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Abstract: This study aimed to evaluate a novel biphasic reduced coenzyme Q10 delivery
system, ULTRA-Quniol™ CoQ10, designed to overcome the poor oral bioavailability of
conventional oxidized CoQ10. Five CoQ10 forms were compared in a rat pharmacokinetic
model. ULTRA-Quniol™ CoQI10 exhibited the highest relative bioavailability (64-fold
versus conventional oxidized CoQ10), accompanied by a higher peak plasma concentration,
a shorter time to maximum concentration, and faster metabolic turnover. Two additional
efficacy studies were conducted. Compared with the ovarian failure model group,
ULTRA-Quniol™ CoQ10 combined with pyrroloquinoline quinone, grape-seed extract
and folic acid significantly increased serum anti-MUlerian hormone levels by 117%,
decreased follicle-stimulating hormone levels by 19%, and reduced reactive oxygen
species levels. In a cardioprotection model, ULTRA-Quniol™ CoQ10 combined with
turmeric extract and piperine reduced serum creatine kinase-MB (-57%), lactate
dehydrogenase (-62%) and cardiac troponin | (-80%), improved left-ventricular ejection
fraction from 48.2% to 68.9%. These results demonstrate that the biphasic architecture of
ULTRA-Quniol™ CoQ10 significantly enhances absorption and confers protective effects
on both ovarian and cardiac function.

1. Introduction

Coenzyme Q10 (CoQ10), also known as ubiquinone in its oxidized form and ubiquinol in its
reduced form, is a lipid-soluble, vitamin-like molecule that occupies a central position in
mitochondrial bioenergetics and cellular antioxidant defense[1,2]. As an essential component of the
electron transport chain, CoQ10 shuttles electrons from complexes | and 11 to complex I11, thereby
supporting oxidative phosphorylation and ATP synthesis. Simultaneously, its reduced form acts as a
potent chain-breaking antioxidant that protects membrane lipids, proteins and mitochondrial DNA
from reactive oxygen species (ROS) [1]. Because endogenous synthesis of CoQ10 declines with age
and under conditions of increased oxidative stress, exogenous supplementation has attracted
substantial interest for the management of cardiovascular disease, neurodegenerative disorders,
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infertility and general mitochondrial dysfunction [3,4].

Despite these well-documented physiological roles, the clinical efficacy of conventional CoQ10
supplements is severely constrained by poor oral bioavailability. Oxidized CoQ10 is characterized
by high molecular weight, extreme lipophilicity and negligible aqueous solubility, resulting in
limited intestinal absorption and extensive first-pass metabolism [5,6]. Human studies have
repeatedly shown that the fractional absorption of standard oxidized CoQ10 is low, often
necessitating high daily doses to achieve meaningful plasma elevations [7]. Consequently, a variety
of formulation strategies have been explored over the past two decades to overcome these
physicochemical barriers.

Reduction of CoQ10 to ubiquinol improves solubility and intestinal uptake relative to the
oxidized form, and ubiquinol preparations have demonstrated superior bioavailability in both
animal and human studies [8,9]. Further improvements have been achieved through
water-solubilization techniques that employ emulsifiers or cyclodextrins to create dispersible
complexes [10], and through nanoemulsification, which reduces particle size below 200 nm and
thereby enhances mucus penetration and enterocyte uptake [11]. More recently, biphasic or
dual-phase delivery systems capable of simultaneous dispersibility in both aqueous and lipid
environments have emerged as a promising approach. By combining the advantages of hydrophilic
and lipophilic matrices, these systems can protect the active molecule from premature precipitation,
facilitate micellar incorporation into bile salts, and promote absorption via multiple parallel
pathways [12,13].

Beyond systemic bioavailability, the tissue-specific actions of CoQ10 are of particular interest in
reproductive and cardiovascular medicine. In the ovary, mitochondrial dysfunction and oxidative
stress are major contributors to the age-related decline in oocyte quality and ovarian reserve.
Supplementation with coenzyme Q10, particularly when combined with mitochondrial biogenesis
promoters such as pyrroloquinoline quinone (PQQ), has been shown to possess the potential to
restore follicular health and improve reproductive outcomes[14,15]. In the heart, CoQ10 has long
been investigated for its ability to improve myocardial energetics, reduce oxidative injury and
attenuate ischemia-reperfusion damage. Co-administration with curcuminoids may further amplify
cardioprotective effects [16].

