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Quantification of pilsicainide in serum by capillary
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Abstract

A new method for determining pilsicainide concentration in serum by rapid and selective capillary electrophoresis
has been developed and validated. For pretreatment, serum was made alkaline and then extracted with diethyl ether.
Procainamide was used as an internal standard. Sodium dihydrogenphosphate buffer (pH 2.29; 0.1 M) was used as
a running buffer. A fused-silica capillary tube was loaded with a voltage of 25 kV and detection was performed at
UV 200 nm. Good linearity (0–2.5 �g/ml) was obtained with the minimum limit of detection being 0.04 �g/ml serum
(signal-to-noise ratio, 3:1). The R.S.D. of within-run reproducibility was 0.798–2.32%, that of between-run reproduci-
bility was 4.74–5.12% and the recovery rate was 61–63%. Disopyramide, another anti-arrhythmic drug, was close to
pilsicainide in terms of migration time. This method was applied to determination of pilsicainide in serum samples.
© 2002 Published by Elsevier Science B.V.
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1. Introduction

Pilsicainide (Fig. 1) is an anti-arrhythmic drug
which falls into the class Ic of Vaughan’s [1]
anti-arrhythmic classification. It exhibits an anti-
arrhythmic effect by inhibiting the Na+ channel
of cardiac muscle and, therefore, shows excellent
efficacy against ventricular and supraventricular
tacharrhythmias. Mexiletine, another anti-
arrhythmic drug, is metabolized primarily in the
liver and excreted through the kidney [2], while

pilsicainide remains mostly unmetabolized, 90%
of which is excreted through the kidney as the
unchanged drug [3]. Its protein binding ratio is
about 35% [4] and its half-life is about 4–5 h. Its
therapeutic concentration in blood is 0.2–0.9 �g/
ml [3]. Since pilsicainide is excreted through the
kidney type its half-life is prolonged in patients
with decreased renal function [5]. Its administra-
tion interval and dosage need to be adjusted
according to the renal function status of the pa-
tient. Like other anti-arrhythmic drugs, pilsi-
cainide has serious side effects such as ventricular
fibrillation and ventricular tachycardia and, moni-
toring of its concentration in blood is necessary
[6,7].
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High-performance liquid chromatography
(HPLC) is the main method of determining con-
centration in blood of anti-arrhythmic drugs
(quinidine, disopyramide, lidocaine, mexiletine,
procainamide, N-acetylprocainamide) that are
traditionally more widely used than others [8–11].
However, the determination by capillary elec-
trophoresis (CE) has also been reported recently
[12–14]. In such reports, anti-arrhythmic drugs,
whose concentration in blood is relatively low, are
pretreated (either by extraction with an organic
solvent or by solid phase extraction) before use as
samples for determination. In determining the
concentration of pilsicainide in blood, the range
around 0.1 �g/ml should be measured precisely.
For this reason, serum samples need to be purified
in a more specific manner and enriched to a
higher concentration during the pretreatment. As
a result, final sample volume becomes low. We
paid attention to the fact that, compared with
HPLC, CE offered higher theoretical plate num-
ber, only required samples and reagents of ex-
tremely low volumes, and, therefore, enabled
specific analysis in a highly economical manner.
CE’s measurement sensitivity is often reported to
be unsuitable to measuring drugs of low concen-
tration in biological fluid by UV detection [15].
However, because pilsicainide showed strong UV
absorption, as well as high ionization in the capil-
lary tube, analysis could be performed with sensi-
tivity that could be applied to clinical use. The
purposes of this research was to develop a new
determination method for pilsicainide concentra-
tion in serum by CE and to incorporate the
method into a clinical laboratory for drug deter-
mination. We will herein report on the method
and the results of its evaluation.

2. Experimental

2.1. Materials

Pilsicainide hydrochloride was provided by
Suntory Ltd. (Tokyo, Japan). Procainamide hy-
drochloride used as an internal standard (IS) and
all other drugs used for measurement interference

evaluation were purchased from Sigma (St. Louis,
MO, USA). Sodium dihydrogenphosphate,
sodium hydroxide (0.1 N), diethylether and phos-
phoric acid (0.1 N) were purchased from Wako
Pure Chemicals (Osaka, Japan).

2.2. Preparation of standard solutions

Pilsicainide stock standard solution was ad-
justed with distilled water (1.0 mg/ml) and diluted
with distilled water in an appropriate manner to
be used as a working standard solution. Serum
standards were prepared by adding the working
standard solution to blank serum. Procainamide
to be used as IS was dissolved in distilled water
(1.0 mg/ml solution), and diluted with distilled
water to be used as a working standard solution.

2.3. Sample preparation

Serum of a patient orally administered with a
pilsicainide hydrochloride (Sunrythm®) prepara-
tion (Suntory, Tokyo, Japan) was used for the
determination.

