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Simultaneous Determination of Antidepressants by Non-aqueous
or Quasi-non-aqueous Capillary Electrophoresis

Yasuhide SASAJIMA,***7 Lee Wah Lim,* Toyohide TAKEUCHI,* Koichi SUENAMI,**

Kiyohito SAat0,** and Yuji TAKEKOSHI**

*Department of Chemistry, Faculty of Engineering, Gifu University, 1-1 Yanagido, Gifu 501-1193, Japan

**Criminal Investigation Laboratory, Gifu Pref. Police H. Q., 2-1-1 Yabutaminami, Gifu 500-8501, Japan

Simultaneous determinations of 20 antidepressants were carried out by non-aqueous capillary electrophoresis using
a background electrolyte consisting of an organic solvent. A bubble cell fused silica capillary (112.5 cm X 50 pm i.d.,
150 pm i.d. bubble) was used as an electrophoresis tube. The determination was carried out at 215 nm, while the
detection wavelength between 190 and 500 nm was selected for qualitative analysis. When an acetonitrile solution alone
was used as the background electrolyte, good separation was observed, but it was not sufficient to separate all tested
analytes. It was found that better separation was acquired by adding a few other solvents into acetonitrile, such as water
and methanol; the best separation was achieved with a mixture of acetonitrile containing 60 mM ammonium acetate and
1 M acetic acid/water/methanol (100:1:0.5, v/v/v). As for the plasma sample, liquid-liquid extraction and solid-phase
extraction (SPE) were considered; as a result, SPE with Oasis HLB was found to be most suitable. The present method

is very useful as regards to plasma samples.

(Received February 12, 2010; Accepted April 7, 2010; Published June 10, 2010)

Introduction

Patients with depression have been increasing steadily each
year, and the consumption of antidepressants has also increased
accordingly. Under this situation, a variety of antidepressants
have been recently developed. Tricyclic antidepressants, such
as amitryptyline, and tetracyclic antidepressants, such as
maprotiline, belong to the classic psychotropic drugs, which are
still frequently used together in psychiatric treatment. In recent
years, selective serotonin reuptake inhibiters or serotonin
noradrenalin reuptake inhibiters with fewer side effects are more
frequently used.

From the viewpoint of forensic science, it was found that
poisoning trouble occurred due to taking large amounts of an
antidepressant; furthermore, incidents of suicide are many.
Therefore, simultaneous determinations of these antidepressants
are important in cases of taking an overdose antidepressant like
this. Drug screening test kits are a widely used tool in the field
of chemical trial, but biological samples are difficult to
determine; it is impossible to distinguish some antidepressants.
The simultaneous determination of antidepressants has so far
been carried out by GC"® and HPLC.'"' However, the
simultaneous determination of all antidepressants by these
methods is very difficult in a single run because of similar
properties and structures.

Capillary electrophoresis (CE) is a separation method known
for easy method development, low sample consumption, fast
analysis times, simple experimental apparatus and high
resolution. It is thus thought that CE is very effective for

¥ To whom correspondence should be addressed.
E-mail: c18871 @pref.gifu.lg.jp

simultaneous determinations. However, because CE usually
uses an aqueous migration buffer solution, it is not suitable for
measuring compounds containing hydrophobic species, such as
antidepressants, which must be devised.  Besides, the
determination of highly hydrophobic and structurally similar
compounds by CE often requires the use of specific additives,
such as a surfactant or an organic solvent in order to
improve the separation selectivity.'>'® Non-aqueous capillary
electrophoresis (NACE) has emerged as an alternative to obtain
the high-resolution separations of hydrophobic drugs.'*?> The
NACE method uses an organic solvent instead of an aqueous
buffer as the background electrolyte, which is useful for
antidepressants. However, there are very few reports on the
determination of antidepressants in a single run by CE in recent
years.?326

Therefore, this work aims at the development of a simultaneous
determination of 20 antidepressants, as shown in Fig. 1, using
NACE. The compositions of the background electrolyte and
other experimental conditions were optimized. Subsequently,
the preparation for a plasma sample was investigated, and the
benefit of this technique was suggested.