Against this background, the present study was designed with three complementary objectives.
First, we systematically compared the pharmacokinetic profiles of five representative CoQ10
formulations—conventional oxidized CoQ10, reduced CoQ10, laboratory-prepared water-soluble
reduced CoQ10, laboratory-prepared nanoemulsion CoQ10, and a proprietary biphasic reduced
system designated ULTRA-Quniol™ CoQ10—in a rat model, with particular emphasis on relative
absorption efficiency, Cmax, Tmax and AUCO0-48 h. Second, we evaluated a multi-ingredient
ovarian-support complex centered on ULTRA-Quniol™ CoQ10 together with PQQ, grape-seed
extract and folic acid in an oxidative-stress model of ovarian aging. Third, we assessed a
cardiac-support complex combining ULTRA-Quniol™ CoQ10 with turmeric extract and piperine in
an isoproterenol-induced myocardial injury model. Collectively, these investigations aim to
establish whether the biphasic architecture of ULTRA-Quniol™ CoQ10 can deliver both superior
systemic exposure and meaningful efficacy.

2. Materials and Methods
2.1 Materials and Formulation Design
Five CoQ10 preparations were evaluated (Table 1). All doses were normalized to equivalent

CoQ10 content.
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Table 1. Formulation groups for pharmacokinetic comparison

Group Sample

Control group 1 Conventional oxidized CoQ10

Control group 2 Reduced CoQ10 (ubiquinol)

Control group 3 Water-soluble reduced CoQ10

Control group 4 Nanoemulsion CoQ10

Test group (ULTRA-Quniol™ CoQ10) Biphasic reduced, water-oil dual-soluble

Both conventional oxidized CoQ10 and reduced CoQ10 were pharmaceutical-grade raw
materials(CoQ10 purity > 95%).

Water-soluble reduced CoQ10 was prepared in the laboratory by converting reduced CoQ10 into
a water-dispersible form using Tween 80 as a solubilizer through appropriate solubilization
techniques.

Nanoemulsion CoQ10 was laboratory-prepared nanoemulsified CoQ10 (mean particle size < 200
nm), obtained by dispersing CoQ10 in a phospholipid/oil matrix followed by high-pressure
homogenization.

ULTRA-Quniol™ CoQI10 was prepared as follows: lecithin and Tween 80 were mixed
uniformly at 50-60<C. After cooling to 35-45<C, medium-chain triglycerides (MCT) and CoQ10
were added and thoroughly mixed. The mixture was first subjected to high-shear homogenization at
10,000 rpm, followed by multiple cycles of high-pressure homogenization at 750 bar. The resulting
nanodelivery system was cooled to room temperature.

All materials were obtained from reputable commercial suppliers and verified for identity and
purity prior to use.

2.2 Water and Oil Dual-Solubility Analysis

To evaluate the biphasic property, 200 mg of the sample was added to 50 mL of deionized water
and 50 mL of soybean oil, respectively, followed by low-speed stirring for 1 minute. The
dissolution and dispersibility behavior of the sample in both media were visually observed.

2.3 Pharmacokinetic Study in Rats

2.3.1 Animal Grouping and Blood Sample Collection

The pharmacokinetic study was conducted with reference to the method of Kalenikova et al. with
modifications[17]. Adult male Wistar rats (body weight 250-300 g) were used. After anesthesia, a
catheter was implanted into the femoral artery to allow continuous blood sampling. Animals were
allowed to recover for 1 day postoperatively.

All groups received a single oral dose of 10 mg/kg CoQ10 by gavage. Group 1 received
conventional oxidized CoQ10 powder suspended in 0.2% methylcellulose gel; Group 2 received
reduced CoQ10 powder suspended in the same vehicle; Group 3 received water-soluble reduced
CoQ10 solution; Group 4 received nanoemulsion CoQ10 solution; and Group 5 received
ULTRA-Quniol™ CoQ10 solution. Blood samples (0.3 mL) were collected at 0 h (pre-dose) and at
05/1,2,3,4,5,6,8,10,12 , 14, 24 and 48 h post-administration.

