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Coenzyme QlO (CoQlO) is widely consumed as a food supplement because of its recognition as an important 
nutrient in supporting human health. Absorption of compounds from the gastrointestinal tract is one of the important 
determinants of oral bioavailability. However, the absorption of dietary CoQI0 is slow and limited due to its hydropho
bicity and large molecular weight. The absorption of orally applied compounds can be enhanced by interactions with 
food or food components. Thus, we investigated the effect of food intake on the absorption of CoQI0 after oral sup
plementation. In this study, we demonstrated that food intake enhanced the intestinal absorption of CoQlO. In order to 
improve intestinal absorption of CoQlO after oral supplementation, we developed an emulsion formulation. Intestinal 
absorption of CoQlO after administration of the emulsion formulation was also enhanced by food intake. Moreover, 
the peak concentration and the extent of absorption after administration of the emulsion formulation were greater than 
those after administration of a suspension formulation. It is possible that administration of CoQlO in an emulsion for
mulation enhances the pharmacological effects of CoQlO. 
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INTRODUCTION 

Coenzyme QID (CoQID) functions in its reduced 

form as an antioxidant, protecting biological mem

branes and serum LDL from lipid peroxidation.l-3) 

CoQID is a ubiquitous compound vital to a number of 

activities related to energy metabolism. Humans, by 

nature, have the ability to produce CoQID. However, 
this ability starts to decline at the age of 20 years and 

the amount of CoQ 10 in the body decreases rapidly 
after the age of 40 years.4) The importance of CoQID 

for living organisms has been illuminated by reports 

of genetic disorders in which CoQ 10 synthesis is 
impaired.S) 

CoQlO is widely consumed as a food supplement 

because of its recognition as an important nutrient in 

supporting human health. The rationale for the use of 

CoQ 10 as a therapeutic agent in cardiovascular and 

degenerative neurologic and neuromuscular diseases 

is based on its fundamental role in mitochondrial 

function and cellular bioenergetics. There are data 

supporting the therapeutic value of CoQ 10 as an ad

just to standard medical therapy in cardiovascular 

diseases.6- 8) There are also data indicating beneficial 
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effects of CoQ 10 in patients with diabetes and 
cancer. 9 ,1O) 

Absorption of compounds from the gastrointesti

nal tract is one of the important determinants of oral 

bioavailability. However, the absorption of dietary 

CoQ 10 is slow and limited due to its hydrophobicity 

and large molecular weighL 11 ) The absorption of 

orally applied compounds can be enhanced by inter

actions with food or food components. Thus, we 

focused on the effect of food intake on the absorption 

of CoQID after oral supplementation. However, there 

are various effects of food intake on drug absorption. 

Food intake has been found to enhance absorption in 

some cases but to weaken absorption in other cases. 

The aim of this study was to determine the influence 

of food intake on the pharmacokinetics of CoQlO af

ter oral administration. In order to improve intestinal 

absorption of CoQ 10 after oral supplementation, we 

developed an emulsion formulation. We investigated 

the effect of food intake on the pharmacokinetics of 

CoQID after oral administration of the emulsion for

mulation. 

MATERIALS AND METHODS 

Chemicals CoQID powder and emulsion for-

mulation of CoQ 10 were kindly supplied by Kougen 



1252 Vol. 127 (2007) 
------------ .-~ ---

Co., Ltd. (Shizuoka, Japan: manufactured by 
Zhejiang Medicine Co., Ltd. Xinchang Pharmaceuti
cal Factory). All other reagents were of the highest 
grade available and used without further purification. 

Animals Male Wi star rats, aged 7 to 9 weeks 
(200~250 g in weight), were obtained from Jla 

(Tokyo, Japan). The housing conditions were the 
same as those described previously. 12) The rats were 

housed at least 1 week at 23±3°C and 50±1O% rela
tive humidity and were maintained on a 12 h light/ 
dark cycle. During the acclimatization the rats were 

allowed free access to food and water. The ex
perimental protocols were reviewed and approved by 
the Hokkaido University Animal Care Committee in 
accordance with the "Guide for the Care and Use of 
Laboratory Animals". 

In vivo Administration Study To determine the 
effect of food-intake on the absorption of CoQ 10, the 
rats were divided into two groups: a control group in 
which rats were fasted for 14 h prior to the experi

ments and a food-intake group in which rats were al
lowed free access to food. Rats were anaesthetized by 
an intraperitoneal (i.p.) injection of 50 mg/kg sodi

um pentobarbital. The rats were fixed after the opera
tion. CoQ 10 was administered in a suspension or 
emulsion (25 mg/kg body weight) . Sequential blood 
samples were obtained from the femoral vein. Plasma 
was obtained by centrifugation (850 x g for 10 min) . 

