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Determination of idebenone in plasma by HPLC/MS
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ABSTRACT

AIM To develop a sensitive method for the analysis of
idebenone Ide 6- 10-hydroxydecyl -2 3-dimethoxy-5-
METH-
ODS The concentrations in plasma were determined by a

methyl- p-benzoquinone  in human plasma.
high performance liquid chromatography-mass spectrome-
try coupled with an atmosphere pressure chemical impact
ion source method LC/MS-APCI . RESULTS The
chromatograms indicated a good separation of the analytes
The
coefficients of determination of the calibration curves were
above 0.999. The calibration range was 20 — 600 pg
L' Cpax  Of
316+85 pg L' was achieved within 96 + 34 min

and there was no interference by other compounds.

Peak plasma idebenone concentration

after an oral dose of 30 mg. Lower limit of

Tpeax
quantitation of the method for Ide determination was 20
png L', CONCLUSION The advantages of using
LC/MS-APCI technique include better sensitivity higher
selectivity and less time consumption

HPLC method.

compared with

INTRODUCTION

Idebenone Ide 6- 10-hydroxydecyl -2 3-dimeth-
oxy-5>-methyl- p-benzoquinone is a benzoquinone com-
pound structurally unrelated to other agents undergoing in-
vestigation for the treatment of senile cognitive disorders.
This drug has been studied in patients with mild to mod-
erate senile dementia of the Alzheimer type and vascular
dementia ' . Improvements due to drug treatment were
reported in all trials in Japanese studies ? .

The pharmacokinetic properties of idebenone have
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been investigated in a very limited number of studies con-
ducted mostly in healthy volunteers ! . Most investiga-
tors used HPLC methods which involved many steps in
sample preparation and a 70-min long HPLC chromato-
graphic process to assay idebenone and its metabolites in
human serum plasma and urine. However and espe-
cially for pharmacokinetic studies there is a need to im-
prove HPLC methods in terms of ease of sample handling
and/or analysis time as a large number of samples have
to be analyzed.

The purpose of the present study was to develop a
rapid and sensitive method for the quantitative determina-
tion of Ide in plasma for use in a comparative bioavail-

ability study after a single oral dose 30 mg of Ide.

0
H;CO CH,
H,;CO R
0
R=(CH,),CH,OH Idebenone
R=(CH,),O0H QSA-9

MATERIALS AND METHODS

Chemicals Ide and QSA-9 used as the internal
standard substance were supplied by Takeda Chemical In-
Ltd. HPLC grade
chased from Jinghang Chemical Industries
China.
jing Chemical Reagent Factory Beijing China.

dustries Acetonitrile was pur-

Beijing
Chloroform and hexane are the products of Bei-
Other
reagents AR were purchased from Beijing Chemical
Reagent Factory Beijing China.

Instrumentation LC-MS was carried out on a
modular LC/MS  APCI
510 pump with a Supelco Cjg column 5 pm 250 mm X
4.6 mm ID

Finnigan UK equipped with an atmospheric pressure

system consisting of a Waters

a Trio 1000 quadrupole mass spectrometer
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chemical ionization interface. Analysis was performed
with a fixed filament emission current and electron energy
of 70 eV. The ion source temperature was 200 C and
the LC interface was held at 250 C. A high purity ni-
trogen was used as the nebulizing gas under 600 C of
prob temperature .

Quantification of Ide in plasma was carried by SIR
LC-MS. The protonated

molecule ion MH * of the analyte and internal standard

Selected Ion Recording

at m/z 339 and 325 respectively were monitored and
the ratio of responses thus obtained was related to a stan-
dard curve prepared by the analysis of plasma containing
varying amounts of Ide over the range of 20 — 600 pg
L~ 'and a fixed quantity 250 pg L~' of the internal
standard named QSA-9 a derivative of Ide.

Assay procedure An aliquot of plasma 1 mL

was mixed with 25 pL internal standard 10.0 mg L'
1 mL distilled water and hydrochloric acid 2 mL 6 mot
L', After a 15-s vortex the mixture was heated up to
70 °C in a water bath for 20 min.
ture was extracted with 7 mL of a mixture of chloroform
46 v/v .
rated and evaporated to dryness under nitrogen gas stream

The incubation mix-

and hexane The organic layer was sepa-
at 50 C. The residue was reconstituted by 100 L ace-
tonitrile. A 95 pL portion of this solution was injected
onto the HPLC column. The column was eluted with a
mobile phase of 80 % acetonitrile made up with deionized
water at a flow rate of 1 ml: min~'.

