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Abstract A new method for the analysis of ubiquinones
in various samples was developed using an HPLC system
with postcolumn derivatization. Craven’s reaction, a specific
color reaction for the analysis of ubiquinones, was used in
the system. Because the reaction progressed in organic sol-
vents that contained ubiquinones and ethylcyanoacetate
under an alkaline condition, the selectivity for ubiquinone
detection was higher than that for ubiquinone detection
using the nonderivatized ultraviolet detection system at
275 nm, a system widely used for the analysis of ubiqui-
nones. The new detection system can avoid the adverse ef-
fects of impurities. Furthermore, it can confirm specificity
by stopping the color reaction under a neutral condition.
The detection limit for ubiquinone-10 was 1 ng (1.2 pmol).
A good linearity for the calibration curve was observed in
the range of 11.7 pmol to 11.7 nmol. To investigate the pos-
sible application of this method, various samples, such as
soybean capsules used as a dietary supplement and biolog-
ical materials (rice as well as bovine plasma and liver sam-
ples), were applied to the system and their ubiquinone
contents were quantified. This method is thought to be
widely and conveniently applicable for determining the level
of ubiquinones because of its high selectivity for ubiquinone
detection.—Shimada, H., D. Kodjabachian, and M. Ishida.
Specific and rapid analysis of ubiquinones using Craven’s
reaction and HPLC with postcolumn derivatization. J. Lipid
Res. 2007. 48: 2079–2085.
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Ubiquinone, also known as coenzyme Q, belongs to
the fat-soluble component in aerobic organisms and is
widely distributed in nature with varying lengths of the
side chain isoprene units (1, 2). Ubiquinone is important
as an electron carrier in the mitochondrial electron trans-
port system (1, 3, 4) and is useful for producing ATP.
Ubiquinone-10, which has 10 isoprene units, is particularly
important because it is found in the humanmitochondrial
respiratory chain. Ubiquinones are indispensable compo-

nents for the maintenance of normal cellular functions,
and their other biological functions, such as antioxidant
functions, have been discussed (5–13). Rosenfeldt et al.
(14) concluded that ubiquinone-10 administration im-
proves the recovery of the mitochondrion and cardiac
myocyte from stress. Thus, recently, various products con-
taining ubiquinone-10 have been widely distributed,
namely, foods for promoting body function, dietary sup-
plements, cosmetics, and pharmaceutical products.

The general methods for the determination of the
amount of ubiquinones in a substance are HPLC with ultra-
violet detection (15–18) and HPLC with electrochemical
detection (19–23). Electrochemical detection is used for
high-sensitivity detection, whereas ultraviolet detection is
most widely used because of its ease of application. The
appropriate ubiquinone detection method should be se-
lected depending on the purpose of the analysis. Other
methods for ubiquinone analysis have also been studied
(24–27). However, in some cases, much of the time involved
in carrying out ubiquinone analysis is spent avoiding the
adverse effects of impurities. Thus, the specificity of the de-
tection method is important for the quantification of ubi-
quinones. Although there have been many opportunities
for the analysis of various samples containing ubiquinones
(e.g., ubiquinone-containing products and biological mate-
rials), the development of a widely usable analysis method
for ubiquinones has been difficult. Various products and
biological materials may contain many impurities that inter-
fere with ubiquinone detection, and the contents of ubi-
quinones in various samples also differ. To overcome these
constraints, we have applied a highly selective detection sys-
tem for ubiquinones using an HPLC separation system and
developed a new method of ubiquinone analysis for various
products and biological materials.

