
Characterization of Lidocaine and its Metabolites in Human Plasma
Using Capillary Electrophoresis

Magnus S. Anderson,1 Hong Wan,1 Mohamed Abdel-Rehim,2 Lars G. Blomberg1

1Department of Chemistry, Karlstad Unï ersity, SE-651 88 Karlstad, Sweden
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Abstract: A method for the separation of lidocaine and six of its metabolites in
plasma has been developed. Separation was performed using a buffer consisting of

Ž .35 mM phosphaterTris pH 3.0, 6 mM cetyltrimetylammoniumbromid CTAB and
Ž .9% vrv methanol. The key variables, CTAB and methanol concentrations, were

optimized by the application of a factorial design. Rinsing the capillaries with
ethanol between runs resulted in highly reproducible migration times, relative
standard deviation 0.69%. Under the conditions applied, the seven analytes could
be separated with high efficiency and resolution within 8.1 min. Overall perfor-
mance, as demonstrated in validation experiments, was excellent. Q 1999 John Wiley &

Sons, Inc. J Micro Sep 11: 620]626, 1999
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INTRODUCTION
Lidocaine is a basic drug commonly adminis-

tered as a local anesthetic. It is also used for the
investigation of hepatic function. Moreover, lido-
caine has antiarrhythmic properties and is fre-
quently used as a therapeutic agent in the treatment

w x Ž .of cardiac disorders 1]3 . Lidocaine LID is rapidly
and extensively metabolized in man, the major

Ž .metabolites are 4-hydroxy-2,6-xylidine 4-OH-XYL ,
Ž . Ž .2,6-xylidine XYL , glycinexylidide GX , monoethyl-

Ž .glycinexylidide MEGX . Low concentrations of 3-
Ž .hydroxy-lidocaine 3-OH-LID and 3-hydroxy-mono-
Ž .ethylglycinexylidide 3-OH-MEGX have also been

w xreported 4,5 . MEGX and GX have pharmacologi-
cal effects, both as antiarrhytmics and in terms of

w xtoxicity 6 . It is thus of interest to monitor the
concentrations of the parent drug and its metabo-
lites in plasma. The structures of lidocaine and its
metabolites are shown in Figure 1.

The determination of lidocaine alone or to-
gether with its metabolites has been performed by

Ž .high-performance liquid chromatography HPLC
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w xand by GC 7]13 . In previous work, Abdel-Rehim
et al. reported GC separations of underivatized lido-
caine together with its metabolites using different

w xfused silica capillary columns 14 . Capillary elec-
trophoresis methods for separation of lidocaine and
drugs with similar structure have been presented
w x15,16 , but CE analysis of lidocaine together with its
metabolites has not yet been reported.

Our approach was to use a low pH CE system
for simultaneous separation of lidocaine and its
metabolites. This was because of the instability at
higher pH which has been reported for one of the

w xmetabolites: 4-OH-XYL 17 .
One of the main problems with the separation

of positively charged analytes is the adsorption of
the analytes at the fused silica capillary wall. Such
interactions may cause band broadening and zone
distortion. As a result, poor repeatability and low
separation efficiency are often obtained. Several ap-
proaches have been employed to reduce the interac-
tions with the wall. These include the use of basic

w xbuffer additives, e.g., hexylamine 18 and chemical
modification of the capillary wall by means of a

w xneutral hydrophilic coating, e.g., polyacrylamide 19 .
Charge reversal of the capillary surface will also
reduce the adsorption of positively charged analytes,
which thereby will be electrostatically repelled. Such
a reversal can be accomplished dynamically by the

Ž . Ž .J. Microcolumn Separations, 11 8 620]626 1999
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Figure 1. Structures of lidocaine and its metabolites.

addition of a cationic surfactant to the running
w xbuffer, e.g., CTAB 20 .

In this paper we present an optimized CE
method for the separation of lidocaine and its
metabolites. CTAB was used to dynamically coat the
fused silica capillary to prevent analyte wall interac-
tions. The method was optimized by a full factorial
design and validated for the analytes in human
plasma.

EXPERIMENTAL
Equipment. CE was performed on a Beckman

Ž .Fullerton, CA, USA PrACE 5510 capillary elec-
trophoresis system equipped with a high voltage

Ž .supply 0]30 kV , an automatic injector, a diode
array UV detector, and a liquid cooled cartridge.
Data were collected by means of Beckman PrACE

Ž .station software version 1.0 . Chemometric experi-
mental design for the optimization experiments was

Ždone in the computer program Codex Sum IT Sys-
.tem AB, Sollentuna, Sweden .

ŽUntreated fused-silica capillaries 50 mm inner
Ž . Ž ..diameter i.d. , 375 mm outer diameter o.d. ob-

Žtained from Polymicro Technologies Phoenix, AZ,
.USA were used as separation capillaries. All elec-

trophoresis runs were carried out with reversed po-
larity at 258 C. Sample introduction was performed

Ž .using pressure 0.5 psi . On-column detection was
made with UV at 200 nm.

