
Introduction
Coenzyme Q is a component of the mitochondrial electron
transfer chain and in its reduced form can function as an
antioxidant.1 Several studies have shown that coenzyme Q10

(CoQ), which is the most dominant form in humans, exerts a
protective effect on in vitro LDL oxidation when reduced,2–4

and therefore the concentration of CoQ in blood may be pro-
tective against atherosclerosis. There is a decrease in CoQ
tissue content with increasing age5,6 which may account, in
part, for the age-related increase observed in oxidative dam-
age to protein and DNA.7,8 Its concentration in tissues can
alter under various pathological conditions1 and 3-hydroxy-
3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase
inhibitors appear to reduce CoQ levels.9–11

The optimal dietary intake of CoQ is unknown. Recently
it has been reported that the average CoQ intake of the
Danish population was 3–5 mg/d.12 It is proposed that
increasing the intake of dietary sources rich in CoQ (meat and
poultry) or the administration of CoQ capsules may be bene-
ficial under certain conditions where lower plasma or tissue
levels of CoQ are found, especially in elderly adults6 or those
on cholesterol lowering medications.9–11 Orally administered
oxidized CoQ can increase the plasma concentration of
reduced CoQ, thus providing potential antioxidative protec-
tion for the LDL from lipid peroxidation and prevention of
free radical damage caused by neutrophils in inflammatory
diseases.1,2,13

It is important to obtain data on the bioavailability of
dietary supplements for several reasons. From a safety point
of view, excessive absorption of certain ingested products
may be toxic. Furthermore, if supplements are to be pre-
scribed for therapeutic or prophylactic use, bioavailability
must be taken into account in order to evaluate the efficacy
of these products.

There is evidence that fat-soluble vitamins are better
absorbed from aqueous or emulsified vehicles than from oily

preparations. Certain formulations can affect the absorption
of lipid soluble substances. Many commercial vitamin prep-
arations are formulated as compressed tablets, hardshell
gelatin capsules or soft gelatin capsules which contain a com-
plex matrix of excipients, fillers and other adjuvants. In the
present study the bioavailability of CoQ from two different
preparations was compared in order to ascertain if a new
preparation could enhance the bioavailability of CoQ over
the currently available commercial preparation.

Subjects and methods
Two different gelatin capsules containing 50 mg of CoQ were
used in this study. The commercial preparation was crys-
talline CoQ, with dicalcium phosphate as a filler and mag-
nesium stearate as an excipient, filled in a hard gelatin
capsule. The new formulation, Ensorb™ (NDS Pty Ltd, Syd-
ney, Australia), contained CoQ as a complex micelle in an
emulsion encapsulated into a soft gelatin capsule.

The bioavailability study was conducted as a randomized
two-period crossover trial. Twenty-three apparently healthy
Caucasian volunteers (12 men and 11 women) with a body
mass index between 19 and 26 kg/m2, aged 20–43 years,
were recruited for this study. Subjects with chronic disease,
those on medication or vitamin and/or mineral therapy, and
smokers were excluded from the study. All subjects were
requested to abstain from nutritional supplements for at least
2 weeks prior to the study and from alcohol for 48 h before
the study.

Subjects were asked to fast for 10 h prior to the dose
administration (i.e. from 22.00 h the night before an 08.00 h
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dose administration). Venous blood (about 4 mL) was drawn
into an EDTA tube immediately before dosing as the baseline
sample (Time 0). A single dose of CoQ (two × 50 mg cap-
sules) was administered with 200 mL of water at 08.00 h.
Blood samples were drawn at 2, 4, 6, 8, 10, 24 and 36 h after
administration. All blood samples were centrifuged within 30
min after collection and the plasma frozen at −70°C until
analysed for CoQ. The same meals were served to all subjects
in the first 10 h of the study. Breakfast was withheld until 2 h
after dosing. Lunch and afternoon tea was eaten after dosing
at 5 and 9 h, respectively. This protocol was repeated with the
other preparation after a 3-week wash-out period.

Informed consent was obtained from each subject and the
study protocol was approved by the Monash University
Standing Ethics Committee for Human Research.

High pressure liquid chromatography analysis of
coenzyme Q
Coenzyme Q is present in the blood in both oxidized and
reduced form. Plasma CoQ concentrations were determined
by modifying the high pressure liquid chromatography
(HPLC) method of Edlund.14 Before the determination of
CoQ, the samples were oxidized with ferric chloride in
hydrochloric acid. The result of the determination was there-
fore the total amount of CoQ.

In brief, plasma was mixed with ferric chloride solution
(0.1%) in the presence of diluted hydrochloric acid to allow
oxidation of reduced CoQ. The mixture was then shaken with
n-propanol, let stand at ambient temperature for 10 min, and
then centrifuged at 2100 g for 5 min. One hundred
microlitres of the supernatant were injected to the HPLC sys-
tem. Reverse-phase chromatography was carried out on an
Allsphere ODS-2, 5 µm analytical column in conjuction with
a guard column. Mobile phase was n-propanol: methanol
(75:25, by volume) containing 33 mmol/L perchloric acid
and 57 mmol/L sodium perchlorate, run at a flow rate of 1.2
mL/min. Detection was performed by UV absorption at 275
nm. Quantification was done by comparing results with the
standard curve by linear-regression analysis.