In situ Absorption Study Rats were fasted for 
14 h prior to the experiments and a food-intake group 
in which rats were allowed free access to food. Rats 
were anaesthetized by an i.p. injection of 50 mg/kg 
sodium pentobarbital. The rats were fixed after the 
operation. A small midline incision was made in the 
abdomen. A lO-cm-Iong loop of the jejunum was 
identified and ligated at both ends. Five hundred ,ul of 

CoQlO (2.5 mg/ml of CoQlO) was administered 
directly into the loops. Intestinal contents were taken 
from the loops at 30 min after injection. 

Analytical Procedures Coenzyme QlO was de-
termined by HPLC using absolute calibration curve 
method. HPLC method and sample processing were 
modified as described by Lu et al.l3) with minor 

modification. Two hundred,ul of CoQlO solutions in 

absolute methanol was added to 100,u1 of plasma to 
prepare the calibration curves. One hundred ,ul of 
specimens was diluted three fold with methanol. Af
ter vortexing, the sample was extracted with 1 ml of 
n-hexane. After shaking the mixture vigorously, the 

sample was centrifuged at 2000 x g for 5 min at 4°C. 
Nine hundred ,ul of the organic layer was evaporated 
to dryness under a gas stream. The residue was redis

solved in 100,u1 of mobile phase for HPLC injection. 
The concentration of CoQ 1 0 was determined using an 
HPLC system equipped with a JASCO 880-PU pump 
and a 870-UV UV-vis detector. The column was a GL 
Science ODS-2 (5,um in particle size, 4.6 mm in in
side diameter x 250 mm) . A mobile phase containing 
2-propanol/methanol/THF (55/39/6) was used. The 
column temperature and flow rate were 40°C and 1.0 
ml/min, respectively. The wavelength for detection 
was 275 nm. Forty ,ul of sample was injected into the 

HPLC system. We used CoQ 10 powder for a stand
ard solution. Calibration curve was constructed in the 
concentration range of 0-2.4 mg/l. The absolute 
recoveries of CoQ 1 0 were estimated by comparison of 
the area increments after extraction from plasma to 
that obtained after direct injection of a solution. 
CoQ 1 0 extraction yielded significant recoveries (65 
%) and showed the best reproducibility. 

Data Analysis A two-compartment model was 
fitted to the plasma data using Origin 6.1 J. The 
parameters in this model are D (dose of administra
tion), /(21 (rate constant for transfer from the 
peripheral to central compartment, and V (volume of 
distribution). The area under the plasma concen
tration-curve (AUC) was estimated by the trapezoi
dal rule. Student's t-test was used for statistical analy

sis, and a value of p<0.05 was considered significant. 

RESULTS AND DISCUSSION 

CoQlO is a ubiquitous compound vital to a number 
of activities related to energy metabolism. Since dys
functional energy metabolism has been shown to be a 
factor contributing to a number of conditions, dietary 
supplementation of CoQlO has been used in the treat
ment of cardiac, neurologic, oncologic and immuno
logic disorders. 14) However, CoQlO is taken up from 
the intestine at a low rate.li) Since the absorption of 

orally applied compounds can be enhanced by the 
presence of food components, we focused on the 
effect of food intake on absorption of CoQlO. 

In the first part of this study, we investigated the 
effect of food intake on plasma concentration of 

CoQ 10 after single oral administration of CoQ 10 in a 
suspension. Figure 1 shows the plasma concentration 
of CoQ 10 after oral administration. Pharmacokinetic 
parameters are listed in Table 1. The time to reach 
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Fig. 1. Time Profile of Plasma Concentration of CoQI0 after 
Oral Administration (25 mg/kg Body Weight) of a Suspen~ 
sion 

Each point represents the mean with S.E. of 3-6 measurements. 

Table 1. Effect of Food Intake on Kinetic Parameters of 
CoQlO after Oral Administration of a Suspension 

Fast 

Fed 

emax (flg/ml) 

0.31 

0.70 

3.64 

1.13 

AUC (flg him!) 

