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An extract from the fruits of black pepper consisting of a minimum of 98% pure piperine was evaluated in
a clinical study using a double-blind design. The relative bioavailability of 90 mg and 120 mg of coenzyme
Q10 administered in a single-dose experiment or in separate experiments for 14 and 21 days with placebo
or with 5 mg of piperine was determined by comparing measured changes in plasma concentration. The
inter-subject variability was minimized by limiting the selection of individuals to healthy adult male
volunteers with (presupplementation) fasting coenzyme Q10 values between 0.30 and 0.60 mg/L. The results
of the single-dose study and the 14-day study indicate smaller, but not significant, increases in plasma
concentrations of coenzyme Q10 in the control group compared with the group receiving coenzyme Q10 with
a supplement of piperine. Supplementation of 120 mg coenzyme Q10 with piperine for 21 days produced a
statistically significant (p 5 0.0348), approximately 30% greater, area under the plasma curve than was
observed during supplementation with coenzyme Q10 plus placebo. It is postulated that the bioenhancing
mechanism of piperine to increase plasma levels of supplemental coenzyme Q10 is nonspecific and possibly
based on its description in the literature as a thermonutrient.(J. Nutr. Biochem. 11:109 –113, 2000)
© Elsevier Science Inc. 2000. All rights reserved.
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Introduction

Piperine belongs to a group of compounds known as
“vanilloids,” because they are distinguished by the pres-
ence of a chemical group based on the structure of
vanillin. Piperine is a naturally occurring compound
present as the major pungent ingredient (1–9%) in
various parts of plants from the familyPiperaceae.1

Piperine, an alkaloid (1-peperoyl piperidine), has been
previously evaluated for its potential to enhance the
serum levels of drugs and nutrients in animals and
humans.2–9 Compounds studied include drugs such as
vasicine,2 pyrazinamide,3 rifampicin,4 isoniazid,3 pro-
pranolol,5 theophylline,5 and phenytoin,6 and nutrients8,9

such as fat soluble beta-carotene, water soluble vitamin
B6, vitamin C, and the mineral selenium in the form of
L-selenomethionine. The results of clinical studies of
piperine with drugs indicate that piperine administered
orally at a single dose of 20 to 50 mg may significantly
increase serum drug levels by reducing the clearance of
drugs, both naturally derived and synthetic. This effect is
primarily due to piperine’s ability to inhibit (by a
noncompetitive mechanism) the xenobiotic (drug) metab-
olizing enzymes when administered in a high dose.3,4 On
the other hand, the increased nutrient absorption in the
presence of piperine appears to be independent of the
inhibition of the biotransforming enzymes and has been
achieved with as little as 5 mg of piperine coadministered
with the supplemented nutrient.8,9

The purpose of the this study was to compare the
serum response to the biologically important nutritional
compound coenzyme Q10, administered to healthy male
volunteers with piperine or a placebo under various
treatment protocols.

This work was funded by Sabinsa Corporation. Sabinsa is a manufacturer
of piperine and coenzyme Q10.
Address correspondence to Dr. Vladimir Badmaev, Sabinsa Corporation,
121 Ethel Road West, Unit 6, Piscataway, NJ USA.
Received August 3, 1999; accepted October 28, 1999.

J. Nutr. Biochem. 11:109–113, 2000
© Elsevier Science Inc. 2000. All rights reserved. 0955-2863/00/$–see front matter
655 Avenue of the Americas, New York, NY 10010 PII S0955-2863(99)00074-1



Materials and methods

Subjects

Twelve healthy adult male subjects were enrolled in this study.
Prior to selection, the prospective subjects were instructed regard-
ing the study design and its objectives. All individuals were given
an opportunity to ask questions regarding the proposed study, and
the volunteers gave their written informed consent. The subjects,
aged 20 to 47 years, were in good health and were nonsmokers and
nondrinkers of alcohol (less than one alcoholic drink per day was
allowed). In addition, they had not taken any type of medication,
prescription or over-the-counter, or used any nutritional supple-
ments during the 4 months prior to the study. Inclusion in the study
was restricted to individuals who had never ingested coenzyme
Q10 supplements and who also provided two consecutive (1 week
apart) fasting baseline plasma coenzyme Q10 values between 0.30
and 0.60 mg/L.

