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a b s t r a c t

Otilonium bromide (OB) degrades rapidly in plasma and readily undergoes hydrolysis by the plasma
esterase. In this paper, an LC–ESI-MS method has been developed for the determination of OB in human
plasma. The rapid degradation of OB in plasma was well prevented by immediate addition of potassium
vailable online 7 August 2010

eywords:
tilonium bromide
C–ESI-MS
ample preparation
tability

fluoride (KF, an inhibitor of plasma esterase) to the freshly collected plasma before prompt treatment
with acetonitrile. The method was validated over the concentration range of 0.1–20 ng/ml. The data of
intra-run and inter-run precision and accuracy were within ±15%. The mean extraction recoveries for
OB and the internal standard were higher than 93.0% and the matrix effects were negligible. The method
has been successfully used in a pharmacokinetic study.

© 2010 Elsevier B.V. All rights reserved.

harmacokinetics

. Introduction

Otilonium bromide, diethyl-methyl-[2-[4-[(2-octoxybenzoyl)-
mino]benzoyl]oxyethyl] azanium bromide (Fig. 1A), is a potent
pasmolytic which acts as muscarinic receptor antagonist and cal-
ium channel blocker [1,2]. It is mainly used for the treatment
f irritable bowel syndrome and has shown significant therapeu-
ic effect [3,4]. Analytical techniques such as HPLC [5], derivative
pectrophotometry [6–8] and capillary zone electrophoresis [9]
ave been used for the determination of OB in pharmaceutical

ormulations. However, the information on the pharmacokinetic
isposition of OB is limited. The stability test in our study indicated
hat OB degrades rapidly in plasma and readily undergoes hydrol-
sis to yield two degradation products named DP-1 (Fig. 1C) and
P-2 (Fig. 1D). Shin et al. [10] established an LC–MS/MS method

o determine OB in rat plasma, in which protein precipitation
ith acetonitrile was used to prepare the plasma samples. How-

ver, they did not mention the stability of OB in plasma. Kim et
l. [11] developed an LC–MS/MS method for the determination of

B in human plasma with an LLOQ of 0.2 ng/ml. In their method,

he stability of OB was improved by adding hydrochloric acid to
uman plasma at 2.5% plasma volume. According to our investiga-
ion, the addition of hydrochloric acid could improve the stability

∗ Corresponding authors. Tel.: +86 25 8327 1289; fax: +86 25 8327 1289.
E-mail addresses: dinglidl@hotmail.com (L. Ding), fanhongwei178@sina.com

H.-w. Fan).

570-0232/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2010.08.003
of OB indeed; however, it could not solve the problem of insta-
bility completely. Besides, treatment with hydrochloric acid also
resulted in massive amounts of contaminant and interference. This
often brings matrix effect and leads to heavy peak tailing of ana-
lytes. Moreover, Kim et al. used methanol to prepare the standard
solutions of OB. We found that OB was unstable in methanol and
may convert into the trans-esterification product DP-3 (Fig. 1E). So,
using methanol as the solvent to prepare the stock solution should
be avoided.

In the present study, a more sensitive method with an LLOQ
of 0.1 ng/ml was established and validated for the determination
of OB in human plasma. To solve the problem of instability of OB
in plasma, a novel sample preparation method was developed. As
OB was unstable in methanol, acetonitrile was used to prepare
the stock and standard solutions. After validation, this assay was
successfully applied to characterize the pharmacokinetics of OB in
healthy volunteers.

2. Materials and methods

2.1. Materials, reagents and instrumentation

The OB reference substance (>99.3% purity) was provided

by Venturepharm Laboratories Limited (Beijing, China). The OB
tablets (40 mg/Tab) were bought from Berlin-Chemie AG (Menarini
Group). Chlorobenzylidine, the internal standard (IS, Fig. 1B), was
obtained from Medicinal Chemistry Research Center of China Phar-
maceutical University. Acetonitrile (HPLC grade) was purchased

dx.doi.org/10.1016/j.jchromb.2010.08.003
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:dinglidl@hotmail.com
mailto:fanhongwei178@sina.com
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Fig. 1. Structures of OB (A), chlorobenzylidine (B), and

rom Merck KGaA (Darmstadt, German). Ammonium acetate and
ormic acid (analytical grade) were purchased from Nanjing Chem-
cal Reagent Co. Ltd. (Nanjing, China). Potassium fluoride dihydrate

as purchased from Shanghai Chemical Reagent Co. Ltd. (Shanghai,
hina).

