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Separation of lidocaine and its metabolites
by capillary electrophoresis using volatile aqueous
and nonaqueous electrolyte systems

The separation of the basic drug lidocaine and six of its metabolites has been investi-
gated both by using volatile aqueous electrolyte system, at low pH and by employing
non-aqueous electrolyte systems. In aqueous systems, the best separation of the
compounds under the investigated conditions was achieved by using the electrolyte
60 mM trifluoroacetic acid (TFA)/triethylamine (TEA) at pH 2.5 containing 15% metha-
nol. With this electrolyte, all seven compounds were well separated with high efficiency
and migration time repeatability. The separations with bare fused-silica capillaries and
polyacrylamide-coated capillaries were compared with higher separation efficiency
with the latter. On the other hand, near baseline separation of all the seven compounds
was also obtained by employing the non-aqueous electrolyte, 40 mM ammonium ace-
tate in methanol and TFA (99:1, v/v), with comparable migration time repeatability but
lower separation efficiency relative to the aqueous system.
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1 Introduction

The basic drug lidocaine (LID) is commonly administered
as a local anaesthetic and also used for the investigation
of hepatic function. In addition, LID has antiarrhythmic
properties and is frequently used as a therapeutic agent
in the treatment of cardiac disorders [1–3] . LID is rapidly
and extensively metabolised in humans. Its major meta-
bolites are 4-hydroxy-2,6-xylidine (4-OH-XYL), 2,6-xyli-
dine (XYL), glycinexylidide (GX) and monoethylglycinexy-
lidide (MEGX). Low concentrations of 3-hydroxy-lido-
caine (3-OH-LID) and 3-hydroxy-monoethylglycinexyli-
dide (3-OHMEGX) have also been reported [4, 5] . MEGX
and GX have pharmacological effects, both as antiarrhyt-
mics and in terms of toxicity [6] . It is thus of interest to
monitor the concentrations of the parent drug and its
metabolites in plasma. The structures of LID and its meta-
bolites are shown in Fig. 1. The determination of LID alone
or together with its metabolites has been performed by
HPLC and by GC [7–20] . In previous work, Abdel-Rehim
et al. [21] reported GC separations of underivatized LID
together with its metabolites using different fused silica
capillary columns. Capillary electrophoresis (CE) methods

for separation of LID and drugs with similar structure
have been presented [22, 23]. Recently, our group has
reported the CE separation of LID together with its meta-
bolites by using the buffer system 35 mM phosphate/Tris
(pH 3.6) containing 6 mM cetyltrimethylammonium bro-
mide (CTAB) and 9% v/v methanol [24] . In terms of sensi-
tivity and identification power, especially for the analysis

Figure 1. Structures of lidocaine and its metabolites.
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of biological samples, mass spectrometric (MS) detection
has advantages over other commonly used CE detectors
[25]. To take the best advantage of MS detection, CE
separations with volatile electrolyte and without the invol-
vement of surfactants are favorable since the accumula-
tion of surfactants can cause fouling of the MS ion source
and suppression of analyte signals [26, 27]. In addition,
buffer constituents such as trifluoroacetic acid (TFA) can
lead to decreased MS response by the formation of a
strong ion pair with positively charged analytes [28, 29].
However, post-column addition of propanoic acid and 2-
propanol, “TFA fix”, can displace the TFA on the basis of
volatility resulting in enhanced MS sensitivity [29, 30]. In
the present work, the CE separation of LID and all its
metabolites was investigated by using a volatile aqueous
electrolyte as well as a nonaqueous electrolyte system to
facilitate subsequent MS detection.

2 Materials and methods

2.1 Instrumentation and equipment

CE was performed on a Beckman (Fullerton, CA, USA) P/
ACE 5510 capillary electrophoresis system equipped with
a high voltage supply (0-30 kV), an automatic injector, a
diode array UV detector and a liquid cooled capillary cart-
ridge. Data were collected by means of Beckman P/ACE
station software (Version 1.0). Chemometric experimental
design for the optimisation experiments was done in
Codex (Sum IT System AB, Sollentuna, Sweden). Un-
treated fused-silica capillaries (50 �m ID, 375 �m OD)
obtained from Polymicro Technologies (Phoenix, AZ,
USA) were used as separation capillaries. Polyacryla-
mide-coated capillaries were prepared according to Hjer-
tén [31] with small modifications. Sample introduction
was performed using pressure (0.5 psi) and on-column
detection was made with UV at 200 nm.

