energy transfer scheme [15, 16].

Biochemistry

CoQ10 is a lipid-soluble unit with somewhat common 
characteristics and structural similarity to vitamin K [17]. 
Chemically, it is known as 2,3-dimethoxy-5-methyl-6-deca-
prenyl-1,4-benzoquinone and located in different biological 
membranes principally in the middle of the phospholipid 
bilayer; however, the relative sum contrasts in various orga-
nelles. Broadly speaking, the high-energy-demanding cells 
contain CoQ10 in plentiful amounts such as the brain, heart, 
liver, and kidney cells’ organelle mitochondrial bilayer in 
both reduced and oxidized forms known as ubiquinol and 
ubiquinone, respectively, where it controls the rate of energy 
production by regulating some specific important enzymes in 
the ETC. Hence, CoQ10 anticipates a potential role in a cell’s 
bioenergetics [18–20]. CoQ10 can support consistent redox 
cycles and is a phenomenal electron transporter, transporting 
electrons from reduced nicotinamide-adenine dinucleotide 
(NADH)-coenzyme-Q oxidoreductase (complex I or C-I) or 
succinate coenzyme-Q dehydrogenase (C-II) to ubiquinone-
cytochrome-C oxidoreductase (C-III), and it is additionally 
an important moiety of both C-I and C-III1. Additionally, 
CoQ10 can receive electrons from acyl-coenzyme A dehy-
drogenases and it is a required component in the transport of 
protons by uncoupling of proteins, hence directing the transi-
tion across the mitochondrial membrane [1].

Pharmacokinetics and Bioavailability

Practically, CoQ10 has low water solvency [21] and higher 
atomic weight, i.e., 863.34 g/mol; consequently, it shows 
a low bio-availability in people. When we take in CoQ10 
through dietary supplements, it is not well absorbed and is 
present in insufficient levels (Zhang et al., 1995), whereas 
the documented CoQ10 level in plasma ranges from 0.40 
to 1.91 μmol/l (0.34 to 1.65 μg/ml) [22, 23]. As indicated 
by the bio-pharmaceutical classification system, CoQ10 
goes under the class II category which shows it has less 
dissolvability and high penetrability profile [24].

Physicochemical Properties

CoQ10 is a dull, scentless and yellow to orange crystal-
line powder, which is sparingly dissolvable in ethanol 
and water and completely solubilized in di-ethyl-ether. It 
undergoes deterioration when handled at higher tempera-
tures, i.e., higher than 46 °C. Further, it is light sensitive, 
so storage should be in a cool and dark place to avoid 
decomposition upon light irradiation. It is available in 
three redox structures, totally oxidized (ubiquinone), free 
radical form (semiquinone), and totally reduced (ubiqui-
nol), and these different structures play different key roles 
contributing to its chemical properties [11, 25, 26]. More-
over, it has two chemical forms, cis and trans, but natu-
rally, it exists in the trans form. Notwithstanding, with the 
assistance of fermentation technology, the two structures 
(cis and trans) can be shaped in a blend (US Patent 2003).

Mechanism of Action and Functions

As it is involved in ATP formation, it affects the function 
and regulation of the energy demand of all cells within 
the body, and thus, it seems to be essentially required for 
the wellness of all body parts. The major role of CoQ10 
lies within the powerhouse of the body cell’s ETC. 
CoQ10 acquires electrons from numerous donors such as 
C-I and C-II, and from the oxidation of branched-chain 
amino acids and fatty acids to C-III through the mediators 
including electron transfer factor Q oxidoreductase and 
flavin-linked dehydrogenases [13, 14]. As shown in Fig. 1, 
CoQ10 cycles between three interchangeable redox forms 
such as ubiquinone, semiquinone, and  ubiquinol16. This 
Q-cycle inside the mitochondrial matrix is responsible for 
proton transportation from the matrix to the inter-mem-
brane area, where it generates an electrochemical gradient 
and ultimately results in ATP formation. The CoQ10 is 
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Fig. 1  Three interchangeable 
redox forms of CoQ10 (ubiqui-
nol—reduced form, ubiqui-
none—oxidized form, and semi-
quinone—semi-oxidized form), 
forming the Q cycle inside the 
mitochondrial matrix mem-
brane, permits proton movement 
from the mitochondrial matrix 
to the inter-membrane space, 
assisting with the creation of 
the electrochemical gradient for 
ATP formation