HPLC–ESI-MS analyses were performed by using an Agilent
echnologies Series 1100 LC/MSD SL system (Agilent Technologies,
alo Alto, CA). And the HPLC–ESI-MS was controlled by a computer
mploying the Agilent 1100 ChemStation (version 10.02) software.

.2. HPLC–ESI-MS conditions

The chromatographic separation was achieved on an Agilent
orbax Eclipse Plus C18 column (3.5 �m, 150 mm × 2.1 mm i.d.)
ith a mobile phase of acetonitrile–20 mM ammonium acetate

uffer solution containing 0.3% formic acid (58:42, v/v) at a flow
ate of 0.35 ml/min. The injection volume was 3 �l and the column
emperature was 30 ◦C. A single quadrupole mass spectrometer
quipped with an ESI source was set with a drying gas (N2) flow
f 10 l/min, nebulizer pressure of 40 psig, drying gas temperature
f 350 ◦C, capillary voltage of 4.0 kV, and the fragmentor voltage of
60 V in positive ion mode. A selected-ion monitoring (SIM) mode
as used to detect OB at [M]+ m/z 483.3 and the IS at [M]+ m/z 464.1.

.3. Preparation of standard solutions

Stock solutions of OB (1.0 mg/ml) and the IS (0.5 mg/ml) were
repared in acetonitrile and stored at −20 ◦C. Standard solutions of
B at concentrations of 100, 10 and 1 ng/ml were prepared by serial
ilution of OB stock solution with acetonitrile. A solution containing
00 ng/ml of the IS was also obtained by further dilution of the IS
tock solution with acetonitrile.

.4. Sample preparation

The blood samples were centrifuged immediately to separate
he plasma samples after being drawn from the volunteers. An
liquot of 0.2 ml plasma sample was placed in a tube containing
0 �l of 6.8 mol/l KF. After vortex-mixed for 10 s, 15 �l of the IS solu-
ion (200 ng/ml) was added before prompt treatment with 0.8 ml
f acetonitrile. The supernatant was collected after centrifugation
t 17,800 × g for 5 min and stored at −20 ◦C until analysis.
.5. Preparation of calibration curves and quality control samples

Blank human plasma samples were purchased from the local
lood center. An appropriate amount of the working solutions was
roposed structures of DP-1 (C), DP-2 (D) and DP-3 (E).

added into 2-ml eppendorf tubes. After being evaporated to dryness
under a stream of nitrogen, the residues were dissolved in 0.2 ml
blank plasma and 10 �l of 6.8 mol/l KF to prepare the calibration
standards of OB at the concentration levels of 0.1, 0.3, 1, 3, 6, 12 and
20 ng/ml. In addition, blank plasma samples were run to discard the
presence of interferences. The quality control (QC) samples were
designed at three OB concentration levels of 0.25, 2 and 18 ng/ml
in the plasma.

3. Results

3.1. LC–MS/MS characteristics

OB and the IS were fully separated chromatographically (Fig. 2).
The retention time for OB was 5.2 min and for the IS was
2.0 min, while the full run time was 6 min. No interfering peaks
were observed at the retention time of OB and the IS. The
matrix effects for OB at concentration levels of 0.25, 2 and
18 ng/ml were 99.9 ± 7.6%, 96.7 ± 2.1% and 97.3 ± 2.4%, respec-
tively. The matrix effects for the IS (200 ng/ml) were 99.4 ± 3.9%.
The extraction recoveries of OB were 94.6 ± 6.3%, 93.0 ± 6.2%
and 97.3 ± 1.9% (n = 5) at concentration levels of 0.25, 2 and
18 ng/ml, respectively. The extraction recovery of the IS was
98.7 ± 2.1%.

3.2. Linearity, lower limit of quantification, precision and
accuracy

The calibration curve was linear over the range of
0.1–20 ng/ml in human plasma with coefficient of correla-
tion (r2) >0.998. The typical regression equation is as follow:
f = 0.01749(±0.00895) + 0.09655(± 0.00927) × C, where f repre-
sents the peak-area ratio of OB to the IS, and C represents the
plasma concentration of OB. At the LLOQ (0.1 ng/ml), the R.S.D. (%)
was 6.5% (n = 5), and the R.E. (%) ranged from −11.7% to 6.1%.