Craven’s reaction, a specific color reaction for quinones,
was first reported by Craven in 1931 (28) and has been
applied to the quantitative determination of ubiquinones
(26, 27). This color reaction produces a blue product by
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displacing the methoxyl moieties of ubiquinones to active
methylene compounds such as ethylcyanoacetate under
an alkaline condition (29, 30). However, it is difficult to
quantify the exact amount of ubiquinone accurately, be-
cause the blue product is not stable in the reaction
mixture. Blue changes to green in several minutes (29).
Moreover, Craven’s reaction cannot distinguish specific
ubiquinone species. Toovercome theseproblems,Craven’s
reaction was applied to an HPLC postcolumn on-line sys-
tem. The color reaction is fixed because it can be set to
a suitable time in the reaction tube (the reaction time
is dependent on the tube volume). Ubiquinone species,
such as ubiquinone-9 and ubiquinone-10, can also be sep-
arated using an analytical column and distinguished by
determining the retention time of each species. To assem-
ble the HPLC ubiquinone detection system, expensive
devices are not needed. To investigate the possible appli-
cation of this method, various samples containing ubiqui-
nones were tested using the system and their ubiquinone
contents were quantified accurately.

Ubiquinone-10-containing capsules arewidely distributed
in the health food industry as a dietary supplement. How-
ever, detailed information on the contents of each product
is not open to the public. Moreover, it is difficult to obtain
a placebo sample, which is useful for validating the ana-
lytical method. Accordingly, we developed a ubiquinone-
10-containing soybean capsule and a placebo sample using
the methods of Andersson (16). Samples obtained from a
soybean capsule were tested using the system, and the ac-
curacy and precision of the new method were investigated.

To determine the ubiquinone content of biological ma-
terials, rice samples at two polishing stages were used as
food samples, and bovine plasma and liver samples were
used as mammalian samples. In this study, we aim to de-
velop a specific method to accurately determine the ubi-
quinone content of various samples, such as dietary
supplements and biological materials.

MATERIALS AND METHODS

Chemicals

HPLC-grademethanol, ethanol, chloroform, and hexane as well
as ethylcyanoacetate were purchased from Wako Pure Chemical

Industries, Ltd. (Osaka, Japan). All other chemicals were of ana-
lytical grade. Bovine plasma and liver samples were purchased
from Funakoshi Co., Ltd. (Tokyo, Japan), and Tokyo Shibaura
Zouki Co., Ltd. (Tokyo, Japan), respectively. The polished rice and
brown rice (Koshihikari) were generous gifts fromMr. T. Ikeda.

HPLC apparatus and construction of the postcolumn
derivatization system

The postcolumn derivatization system developed is shown
schematically in Fig. 1. LC-10ADvp (Shimadzu Co., Ltd., Kyoto,
Japan) and Nanospace SI-1 (Shiseido Co., Ltd., Tokyo, Japan)
pumps were used for pumps A and B, respectively. An SIL-
10ADvp autoinjector (Shimadzu) and an SPD-M20A diode array
spectrophotometer (Shimadzu) were also used in the system.
A postcolumn reaction was performed on a 50 ml mixer and a
reaction coil (0.25 mm inner diameter 3 7.5 m; Shimadzu). A
regulator was used to stabilize the pressure of pump B (pres-
sure was adjusted to 3.5 MPa). A CTO-10ADvp column oven
(Shimadzu) was used to heat the analytical column and reaction
coil at 45jC. A Capcellpak C18 UG 120A column (4.6 mm inner
diameter 3 750 mm, 3 mm particle size; Shiseido) was attached
to the front of the mixer. The mobile phase, supplied by pump A,
was composed of 100 mM ethylcyanoacetate in ethanol-methanol
(1:1, v/v) at a flow rate of 0.4 ml/min. The reaction solution, sup-
plied by pump B, was composed of 0.4 M potassium hydroxide in
distilled water-ethanol (3:2, v/v) at a flow rate of 0.06 ml/min.
Twenty microliters of a sample was applied to the system, and the
chromatogram was plotted at an absorption frequency of 635 nm.

Characterization of the method

To confirm the effect of Craven’s reaction, 234 pmol (202 ng)
of ubiquinone-10 (Table 1) was applied to the system (reac-
tion condition). Subsequently, the sample was reanalyzed using
water-ethanol (3:2, v/v) instead of the reaction solution (non-
reaction condition).