Table 1  CoQ10: functions within living beings related to the brain

S. no Functions

Major function: mitochondrial ETC
1 Acts as a carrier for electrons and protons, as it accepts electrons from different donors like C-I and C-II, 

and from free fatty- and amino-acid oxidation, and then transfer to the C-III and by this forming a Q 
cycle

This Q cycle is responsible for generating an elctrochemical gradient which further leads to ATP forma-
tion

Epigenetic effects
2 CoQ10 administration plays a role in epigenetics and produces effects in genes engaged with metabolic 

reactions, cell signaling processes, disease conditions and mutation, phosphorylation, and gene tran-
scription regulation and also demonstrates the role in the transition of gene expression

Antioxidant effect
3 CoQ10 shows an antioxidant effect by protecting the phospholipids of bio-membranes like the plasma 

membrane and other cell organelle membranes against peroxidation, which takes place by heightening 
the enzyme activity of glutathione peroxidase and superoxide dismutase

Its oxidized and semi-oxidized structures are additionally responsible for the usage of some other anti-
oxidative units, α-tocopherol (reduced), and ascorbate adding to the oxidation–reduction equilibrium 
within the cell

Thus, it regulates physicochemical properties of the biological membranes
Anti-inflammatory effect
4 According to Fan et al., CoQ10 supplementation shows marked diminution in markers of inflammation 

like interleukin-6 (IL-6), C-reactive protein, and tumor necrosis factor alpha (TNF-α)
It could exert this effect through reducing nuclear factor-κB (NF-κB)–based gene expression
Redox state imbalance and generated reactive oxygen species (ROS) can activate NF-κB and then 

upregulate the pro-inflammatory cytokine levels
Other
5 Anti-aging in neurodegenerative diseases

Mitophagy and inflammasome modulators
Helps in the proper functioning of mitochondrial membrane permeability transition pores
Within the inner mitochondrial membrane, it also participates as an essential cofactor for the dihydro-

orotate dehydrogenase which is required for the synthesis of pyrimidine nucleotide by the oxidation of 
dihydroorotate to orotate

3Current Pharmacology Reports (2022) 8:1–19



1 3

also responsible for numerous functions as described in 
Table 1 [22].

Repercussion of CoQ10 Deprivation 
and Overconsumption

CoQ10 deficiency syndrome is an infrequent one with dif-
ferent phenotypical representations like encephalopathy, 
myopathy-associated encephalopathy, neuropathy, and 
brain muscle wasting with ataxia [5, 27, 28]. CoQ10 defi-
ciency can be brought about by changes or mutation in CoQ 
genes (PDSS1, PDSS2, CoQ2, and CoQ9) that encrypt 
proteins of the CoQ synthesis in living systems known as 
primary deficiency and on other hand deficiency due to the 
absconds in other mitochondrial capacities which are indi-
rectly associated with the bio-synthesis of CoQ10 known as 
a secondary deficiency, for example, GLUT1 mutations [5, 
28–31]. Moreover, several investigations about the patho-
physiology of CoQ10 inadequacy showed diminished activi-
ties of mitochondrial complexes, decreased expression of 
those proteins which were directly or indirectly associated 
with oxidative phosphorylation, diminished mitochondrial 
membrane potential, high ROS production, and decreased 
growth rate. These anomalies turned around mostly with 
CoQ10 supplementation [5]. The individuals suffering from 
primary CoQ10 inadequacy show improvement in patho-
logical phenotype, for example, limited the advancement 
in encephalopathy when the individuals were treated with 
CoQ10 supplements orally. Ubiquinol has been approved by 
the European Medicine Agency as an orphan medicine for 

the management of dysfunction or disorders associated with 
primary CoQ10 deficiency [29].