All subjects stayed on their self-selected diets. They were
instructed not to change their eating habits, particularly with regard
to fruit or vegetable consumption, during the supplementation
period. From day 0 until day 21, the subjects were provided with
a standard breakfast that consisted of 8 oz. of whole milk and a
large Danish pastry (15 g fat).

The experimental protocol was reviewed and approved by the
Institutional Review Board at Our Lady of Mercy Medical Center
(Bronx, NY USA). The study was performed at the Biomedical
Research Laboratory of Our Lady of Mercy Medical Center
(Bronx, NY USA).

Formulations tested

The control group received a GNC (General Nutrition Center) Pro
Performance Brand coenzyme Q10 soft-gel capsule (30 mg of
coenzyme Q10 per capsule), plus a two-piece, hard-shell placebo
capsule provided by Sabinsa Corp. (Lot # RD/BPP/02; Piscataway,
NJ USA). They were administered together in a single dose (90 mg
of coenzyme Q10), 14 day supplementation (90 mg of coenzyme
Q10 per day) and 21 day supplementation (120 mg of coenzyme
Q10 per day). The active group received coenzyme Q10 soft-gel
capsules and a two-piece, hard-shell capsule containing 5 mg
piperine provided by Sabinsa Corp. (Lot # RD/BPC/02). A specific
brand of piperine, Bioperinet, was used in the study. Bioperine is
composed of a minimum of 98% pure alkaloid piperine extracted
from the fruits of black pepper (Piper nigrum Linn).8,9

Experimental design

The subjects were randomly assigned into two groups of six
subjects each. After assignment, each volunteer arrived at the
laboratory between 6:30 and 7:30am following an overnight fast
on study days27 and 0. On both occasions, a fasting blood sample
was collected from each subject for determination of two baseline
plasma coenzyme Q10 measurements. Immediately following the
collection of the second baseline blood sample (day 0), each
volunteer was started on a particular experimental dosing regimen.
The ingestion of the supplement on an empty stomach was fully
supervised (in the presence of an appointed supervisor), and 30
minutes later the standardized breakfast was eaten (8 oz. of whole
milk and a large Danish pastry). In the single-dose study, fasting
blood samples were collected for coenzyme Q10 analysis at
intervals of 2, 4, 5, 6, 7, and 8 hours; in the 14-day study, fasting
blood samples were collected for plasma coenzyme Q10 analysis
on days 2, 4, 7, 10, and 14; and in the 21 day study, fasting blood
samples were collected for plasma coenzyme Q10 analysis on days
4, 7, 10, 14, and 21.

Sample collection and analysis

Blood samples were collected in 7 mL vacutainer tubes that
contained ethylendaimine-tetraacetic acid (EDTA) for the antico-
agulant and placed in a test tube rack that was protected from heat
and light. Plasma was separated by centrifugation (4°C, 15 min,
1,2003 g) within 60 minutes of collection. Immediately following
centrifugation, plasma was transferred to 2 mL cryogenic vials and
stored at285°C until analysis. Coenzyme Q10 analyses were
completed within 3 weeks of collection by reversed-phase high
performance liquid chromatography (HPLC).10

The area under the plasma concentration curve (AUC) of
coenzyme Q10 was calculated as follows:
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wheret refers to the day following initiation of supplementation,I
refers to the specific sampling period, andv equals the plasma
coenzyme Q10 level at theti period. The variablev0 at period one
is the arithmetic mean of two baseline measurements.

Statistical data analysis

Analysis of variance andt-tests were used to test the null
hypothesis that the means of the baseline coenzyme Q10 values
were equal across the two groups, that the mean absolute (and
relative) change in plasma coenzyme Q10 values between baseline
and each data point during the ingestion period was equal for the
two groups, and that the mean area under the plasma coenzyme
Q10 curve was equal for the two formulations.11

Results

Hourly changes in coenzyme Q10 plasma values
following single-dose administration of 90 mg
coenzyme Q10 with placebo or with 5 mg piperine

The single-dose administration of 90 mg coenzyme Q10
with placebo or with piperine indicated a wide variation in
the plasma coenzyme Q10 levels in the 12 subjects. The
numerically higher net plasma increases (mg/L) were found
in the group receiving coenzyme Q10 with piperine rather
than in the group receiving coenzyme Q10 with placebo
(Table 1). In addition, the Tmax for the coenzyme Q10 and
piperine group was attained 1 hour sooner than the Tmax for
the control group (6 versus 7 hours;Figure 1). However, the
differences between the two dosing groups were not statis-
tically significant.