2.2 Chemicals

Lidocaine and its metabolites were supplied from Astra-
Zeneca (Department of Medicinal Chemistry, Södertälje,
Sweden). Deionized water (18.2 M�) was from a Millipore
Milli-Q plus water purification system (Molsheim, France).
Ammonium acetate (�99% pure) and formic acid (90%)
were purchased from Fluka (Stockholm, Sweden). (TFA
�99% pure) was obtained from Aldrich (Stockholm,
Sweden). Acetic acid (more than 99.8% pure) was from
Ridel-de Haen (Stockholm, Sweden). Acros Organics
(New Jersey, USA) supplied triethylamine (TEA) (99%
pure). Other chemicals used in this work were of analyti-
cal grade.

2.3 Electrolyte and sample preparation

Stock electrolyte solutions of 100 mM TFA/TEA (pH 2.5)
were prepared by first adding 0.77 mL of TFA to 100 mL
of deionized water, and then adjusting the pH to 2.5 by
adding an appropriate amount of TEA (the pH was mea-
sured with a pH meter, MeterLab, Radiometer Analytical,
Lyon, France). The buffer solutions were degassed by
vacuum and prior to analysis, they were filtered through
a 0.45 �m membrane Millex-hv Millipore (Molsheim,
France). Lower concentration of buffers with certain per-
centage methanol were obtained by mixing the appropri-
ate amounts of methanol and water with appropriate
amounts of the above buffer directly in the electropho-
resis buffer vial. Stock solutions of lidocaine and its meta-
bolites of 1 mg/mL were prepared in methanol. The solu-
tion was diluted with water to 0.05 mg/mL before use.

2.4 Capillary pretreatment and rinsing

For bare fused silica capillaries, new ones were pretreated
by sequentially washing with 0.1 M NaOH for 30 min, H2O
for 10 min and running buffer for 10 min respectively before
first use. Between runs, they were rinsed with running buf-
fer for 5 min. For polyacrylamide-coated capillaries, rin-
sing was with H2O for 20 min and running buffer for 10 min
in succession before first use. Between runs, the capil-
laries were rinsed with running buffer for 5 min.

3 Results and discussion

3.1 Separation in volatile aqueous electrolyte
systems

3.1.1 Scouting

The goal of this study was to find a suitable volatile elec-
trolyte system for the separation of the drug lidocaine and
its metabolites to facilitate further MS detection. At first,
separations using 50 mM ammonium formate at pH 2.6
and 3.5 were screened. As a result, with this electrolyte
system at pH 3.5 (close to its pKa 3.74), only two broad
split peaks were obtained for the seven compounds
(Fig. 2A) while at pH 2.6, six peaks appeared with low
separation efficiency, with two of them comigrating
(Fig. 2B). This demonstrates that low pH was necessary
to protonate the analytes so that they could be separated
as cations. Consequently, a stronger volatile acid, TFA,
which had been used as acid to adjust pH for the separa-
tion of some peptides in capillary electrophoresis [32],
was chosen for further study. Volatile TEA, which was
expected to decrease the interaction between the catio-
nic analytes and the capillary wall at low pH, thus increas-
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Figure 2. Effect of pH on resolution of lidocaine and its
metabolites. Conditions: UV detection at 200 nm. Se-
paration capillary, fused silica 57 cm (50 cm effective
length)�50 �m ID. Voltage 30 kV; temperature 25�C.
Background electrolyte: (A) 50 mM ammonium formate
(pH 3.5); current, 26 �A. (B) 50 mM ammonium formate
(pH 2.6); current, 17.5 �A.

ing separation efficiency and improving separation, was
selected as buffer cation. The initial experiments were
performed using a TFA/TEA buffer at pH 2.5. Compared
to the result indicated in Fig. 2B, this buffer gave much
better separation with higher efficiency for all the com-
pounds investigated. Some organic modifiers have been
reported to modify separation in CE [33–35]. In our pre-
sent work, methanol was proven to be effective. Further
preliminary experiments showed that both the electrolyte
concentration and methanol influenced the separation of
the drugs.