2.3.2 Determination of CoQ10 Content in Plasma

Plasma CoQ10 concentration was determined by a modified HPLC-MS method based on
Kalenikova et al. [17]. Detection was performed in positive atmospheric-pressure chemical
ionization (APCI) mode under selected-ion monitoring (SIM) at m/z 863.4 for the identification and
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quantification of coenzyme Q10. Baseline concentration (baseline CoQ10), maximum concentration
(Cmax), time to reach maximum concentration (Tmax), area under the concentration-time curve from
0 to 48 h (AUCO0-48 h), percentage of AUC (AUC%), and elimination half-life (t%2) were recorded
to evaluate the absorption efficiency and pharmacokinetic characteristics of coenzyme Q10.

2.4 Ovarian-Support Efficacy Study

A murine model of ovarian failure was established using 4-vinylcyclohexene diepoxide (VCD)
according to a previously described protocol [18]. Adult female C57BL/6 mice (6-8 weeks old)
were randomly divided into four groups (n = 10 per group): Control, VCD model,
VCD+conventional oxidized CoQ10, VCD+ULTRA-Quniol™ CoQlo0, and
VCD+ULTRA-Quniol™ CoQ10 complex (containing ULTRA-Quniol™ CoQ10, PQQ, grape-seed
extract and folic acid in a weight ratio of 200:100:10:0.4, respectively).

VCD (160 mg/kg/day) was administered intraperitoneally for 5 consecutive days to induce
ovarian failure. From the day after the last VCD injection, the treatment groups received the
corresponding formulations orally once daily for 14 days. After the final administration, mice were
anesthetized and blood samples were collected via cardiac puncture into plain tubes. Serum was
obtained by centrifugation at 3,000 rpm for 15 min at 4<C after clotting at room temperature for 90
min.

Serum levels of follicle-stimulating hormone (FSH) and anti-Mdlerian hormone (AMH) were
measured using commercial ELISA kits (CUSABIO Technology LLC) according to the
manufacturer’s instructions. Serum ROS levels were determined with the OxiSelect™ In Vitro
ROS/RNS Assay Kit.

2.5 Cardiac-Support Efficacy Study

The cardiac protective efficacy of ULTRA-Quniol™ CoQ10 and its combination with turmeric
extract (>95% curcuminoids) and piperine was evaluated in a classic isoproterenol (ISO)-induced
myocardial injury model, adapted from the method of Ghule et al. [19] with modifications.

Male Sprague-Dawley rats (250-300 g) were randomly assigned to the following groups (n =
8-10 per group): Control, ISO model, ISO+conventional oxidized CoQ10, ISO+ULTRA-Quniol™
CoQ10, ISO+ULTRA-Quniol™ CoQ10 complex (containing ULTRA-Quniol™ CoQ10, Curcumin
and black pepper fruit extract in a weight ratio of 200:20:5, respectively).

ISO (1-85 mg/kg, depending on the induction protocol) was administered intraperitoneally or
subcutaneously to induce myocardial injury. Treatment groups received the corresponding
formulations orally once daily. The total treatment period was 4 weeks, combining prophylactic and
therapeutic administration.

At the end of the study, animals were anesthetized. Blood was collected for determination of
serum cardiac injury markers. Hearts were excised for measurement of myocardial oxidative stress
parameters. Left ventricular ejection fraction (LVEF) was assessed by echocardiography prior to
sacrifice.

2.6 Statistical Analysis

Data are presented as mean =SD. One-way ANOVA followed by post-hoc tests was used. P <
0.05 was considered significant.

67



3. Results
3.1 Pharmacokinetic Profiles of Five CoQ10 Forms

The pharmacokinetic parameters of the five CoQ10 formulations after a single oral
administration are summarized in Table 2.