Patient serum (0.5 ml) and serum standard (0.5
ml) was added to 0.05 ml of the IS (10 �g/ml)
solution and then treated with 0.5 ml of sodium
hydroxide (0.1 N). These solutions were added to
5.0 ml of diethylether, shaken and mixed with the
Recipro Shaker (Taitec Tokyo, Japan) for 10 min,
and centrifuged at 1500 g for 5 min in a refriger-
ated centrifuge (Model RS-18GL, Tomy Seiko,
Tokyo, Japan). Subsequently, 4.0 ml each from
the diethylether layer was collected, poured into a
10 ml conical glass test tube and evaporated to

Fig. 1. Structure of pilsicainide.
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dryness under reduced pressure at 40 °C using a
Centrifugal concentrator (VC-36, Taitec, Tokyo,
Japan). The residues were re-dissolved in 50 �l of
distilled water to be used as CE samples.

2.4. Electrophoretic instrumentation and running
conditions

A P/ACE™ system MDQ51 equipped with a
photo-diode array detector was used as the CE
system and an untreated fused-silica capillary tube
(e CAP™, effective length 500 mm×75 �m I.D.)
was used as the capillary tube, both of which were
made by Beckman Coulter (Fullerton, CA, USA).
Sodium dihydrogenphosphate buffer (pH 2.29; 0.1
M) was used as the electrophoresis buffer and its
pH was adjusted with phosphoric acid (0.1 N).
The electrophoresis buffer was passed through a
0.45 �m filter (Millipore, Bedford, MA, USA) and
then, degassed ultrasonically for 5 min before
actual use. Analysis was conducted in the follow-
ing manner: The capillary tube was rinsed first
with sodium hydroxide (0.1 N) for 3 min and then
with distilled water for 2 min, and was condi-
tioned with the electrophoresis buffer for 5 min
(20 psi). Sampling was performed for 16 s (0.5
psi). Electrophoresis was conducted with a load-
ing voltage of 25.0 KV, normal polarity and
detection was performed at 200 nm. During these
procedures, the temperature in the capillary tube
was maintained at 25 °C and that in the sample
vials at 15 °C.

2.5. Validation of the assay

2.5.1. Linearity
Serum standards of 0.2, 0.4, 1.0, 2.0 and 2.5

�g/ml were prepared by adding the pilsicainide
working standard solutions of various concentra-
tions to blank serum. These standards were pre-
treated (Section 2.3) and then, measured by CE.

2.5.2. Precision
In order to obtain within-run reproducibility,

serum standards were prepared by adding the
pilsicainide working standard solutions at four
different concentrations to blank serum, which
were measured in a consecutive and repetitive

manner so that relative standard deviation
(R.S.D.) could be calculated for each concentra-
tion. In order to obtain between-run reproducibil-
ity, serum standards at two different
concentrations were prepared in the same manner.
Measurement was performed twice a day for each
concentration in 7 consecutive days, while sam-
ples were stored frozen (−20 °C) and thawed at
room temperature before each measurement.

2.5.3. Reco�ery
Samples were prepared by adding the pilsi-

cainide working solutions of various concentra-
tions to blank serum by 5% or less of the amount
of the blank serum, and they were measured by
CE. At the same time, the pilsicainide standard
solutions of various concentrations were mea-
sured by CE without any preceding process, so
that the recovery rate could be calculated (abso-
lute recovery rate).

2.5.4. Sensiti�ity
Standard serum samples containing pilsicainide

of various concentrations were prepared by dilut-
ing 1.0 �g/ml serum standard with normal pooled
serum. These samples were measured by CE and
the concentration with which signal-to-noise ratio
was detected as 3:1 was determined to be the
minimum limit of detection and quantitation.

2.5.5. Selecti�ity
Interference with the determination from en-

dogenous substances in serum was evaluated by
measuring blank sera. Interference from exoge-
nous substances was evaluated by comparing, on
the electropherogram, the migration time of pilsi-
cainide with that of other anti-arrhythmic drugs,
i.e. quinidine, disopyramide, propafenone, mex-
iletine, flecainide, lidocaine, propranolol, pro-
cainamide and N-acetylprocainamide.