To investigate the detection limit and dynamic range for ubi-
quinone quantification, 1 mg/ml ubiquinone-10 was prepared
in ethanol-n-hexane (95:5, v/v), and the solution was diluted to a
suitable concentration from 0.03 to 504 mg/ml with the solution
from the mobile phase, as shown in Table 1. The possibility for
ubiquinone quantification was considered by determining the
linearity of the calibration curve.

To investigate repeatability, 117 pmol (101 ng) of ubiquinone-
10 was applied repeatedly six times to the system.

Extraction of ubiquinone-10 from the soybean capsule

A soybean capsule was prepared as follows. Solutions of 20,
100, and 200 mg/g ubiquinone-10 were prepared using soybean

Fig. 1. HPLC postcolumn derivatization system for ubiquinone analysis using Craven’s reaction.
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oil warmed at 45jC. Aliquots of 0.3 g of solutions containing 6,
30, and 60 mg of ubiquinone-10 were placed into hard gelatin
capsules, and the capsules were preserved in a container covered
with aluminum foil. For a placebo sample, 0.3 g of soybean oil
was placed into a hard gelatin capsule.

The capsule was opened and 50 ml of the n-hexane was poured
into a volumetric flask using a funnel. Two and one-half milli-
liters of the solution was taken and diluted to a final volume of
50 ml with 1.2 mM FeCl3 in ethanol-methanol (1:1, v/v). After
allowing ubiquinol oxidation to occur (2 h), 20 ml of each sam-
ple was applied to the system. For ubiquinone quantification,
standard solutions of 5, 15, 30, 50, and 75 mg/ml ubiquione-10
were also prepared.

Extraction of ubiquinones from rice samples

Approximately 1 g each of brown rice and polished rice sam-
ples was ground to fine flour on a mortar. Two-tenths of a gram
of each sample was transferred to a test tube for centrifugation.
The samples were suspended in 2 ml of methanol-1-propanol-n-
hexane (3:2:1, v/v/v) and ultrasonicated for 3 min. The mix-
tures were then centrifuged at 2,500 rpm for 5 min, and the
supernatant of each sample was collected. The residues were
reextracted by adding 2 ml of methanol-1-propanol-n-hexane
(3:2:1, v/v/v). The supernatants were evaporated to remove the
organic solvent and dissolved with 0.1 ml of 1.2 mM FeCl3 in
ethanol-methanol (1:1, v/v). After allowing ubiquinol oxidation
to occur (2 h), 20 ml of each sample was applied to the system. For
ubiquinone quantification, standard solutions of 0.5, 2, 4, 6, and
10 mg/ml ubiquione-10 were also prepared.

Extraction of ubiquinones from bovine plasma

The procedure for extracting ubiquinones from bovine plasma
was adapted from the method of Yamashita and Yamamoto (19).
The recovery rates for ubiquinol-10 and ubiquinone-10 using
the procedure were 102 6 2% and 104 6 4%, respectively (19).
Bovine plasma (0.5 ml) was pipetted into a test tube, and then
methanol (2.5 ml) and n-hexane (5 ml) were added to the test
tube. The mixture was then shaken for 10 min and centrifuged
at 2,500 rpm for 5 min. The upper layer (n-hexane layer) was
collected. The lower layer was then subjected to reextraction two
times by adding 2 ml of n-hexane. Subsequently, the n-hexane
layer mixture was evaporated to remove n-hexane and dissolved
with 0.1 ml of 1.2 mM FeCl3 in ethanol-methanol (1:1, v/v). After
allowing ubiquinol oxidation to occur (2 h), 20 ml of each sam-
ple was applied to the system. For the quantification, the calibra-

tion curve used for the quantification of rice samples was used
because it was prepared within 1 day.