Experimental

Chemical

Amitriptyline (AMI), trimipramine (TRI), imipramine (IMI),
desipramine (DES), clomipramine (CLO), nortriptyline (NOR),
amoxapine (AMO), maprotiline (MAP), mianserin (MIA),
fluvoxamine (FLU), milnacipran (MIL), trazodone (TRA) and
sulpiride (SUL) were purchased from Sigma-Aldrich (St. Louis,
MO). Paroxetine (PAR), sertraline (SER), flurazepam, methanol
(HPLC grade), acetonitrile (HPLC grade), acetic acid (HPLC
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Fig. 1 Structures of the 20 antidepressants.
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(1) Amitriptyline (AMI), (2) clomipramine (CLO), (3)

imipramine (IMI), (4) nortriptyline (NOR), (5) desipramine (DES), (6) lofepramine (LOF), (7) trimipramine
(TRI), (8) amoxapine (AMO), (9) maprotiline (MAP), (10) mianserin (MIA), (11) setiptiline (SET), (12)
fluvoxamine (FLU), (13) sertraline (SER), (14) paroxetine (PAR), (15) citalopram (CIT), (16) fluoxetine
(FLO), (17) milnacipran (MIL), (18) venlafaxine (VEN), (19) sulpiride (SUL), (20) trazodone (TRA).

grade), and ammonium acetate (analytical grade) were purchased
from Wako Pure Chemical Industries (Osaka, Japan). Citalopram
(CIT), fluoxetine (FLO) and venlafaxine (VEN) were purchased
from LKT Laboratories Inc. (St. Paul, MN). Lofepramine
(LOF) and setiptiline (SET) were obtained free-of-charge
from Daiichi-Sankyo Co., Ltd. (Tokyo, Japan) and Mochida
Pharmaceutical Co., Ltd. (Tokyo, Japan), respectively. Oasis
HLB, Oasis MCX and Oasis WCX extraction cartridges were
purchased from Waters (Milford, MA). Bond Elute Plexa and
Bond Elute Certify extraction cartridges were purchased from
Varian (Palo Alto, CA). All other common chemicals were
commercially available and of reagent grade.

Instrumentation and CE procedures

CE experiments were carried out in an HP 3DCE instrument
(Agilent Technologies, Waldbron, Germany) equipped with a
diode-array detector. Analytes were detected from 190 to
500 nm, and determination was carried out at 215 nm with a
bandwidth of 10 nm. CE was performed in a normal mode,

by applying a 30-kV positive voltage, using a bubble cell fused
silica capillary (50 um i.d.; bubble cell i.d., 150-um i.d.) with a
total length of 112.5cm (104 cm effective length). The
temperature of the capillary was controlled at 25°C. Samples
were introduced hydrodynamically using 50 mbar. The capillary
was washed with 0.1 M NaOH and distilled water for 10 min
when it was not used for a long time. Before every injection,
column conditioning was performed with acetonitrile (5.0 min)
as well as a running buffer (5.0 min).

Sample preparation

The 20 antidepressants were individually stocked in
acetonitrile at —4°C, where they were stable for 6 months.
However, when these standard solutions were mixed up, e.g.
200 pg/ml of each compound in acetonitrile, LOF was resolved
after a few days. When this standard solution (20 antidepressants)
was stored at —20°C, it was stable for one month. Human
plasma samples were spiked with the standard solution.
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Fig. 2 Comparison of the aqueous CE method and the non-aqueous
CE method. Capillary, fused-silica capillary, 50 pm i.d., 112.5 cm of
the total length, 104 cm of the effective length. Applied voltage,
30 kV. Sample injection, hydrodynamic injection, 15 s at 50 mbar.
Wavelength of detection, 215 nm. Sample, 10 pg/ml of each prepared
in acetonitrile. Background electrolyte solution: (a) 0.2 M acetate
aqueous buffer, pH 4.4, (b) 1 M acetic acid and 50 mM ammonium
acetate in acetonitrile.