Table 1 Hourly changes in coenzyme Q10 plasma values following a
single dose administration of 90 mg coenzyme Q10 either with placebo
or with 5 mg piperine in 12 volunteers

Time (hr)

Mean increase in plasma coenzyme
Q10 levels (mg/L)

Q10 1 placebo group Q10 1 piperine group

0 0.435 6 0.145 0.413 6 0.117
2 0.598 6 0.138 0.576 6 0.11
4 0.720 6 0.111 0.741 6 0.083
5 0.788 6 0.091 0.825 6 0.125
6 0.840 6 0.106 0.846 1 0.143
7 0.853 6 0.208 0.808 6 0.2
8 0.763 6 0.119 0.733 6 0.107
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Absolute changes in plasma coenzyme Q10 from
baseline to day 14

The mean absolute change (change from baseline to post-
supplementation value) in plasma coenzyme Q10 values
and the mean AUC from baseline to day 14 were numeri-
cally greater for the active group (90 mg coenzyme Q10
plus 5 mg piperine per day) than for the placebo group
(daily 90 mg coenzyme Q10 with placebo). The mean
baseline coenzyme Q10 value was 0.446 0.09 mg/L for the
active group and 0.466 0.13 mg/L for the placebo group.
The mean absolute change after 14 days of supplementation
was 0.216 0.04 mg/L and 0.196 0.07 mg/L, respectively;
and the mean AUC was 1.0986 0.439 and 1.0276 0.441
(mg/L) 3 (days), respectively. However, changes in the
active group were not significantly different from the values
determined for the control group.

Absolute changes in plasma coenzyme Q10 from
baseline to day 21

The mean absolute change in plasma coenzyme Q10 values
and the mean AUC from baseline to day 21 were signifi-
cantly greater for the active study than for the placebo study
(Table 2).

Coadministration of 5 mg piperine with 120 mg coen-
zyme Q10 daily resulted in a statistically significant (p 5
0.0369) absolute increase in plasma levels of coenzyme Q10
of 1.12 mg/L compared with the absolute increase of 0.85
mg/L in the control group (approximately 32% greater
increase in active versus control group;Table 2). Corre-
sponding values measured as the area under the plasma
coenzyme Q10 curve in the active group receiving piperine
were higher and statistically significant (p 5 0.0348) when
compared with the control group (15.38 and 11.81 mg/L;
approximately 30% greater increase in active versus control
group;Table 2).

Discussion

This study is one in a series of clinical trials conducted on
the alkaloid piperine to explore the use of this compound
and the mechanism(s) by which it enhances the gastrointes-
tinal absorption of nutrients. The selected nutrient, coen-
zyme Q10, is different from previously studied vitamins and
minerals because the body synthesizes it. The increased
plasma response to supplemental coenzyme Q10 is of
clinical significance because its deficiency has been found
in patients with breast cancer and nonmalignant breast

Figure 1 Hourly changes in coenzyme Q10
plasma values following single dose adminis-
tration of 90 mg coenzyme Q10 either with
placebo or with 5 mg piperine in 12 volunteers.