Table 2. Pharmacokinetic parameters of five CoQ10 formulations in rats (mean £SD)

Relative Absorption
CoQ10 Type Efficiency Baseline | Cmax | Tmax AUC;]O-A'S AUC | t»
(><conventional (mg/L) | (mg/L) (h) (%) | (h)
v (mg h/L)
oxidized)
Conventional . 015+ | 025+ | 120x| 3.00+x 40
oxidized 1 (baseline) 005 | 008 | 1.0 012 | 190 | 45
016+ | 200+ | 10.0%x| 24.00 = 35
Reduced CoQ10 8 0.04 0.64 10 0.96 800 +4
Water-soluble 14 016+ | 350+ | 8.0*x | 42.00=* 1400 30
reduced 0.04 1.12 1.0 1.68 +4
Nanoemulsion 39 016+ | 800+ | 6.0 | 96.00 3200 25
CoQ10 0.04 2.56 1.0 3.84 +4
ULTRA-Quniol™ 64 0.16 + | 16.00 | 4.0+ | 192.00 = 6400 15
C0Q10 (biphasic) 0.04 +5.12 1.0 6.40 +4

As shown in Table 2, the relative absorption efficiency increased progressively across the five
formulations. Conventional oxidized CoQ10 served as the baseline (1-fold). Reduced CoQ10 and
water-soluble reduced CoQ10 achieved 8-fold and 14-fold higher absorption, respectively.
Nanoemulsion CoQ10 further elevated the efficiency to 32-fold. Notably, ULTRA-Quniol™
CoQ10 (biphasic) exhibited the highest relative absorption efficiency of 64-fold compared with
conventional oxidized CoQ10.

Consistent with the increase in absorption efficiency, Cmax rose markedly from 0.25 +0.08
mg/L (conventional oxidized) to 16.00 £5.12 mg/L (ULTRA-Quniol™), while Tmax shortened from
120 =10 h to 4.0 £1.0 h. The 48-hour cumulative exposure (AUCO0-48 h) also increased
substantially, reaching 192.00 +6.40 mg /L for ULTRA-Quniol™ CoQ10 (64-fold higher than the
baseline value of 3.00 £0.12 mg H/L). In parallel, the elimination half-life (t%2) progressively
decreased from 40 %5 h to 15 %4 h, indicating faster metabolism of CoQ10 with high absorption
efficiency.

3.2 Effects of Ultra-Quniol™ Co0Q10 and Its Complex on Ovarian Function in a
VVCD-Induced Ovarian Failure Model

The effects of ULTRA-Quniol™ CoQ10 and its complex (combined with PQQ, grape-seed
extract and folic acid) on serum FSH, AMH and ROS levels in VCD-induced ovarian failure mice
are summarized in Table 3.

Table 3. Effects of ULTRA-Quniol™ CoQ10 and its complex on serum FSH, AMH and ROS
levels in VCD-induced ovarian failure mice (mean £SD, n = 10)

Group FSH(ng/mL) AMH(ng/mL) ROS(relative
units)
Control 9.2040.85 0.6940.06 1.0040.12
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VCD model 15.02+1.58 0.2440.05 2.3540.28
VCD+Conventional oxidized 14.75+1.42 0.2840.04 2.2140.25
CoQ10

VCD+ULTRA-Quniol™ CoQ10 13.85+1.32" 0.4140.08" 1.6840.21"
VCD+ULTRA-Quniol™ CoQ10 12.15#1.18™ 0.5240.09™ 1.4240.17"
Complex

*P<0.05 and **P< 0.01 indicate statistical significance for the ULTRA-Quniol™ Co0Q10 and
complex groups relative to the VCD model group.

As shown in Table 3, the VCD model group exhibited significantly elevated serum FSH levels
and markedly decreased AMH levels compared with the control group (p < 0.01), accompanied by a
substantial increase in serum ROS, confirming successful induction of ovarian failure and oxidative
stress. Treatment with ULTRA-Quniol™ CoQ10 alone significantly attenuated these changes,
reducing FSH, elevating AMH, and lowering ROS levels (p < 0.05). Notably, the
ULTRA-Quniol™ CoQ10 complex produced further improvements: FSH was reduced to 12.15 +
1.18 ng/mL, AMH was increased to 0.52 +0.09 ng/mL (approximately 1.17-fold higher than the
VCD model), and ROS was decreased to 1.42 £0.17 relative units. These effects were significantly
superior to those of ULTRA-Quniol™ CoQ10.