Results and Discussion

NACE method optimization

NACE and aqueous CE. The results of antidepressants measured
by NACE (1 M acetic acid and 50 mM ammonium acetate in
acetonitrile) and aqueous CE methods (acetate buffer, pH 4.4)
are shown in Fig. 2. Both of the methods did not perform
sufficient separation of all compounds. However, it was found
that the NACE method was better in resolution and sensitivity
than the aqueous CE method, and is more favorable for
hydrophobic analytes, like antidepressants. It should be noted
that a lower noise level is achieved for NACE, compared with
aqueous CE.

Effect of electrolyte. The effect of an electrolyte was investigated.
Differences in the concentration and the nature of electrolyte
resulted in varied migration times and selectivity in NACE, and
likewise in aqueous CE. For example, Fig. 3 demonstrates
electropherograms obtained by using different electrolytes. A
great difference in the migration time was observed between
ammonium acetate and ammonium formate in acetonitrile. This
difference in the migration time may be caused by a variation of
the EOF magnitude because the background electrolyte changed
the conductivity and pH* value (apparent pH), e.g., 1 M formic
acid and 50 mM ammonium formate in acetonitrile, pH* 2.83;
1 M acetic acid and 50 mM ammonium acetate in acetonitrile,
pH* 4.81.%5%” Most salts can hardly dissolve in acetonitrile
directly. When citrate and phosphate aqueous buffer were
mixed with acetonitrile, low resolution was observed when the
composition of aqueous buffer was higher. The higher is the
concentration of the electrolyte, the longer is the analysis time
and the better is the resolution. However, the solubility of the
electrolyte is poor in acetonitrile. In the case of acetonitrile,
acetonitrile containing 1 M acetic acid and 50 or 60 mM
ammonium acetate was most suitable for the NACE buffer.
Change of non-aqueous solvent. Non-aqueous solvents mixtures
are widely used in NACE. The selectivity of the separation
systems changed significantly with the ratio of non-aqueous
solvents, and the electrophoretic mobility varied according to
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Fig. 3 Effect of difference acid and electrolyte. Other conditions are
the same as in Fig. 2. Background electrolyte solution: (a) 1 M acetic
acid and 50 mM ammonium acetate in acetonitrile, (b) 1 M formic
acid and 50 mM ammonium formate in acetonitrile.

the composition of non-aqueous solvents. The characteristics of
the non-aqueous solvent were investigated for methanol,
acetonitrile and isopropanol. These solvents are suitable for
direct UV detection (quantitative wavelength was 215 nm)
because they have a little UV absorption. However, when a
higher rate of isopropanol was used, the current could not flow,
and a measurement was impossible. The results using several
acetonitrile/methanol mixtures containing 50 mM ammonium
acetate and 1 M acetic acid are shown in Fig. 4. Any conditions
achieved symmetric and narrow peaks, although the migration
time and selectivity were different. These results were caused
by differences in the viscosity and the dielectric constant from
that of non-aqueous solvents as well as by the difference in the
dissociation constant of analyte molecules in non-aqueous
solvents. The EOF velocity (V) can be estimated from

v = (€lME,

where € is the dielectric constant, { the zeta potential, 1 the
solution viscosity, and E the applied electric field. For example,
the viscosity values of acetonitrile-methanol mixtures at 25°C
are 0.340, 0.329, 0.339 and 0.542 cP for 0, 22, 68 and 100%
methanol, respectively, whereas the dielectric constants of
acetonitrile-methanol mixtures at 25°C are 35.95, 35.38, 34.98
and 32.62 for 0, 27, 44 and 100% methanol, respectively.?® The
shortest migration time was observed with acetonitrile-methanol
(75:25), but the resolution was poor. Since pure acetonitrile had
the best resolution among the examined solvents, it was chosen
in our study.