Extraction of ubiquinones from bovine liver

Bovine liver (0.04 g) was homogenized in 0.1 ml of 200 mM
potassium phosphate buffer (pH 7.0). One milliliter of methanol
and 2 ml of n-hexane were added to the homogenized liver, and
the mixture was shaken for 10 min. The mixture was then cen-
trifuged at 2,500 rpm for 5 min. The upper layer (n-hexane layer)
of the mixture was collected. The lower layer of the mixture was
then subjected to reextraction by adding 2 ml of n-hexane. Sub-
sequently, the n-hexane layer mixture was evaporated to remove
n-hexane and dissolved with 0.2 ml of 1.2 mM FeCl3 in ethanol-
methanol (1:1, v/v). After allowing ubiquinol oxidation to occur
(2 h), 20 ml of each sample was applied to the system. For the
quantification, the calibration curve used for the quantification
of rice samples was used because it was prepared within 1 day.

RESULTS AND DISCUSSION

Characterization of the method

The theoretical reaction time (0.91 min) was calculated
from the flow rate (those for pumps A and B were 0.4 and
0.06 ml/min, respectively) and volumes of the reaction
coil (368 ml) and mixer (50 ml). The effect of Craven’s re-
action on the HPLC postcolumn derivatization system
was confirmed by analyzing the content of ubiquinone-
10 under the reaction condition, in which potassium hy-
droxide (0.4 M) in water-ethanol (3:2, v/v) was used as the
pump B solution (Fig. 2A), and the nonreaction condi-
tion, wherein potassium hydroxide was removed from the
solution (Fig. 2B). Because one peak (11.5 min) was ob-
served in the chromatogram under the reaction condition
and no peak was observed in the chromatogram under the
nonreaction condition, derivatization was thought to be
achieved using the system. The wavelength for the ubi-
quinone detection was determined to be 635 nm from
the spectrum of the peak at 11.5 min (Fig. 2C). To in-
vestigate the dynamic range of ubiquinone concentration
detection, solutions with a wide variety of ubiquinone-10
concentrations were prepared (Table 1). The detection
limit, based on a signal-to-noise ratio of 3:1, was 1.2 pmol
(1 ng). Because the lower limit of quantification, based on
a signal-to-noise ratio of 10:1 [with an accuracy of 106.4%
and a relative standard deviation (RSD) of 2.54%; n 5 6],
was 11.7 pmol (10 ng), the calibration curve was plotted
using an injection amount from 11.7 pmol (10 ng) to
11.7 nmol (10 mg), as shown in Table 1 (y 5 209.47x 2

2,319; r2 5 1.0000). The correlation coefficient (r2 5

1.0000) indicates that the calibration curve is linear over
the concentration range. The RSD of the standard solu-
tion at an injection amount of 117 pmol obtained from
six experiments was 0.46% (the average of the peak area
was 23,517).

Analysis of ubiquinone-10 from the soybean capsule

Soybean capsules containing ubiquinone-10 are widely
distributed in the health food industry as a dietary sup-
plement. Figure 3A, C show the chromatograms of the

TABLE 1. Standard preparation and amounts of sample injected

Ubiquinone-10 Amount Injected (20 ml) Peak Area

lg/ml ng pmol

0.0302 0.605 0.701 ND
0.0504 1.01 1.17 216
0.0756 1.51 1.75 410
0.101 2.02 2.34 486
0.202 4.03 4.67 895
0.504 10.1 11.7 2,215
1.01 20.2 23.4 4,710
2.02 40.3 46.7 9,389
5.04 101 117 23,920
10.1 202 234 47,390
20.2 403 467 95,912
50.4 1,008 1,168 240,433
101 2,016 2,335 482,532
202 4,032 4,670 969,282
504 10,080 11,675 2,447,005