The accuracy, intra- and inter-run precisions of the method were
determined by analyzing five replicates at each concentration levels
of low, medium and high QCs in each of the three runs. The intra-
and inter-run precisions were measured to be less than 4.4% and
12.7%, respectively. The accuracy of the method presented as R.E.
(%) was from −2.1% to 7.3%.
3.3. Stability

No significant degradation of OB occurred in the acetonitrile
extracts at the room temperature for 10 h and at −20 ◦C for 1 month.
The post-preparative samples in autosampler were stable for at
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enzyme inhibitor before prompt treatment with ice-cold ethanol.
And the plasma samples were also stored in the form of extracts
until analysis.
ig. 2. Typical SIM chromatograms of blank plasma (A), LLOQ for OB in plasma (0.1
btained from a volunteer at 5 h after oral administration of 80 mg OB (D).

east 10 h. The stock solutions of OB and the IS were stable for at
east 7 weeks at −20 ◦C and 6 h at the room temperature.

.4. Carry-over effect

An acetonitrile/water (1:1, v/v) solution was used to wash the
eedle before each injection. The carry-over was tested by injecting
lank plasma samples and the highest calibration standard con-
aining 20 ng/ml OB and 200 ng/ml IS. No residual was observed at
he retention time of OB and the IS in the chromatograms of blank
lasma samples following the high concentration samples.

.5. Application

The method was successfully applied to characterize the phar-
acokinetics of OB after a single oral administration of dose

0 mg tablets to 22 healthy male volunteers. The blood samples
ere collected pre-dose and at 10 min, 20 min, 40 min, 1 h, 2 h,
h, 4 h, 5 h, 7 h, 9 h, 12 h, 15 h and 24 h post-dose. The mean
lasma concentration–time profile of OB is shown in Fig. 3. The
ain pharmacokinetic parameters for the 22 volunteers are as

ollows respectively: the mean maximum OB plasma concentra-
ions (Cmax) is 4.37 ± 2.41 ng/ml, the elimination half-life (t1/2) is
.5 ± 4.9 h, the time to Cmax (Tmax) is 1.5 ± 1.1 h, the mean AUC0–24

s 20.4 ± 10.7 ng h/ml.

. Discussion

.1. Stability and sample preparation

According to our investigation, OB degraded rapidly in plasma at
oom temperature and readily underwent hydrolysis to yield two

egradation products DP-1 and DP-2. For analysis of unstable drugs,
he main challenge is how to keep the drug stable during sample
reparation. By comparing the degradation characteristics of OB in
lasma with that of in water, it was observed that OB degraded
uch faster in plasma than in water (Fig. 4A), which implied that
) and the IS (B), ULOQ for OB in plasma (20 ng/ml) and the IS (C), the plasma sample

the plasma esterase was the main factor leading to the instability
of OB. KF was suggested to be an effective plasma esterase inhibitor
[12,13], which had been successfully used to solve the problem of
instability of drugs in plasma [14–16]. Also, the method of immedi-
ately adding acetonitrile to freshly collected plasma could prevent
the hydrolysis of drugs by esterase [17]. In this study, OB in plasma
was well stabilized by immediate addition of KF before prompt
treatment of the plasma samples with acetonitrile, and the samples
were stored in the form of acetonitrile extracts. Both KF and ace-
tonitrile are essential factors for preventing the degradation of OB in
plasma. Similar research [18] has been reported recently, in which
the degradation of the drug was prevented by pre-treatment with
Fig. 3. Mean plasma concentration–time profile of OB determined by LC–ESI-MS
method after oral administration of 80 mg OB tablets to healthy male volunteers.
Each point represents the mean ± S.D. (n = 22).
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Fig. 4. The degradation characteristics of OB in (A) plasma and in water (1 and
10 �g/ml by HPLC) and (B) methanol (50 �g/ml by HPLC).