Chemicals. Lidocaine and its metabolites were
supplied by Astra Pain Control, Sodertalje, Sweden.¨ ¨

Ž .Deionized water 18.2 MV was from a Millipore
ŽMilli-Q plus water purification system Molsheim,

. ŽFrance . Phosphoric acid-85%, CTAB, and Tris hy-
. Ž .droxymethyl aminomethane Tris were obtained

Ž .from Sigma-Aldrich Gillingham-Dorset, UK . Other
chemicals used in this work were of analytical grade.

Electrolyte preparation. The running buffers were
prepared by adding appropriate aliquots of phospho-
ric acid to deionized water. The pH was measured
with a pH meter, MeterLab, Radiometer Analytical
Ž .Lyon, France and adjusted as required by addition
of aliquots of Tris. The buffer solutions were de-
gassed by vacuum and prior to analysis, they were
filtered through a 0.45 mm membrane Millex-hv

Ž .Millipore Molsheim, France . A freshly made solu-
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tion could be used for at least 3 days. Additives such
as organic modifiers were mixed with the buffer
directly in the electrophoresis buffer vial.

Sample preparation during method de¨elopment
and optimization. Stock solutions of lidocaine and its
metabolites were prepared by dissolving appropriate
aliquots of the analytes in a water]ethanol solution
Ž .1:1 , acidified to pH 3.0 with phosphoric acid. The
analyte solutions were magnetically stirred for 10
min and filtered through a 0.45 mm membrane filter
before use.

Sample preparation during ¨alidation in human
plasma. To 1000 mL of human plasma contained in
an ultracentrifugation tube, Sartorius centristart 1,

Žappropriate aliquots of the analyte solution see
.above were added. The analyte-plasma solution was

Ž .acidified with 40 mL of phosphoric acid 1 M and
finally diluted to a total volume of 2000 mL with
distilled water. The final concentration of the ana-
lytes ranged from 1]1000 mM. After centrifugation
Ž .25 min, 2900 rpm the supernatant was injected into
the CE system.

RESULTS AND DISCUSSION
Scouting. A standard solution of lidocaine and

its metabolites was prepared for scouting and opti-
mization of the separation conditions. The approach
was to use a running buffer sufficiently acidic to
protonate the analytes so that they could be sepa-
rated as cations. The first experiments were per-
formed using a phosphaterTris buffer at pH 3.0. As
might be expected the peaks were tailing, the cationic
analytes were obviously interacting with the capillary
wall.

To improve peak shape, CTAB was added to the
buffer. This positively charged detergent is dynami-
cally adsorbed at the capillary wall. As a result, a

Ž .reversal of the electroosmotic flow EOF takes
place. Preliminary experiments showed that reason-
ably good separations could be obtained using a low
concentration of CTAB in the phosphaterTris
buffer. To improve the resolution further, a number
of organic modifiers were examined. Addition of
organic solvents to the running buffer sometimes
extends the migration-time window, improves the
resolution, or sometimes modifies the selectivity.
The effects of organic modifiers on CE have been

w xextensively studied, e.g., 21]26 . In the present work,
the best efficiencies and peak shapes were obtained
when using methanol. Finally, experiments were per-
formed to evaluate the key factors that govern the
separation and the selection of the low and high
limits for the factorial design.

Optimization. For the separation of lidocaine
and its metabolites, two key factors, CTAB and

methanol concentrations were optimized by a full
factorial design. The applied levels were low: CTAB

Ž .2 mM and methanol 5% vrv ; high: CTAB 8 mM
Ž .and methanol 15% vrv . For the design, 13 experi-

ments were performed, including five runs in the
center point. Responses studied were the resolution
between analytes 3-OH-MEGX and LID and ana-
lytes 4-OH-XYL and XYL. These pairs were the
most difficult to separate in the previously per-
formed scouting experiments. The influence of the
variables on the migration time for the last eluted
peak XYL was also studied. The responses were
chosen to obtain a rapid baseline separated system.
The results obtained from optimization indicated
that methanol concentration was the main factor for
resolution as well as for the migration time, Figure
2. For the resolution between analytes 3-OH-MEGX
and LID a high concentration of methanol resulted
in an enhanced resolution. In contrast, a low con-
centration of methanol had positive effects on the
resolution between analytes 4-OH-XYL and XYL.
The experiments showed that CTAB had minor ef-

( )Figure 2. Effects of CTAB and methanol on A
resolution between analytes 3-OH-MEGX and LID,
( )B resolution between analytes 4-OH-XYL and XYL,
( )C migration time for the last eluted analyte.
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fects on the resolution, thus indicating that the
major role of CTAB, in the present system, is to
cover the capillary inner surface. According to the
two antagonist optimum points obtained during the
optimization, a final optimum condition, in the cen-
ter of the design, was chosen.