Analysis of ubiquinones using Craven_s reaction 2081
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ubiquinone-10 contained in a soybean capsule under
the reaction and nonreaction conditions, respectively.
Figure 3B shows the chromatogram of a placebo sample
under the reaction condition. Because no peaks were
observed in the chromatogram of the placebo sample
(Fig. 3B) under the reaction condition or in the chroma-
togram of the ubiquinone-10-containing capsule under
the nonreaction condition (Fig. 3C), it was considered
that no impurity affecting ubiquinone detection was pres-
ent in the capsule. The chromatograms obtained from the
removal of the analytical column are shown in Fig. 3D–F.
No peak was observed when the nonreaction solution was
used (Fig. 3F) or when the placebo sample was analyzed
(Fig. 3E). The intraday recovery and RSD results obtained

using the soybean capsule samples with the analytical col-
umn are shown in Table 2. The recovery and RSD results
obtained at each known concentration of ubiquinone-10
were quite good (99.1–100.2% and 0.25–1.24%, respec-
tively). Interday recovery and repeatability studies were
carried out for 3 days using the 30 mg/capsule samples
(five experiments for each day). The interday recovery
and RSD results were also quite good (99.80% and 0.52%,
respectively). These results indicate that the new method
can be used to accurately quantify the ubiquinone.

The recovery test results obtained from the ubiquinone
quantification at 30 mg/capsule with and without the
analytical column were similar (99.9 6 0.30% and 100.76

0.59%, respectively). The calibration curves plotted using

Fig. 3. Chromatograms of soybean capsules. Aliquots of the capsule samples (samples A, C, D, and F are all
ubiquinone-10 capsules, and samples B and E are placebo capsules) were applied to the system under the
reaction condition (samples A, B, D, and E) and the nonreaction condition (samples C and F). The left
panel (samples A–C) shows the chromatograms obtained from the analysis using the analytical column. The
right panel (samples D–F) shows the chromatograms obtained from the analysis carried out without using
the analytical column.

Fig. 2. Typical chromatograms of ubiquinone-10 by the HPLC postcolumn derivatization system. The
HPLC conditions are described in Materials and Methods. A standard solution of ubiquinone-10 (234 pmol)
was analyzed under two conditions. A: Reaction condition. KOH (0.4 M) in distilled water-ethanol (3:2, v/v)
was used as the pump B solution. B: Nonreaction condition. Distilled water-ethanol (3:2, v/v) was used as the
pump B solution. C: Absorption spectrum of the peak at 11.5 min (ubiquinone-10).

2082 Journal of Lipid Research Volume 48, 2007
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results obtained with and without the analytical column
were both linear (y 5 205.0x 1 27.9, r2 5 1.0000 and y 5
210.1x 2 1221.7, r2 5 1.0000, respectively). In the case of
the analysis of ubiquinone-10 in the capsule, there was no
need for column separation. Thus, ubiquinone quantifi-
cation can be performed rapidly without the analytical
column (within 3 min). Because various ubiquinone-10-
containing products have been distributed on the market
recently, the use of the analytical column may depend
on the composition of each product. Although specificity
should be confirmed before ubiquinone quantification,
specificity can be achieved easily using the nonreaction
solution. This is a unique feature of the postcolumn de-
rivatization method.

Application to rice samples

Rice is the staple energy source of many people.
Ubiquinone-9 is the major quinone component of rice,
andubiquinone-10 is theminor component (31).Although
only ubiquinone-10 is used for the human respiratory
chain in mitochondria, ubiquinone-9 may also be impor-
tant as an antioxidant (32). Polished rice is the final prod-
uct of rice cleaning, and brown rice, which is obtained
by the removal of the coarse and rather loose husk, is

the intermediate product in the first step of rice clean-
ing. Whether ubiquinones are removed in the cleaning
processes has been unclear. The extracted samples from
polished rice and brown rice were applied to the sys-
tem. The total amount of ubiquinone-10 (oxidized and
reduced forms) can be determined by adding FeCl3 to
the sample solution. Figure 4A–D show the chromato-
grams of the two rice samples. The elution times for
ubiquinone-9 and ubiquinone-10 were 9.3 and 11.5 min,
respectively. Although ubiquinone-9 was the major qui-
none component of each sample, a small amount of
ubiquinone-10 was also contained in each sample. It was
confirmed that no interfering impurity was present in
these rice samples, because no interfering peaks were
observed in their chromatograms under the nonreaction
condition (Fig. 4B, D).