3.1.2 Optimization

Based on the results achieved at the scouting stage, elec-
trolyte and methanol concentrations were optimized by a
central composite design. The applied levels were low:
electrolyte concentration 20 mM TFA/TEA (pH 2.5) and
methanol 5% v/v, high: electrolyte concentration 60 mM

TFA/TEA (pH 2.5) and methanol 15% v/v. For the design,
13 experiments were performed, including five runs in the
centre point. Responses studied were the resolutions
between analytes XYL and 4-OH-XYL, 4-OH-XYL and
GX, and LID and 3-OH-MEGX. These pairs were the
most difficult to separate in the previously performed
scouting experiments. The influence of the variables on
the migration time for the lastly eluted peak 3-OH-LID
was also studied. The goal of the optimization was to
find out a set of experimental conditions to obtain a rapid
baseline separating system. The results obtained from
optimization (Fig. 3) indicated that electrolyte concentra-
tion had a positive influence on the separation of the first

Figure 3. Effects of TFA/TEA concentration (BGE, mM)
and methanol (%, v/v) on the resolution (Rs1) of analytes
XYL and 4-OH-XYL, (Rs2) of 4-OH-XYL and GX, (Rs3) of
LID and 3-OH-MEGX.
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and third pairs, while the second pair showed an optimum
in the experimental domain. On the other hand, increased
methanol concentration improved the third pair separa-
tion to a large extent and there is an optimum methanol
concentration for the first and second pairs. Among
them, the third pair was most difficult to separate.

According to the contradicting optimum points for the three
pairs obtained during the optimisation and taking the
separation of all analytes into account, a final optimum con-

dition was chosen as 60 mM TFA/TEA buffer at pH 2.5 con-
taining 15% v/v methanol, capillary 47 cm (total length),
potential 30 kVand temperature 25�C.An electropherogram
is shown in Fig. 4A. The separation efficiency with this elec-
trolyte system ranged from about 2.0�105 to 4.0�105 the-
oretical plates/m, depending on compounds.

Good repeatability of migration time is of importance and
rinsing strategies between runs influence it [36]. In this
study, two different rinsing procedures between runs

Figure 4. Electropherogram
lidocaine and its metabolites
under optimized electrolyte con-
ditions: Background electrolyte,
60 mM TFA/TEA at pH 2.5, 15%
v/v methanol. Other conditions:
UV detection at 200 nm; tem-
perature, 25�C; separation ca-
pillary: (A) fused silica, 57 cm
(50 cm effective length)�50 �m
ID; voltage, 30 kV (526 V/cm).
(B) Fused silica, 47 cm (40 cm
effective length)�50 �m ID;
voltage, 25 kV (532 V/cm), cur-
rent, 34 �A. (C) Polyacrylamide-
coated, 57 cm (50 cm effective
length)�50 �m ID; voltage,
30 kV (526 V/cm); current,
34 �A. Peaks, see Fig. 1.
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were examined after the capillary was conditioned by
washing with 0.1 M NaOH for 30 min followed by H2O for
15 min and running buffer for 10 min prior to its first use.
The first strategy involved rinsing with 0.1 M NaOH for
3 min, H2O for 3 min and running buffer for 5 min in suc-
cession while in the second strategy, only rinsing with run-
ning buffer for 5 min was involved. The separation profiles
were similar with these two rinsing strategies. However,
the first rinsing strategy sometimes resulted in anomalous
baseline drift. On the other hand, no such baseline drifts
were observed with the second rinsing strategy. There-
fore, the simpler and timesaving second rinsing method
was adopted in this study. The repeatability of migration
times was evaluated with this rinsing method under the
selected optimised separation conditions. The repeatabil-
ity of migration time for the first and last eluting peaks for
seven consecutive runs with the same electrolyte was
0.67 and 1.51%, respectively. By definition, a buffer is
made up of a mixture of a weak acid and its conjugate
base. Although our current electrolyte system consists of
a strong acid, TFA, the above repeatability result shows
that the current electrolyte with TFA as acid and TEA as
basic cation at pH 2.5 is sufficiently good for CE use.