Intra- and inter-assay precision The repro-
ducibility of the method was determined with human plas-
ma samples containing Ide. Ide 20 100 300 and 600
pg L™ were added to the plasma with certain amount

250 ng of internal standard and the samples were mea-
sured according to the assay procedures in this assay
method. A set of calibration standards in plasma were
analyzed with 4 concentrations of Ide 20 100 300 and
600 1g L™'in plasma. The accuracy was assessed by
calculating the percentage deviation between the found
and given concentrations. The intra-assay variability of
the method was determined using the coefficient of varia-
tion of replicate assays n =05 for each of the 4 concen-
trations on a single occasion.

On 5 separate occasions the samples at four concen-
trations 20 100 300 and 600 g L™' were assayed
with a set of calibration standards. The inter-assay pre-
cision was determined as the coefficient of variation for
each set of the 4 concentrations n=5 .

Recovery The relative recovery of Ide in plasma

at four concentrations was determined by comparing the

response obtained from extracted plasma sample to which
were added known amounts of Ide 20 100 300 and
600 pg L7!
from the calibration standards prepared by the same
method.
Specificity
from 10 subjects were tested to determine whether en-

respectively  with the response obtained

Samples from human plasma taken

dogenous components would interfere with the analysis.

RESULTS

Sample mass chromatogram of Ide 100 g L™! in
plasma with internal standard 250 ;g L™' is presented
in Fig 1. The peak area ratio of Ide and internal standard
was linear over the calibration range 20 50 100 300
600 g L~' without any endogenous interference from
the plasma. Weighted linear regression was used in con-
structing the calibration lines. Plasma concentrations of
Ide were calculated directly from a calibration curve.
Such standard graphs from a set of measurements proved
the linearity of the method. For concentrations up to 600
pge L7' in all cases there is good linearity Y =
0.003637X — 0.020145 with coefficients of correlation

r always between 0.996-1.000 n=11 .
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Fig 1. MS chromatogram of Ide in plasma analyzed by

LC/MS. a blank plasma sample without Ide and IS
total current ion. b blank plasma sample with Ide 100
ng and IS 250 ng added protonated ion of Ide m/z
339. ¢ blank plasma sample with Ide 100 ng and IS
250 ng added protonated ion of IS. m/z 325. d
blank plasma sample with Ide 100 ng and IS 250 ng
added total current ion.

A high precision and a high accuracy intra-day and
inter-day variations were obtained with all concentrations
20 100 300 and 600 pg L™' Tab 1 .

The lower limit of quantitation for Ide set as a
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Tab 1. Variation of Ide detection n=5 . 250
Drug/ Intra-assay Inter-assay - 200 —@— Domestics
1 ~ B - —&— Import
pg L Xxs CV % Xxs CV % o
a2 150}
20 19.93+0.16 0.8 20.5+£0.9 4.3 é
100 95.9+£2.8 3.0 94.4+2.8 3.0 £ 100}
300 3047 2.3 325+ 16 4.8 E
600 615+ 30 5.0 614 =25 4.0 g 50l
g 5
g
) 0 -
parameter for sensitivity was 20 ng L~ on the basis of
the peak approximately 7 times than that of background. 0 100 200 300 400 500 600
The mean relative recovery of Ide from plasma at concen- Time/min
. -1
trations of 20 100 300 and 600 g L™" was 99.7 % Fig 2. Concentration-time curve after oral administra-
to.g % 959 %12.8 % 101.2 %123 % a.nd tion of Ide. n =10 volunteers. x =+ s.
102 % £5 % respectively n=5 .
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A sensitive specific and rapid LC/MS assay was
developed for the evaluation of Ide from 1 mL of plasma
using Selected Ion Recording that monitored the protonat-
ed molecule ion MH * of the analyte and internal stan-
dard at m/z 339 and 325 The LC/MS

method described was selective and no endogenous inter-

respectively .
fering peaks were visible in blank plasma. The most im-
portant advantage of this method is less time consump-
tion. The analysis time for one sample has been reduced
dramatically from 70 min reported by Japanese data not
published to 5 min in this study.

ment procedures in this study have been slightly improved

The sample pretreat-

in terms of saving time for sample preparation.

The calibration plot of peak area ratio Ide/QSA-9
is linear over the range 20 to 600 pg- L™' and the
method calculated from the calibration curve shows
good precision.

The limit of quantitation of the assay was 20 pg
L-!
netti * and is about 1/16 of peak plasma Ide concentra-
tion C,, detected in healthy volunteers after an oral
dose of 30 mg Ide.

The data presented on calibration curves and quality
control samples indicate that the reported Ide plasma con-
centrations are reliable.

which is obviously lower than that reported by Par-

The method reported here shows

good characteristics ~ selectivity linearity  sensitivity

precision and less time consumption and is adequate for
the evaluation of Ide in plasma in pharmacokinetics stud-
ies over the collection period in order to clearly define
the absorption and elimination phase of Ide Fig 2 data

not published .
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