3. Results and discussion

As pH of the electrophoresis buffer declined,
the migration times of pilsicainide and IS became
shorter and their sensitivities increased. From
this, pH 2.29 is deemed to be the most suitable for
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this method. To further increase the sensitivity,
setting of sampling time is an important factor.
Generally, the longer sampling time is, the more
sensitivity increases. With this method, up to 20 s
of sampling is possible and stable analysis was
achieved with 16 s of sampling for this particular
determination. Deproteinization and extraction
(extraction with organic solvent and solid phase
extraction) are generally methods for serum pre-
treatment [16,17]. Evenson et al. [12] used solid
phase extraction as the pretreatment method for
determination of procainamide, N-acetylpro-
cainamide and disopyramide. With this method,
however, serum samples needed to be enriched to
a higher concentration because the concentration
of pilsicainide in the serum samples was low.
Thus, extraction with organic solvent was
adopted, which also enabled easier operation.
Since the pKa of pilsicainide is 10.1–10.3, serum
samples were treated with alkali and then ex-
tracted with diethylether. In relation to the choice
of the solution for re-dissolving samples with
which the CE system was charged, the elec-
trophoresis buffer, distilled water and 10% etha-
nol were examined and distilled water was found
to be the most suitable. As to what should be
used as IS, Examination showed both pro-
cainamide (relative migration time [RMT] com-
pared with pilsicainide, 0.790) and propericyazine
(RMT=1.11) were options suitable for use as IS.
In order to perform fast analysis, procainamide
was chosen. Fig. 2 shows electropherograms of
measurement examples of a serum blank, serum
standard, and serum of a patient administered
with pilsicainide. It indicates that specific analysis
of pilsicainide and IS was successfully performed
without interference from endogenous substances
in serum. The minimum limit of detection and
quantitation obtained from evaluation using
serum samples were, respectively, 0.04 and 0.10
�g/ml at a signal-to-noise ratio of 3:1. Some re-
ports on the determination of other anti-arrhyth-
mic drugs by HPLC show that the minimum limit
of detection was 0.2–0.5 �g/ml [9,10]. Although
measured drugs were different, this method ex-
ceeded these reports in sensitivity. Linearity (0–
2.5 �g/ml) was good (r=0.999). Evaluation
results of within-run reproducibility and between-

Fig. 2. Typical electropherograms of a blank serum (A), a
serum standard spiked with pilsicainide (1.0 �g/ml) (B), and a
serum sample from a patient on pilsicainide (0.57 �g/ml) (C).
(1) Internal standard; (2) pilsicainide.

run reproducibility are shown in Table 1. A recov-
ery rate test showed recovery rates of 62.5, 62.0
and 61.0% when 0.4, 1.00 and 2.00 �g/ml of
pilsicainide was added, respectively. Accuracy of
the reproducibilities was almost the same as re-
ported for other anti-arrhythmic drugs deter-
mined by HPLC [8,9], while it was better than the
one reported for a determination using CE [13].
Habler et al. [10] measured lidocaine in serum and
its metabolites after pretreatment by solid phase
extraction and reported that the recovery rate was
44–76%. This figure, like the recovery rate ob-
tained by this method (determination of pilsi-
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Table 1
Precision of the present method

S.D. (�g/ml) R.S.D. (%) Mean migration time (min)Mean value S.D. (min) R.S.D. (%)
pilsicainide/IS(�g/ml) pilsicainide/ISpilsicainide/IS

Within-run reproducibility (n=6)
2.3200.25 9.72/7.470.0058 0.1140/0.0522 1.170/0.699
1.9400.62 9.97/7.620.0120 0.0302/0.0170 0.303/0.223
0.877 9.90/7.580.0107 0.0615/0.02541.22 0.621/0.335

2.33 0.7980.0186 9.94/7.62 0.0292/0.0403 0.294/0.529

Between-run reproducibility (7 days)
0.41 0.021 5.12 9.21/6.98 0.447/0.258 4.85/3.70

4.74 9.21/6.98 0.433/0.2520.037 4.70/3.610.78

cainide), was lower than around 100% that was
shown in other reports [8,9,13]. These reports do
not indicate how recovery rate was calculated,
while it was calculated as an absolute recovery
rate in this method. Generally speaking, a re-
covery rate of this level should be regarded as
satisfactory for extraction with organic solvent
[18]. Elution behaviors of other anti-arrhythmic
drugs under determination conditions of this
method were evaluated and RMT of these drugs
relative to that of pilsicainide were calculated.
The results were: quinidine, 0.729; mexiletine,
0.884; lidocaine, 0.975; disopyramide, 1.01; pro-
pranolol, 1.04; N-acetylprocainamide, 1.08;
propafenone, 1.10; flecainide, 1.14. Migration
time of disopyramide was close to that of pilsi-
cainide. Therefore, perfect separation of these
two drugs was difficult to achieve.

4. Conclusion

This method has high sensitivity, is easy to
perform and is economical. Diethylether used
for pretreatment could be evaporated under re-
duced pressure quickly, which in turn enabled
the whole operation to be finished in a short
period of time. In the assay validation, linearity,
precision, sensitivity, recovery, selectivity were
quite satisfactory. Thus, this method can be
used in research and clinical laboratories.
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