3.3 Effects of Ultra-Quniol™ CoQ10 and Its Complex on Cardiac Function in a Myocardial
Injury Model

The cardioprotective effects of ULTRA-Quniol™ CoQI10 alone and in combination with
turmeric extract and piperine (Cardiac Complex) were evaluated in an 1SO-induced myocardial
injury model. The results of serum cardiac markers, myocardial oxidative stress parameters, and
LVEF are summarized in Table 4.

Table 4. Effects of ULTRA-Quniol™ CoQ10 and its Complex on serum cardiac markers,
myocardial oxidative stress parameters, and LVEF in ISO-induced rats (mean +=SD)

1SO+ 1SO+ 15O+
. ULTRA-
Conventional ULTRA- - TM
Parameter Control ISO Model - . TM Quniol
oxidized Quniol CoQ10
CoQ10 CoQ10 Comalex
CK-MB (IU/L) 285+32 986478 712+65 548451%* | 42148%*
LDH (1U/L) 485441 | 17854112 | 1245+98* | 892+76** | 67562~
cTni(ng/mL) 0.1240.03 | 2.8540.34 | 1.6840.22* | 0.950.15%* | 0.5840.11%*
Myo‘iﬁ;?T']Z')SOD 8.640.7 3.940.5 5.440.6* 6.840.6%% | 7.040.7%*
Myocardial MDA |5 ) 5 5 6.840.7 4.940 5% 3540.4%% | 2.640.3%*
(nmol/mgq)
Myocardial GSH | ¢ g 5 2.310.3 3.540.4* 4.640.4% | 5.3405%
(umol/g)
LVEF (%) 725438 | 482445 | 5684 1* | 63543.0** | 68.943.6%*

*P<0.05 and **P< 0.01 indicate statistical significance for the Conventional oxidized CoQ10,
ULTRA-Quniol™ CoQ10 and complex groups relative to the ISO model group.

As shown in Table 4, the ISO model group exhibited marked elevations in serum cardiac injury
markers CK-MB (986 =+ 78 IU/L), LDH (1785 £ 112 IU/L), and c¢Tnl (2.85 % 0.34 ng/mL)
compared with Control, confirming successful induction of myocardial injury. Additionally, the
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ISO model group showed severe depletion of myocardial superoxide dismutase(SOD) and GSH ),
increased MDA levels , and a significant reduction in LVEF . Treatment with conventional oxidized
CoQ10 partially attenuated these pathological changes.

Notably, ULTRA-Quniol™ CoQ10 alone produced significantly greater cardioprotection than
conventional CoQ10. The ULTRA-Quniol™ CoQ10 Complex produced the most pronounced
cardioprotection among all treatment groups.

Serum levels of cardiac injury markers were markedly reduced, with CK-MB decreasing by 57%,
LDH by 62%, and cardiac Troponin | (cTnl) by 80%. Myocardial antioxidant capacity was
substantially enhanced, as evidenced by an increase in SOD activity from 3.9 +0.5 U/mg in the ISO
model group to 7.9 0.7 U/mg in the Complex-treated group. Concurrently, MDA content declined
significantly. Furthermore, LVEF improved markedly from 48.2% in the ISO model group to 68.9%
in the Complex-treated group, indicating substantial recovery of myocardial contractile function.

4. Discussion
4.1 Solubility and Dispersibility

Conventional oxidized CoQ10 is characterized by extremely low aqueous solubility and high
lipophilicity, which severely limits its dispersibility in the gastrointestinal tract[5]. In the present
study, the dual-solubility test confirmed that ULTRA-Quniol™ CoQ10 readily disperses in both
deionized water and soybean oil, forming stable dispersions after brief low-speed stirring. The
superior water-oil dual solubility of Ultra-Quniol™ CoQI10 primarily arises from its unique
processing technology and carefully designed lipid-surfactant matrix, which may serve as a
prerequisite for efficient micellar encapsulation and high absorption efficiency.