Generally, there is no bad consequential effect after 
CoQ10 supplementation, as supplementation of it through 
diet does not show any enhancement effect on its biosynthe-
sis within the living system, but there is a defined safety dose 
for its administration, i.e., 1200 mg/day/person. However, 
enough high quantity such as 3000 mg/day did not produce 
any serious bad effect in humans except some moderate 
effects such as nausea and gastrointestinal upset [3, 31]. But 
when we talk about chronic administration of CoQ10 in high 
quantity, the resulting serious effects are yet to be figured out 
properly as regards the underlying mechanism [3].

Aging: Free Radical Theory 
and Mitochondrial Dysfunction

Aging is a usual process in living beings, associated with 
a declined rate of functioning of different organs which is 
further linked to the marked risk of age-concomitant dis-
eases such as dementia and neurodegenerative disease and 
many more. A typical hypothetical theory clarifies that the 
pathophysiologies of aging and neurodegeneration are an 
imbalance in redox reactions such as ROS generation and the 
antioxidant mechanism, for example, superoxide dismutase 
(SOD), reduced glutathione (GSH), glutathione peroxidase 
(GPx), ascorbic acid and tocopherol levels, and CoQ10, 
prompting a condition of oxidative stress [2, 32–36].

As we know, mitochondria are the chief source of ROS 
formation, so that at the same time it is also vulnerable to 
ROS damage. The constant supply and aggregation of ROS 

Fig. 2  Schematic view of events 
responsible for the mitochon-
drial dysfunction which leads to 
pathological conditions
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Table 3  Different formulations of CoQ10 present in the  market32

S. no Formulation name Types of preparation Manufacturing company

1 Bio-Quinon® Soyabean oil emulsion, soft gelatin soyabean oil emul-
sion

Pharma Nord ApS

2 Colloidal-Q10 Colloidal-Q10 Vesifact AG
3 Commercial CoQ10 Solubilisate 1, solubilisate 2, oil-based formulation, 

formulation 1, formulation 3
Pharma Nord ApS

4 CoQ10 Soy lecithin emulsion, vegetable oil emulsion Blackmores, Kordel’s, Thompson’s
5 CoQ10 powder Powder Tishcon
6 Kaneka QH™ Rapeseed oil, soy lecithin emulsion Kaneka
7 LiQ-10 Nanodispersion Tishcon
8 MitoQ Veg capsules MitoQ limited
9 NanoSolve Soybean phospholipid emulsion Lipoid GmbH
10 Opti-CoQ10 Fish oil emulsion Good Health
11 PureSorb-Q™ Water-soluble powder Nishi Pharma
12 P40 tablets Oil-based formulation Nishi Pharma
13 Q-Gel® Solubilisate Tishcon
14 Q-Sorb CoQ10 Rice bran oil emulsion Radiance
15 Q-Nol™ Solubilized Tishcon
16 Q10 Vital® liquid Water suspension Valens Int
17 Q10 Vital® powder Powder Valens Int
18 UbiQGel® Solubilized Tishcon
CoQ10 combinations
19 Amoguard Capsule A S Pharmaceutical (India) Pvt. Ltd
20 BIO-Q-Forte Tablet Sanat Products Ltd
21 Cardio-PRO Oral powder British Biologicals (Criticare)
22 Colred Oral powder British Biologicals (Criticare)
23 COQ Soft gel capsules Uni. Medicare
24 COQ Forte Soft gel capsules Uni. Medicare
25 Coqueen Tablet East West Pharma
26 Coqueen Plus Capsule East West Pharma
27 Encar Tablet Xeno Pharmaceuticals Pvt. Ltd
28 Enphene Tablet Xeno Pharmaceuticals Pvt. Ltd
29 EN-Q 100 Capsule Xeno Pharmaceuticals Pvt. Ltd
30 EN-Q 300 Capsule Xeno Pharmaceuticals Pvt. Ltd
31 Fertiwork Tablet Acinom Healthcare
32 HI-Q 300, HI-Q Plus TAB, HI-Q TAB Film-coated tablet Biomiicron Pharma India Pvt. Ltd
33 Hyrase Capsule Bionova
34 I-10 Capsule Invision Medi Sciences Pvt. Ltd
35 Lenova-M Tablet Intra Labs India Pvt. Ltd
36 MAC-Q10 Tablet Macleods Pharmaceuticals Ltd. (Osteva)
37 M-GAM Film-coated tablet Glenmark Pharmaceuticals Ltd. (G&G)
38 Paternia Capsule Zydus Cadila Healthcare Ltd. (Nutriva)
39 Q-Star Soft gel capsule Intra Labs India Pvt. Ltd. (Inventure)
40 Q-Star CL Tablet Intra Labs India Pvt. Ltd. ( Inventure)
41 Quantus, Quantus-100 Soft gel capsule Rowez Life Sciences Pvt. Ltd
42 Rqual-Gold Soft gel capsule Genesis Biotec Inc
43 ZY-10 Active, ZY-10 Forte Soft gel capsule Indchemie Health Specialities Pvt. Ltd