Effect of additive solvents. So far, it was observed that
acetonitrile containing acetic acid and ammonium acetate
achieved good resolution. However, the separations of some
peaks were still insufficient. Unexpectedly, it was found that
the migration behavior was changed when some amounts of
water or organic solvent were added to the background
electrolyte. The effect of additional solvents on the migration
pattern is shown in Fig. 5. The addition of 1% water in
acetonitrile showed a better resolution in comparison with no
addition. However, a few peaks could not be separated when
added water was more than 2%. Furthermore, a greater
improvement in the separation was observed when adding 1%
water and 0.5 to 1.0% methanol. It was thought that this
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Fig. 4 Comparison with the difference mixture rate of acetonitrile
and methanol. Other conditions are the same as in Fig. 2. Background
electrolyte, 1 M acetic acid and 50 mM ammonium acetate. Medium:
(a) 100% acetonitrile, (b) 100% methanol, (¢) 75% acetonitrile and
25% methanol, (d) 50% acetonitrile and 50% methanol.

»
10 mAU

Fig. 5 Addition of a small amount of solvent to non aqueous
background electrolyte. Other conditions are the same as in Fig. 2.
Base of background electrolyte solution, 1 M acetic acid and 60 mM
ammonium acetate in acetonitrile. Additional solvent: (a) 0.5%
methanol and 1% water, (b) 1% water, (¢) 1% methanol, (d) no
addition.

tendency of separation was caused by a difference in the
dissociation equilibrium of the analyte due to solvation with the
additional solvents.

Applied voltage and capillary temperature. The effect of the
applied voltage was investigated from 15 to 30 kV. The larger
was the applied voltage, the higher was the achieved resolution.
In addition, the current remained low even at high voltage in
NACE, e.g. the current was about 10 LA at 30 kV. Therefore,
the applied voltage was kept at 30 kV in the following
experiments.

The effect of temperature on the separation was investigated
in the range of 25 -40°C because the capillary temperature
could not be reduced to lower than room temperature. The
analysis times decreased at higher temperature, resulting in poor
separation. The capillary was set at room temperature (25°C).
Dissolving solution and injection volume. When the analytes

ANALYTICAL SCIENCES JUNE 2010, VOL. 26
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Fig. 6 Typical separation of plasma sample at the optimized
conditions. Other conditions are the same as in Fig.2. Sample,
preparation for 0.1 pg/ml of plasma sample by solid phase extraction
(Oasis HLB). Background electrolyte solution, 1 M acetic acid and
60 mM ammonium acetate in acetonitrile:water:methanol (100:1:0.5,
v/v/v). Internal standard (1.S.), flurazepam.

were dissolved in the background electrolyte, a remarkably
worse peak shape and resolution were observed for large
injection volumes. Acetonitrile, methanol and chloroform were
examined as the solvent-dissolving analytes. Since the sample
was stacked at an interface between a low-conductivity sample
zone and a high-conductivity background electrolyte, the peak
shape was improved. The migration time was different for each
solvent due to variations in EOF. One explanation for this may
be that the electrical potential gradient was changed by the
solvent conductivity. It is expected that a higher potential
gradient is generated owing to low-conductivity sample solvents,
which leads to the generation of higher EOF as a whole. The
peak area was almost the same. This is because when the
background electrolyte was the same, the injection volume was
the same without regard to dissolving the solvent. The volume
in the hydrodynamic mode was examined in the range of
5-30s at 50 mbar. The migration time became short when a
long injection time caused a changing potential gradient. The
peak width had little deterioration up to 30 s injection at
50 mbar. Considering the migration time and the separation
efficiency, the best separation was achieved with 15-s injection
at 50 mbar. Under these optimized conditions, the simultaneous
separation of 20 antidepressants was demonstrated (Fig. 6).
Bubble cell fused silica capillary. CE has a defect of low
detection sensitivity caused by the very short detection
pathlength. In order to extend the light path, a bubble cell
capillary was tested. It should be noted that increasing the inner
diameter of capillary leads to an increase in the current, and
subsequent heating inside the capillary. The bubble cell is made
by expanding the part of the capillary. The bubble cell extended
the pathlength significantly without degrading the separation
efficiency and the resolution. As a result, using a fused-silica
capillary with an inner diameter of 50 um and a bubble of
150 um i.d., the peak area was on average 2.3-times higher
compared with an unmodified capillary. The sensitivity was
simply improved, with almost no variation in the separation
efficiency. For example, the peak widths of VEN were 3.7 and
3.1 s for the straight cell and the bubble cell, respectively, while
the peak widths of SET were 6.4 s for both cells.