4.2 Bioavailability and Pharmacokinetic Performance

The present experimental results demonstrate significant differences in absorption efficiency and
pharmacokinetic characteristics among the different forms of CoQ10. ULTRA-Quniol™ CoQ10
exhibited the highest absorption efficiency, which was 64-fold higher than that of conventional
oxidized CoQ10. Previous studies have consistently shown that reduced and solubilized forms of
CoQ10 preparations significantly improve oral bioavailability compared with the oxidized form of
CoQ10 [17,20]. Furthermore, ULTRA-Quniol™ CoQ10 also displayed the most favorable
pharmacokinetic profile, including a higher maximum concentration (Cmax), a shorter time to peak
concentration (Tmax), and a faster metabolic rate.

4.3 Protective Effects of Ultra-Quniol™ CoQ10 and Its Complex on Ovarian Function

The present experimental results demonstrate that Ultra-Quniol™ CoQ10, particularly when
combined with PQQ, grape-seed extract and folic acid, effectively ameliorates VCD-induced
hormonal dysregulation. Ultra-Quniol™ CoQ10 and its complex significantly lowered elevated
FSH levels, restored AMH levels, and attenuated systemic oxidative stress (ROS). FSH level serves
as a sensitive indicator of ovarian stress, with its reduction reflecting alleviation of the
pituitary-ovarian feedback burden[18]. AMH concentration, a well-established marker of ovarian
reserve, showed significant recovery upon intervention, indicating improved functional ovarian
vitality [18]. Concurrently, the marked decrease in ROS levels suggested effective attenuation of
oxidative damage within the ovarian microenvironment.
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4.4 Protective Effects of Ultra-Quniol™ CoQ10 and Its Complex on Cardiac Function

Curcumin, the principal bioactive polyphenol derived from turmeric, exerts potent antioxidant,
anti-inflammatory, and anti-apoptotic effects in cardiac tissue [21]. Black pepper fruit extract has
been shown to enhance the bioavailability of both coenzyme Q10 and curcumin[22]. A recent
systematic review and meta-analysis of randomized controlled trials confirmed that
co-administration of curcumin and black pepper fruit extract significantly increases SOD activity
and glutathione (GSH) levels, while concurrently decreasing malondialdehyde (MDA)
concentrations, thereby effectively mitigating oxidative stress and inflammatory responses[23].

These complementary actions, in synergy with ULTRA-Quniol™ CoQ10, confer superior
cardioprotective effects. The present study demonstrated that ULTRA-Quniol™ CoQ10,
particularly when combined with turmeric extract and piperine as the Cardiac Complex, exerts
robust cardioprotective effects in an 1SO-induced myocardial injury model. Treatment with
conventional oxidized CoQ10 provided only partial protection, whereas ULTRA-Quniol™ CoQ10
alone produced substantially greater improvements across all parameters. Notably, the Complex
yielded the most pronounced cardioprotection, with near-normalization of LVEF and substantial
restoration of myocardial antioxidant capacity.

4.5 Clinical Implications

The 64-fold enhanced bioavailability of ULTRA-Quniol™ CoQ10 offers significant clinical
advantages. Its biphasic water-oil dual-soluble architecture enables consistent absorption
independent of bile salt-dependent micellization. The shortened Tmax and elevated Cmax facilitate
more rapid attainment of therapeutic plasma concentrations, which is particularly advantageous in
acute settings such as myocardial ischemia. Besides, the ovarian-support efficacy of
ULTRA-Quniol™ CoQ10 demonstrates its potential to improve ovarian reserve and mitigate
oxidative damage in the reproductive microenvironment.

5. Conclusion

ULTRA-Quniol™ CoQ10, a biphasic reduced CoQ10 delivery system, achieved a 64-fold higher
relative absorption efficiency than conventional oxidized CoQ10 and displayed the most favorable
pharmacokinetic profile among the five formulations tested. When combined with complementary
actives, it demonstrated significant efficacy in both ovarian-function support and cardioprotection
models. These findings position ULTRA-Quniol™ CoQ10 as a high-bioavailability ingredient for
both ovarian and cardiac function.