To confirm the efficiency of our extraction method,
the residues remaining after the polished rice and brown
rice extractions were reextracted carefully using the same
procedure and analyzed using the new system. No peak
was observed in any of the chromatograms of the reex-
traction samples. Thus, the extraction is considered to be
efficient. The calibration curve obtained from the ubi-
quinone quantification was also linear (y 5 201.7x 1 26.5,
r2 5 0.9998). The amounts of ubiquinone-9 and ubiqui-
none-10 in the two rice samples are shown in Table 3. The
RSDs of ubiquinone-9, the dominant ubiquinone of rice,
for polished rice and brown rice were 2.1% and 1.1%,
respectively. The extraction efficiency was constant. The
amounts of ubiquinones decrease as a result of rice clean-
ing. In the case of the conventional condition (ultraviolet
detection at 275 nm), the amount of each ubiquinone was
not determined owing to the many impurities present, and
an analysis time of .20 min may be needed to avoid con-
tamination in the next analysis (Fig. 5).

Fig. 4. Chromatograms of biological materials (samples A and B, polished rice; samples C and D, brown rice; samples E and F, bovine
plasma; samples G and H, bovine liver) obtained using the HPLC postcolumn derivatization system. The upper sections (samples A, C, E,
and G) show the chromatograms obtained from the analysis under the reaction condition. The lower sections (samples B, D, F, andH) show
the chromatograms obtained from the analysis under the nonreaction condition.

TABLE 2. Intraday recovery and precision studies on
soybean capsules (n 5 5)

Ubiquinone-10
Amount in
Capsule

Concentration
Added

Concentration
Measured

Amount
Injected
(20 ml) Recovery RSD

mg/capsule mg/g ng %

6 19.98 19.80 119 99.1 1.24
30 99.98 99.89 602 99.9 0.30
60 199.95 200.43 1,208 100.2 0.25

Analysis of ubiquinones using Craven_s reaction 2083
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Application to bovine plasma and liver samples

Ubiquinone analysis of the bovine plasma and liver
samples was performed using the system. The chromato-
grams of the bovine plasma and liver samples are shown
in Fig. 4E–H. An impurity peak was not shown by these
samples because no interference peak was observed in
their chromatograms under the nonreaction condition
(Fig. 4F, H). Because no ubiquinone peaks were observed
in the chromatograms of the reextraction samples ob-
tained from the residues remaining after the extraction
of bovine plasma and liver samples, the extraction is con-
sidered to be efficient. The total amounts of ubiquinone-9
and ubiquinone-10 in the samples are shown in Table 3.
The RSDs of ubiquinone-10, the dominant ubiquinone of
bovine samples, for bovine plasma and liver samples were
1.9% and 4.4%, respectively. The extraction efficiency was
constant. It was difficult to determine the amounts of ubi-
quinones by ultraviolet detection at 275 nm because of the
impurities present (data not shown).

The postcolumn derivatization system is effective for
determining the total amounts of ubiquinones without in-
curring much expense. Because of the high selectivity of
the system, various products, namely, the soybean capsule
and food and animal biomaterials, were analyzed under
the same HPLC analysis condition, and the amount of
each ubiquinone was quantified accurately. Many ubiqui-
none-10-containing products contain only ubiquinone-10
as their quinone component. If the impurities that inter-
fere with the quantification are not contained in these

products, there is no need to separate the quinone com-
ponents. Thus, for these products, the use of an analytical
column is not needed and the analysis time can be de-
creased to 3 min. This method may be advantageous for
the simple determination of the total amount of ubiqui-
none in various products and foods.