Optimization of internal standard. 1t is difficult for us to control
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the EOF in both aqueous CE and NACE. An internal standard
was used for checking for any error of the migration time. For
this purpose, flurazepam was selected as the internal standard
because it could be detected without overlapping with the other
analyte peaks. The relative standard deviations of the migration
time were all less than 0.5% when flurazepam was used as the
internal standard.

The identification of each antidepressant was achieved by

Table 1 Recovery of extraction by Oasis HLB, limits of
detection (LOD), limits of quantification (LOQ), treatment and
toxic plasma concentrations® (n = 5)

Rec, RSD, LOD/ LOQ/ Lredment piclevels
Analyte % % ugml pgml! level/ ug ml!
pg ml!
VEN 939 49 003 01  025-075 >1
SUL 705 59 001 003 0.40-0.60 38
MIL 904 63 001 003 0.15
TRI 928 3.1 001 003 0015-0051  >I
AMI 927 32 001 003 005-024 0.55-16.1
LOF 543 117 003 01  004-0.14
IMI 853 22 001 003 001-008 08-13
CLO 912 25 001 003 002-007  >04
NOR 861 22 001 003 005-0.15 025
DES 1013 3.1 001 003 002-088  >I0
CIT 887 32 00l 003 002-02 0.5
SET 931 30 001 003 00035- 078- 18
MAP 878 39 001 003 0.05-024 6.2
FLO 973 37 001 003 015-05 13-68
SER 908 47 001 003 0.05-025 2.9
FLU 932 147 001 01  005-025 0.16-14
TRA 986 80 001 003 049-23 15
PAR 1003 54 003 01 001-0075 >04
AMO 646 86 001 003 002-009 026-67
MIA 869 51 001 003 0015-007  >0.5
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comparing the revised migration time and the absorbance
spectrum from 190 to 500 nm.

Plasma sample

Solid phase extraction and liquid-liquid extraction. Solid phase
extraction (SPE) and liquid-liquid extraction (LLE) were
investigated for preconditioning the plasma sample. LLE was
studied for ethyl acetate, chloroform-isopropanol (3:1, v/v),
diethyl ether and n-hexane. As for neutral plasma samples,
several analytes had low recovery, especially for MIL and SUL.
When extracting by diethyl ether at pH >12 (addition of sodium
carbonate or ammonia solution), the recovery was the best.
However, the recovery of MIL and SUL were still low, i.e.
about 40 and 20%, respectively, whereas the other analytes had
more than 80% recoveries. Nevertheless, no interrupting peak
derived from biological samples was detected.

SPE was studied using Oasis HLB, Oasis MCX, Oasis WCX,
Bond Elute Plexa and Bond Elute Certify. Oasis HLB seems to
have had the best recovery among the examined materials; the
results are summarized in Table 1. In the case of the mixed-mode
SPE (Oasis MCX, Oasis WCX and Bond Elute Certify), some
analytes were eluted during washing, and some even strongly
held and were not eluted at all. Bond Elute Plexa was able to
recover all analytes, but the recovery was low overall. SPE
using Oasis HLB was chosen in this study, and the procedures
were as the follows: the cartridges were activated with methanol
(1 ml), followed by water (1 ml). It was then loaded with 1 ml
of human plasma containing a spiked standard solution and the
internal standard (flurazepam, 10 pg/ml, 10 pul) with the addition
of 20 ul phosphoric acid. The cartridge was then washed with
5% methanol (1 ml). The elution solvent was methanol. It was
dried under a stream of nitrogen gas while heating at 40°C. The
residue was dissolved in acetonitrile for assay.