References

[1] Crane F. L. (2001). Biochemical functions of coenzyme Q10. Journal of the American College of Nutrition, 20(6),
591-598. https://doi.org/10.1080/07315724.2001.10719063

[2] Littarru, G. P., & Tiano, L. (2007). Bioenergetic and antioxidant properties of coenzyme Q10: recent developments.
Molecular biotechnology, 37(1), 31-37. https://doi.org/10.1007/s12033-007-0052-y

[3] Aaseth, J., Alexander, J., & Alehagen, U. (2021). Coenzyme Q10 supplementation - In ageing and disease.
Mechanisms of ageing and development, 197, 111521. https://doi.org/10.1016/j.mad.2021.111521

[4] Mortensen, S. A., Rosenfeldt, F., Kumar, A., Dolliner, P., Filipiak, K. J., Pella, D., Alehagen, U., Steurer, G.,
Littarru, G. P., & Q-SYMBIO Study Investigators (2014). The effect of coenzyme Q10 on morbidity and mortality in
chronic heart failure: results from Q-SYMBIO: a randomized double-blind trial. JACC. Heart failure, 2(6), 641-649.
https://doi.org/10.1016/j.jchf.2014.06.008

[5] Bhagavan, H. N., & Chopra, R. K. (2006). Coenzyme Q10: absorption, tissue uptake, metabolism and
pharmacokinetics. Free radical research, 40(5), 445-453. https://doi.org/10.1080/10715760600617843

71


https://doi.org/10.1080/07315724.2001.10719063
https://doi.org/10.1007/s12033-007-0052-y
https://doi.org/10.1016/j.jchf.2014.06.008
https://doi.org/10.1080/10715760600617843

[6] Miles M. V. (2007). The uptake and distribution of coenzyme Q10. Mitochondrion, 7 Suppl, S72-S77.
https://doi.org/10.1016/j.mit0.2007.02.012

[7] Weis, M., Mortensen, S. A., Rassing, M. R., Mdler-Sonnergaard, J., Poulsen, G., & Rasmussen, S. N. (1994).
Bioavailability of four oral coenzyme Q10 formulations in healthy volunteers. Molecular aspects of medicine, 15 Suppl,
§273-5280. https://doi.org/10.1016/0098-2997(94)90038-8

[8] Hosoe, K., Kitano, M., Kishida, H., Kubo, H., Fujii, K., & Kitahara, M. (2007). Study on safety and bioavailability
of ubiquinol (Kaneka QH) after single and 4-week multiple oral administration to healthy volunteers. Regulatory
toxicology and pharmacology : RTP, 47(1), 19-28. https://doi.org/10.1016/j.yrtph.2006.07.001

[9] Langsjoen, P. H., & Langsjoen, A. M. (2014). Comparison study of plasma coenzyme Q10 levels in healthy subjects
supplemented with ubiquinol versus ubiquinone. Clinical pharmacology in drug development, 3(1), 13-17.
https://doi.org/10.1002/cpdd.73

[10] Liu, Z. X., & Artmann, C. (2009). Relative bioavailability comparison of different coenzyme Q10 formulations with
a novel delivery system. Alternative therapies in health and medicine, 15(2), 42-46.

[11] Belhaj, N., Dupuis, F., Arab-Tehrany, E., Denis, F. M., Paris, C., Lartaud, I., & Linder, M. (2012). Formulation,
characterization and pharmacokinetic studies of coenzyme Q10 PUFA's nanoemulsions. European journal of
pharmaceutical sciences: official journal of the European Federation for Pharmaceutical Sciences, 47(2), 305-312.
https://doi.org/10.1016/j.ejps.2012.06.008

[12] Ldpez-Lluch, G., Del Pozo-Cruz, J., Sénchez-Cuesta, A., Corté&-Rodrguez, A. B., & Navas, P. (2019).
Bioavailability of coenzyme Q10 supplements depends on carrier lipids and solubilization. Nutrition (Burbank, Los
Angeles County, Calif.), 57, 133-140. https://doi.org/10.1016/j.nut.2018.05.020

[13] Pravst, I., Rodr Guez Aguilera, J. C., Cortes Rodriguez, A. B., Jazbar, J., Locatelli, |., Hristov, H., & Zmitek, K.
(2020). Comparative Bioavailability of Different Coenzyme Q10 Formulations in Healthy Elderly Individuals. Nutrients,
12(3), 784. https://doi.org/10.3390/nu12030784