3.99 

6.86 

maXImum (Tmax) in the food-intake group was three
times shorter than that in the control group. This 
finding suggests that intestinal absorption of CoQ 1 0 

is 3-fold faster with food intake. Moreover, the peak 
concentration (Cmax ) and AVC of the food-intake 
group were almost 2-fold greater than those of the 
control group. These results suggest that food intake 
enhanced the intestinal absorption of CoQlO. 

Although the mechanism of uptake of CoQ 10 has 
not been studied, solubility of compounds is one of 
the most critical issues. The use of a lipid-based for

mulation seems promising as a strategy to overcome 
the problem of poor solubility. 15,16) We therefore 

tried to improve the intestinal absorption of CoQ 10 
by using an emulsion formulation. In the second part 
of this study, we investigated the intestinal absorption 
of test formulations of CoQlO in an in situ loop 
study. The intestinal absorption of CoQ 10 is shown in 
Fig. 2. The residual amount of CoQlO after adminis

tration in suspension was almost the same as the 
amount of CoQ 10 administrated. This finding indi
cated that the absorption of CoQlO after administra
tion in a suspension is poor. The residual amount of 

CoQlO after administration in an emulsion formula-
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Fig. 2. Residual Ratio of CoQlO in the Intestinal Loop 
CoQlO (1.25 mg) was administered into the loop. Intestinal contents 

were taken from the loops at 30 min after injection. Each column represents 
the mean with S.E. of 3 measurements. ''p<0.05, significantly different. 

tion was significantly smaller than that after adminis
tration in a suspension. This result indicated that the 
absorption of CoQlO was improved by using the 
emulsion formulation. 

The above-described findings indicated the possibil
ity that absorption of CoQ 10 can be improved by us
ing both an emulsion formulation and food intake. In 
the last part of this study, we therefore investigated 

the effect of food intake on the intestinal absorption 
of an emulsion formulation of CoQlO. Figure 3 
shows the plasma concentration of CoQ 10 after oral 

administration of the emulsion formulation. Phar
macokinetic parameters are listed in Table 2. Tmax of 
the food-intake group was two-times shorter than 
that of the control group. This finding suggests that 

intestinal absorption of CoQlO is 2-fold faster with 
food intake. Moreover, Cmax and AVC of the food
intake group were 5-fold and 2-fold greater than 
those of the control group, respectively. These results 
suggest that intestinal absorption of CoQ 10 after ad
ministration of the emulsion formulation was also en
hanced by food intake. Tmax , Cmax and AVC after ad
ministration of the emulsion formulation in the food
intake group were three-times smaller, eight-times 

larger and five-times larger, respectively, than those 
after administration of the suspension in the control 
group. These findings suggest that the development of 
appropriate dosing regimens using emulsion formula
tion of CoQlO with food supplementation may offer 
improved pharmacological effects. In addition to 
food components, bile acids are also known to en
hance the intestinal absorption of poorly water-solu

ble drugs. Food intake stimulates biliary excretion of 
bile acids. This absorption process is carried out by 

micelles. The formation of micelles and incorporation 
of poorly water-soluble drugs into micelles are 

thought to be important for absorption. Since bile 
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Fig. 3. Time Profile of Plasma Concentration of CoQ 10 after 
Oral Administration (25 mg/kg Body Weight) of an Emul
sion Formulation 

Each point represents the mean with S.E. of 3 measurements. *p<O.05, 
significantly different. 

Table 2. Effect of Food Intake on Kinetic Parameters of 
CoQlO after Oral Administration of an Emulsion Formula
tion 

Fast 

Fed 

emax (flg/m!) 

0.55 

2.52 

Tmax (h) 

2.91 

1.21 

AUC (fig h/ml) 

8.50 

19.3 

acids are essential for micelle formation, they are 

needed for the intestinal absorption of poorly water

soluble drugs. With regard to the effect of food intake 

on the plasma concentration of CoQ 10 after oral ad

ministration, it is possible that some food compo

nents or bile acids play important roles in the intesti

nal absorption of CoQI0. 

In summary, we have demonstrated that a higher 

plasma concentration of CoQ 10 was achieved by us

ing an emulsion formulation and food intake. Benefi

cial effects of CoQlO supplementation have been ob

served in both experimental models and human 

patients. 17,18) It is possible that administration of 

CoQ 10 in an emulsion formulation enhances the 

pharmacological effects of CoQlO. Further studies 

are needed to assess the pharmacological effects of 

CoQlO using an emulsion formulation and to eluci

date the mechanisms by which food components or 

bile acids increase the bioavailability of CoQlO. Such 

investigations will provide important information for 

improving the pharmacological effects of CoQlO. 
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