3.1.3 Separation in polyacrylamide-coated
capillaries

Polyacrylamide-coated capillaries have been extensively
employed in CE. There are several reasons to use coated
capillaries, forexample, to decrease the adsorption of basic
analytes at the capillary wall, to improve peak symmetry
and to enhance separation efficiency [37]. Further, the coat-
ing can suppress the electroosmotic flow (EOF), which, for
example, is important for the separation of peptides and
proteins according to their isoelectric point [38]. Figure 4C
presents the electropherogram obtained with a 57 cm poly-
acrylamide-coated capillary under the same experimental
conditions as in Fig. 4A. The separation efficiency, ranging
from 3�105 to 6�105 theoretical plates/m, was indeed
much improved as compared to the uncoated capillary.
The migration time repeatability for the first and lastlyeluting
peaks for seven consecutive runs using the same electro-
lyte was 1.59 and 0.56%, respectively. It should be noted
that the migration time was shorter with polyacrylamide-
coated capillaries than with uncoated ones.

3.2 Separation in non-aqueous electrolytes

3.2.1 Separation

Non-aqueous CE has been shown to be useful for many
applications [39–43]. The method is advantageous when
a sample is unstable in aqueous solution (in our case,

4-OH-XYL has been reported to be unstable at high pH
in aqueous solution [44]) and when MS detection is
expected to be used as some volatile organic solvents
can facilitate the MS operation. In addition, nonaqueous
conditions may be necessary for analytes that are poorly
soluble in aqueous buffers. In this study, some nonaque-
ous separation conditions were investigated for the sep-
aration. First, the electrolyte system methanol(MeOH)-
acetonitrile(ACN)-acetic acid-ammonium acetate(NH4Ac),
which has been so far the most widely used system for
the separation of basic drugs in nonaqueous CE [43],
was investigated by changing the relative content of
methanol and acetonitrile and of acetic acid and ammo-
nium acetate. However, poor separations were observed
with this system. The choice of electrolyte has been
reported to have a significant influence on the separation
in nonaqueous CE [42]. It has been shown that pKa values
of many analytes are higher in acetonitrile than in water,
and much higher in methanol than in water [45, 46]. This
may give some explanations to the effect of different
electrolyte composition on the separation [45, 46].

In the further study, TFA, instead of acetic acid, was cho-
sen as the acid. Subsequent investigations demonstrated
that better separation could be achieved with this system
than with the previous one, indicating that the change
from acetic acid to TFA, mainly an acidity change, could
influence the selectivity of separation (Fig. 5). The relative
concentration of methanol and acetonitrile and the con-
tent of TFA and ammonium acetate were optimised. The
results showed that an increase of the content of MeOH
relative to ACN influenced the separation. A change in the
concentration of TFA in the range between 1 and 5% had
little influence on migration time as well as on the separa-
tion. An increase of the concentration NH4Ac resulted in
increased migration times and changed selectivity, with
the best overall separation at 40 mM. Figures 6A-C show
the influence of the main factor, NH4Ac concentration, on
the separation. Under the investigated conditions, the
best separation in the shortest time for the seven com-
pounds was achieved at MeOH/ACN/TFA (99/0/1 v/v/v)
containing 40 mM NH4Ac (Fig. 6B). Here, near baseline
separation for all the seven compounds was obtained.
As mentioned above, methanol has a higher influence on
the pKa values than acetonitrile. Different salts have been
used to adjust separation selectivity in nonaqueous CE
systems [43]. To further improve the separation, the vola-
tile TEA was investigated in place of NH4Ac. The concen-
tration of TEA was also optimised at 40 mM, and as above,
the separation was only little influenced by the variation of
TFA from 0.5 to 2%. The separation under optimised con-
ditions is shown in Fig. 6D. The comparison of Figs. 6B
and D show that the separation profiles are quite similar
for the two systems, but with longer migration time with
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Figure 5. Effect of TFA on
separation of lidocaine and its
metabolites in nonaqueous
buffer. Conditions: UV detec-
tion at 200 nm. Separation
capillary, fused silica 57 cm (50
cm effective length)�50 �m ID.
Voltage, 25 kV; temperature
15�C. Background electrolyte:
(A) 20 mM ammonium acetate
in methanol, acetonitrile and
acetic acid (50:49:1 v/v/v); cur-
rent, 13 �A. (B) 20 mM ammo-
nium acetate in methanol, acet-
onitrile and TFA (50:49:1 v/v/v);
current, 18 �A.