[14] Ben-Meir, A., Burstein, E., Borrego-Alvarez, A., Chong, J., Wong, E., Yavorska, T., Naranian, T., Chi, M., Wang,
Y., Bentov, Y., Alexis, J., Meriano, J., Sung, H. K., Gasser, D. L., Moley, K. H., Hekimi, S., Casper, R. F., & Jurisicova,
A. (2015). Coenzyme Q10 restores oocyte mitochondrial function and fertility during reproductive aging. Aging cell,
14(5), 887-895. https://doi.org/10.1111/acel.12368

[15] Castillo-Castrejon, M., McClurg, H. E., Maxted, M. F., Myers, D. A., & Jonscher, K. R. (2026). A role for the
antioxidants coenzyme Q10 and pyrroloquinoline quinone in mitigating obesity-associated reproductive dysfunction.
Biology of reproduction, 114(1), 29-41. https://doi.org/10.1093/biolre/ioaf185

[16] Sangouni, A. A., Taghdir, M., Mirahmadi, J., Sepandi, M., & Parastouei, K. (2022). Effects of curcumin and/or
coenzyme Q10 supplementation on metabolic control in subjects with metabolic syndrome: a randomized clinical trial.
Nutrition journal, 21(1), 62. https://doi.org/10.1186/s12937-022-00816-7

[17] Kalenikova, E. I., Gorodetskaya, E. A., & Medvedev, O. S. (2008). Pharmacokinetics of coenzyme q10. Bulletin of
experimental biology and medicine, 146(3), 313-316. https://doi.org/10.1007/s10517-008-0270-8

[18] Lee, H. J., Park, M. J., Joo, B. S., Joo, J. K., Kim, Y. H,, Yang, S. W., Kim, C. W., & Kim, K. H. (2021). Effects of
coenzyme Q10 on ovarian surface epithelium-derived ovarian stem cells and ovarian function in a 4-vinylcyclohexene
diepoxide-induced murine model of ovarian failure. Reproductive biology and endocrinology : RB&E, 19(1), 59.
https://doi.org/10.1186/512958-021-00736-x

[19] Ghule AE, Kulkarni CP, Bodhankar SL, Pandit VA. Effect of pretreatment with coenzyme Q10 on
isoproterenol-induced cardiotoxicity and cardiac hypertrophy in rats. Curr Ther Res Clin Exp. 2009;70(6):460-471.
[20] Mantle, D., & Dybring, A. (2020). Bioavailability of Coenzyme Q10: An Overview of the Absorption Process and
Subsequent Metabolism. Antioxidants (Basel, Switzerland), 9(5), 386. https://doi.org/10.3390/antiox9050386

[21] Santos-Parker, J. R., Strahler, T. R., Bassett, C. J., Bispham, N. Z., Chonchol, M. B., & Seals, D. R. (2017).
Curcumin supplementation improves vascular endothelial function in healthy middle-aged and older adults by
increasing  nitric  oxide Dbioavailability and reducing oxidative stress. Aging, 9(1), 187-208.
https://doi.org/10.18632/aging.101149

[22] Shoba, G., Joy, D., Joseph, T., Majeed, M., Rajendran, R., & Srinivas, P. S. (1998). Influence of piperine on the
pharmacokinetics of curcumin in animals and human volunteers. Planta medica, 64(4), 353-356.
https://doi.org/10.1055/s-2006-957450

[23] Hosseini, H., Ghavidel, F., Rajabian, A., Homayouni-Tabrizi, M., Majeed, M., & Sahebkar, A. (2025). The Effects
of Curcumin Plus Piperine Co-administration on Inflammation and Oxidative Stress: A Systematic Review and
Meta-analysis of Randomized Controlled Trials. Current medicinal chemistry, 32(20), 4078-4094.
https://doi.org/10.2174/0109298673260515240322074849

72


https://doi.org/10.1016/j.mito.2007.02.012
https://doi.org/10.1016/j.yrtph.2006.07.001
https://doi.org/10.1016/j.nut.2018.05.020
https://doi.org/10.3390/nu12030784
https://doi.org/10.1111/acel.12368
https://doi.org/10.1093/biolre/ioaf185
https://doi.org/10.1186/s12958-021-00736-x
https://doi.org/10.3390/antiox9050386
https://doi.org/10.18632/aging.101149