Table 2 Absolute change in plasma coenzyme Q10 from baseline to day 21 of daily ingestion of 120 mg coenzyme Q10 with placebo or with a
concurrent dose of 5 mg piperine in 12 volunteers

Treatment

Mean baseline
value 6 SD

coenzyme Q10 mg/L

Mean absolute
change 6 SD

coenzyme Q10 mg/L

Mean area under the
curve (AUC)

(mg/L)x (days)

Coenzyme Q10 1 placebo 0.50 6 0.09 0.85 6 0.20* 11.81 6 2.66†

Coenzyme Q10 1 piperine 0.49 6 0.09 1.12 6 0.20* 15.38 6 2.40†

* Difference between mean absolute change in placebo and active group statistically significant (p 5 0.0369).
† Difference between mean absolute change in placebo and active group statistically significant (p 5 0.0348).
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tumors.12 Low levels of coenzyme Q10 have been found in
patients with insulin dependent diabetes mellitus,13 patients
with severe ischemic heart disease,14 and endurance trained
individuals.14 Supplementation with coenzyme Q10 has
been shown to be beneficial for the treatment of congestive
heart failure,15 dyslipidemia,16 complications of diabetes,17

Parkinson’s syndrome18 and as a potential therapy for some
forms of male infertility.19

The normal plasma levels of coenzyme Q10 reported in
literature vary. According to one report, it is between 0.36
and 0.8 mg/L for men,20 whereas a range of 0.46 to 0.57
mg/L for men and women is reported by other researchers.21

The levels of coenzyme Q10 in different age groups were
reported as follows:,30 years, 0.426 0.16 mg/L; 30 to 49
years, 0.486 0.22 mg/L;.50 years, 0.476 0.10 mg/L.21

The breakdown of normal coenzyme Q10 values based on
gender showed 0.496 0.21 mg/L plasma levels in men and
0.44 6 0.15 mg/L plasma levels in women. Supplemental
coenzyme Q10 is poorly absorbed from the digestive tract
and is slowly eliminated from plasma, with a long plasma
half-life of 33.196 5.32 hours.22

The current study tested three dosing regimens of coen-
zyme Q10 with and without an additional supplement of 5
mg piperine: a single-dose study evaluating the absorption
rate of 90 mg coenzyme Q10 within 8 hours, 14-day
administration of 90 mg coenzyme Q10 per day, and 21-day
administration of 120 mg of coenzyme Q10 per day. The
inclusion criterium for participants in this study was a
plasma level of coenzyme Q10 of 0.30 to 0.60 mg/L. To
further minimize the inter-subject variability, this initial
evaluation of the effects of piperine on coenzyme Q10
bioavailability was carried out selectively with healthy,
young male volunteers only.

The plasma response to coenzyme Q10 administered in a
single dose, as well as in the course of 14-day supplemen-
tation, resulted in a wide variation of coenzyme Q10 plasma
levels in the control and piperine subjects. The numerically
higher net plasma levels of coenzyme Q10 obtained in both
these experiments within the piperine groups were not
significantly higher than those in the respective control
groups. Nevertheless, the results from these experiments
suggest that piperine may exert a bioenhancing effect on
coenzyme Q10 gastrointestinal absorption.

The third experiment involving the coadministration of 5
mg piperine with 120 mg coenzyme Q10 once daily for 21
days showed significant increase in the plasma levels of
coenzyme Q10 in comparison to the control group. The
increase in the AUC was 30%, whereas the absolute change
in the plasma values was 32%.

Our results suggest that piperine supplementation may
result in improved absorption of coenzyme Q10 in healthy
subjects. It also appears that a longer period of coadminis-
tration of piperine with 120 mg rather than 90 mg of
coenzyme Q10 per day may result in significantly better
absorption of coenzyme Q10 as measured by its plasma
levels.

The mechanism(s) by which piperine increases the ab-
sorption of coenzyme Q10 is likely nonspecific and operates
directly in the gastrointestinal tract. These mechanisms,
based on literature data, may involve increased gastrointes-
tinal blood supply,23 increased micelle formation,23 and

epithelial cell wall modification due to the lipophilic nature
of the compound.24 The most interesting mode of action of
piperine may be due to its postulated thermogenic25 prop-
erties and the increase in bioenergetic processes26 in the
gastrointestinal epithelium described in our previously pub-
lished study on itsthermonutrientactivity.8

This preliminary report on increased gastrointestinal
absorption of the coenzyme Q10 with piperine presents an
interesting concept to be further evaluated. The combined
supplementation of coenzyme Q10 with piperine may be a
practical approach to enhance this nutrient bioavailability,
especially in patients diagnosed with low plasma levels of
coenzyme Q10 and in elderly individuals with poor gastro-
intestinal absorption.
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