the latter electrolyte. We expected that the separation
would be improved by employing polyacrylamide-coated
capillaries thus enhancing separation efficiency. How-
ever, no improvement of the separations as compared to
that shown in Figs. 6B and D was achieved. Separation
efficiencies were 0.13�105 to 0.75�105.

3.2.2 Repeatability of migration time

Due to the volatility of the organic electrolyte system,
inferior repeatability was expected compared to the
aqueous system, which possibly could influence later
quantitative studies. In this work, seven consecutive
replica runs evaluated the repeatability of migration time
with the same electrolyte solution under the optimized
conditions. Contrary to our expectation, the migration
time repeatability was quite good with the RSDs of the
first and fourth peaks at 1.45 and 1.65%, respectively,
indicating that similar migration time repeatability could
be achieved with nonaqueous CE as with the aqueous
electrolyte system.

3.3 Comparison with reversed polarity CE

In an earlier study of LID and its metabolites we used a
reversed polarity CE system with CTAB in the buffer for
the separation [24]. Elution order was then from a to g
(for legend see Fig. 1). In the present work a normal polar-
ity was used and the elution order in an aqueous buffer
was the opposite as before, Fig. 4. In the nonaqueous
buffer, the elution order was somewhat different as com-
pared to the aqueous buffer, peak c was thus eluted
before peak e and d, Fig. 6. This difference must depend
on selective interactions with the non-aqueous buffer. In
general, resolution is slightly better in the present work
than in our earlier system when we used CTAB in the buf-
fer [24] but migration times are now somewhat longer.

4 Concluding remarks

The separation of LID and its metabolites has been in-
vestigated by using a volatile aqueous electrolyte and a
non-aqueous electrolyte. Such electrolyte systems are
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Figure 6. Effect of BGE compo-
sition on separation of lidocaine
and its metabolites in nonaque-
ous CE. Background electrolyte:
(A) 20 mM ammonium acetate in
methanol and TFA (99:1 v/v);
current, 15 �A. (B) 40 mM ammo-
nium acetate in methanol and
TFA (99:1 v/v); current, 25 �A.
(C) 60 mM ammonium acetate in
methanol and TFA (99:1 v/v/v);
current, 32 �A. (D) 40 mM TEA in
methanol and TFA (99:1 v/v);
current, 22 �A. Other conditions
as in Fig. 5. Peaks, see Fig. 1.

expected to be beneficial for MS detection. TFA/TEA at
low pH was demonstrated to be a suitable volatile aque-
ous electrolyte system for CE separation of basic drugs
with good migration time repeatability. On the other
hand, non-aqueous CE could be another choice in basic
drug analysis. TFA exerts a significant influence on

separation selectivity of our test analytes. Apffel et al.
[29, 30] reported that the observed decrease in MS
response for some substances eluted in TFA containing
buffers was due to strong ion pairing of positively charged
analytes and negatively charged TFA ions. At our labora-
tories, GC, HPLC and CE have been applied for determi-
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nation of lidocaine and metabolites. Comparing the limit
of quantification (LOQ) obtained with the different meth-
ods, the LOQ achieved with GC [21], nitrogen/phosphor-
ous detector, was in the nM range, also HPLC with an MS
detection gave LOQ in the range [19]. For CE with UV-
detection [24] and this work, LOQ was in the �M range.
However, preliminary work indicates that detection with
MS can improve concentration sensitivity by a factor of
100.
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