Linearity, reproducibility, limits of detection (LODs), and limits
of quantification (LOQs). The linearity of the response was
examined by the injection of spiked plasma samples after an
SPE treatment. The linearity was tested over the range from

Table 2  Linearity parameters and the reproducibility (0.1 pg/ml plasma samples)

Intraday Interday
Linearity range/ Coefficience RS.D., % (n=06) RS.D., % (n=6)
Analyte o Intercept Slope . .
ugml of correlation Migration A Migration A

time red time rea
VEN 0.1-1 0.0050 2.3265 0.9987 0.30 43 0.75 4.7
SUL 0.03-1 0.1141 4.9290 0.9915 0.19 16.4 0.38 16.2
MIL 0.03-1 0.0732 5.5966 0.9981 0.17 4.6 0.35 4.6
TRI 0.03-1 0.0530 8.0923 0.9994 0.06 1.2 0.18 39
AMI 0.03-1 0.1330 14.5557 0.9994 0.05 1.0 0.13 4.7
LOF 0.1-1 -0.7892 9.4321 0.9902 0.07 13.8 0.31 9.2
IMI 0.03-1 0.1529 12.6300 0.9992 0.01 0.7 0.06 4.6
CLO 0.03-1 0.1171 12.8137 0.9994 0.03 1.2 0.06 3.0
NOR 0.03-1 0.1359 13.4977 0.9991 0.06 1.8 0.22 4.9
DES 0.03-1 0.4458 13.6363 0.9991 0.08 1.9 0.25 4.6
CIT 0.03-1 0.2248 8.1778 0.9997 0.09 1.6 0.24 24
SET 0.03-1 0.1493 14.9495 0.9993 0.14 1.0 0.23 1.3
MAP 0.03-1 0.1481 8.9356 0.9989 0.15 1.2 0.39 5.4
FLO 0.03-1 0.0293 8.4473 0.9985 0.18 5.7 0.48 11.9
SER 0.03-1 0.1246 11.7936 0.9985 0.21 2.6 0.47 7.8
FLU 0.1-1 0.0762 3.2823 0.9904 0.23 5.0 0.58 124
TRA 0.03-1 0.2015 12.3242 0.9965 0.23 9.4 0.40 6.7
PAR 0.1-1 0.1233 4.1426 0.9974 0.29 10.8 0.77 11.6
AMO 0.03-1 0.5958 12.8207 0.9955 0.31 9.1 0.79 8.3
MIA 0.03-1 0.2348 14.9067 0.9994 0.32 23 0.60 4.0
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LOQ (0.1 or 0.03) to 1 pug/ml for each analyte in the plasma
(1 ml of plasma samples). The results were given in terms of
the relative peak areas. The linear-regression equations obtained
using the least-squares method and the coefficients of the
correlation are presented in Table 2.

The reproducibility was evaluated by intraday and interday
assay regarding the relative migration times and the relative
peak areas. The reproducibility using a 0.1 pg/ml plasma
sample is shown in Table 1. As shown in Table 1, the migration
time reproducibility is sufficient for all analytes. From the
migration time together with the spectrum from 190 to 500 nm,
it was possible to identify the analyte.

LODs and LOQs were calculated by measuring the ratio of
the signal to noise, and taking into account a factor of 3 and 10
for LODs and LOQs, respectively (Table 1); 0.01 to 0.03 and
0.03 to 0.1 pg/ml were achieved for LOD and LOQ, respectively.
The concentration of the treatment level and the toxic level
for antidepressants are also summarized in Table 1. At the
concentration of the toxic level, all of the antidepressants could
be determined. At the concentration of the treatment level, all
of the antidepressants, except for SET, could be detected.

Conclusion

It was possible to simultaneously analyze 20 antidepressants
using the developed NACE method, and this method was
successfully applied to plasma samples. It was found that this
NACE method could be sufficiently adapted to plasma samples.

The NACE method has a benefit for hydrophobic compounds.
Since the consumption of the organic solvent and the sample is
very little, this proposed NACE method is recommended as the
first choice for hydrophobic drug screening. Coupling of the
present NACE method with mass spectrometry is being
investigated.

References

1. M. Terada, T. Shinozuka, E. Tanaka, M. K. Osman, Z. Tun,
N. Ikawa, Y. Fujimoto, K. Honda, J. Yanagida, and S.
Misawa, Jpn. J. Forensic Toxicol., 1997, 15, 217.