Fig. 5. The LC–MS total ion chromatogram of a degradation sample of OB in methanol (A
spectrum of DP-3 obtained in positive (A-2) and negative (A-3) ion mode. The LC–MS t
spectrum of DP-2 obtained in positive ion mode (B-1), the ESI mass spectrum of DP-1 obt
B 878 (2010) 2896–2900 2899

Kim et al. [11] found OB in plasma stable at −80 ◦C for at least 6
weeks and three freeze–thaw cycles. However, OB degrades rapidly
in plasma at room temperature, and it would degrade partially even
during the process of thawing. Thus, it is essential to prevent the
rapid degradation of OB in plasma by using the sample prepara-
tion procedures established in this study. First, the addition of KF
inhibits plasma esterase. Second, acetonitrile was used for protein
precipitation which also makes the plasma esterase inactive. These
two factors together make OB totally stable for at least 10 h at room
temperature. Such reliable stability can support the accurate eval-
uation of the OB pharmacokinetics. This method is more important
when preparing batch of samples in pharmacokinetic studies. The
stability of OB in methanol was examined (Fig. 4B). OB degraded
by 10% within 2 days in methanol, while the degradation product
DP-3 increased correspondingly. Thus, it should be avoided to use
methanol as the solvent to prepare the stock solutions of OB.

The degradation products (DP-1, DP-2 and DP-3) of OB were
investigated in the present study. The proposed structures of DP-
1, DP-2 and DP-3 were identified by LC–ESI-MS. Fig. 5A shows the
LC–MS total ion chromatogram of a degradation sample of OB in
methanol. The LC peak at 1.46 min refers to the degradation prod-
uct of DP-2. The ESI mass spectrum of DP-2 (Fig. 5A-1) showed
the ion at m/z 132.2 was assigned to [M]+ of DP-2. The LC peak at
2.99 min refers to the parent drug OB. The LC peak at 15.31 min
refers to the degradation product of DP-3. The ESI mass spectrum

of DP-3 (Fig. 5A-2) obtained in positive ion mode showed that the
ions at m/z 384.1, 406.1, 422.1 and 789.2 were assigned to [M+H]+,
[M+Na]+, [M+K]+ and [2M+Na]+ of DP-3, respectively. The ESI mass
spectrum of DP-3 (Fig. 5A-3) obtained in negative ion mode showed
the deprotonated molecular ion at m/z 382.3 [M−H]− of DP-3.

), the ESI mass spectrum of DP-2 obtained in positive ion mode (A-1), the ESI mass
otal ion chromatogram of a degradation sample of OB in water (B), the ESI mass
ained in positive (B-2) and negative (B-3) ion mode.
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ig. 5B shows the LC–MS total ion chromatogram of a degradation
ample of OB in water. The LC peak at 1.46 min refers to the degra-
ation product of DP-2. The base peak was observed as the [M]+

f DP-2 at m/z 132.2 (Fig. 5B-1). The LC peak at 2.97 min refers to
he parent drug OB. The LC peak at 8.07 min refers to the degra-
ation product of DP-1. The ESI mass spectrum of DP-1 (Fig. 5B-2)
btained in positive ion mode showed that ions at m/z 370.2 and
92.1 were assigned to [M+H]+ and [M+Na]+ of DP-1, respectively.
he ESI mass spectrum of DP-1 (Fig. 5B-3) obtained in negative ion
ode showed that the ions at m/z 368.2 and 436.2 were assigned

o [M−H]− and [M+CH3OH+Cl]− of DP-1.

.2. Application

The dosage of OB received by the volunteers in the present
tudy is 80 mg, and different from that (120 mg) reported by Kim
t al. [11]. After dosage adjustment, the pharmacokinetic parame-
ers Cmax and AUC0–24 obtained in the present study are consistent
ith those reported by Kim et al. [11]. However, the difference

n the other two pharmacokinetic parameters Tmax and t1/2 are
ignificant. The difference on Tmax usually belongs to the differ-
nt formulations designed by different manufacture. The difference
n the elimination half-life maybe resulted by the different dosing
mount administered between the two studies.
. Conclusion

The method achieved good sensitivity for the determination of
B in human plasma. No significant interferences and matrix effect
aused by endogenous compounds were observed. The rapid degra-

[

[
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dation of OB in plasma was well prevented by immediate addition
of KF before prompt treatment with acetonitrile. The method is
suitable for the pharmacokinetic study and bioavailability evalua-
tion of OB formulations.
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