is fundamental to “the free radical theory of aging” [37, 38], 
in spite of the fact that the gathering of ROS has a significant 
effect such as strand breaks, base pair oxidation, harm in 

locales coding for ETC proteins, and also harm in the dif-
ferent structures of the basic unit of life like phospholipid 
bilayers and proteins, which prompted the dysregulation 
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of ETC, deficient ATP formation, and further excess ROS 
generation [34, 39–41] and impaired oxidative phosphoryl-
ation (OXPHOS). Thus, electrons spilling from disturbed 
oxidative phosphorylation respond with oxygen to shape 
the free radical superoxide species, which further effects 
the mitochondrial dynamic with impaired fission adding to 
mitochondrial broadening and ultimately reduction in ATP 
formation [2, 33, 42]. Significant proof backs the connection 
between ROS aggregation and mitochondrial dysfunction 
prompting aging and other neurological problems (Fig. 2).

Brain Anomalies and CoQ10

Any unusual thing that happens within the brain is respon-
sible for impaired function and damaged normal features 
and structure of the brain resulting in abnormal conditions, 
which leads to various pathologies, neurodegenerative dis-
eases being one of them.

All of the neurodegenerative diseases share a common link 
involving impaired mitochondrial functions and energy produc-
tion and oxidative stress. Exaggerated ROS production, free 
radical generation, and impaired OXPHOS are believed to be 
engaged with pathophysiologies of various neuron-related prob-
lems [3], for example, Alzheimer’s disease (AD), amyotrophic 
lateral sclerosis (ALS), Friedreich’s ataxia (FA), Huntington’s 
disease (HD), multiple system atrophy, multiple sclerosis (MS), 
Parkinson’s disease (PD), progressive supranuclear palsy (PSP), 
and other neurodegenerative disorders. CoQ10 is a potential 
antioxidant with anti-inflammatory and mitochondrial func-
tion restorative characteristics, and has been recommended for 
examination as a possible neuroprotective treatment in various 
neurological diseases [3, 43–45]. Moreover, various pre-clinical 
studies have been conducted by various researchers in different 
labs proving the beneficial effects of CoQ10 in neurodegenera-
tion and other brain-related disorders mainly by restoring mito-
chondrial capability, diminishing oxidative stress by maintaining 
or regulating oxidative stress marker levels, redox cycle, and 
energy balance. Here, we provide a brief note on pre-clinical and 
clinical studies on CoQ10 in the area of neurological disorder 
research and the different formulations available in the market, 
in tabulated form (Tables 2 and 3).

Conclusion

The current review study exhibited evidence that CoQ10 was 
risk free and well tolerated by volunteers or subjects with neu-
rological disorders in different pre-clinical studies and clinical 
trials. We can say that the neuroprotection provided by CoQ10 
is due to its antioxidant property. A large-scale and long-term 
follow-up survey or scrutiny would be needful to corroborate 
neuroprotection and the underlying mechanism of CoQ10 in 
various neurodegenerative disorders.
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