Data analysis
The area under the curve from time 0 to 36 h (AUC[0–36])
after administration was calculated as the integral of the
trapezium formed by the area between the time axis and the
CoQ concentration using the linear trapezoid method, and
did not include the basic AUC. The basic AUC was calcu-
lated as the integral from time 0 to 36 h of the trapezium
formed by the area between the time axis and the CoQ con-
centration at baseline.

The Statistical Analysis System (SAS Institute Inc, Cary,
NC, USA) software package was used for data analysis.
Descriptive statistics including means and standard devia-
tions were calculated for each continuous variable. A paired
t-test was used to evaluate differences between the two study
formulations in plasma CoQ concentration and AUC. Gender
differences in these variables were determined by a non-para-
metric Wilcoxon rank sum test. The significance level was
set at 5%.

Results
Figure 1 shows the mean plasma concentration–time profile
for both preparations. The peak plasma CoQ concentration
observed at 4 h after dosing was more pronounced with
Ensorb™ where an average increase of 130% over the base-
line concentration was observed compared with a 20.3% rise
with the powder-filled capsule (Table 1).

Total absorption of CoQ as determined from the AUC
was also greater from the Ensorb™ formulation (Table 1),
representing 927% higher than that observed with the pow-
der-filled capsule. Some subjects, however, appeared to be
better able to absorb CoQ than others and a large inter-indi-
vidual variation in the AUC was evident with both formula-
tions.

No gender differences were observed in respect of plasma
CoQ concentration at baseline or AUC. It was, however,
observed that the peak plasma CoQ concentration observed
at 4 h after Ensorb™ administration, was higher in men com-
pared with women (P < 0.05).
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Table 1. Comparison of plasma coenzyme Q10 concentra-
tion and the area under the curve following oral administra-
tion of two different formulations

Total Men Women 
(n = 23) (n = 12) (n = 11)

Emulsion in soft gelatin capsules (Ensorb™)
CoQ concentration at 605 ± 121 614 ± 132 596 ± 113

Time 0 (nmol/L)a

CoQ concentration 1366 ± 361 1534 ± 384 1183 ± 231*
at 4 h (nmol/L)

% Increase in CoQ 130 ± 61 154 ± 62 104 ± 49
concentration

AUC[0–36] 12064 ± 3961 13203 ± 3893 10821 ± 3819
(nmol/L*h)

Powder blend in hard gelatin capsules
CoQ concentration at 630 ± 165 672 ± 175 584 ± 147

Time 0 (nmol/L)
CoQ concentration 730 ± 164 736 ± 156 724 ± 179

at 4 h (nmol/L)
% Increase in 20 ± 35 12 ± 14 30 ± 47

CoQ concentration
AUC[0–36] (nmol/L*h)1586 ± 3345 415 ± 2318 2864 ± 3907

a To convert to mg/mL, multiply values with 863.4 × 10–6 AUC[0–36]: area
under the curve from time 0 to 36 h. * Significantly different from men, P
< 0.05 (Wilcoxon rank-sum test).

Figure 1. Mean plasma coenzyme Q10 concentration as a function of
time following the oral administration of either two capsules of
Ensorb™ (●) or the powder preparation (❍), each containing 50 mg
coenzyme Q10.
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Discussion
The intestinal absorption of drugs can be markedly influ-
enced by the oral dosage form as well as the formulation fac-
tors.15 Compounds formulated in soft gelatin capsules
representing liquid fills tend to be better absorbed than hard
gelatin capsules, which encapsulate a dry powder blend.16,17

It is known that surfactants, as emulsifying agents, at con-
centrations below their critical micelle concentration can
increase the solubility and dissolution rate of drugs from
dosage forms; thus the drug becomes available for absorp-
tion.18,19 In addition, surfactants can penetrate and disrupt the
normal structure of biological membranes resulting in
increased membrane permeability. This may explain the
results of the present study where the absorption of CoQ for-
mulated as an emulsion (Ensorb™) was significantly
enhanced over a powder-filled hard gelatin capsule. How-
ever, surfactants above their critical micelle concentrations
solubilize and retain the drug, thereby causing an overall
reduction in the amount of drug released and absorbed.18

Gender differences in peak coenzyme Q concentration
Gender differences in bioavailibility of CoQ have been pre-
viously reported by Weis et al.20 The difference in the AUC

values with respect to gender was observed in their study,
while the difference in the peak concentration was observed
in the present study. Nevertheless, the results of the present
study still support their suggestion that men could have bet-
ter absorption and/or a lower clearance than women.

Two-peak pattern
Plasma CoQ concentrations peaking at 4 and 24 h demon-
strated a ‘two-peak pattern’ in the concentration–time profile
which has been previously reported.20 Coenzyme Q is admin-
istered as the oxidized form and, while circulating in the
blood, it undergoes reduction, resulting in a less lipophilic
form and impaired ability of CoQ to permeate cell mem-
branes. This process could explain the two-peak pattern.20

In conclusion, the present study demonstrates that
Ensorb™ has a higher bioavailability than the commercial
formulation used in this study. The presence of surfactants in
the Ensorb™ formulation would contribute to the enhanced
solubilization and release of CoQ.
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