2. J.J. B. Nevado, M. J. V. Llerena, A. M. C. Salcedo, and E.
A. Nuevo, J. Pharm. Biomed. Anal., 2005, 38, 52.

3. M. E. C. Queiroz, C. A. A. Valadio, A. Farias, D. Carbalho,
and F. M. Langas, J. Chromatogr., B, 2003, 794, 337.

4. N. Jourdil, B. Pinteur, F. Vincent, C. Marka, and C. Bessard,
J. Chromatogr., 1993, 613, 59.

5. C. S.-Petinal, J. P. Lamas, C. G.-Jares, M. Llompart, and R.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

ANALYTICAL SCIENCES JUNE 2010, VOL. 26

Cela, Anal. Bioanal. Chem., 2005, 382, 1351.

S. M. R. Wille, P. V. Hee, H. M. Neels, C. H. V. Peteghem,
and W. E. Lambert, J. Chromatogr., A, 2007, 1176, 236.

I. M. Mclntyre, C. V. King, S. Skafidis, and O. H. Drummer,
J. Chromatogr., 1993, 621, 215.

E. Tanaka, M. Terada, T. Nakamura, S. Misawa, and C.
Wakasugi, J. Chromatogr., B, 1997, 692, 405.

C. Frahnert, M. L. Rao, and K. Grasmider, J. Chromatogr.,
B, 2003, 794, 35.

S. C.-Broch, M. T. G.-Agusti, L. M.-Pons, and J. S.
E.-Romero, J. Chromatogr., A, 2007, 1156, 254.

T. Shinozuka, M. Terada, and E. Tanaka, Forensic Sci. Int.,
2006, 162, 108.

H.-S. Kou, C.-C. Chen, Y.-H. Huang, W.-K. Ko, H.-L. Wu,
and S.-M. Wu, Anal. Chim. Acta, 2004, 525, 23.

D. Schaller, E. F. Hilder, and P. R. Haddad, Anal. Chim.
Acta, 2006, 556, 104.

A. M. Enlund and D. Westerlund, J. Chromatogr., A, 2000,
895, 17.

H.-L. Su and Y.-Z. Hsieh, J. Chromatogr., A, 2008, 1209,
253.

J. R. Flores, A. M. C. Salcedo, M. J. V. Llerena, and L. M.
Fernandez, J. Chromatogr., A, 2008, 1185, 281.

L. Labat, M. Deveaux, P. Dallet, and J. P. Dubost, J.
Chromatogr., B, 2002, 773, 17.

T. G.-Diaz, M.-I. A.-Valenzuela, N. M.-Diez, and A.
S.-Rodriguez, Electrophoresis, 2005, 26, 3518.

K. Sarmini and E. Kenndler, J. Chromatogr., A, 1997, 792,
3.

H. Zou, Z. Wang, N. Ye, R. Xu, R. Zhu, B. Wang, and X.
Gu, Chromatographia, 2008, 67, 483.

F. Steiner and M. Hassel, Electrophoresis, 2000, 21, 3994.
C.-H. Tsai, C.-C. Tsai, J.-T. Liu, and C.-H. Lin, J.
Chromatogr., A, 2005, 1068, 115.

I. Bjgrnsdottir and S. H. Hansen, J. Chromatogr., A, 1995,
711, 313.

J. R. Veraart, M. C. Reinders, H. Lingeman, and U. A. Th.
Brinkman, Chromatographia, 2000, 52, 408.

M. D. Cant, S. Hillebrand, M. E. C. Queiroz, F. M. Langas,
and E. Carrilho, J. Chromatogr., B, 2004, 799, 127.

J. R. Flores, J. J. B. Nevado, G. C. Peiialvo, and N. M.
Diez, Talanta, 2005, 65, 163.

S. P. Porras and E. Kenndler, J. Chromatogr, A, 2004,
1037, 455.

G. P. Cunningham, G. A. Vidulich, and R. L. Kay, J. Chem.
Eng. Data, 1967, 12, 336.

A. C. Moffat, M. D. Osselton, and B. Widdop, “Clarke’s
Analysis of Drugs and Poisons”, ed. L. Y. Galichet, 3rd ed.,
2004, Pharmaceutical Press, London, Chicago.