The authors thank Mr. T. Ikeda for providing the rice samples
and Mrs. A. Kotaka for her skillful technical assistance.
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Fig. 5. Chromatograms of brown rice using the conventional
ultraviolet detection method. The HPLC condition used was as fol-
lows: column, Capcellpak C18 UG 120A (4.6 mm inner diameter3
750 mm, 3 mm particle size, 45jC); mobile phase, 100 mM ethyl-
cyanoacetate in methanol-ethanol (1:1, v/v); flow rate, 0.4 ml/min;
detection absorbance, 275 nm.
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Q10 in carbomer gels. SÖFW Journal. 130: 10–14.

18. Makino, T., M. Nakamura, T. Noda, K. Takaichi, and K. Iseki. 2005.
Ingredient content and solubility supplements available on the
Japanese market. Jpn. J. Pharm. Health Care Sci. 31: 505–510.

19. Yamashita, S., and Y. Yamamoto. 1997. Simultaneous detection of
ubiquinol and ubiquinone in human plasma as a marker of oxi-
dative stress. Anal. Biochem. 250: 66–73.

20. Grossi, G., A. M. Bargossi, P. L. Fiorella, S. Piazzi, M. Battino, and
G. P. Bianch. 1992. Improved high-performance liquid chromato-
graphic method for the determination of coenzyme Q10 in plasma.
J. Chromatogr. 593: 217–226.

21. Tang, P. H., M. V. Miles, L. Miles, J. Quinlan, B. Wong, A. Wenisch,
and K. Bove. 2004. Measurement of reduced and oxidized co-
enzyme Q10 levels in mouse tissues by HPLC with coulometric
detection. Clin. Chim. Acta. 341: 173–184.

22. Tang, P. H., and T. deGrauw. 2004. Redox cycling of coenzyme Q9
as a new measurement of plasma reducing power. Clin. Chem. 50:
1930–1932.

23. Edlund, P. O. 1988. Determination of coenzyme Q10, a-tocopherol
and cholesterol in biological samples by coupled-column liquid chro-
matography with coulometric and ultraviolet detection. J. Chromatogr.
425: 87–97.

24. Molyneux, S. L., and M. Lever. 2005. Fluorescence is less sensitive
than ultraviolet or electrochemical detection for measurement of
coenzyme Q10 in plasma. Clin. Chim. Acta. 358: 198–200.

25. Karpinska, J., B. Mikoluc, and J. Piotrowska-Jastrzebska. 1998. Ap-
plication of derivative spectrophotometry for determination of
coenzyme Q10 in pharmaceuticals and plasma. J. Pharm. Biomed.
Anal. 17: 1345–1350.

26. Rokos, J. A. S. 1973. Determination of ubiquinone in subnano-
mole quantities by spectrofluorometry of its product with alkaline
ethylcyanoacetate. Anal. Biochem. 56: 26–33.

27. Koniuszy, F. R. 1968. Determination and levels of coenzyme Q10 in
human blood. Anal. Biochem. 23: 132–140.

28. Craven, R. 1931. A sensitive color reaction for certain quinines.
J. Chem. Soc. 1605–1606.

29. Shunk, C. H., J. F. McPherson, and K. Folkers. 1960. Coenzyme
Q. Reactions of ethylcyanoacetate with dimethoxybenzoquinones.
J. Org. Chem. 257: 1053–1055.

30. Akatsuka, M. 1970. Studies on quinones. On the reaction of naph-
thoquinone derivatives with active methylene compounds, the
Craven reaction. Yakugaku Zasshi. 90: 160–168.

31. Takahashi, S., Y. Ogiyama, H. Kusano, H. Shimada, M. Kawamukai,
and K. Kadowaki. 2006. Metabolic engineering of coenzyme Q10
by modification of isoprenoid side chain in plant. FEBS Lett. 580:
955–959.

32. Matsura T., K. Yamada, and T. Kawasaki. 1992. Difference in anti-
oxidant activity between reduced coenzyme Q9 and reduced co-
enzyme Q10 in the cell: studies with isolated rat and guinea pig
hepatocytes treated with a water-soluble radical initiator. Biochim.
Biophys. Acta. 1123: 309–315.

Analysis of ubiquinones using Craven_s reaction 2085

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