Optimum separation conditions of analytes 4-
OH-XYL and XYL and analytes 3-OH-MEGX and

Ž . Ž .LID are shown in Figure 3 A and B , respectively.
Ž .Figure 3 C shows an electropherogram obtained

using the proposed optimum conditions, i.e., 35 mM
phosphaterTris buffer pH 3.0, CTAB 6 mM and

Ž .methanol 9% vrv , potential y25 kV and tempera-
ture 258 C.

Purging conditions. A high degree of repeatabil-
ity is of crucial importance and this may be difficult
to achieve when using CTAB as a dynamic coating

w xreagent 27 . In the present system the choice of
purging conditions was crucial to achieve high-ef-
ficiency and reproducible separations. Two different
purging conditions were examined. First, capillary

Ž .preconditioning and rinsing using NaOH 0.2 M .
Second, capillary preconditioning and rinsing using
ethanol. Prior to use, new separation capillaries were
preconditioned with NaOH or ethanol for 30 min
followed by water for 10 min and finally running
buffer for 30 min. To ensure reproducible separa-
tions the capillary was, before each injection, rinsed
with NaOH or ethanol for 3 min, water for 1 min,
and running buffer for 3 min.

The separation profiles were similar after pre-
conditioning and rinsing with NaOH and ethanol,
but the migration times were approximately two
times longer when using a NaOH pretreated capil-

Ž .lary, Figure 4 A . Further, using NaOH an obvious
trend was observed indicating even longer migration
times. The repeatability of migration times was poor,
the relative standard deviation, R.S.D., for LID was

Ž .6.6%. The efficiency Figure 4 B , was approximately
200,000 theoretical platesrm and after a few consec-
utive separations, peak shapes, and efficiencies were
even worse. A prolonged flush with running buffer

Figure 3. Optimal separation conditions for lidocaine and its metabolites, UV detection at 200 nm. Separation
( )capillary, fused silica 50 mm i.d., effectï e length 40.5 cm total length 47.5 cm ; ¨oltage y25 kV; temperature 258 C.

( ) ( ) ( )A Optimum separation condition for the resolution between analytes 3-OH-MEGX and LID . Background
( ) ( )electrolyte; phosphate r Tris 35 mM pH 3.0, CTAB 8 mM, methanol 5% ¨ r ¨ . B Optimum separation condition

( ) ( )for the resolution between analytes 4-OH-XYL and XYL . Background electrolyte; phosphate r Tris 35 mM pH
( ) ( )3.0, CTAB 2 mM, methanol 15% ¨ r ¨ . C Applied optimum condition for the separation of lidocaine and its

( )metabolites. Background electrolyte; phosphate r Tris 35 mM pH 3.0, CTAB 6 mM, methanol 9% ¨ r ¨ . Peaks:
a s 3-OH-LID; b s 3-OH-MEGX; c s LID; d s MEGX; e s GX; f s 4-OH-XYL; g s XYL. Sample concentra-
tion: 100]150 mM.
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Figure 4. Capillary purging: effects of sodium hydrox-
( ) ( )ide and ethanol on A migration time and B separa-

tion efficiency.

Ž .8 min was performed but no improvement of effi-
ciency and repeatability of migration time was ob-
served after such a treatment.

The use of ethanol rinsing gave both high-ef-
Ž .ficiency and reproducible separations, Figure 4 B

Ž .and 4 A . The efficiency was consistently at 580,000
theoretical platesrm, the repeatability, R.S.D., of
migration time was excellent 0.69%. A drawback of
ethanol rinsing is that performance may vary for
different batches of fused silica capillary tubing.
Analysis was thus performed on capillaries obtained
from three different batches, similar selectivity, effi-
ciency, and repeatability were obtained. Further, it
seems that type of rinsing required depends on the
type of analytes. For example, for protein separa-
tions, rinsing with 0.1 M NaOH is needed in order to
eliminate protein buildup on the capillary surface
w x28 .

Selectï ity]specificity. A blank plasma injection
and a spiked plasma sample were analyzed according
to the proposed method. The blank electrophero-
gram, Figure 5, shows that no interfering peaks are
eluted in the time window of interest. Further, the
spiked plasma sample demonstrates baseline separa-

tion of all seven compounds within 8.1 min. Efficien-
cies and resolutions are given in Table I. The proce-
dure was repeated using plasma from two more
individuals and the results were not significantly
different from those shown in Figure 5.

( )Limit of detection LOD . A signal-to-noise ratio
of approximately 3 is generally considered to be
acceptable for estimating the detection limit. The

Ždetection limits obtained using normal injection 5 s,
.0.5 psi were 5.0 mM for 3-OH-LID, 3-OH MEGX,

LID, MEGX and GX; 7.5 mM for 4-OH-XYL and
13 mM for XYL. To improve the sensitivity, the

Ž .injected volume was increased 40 s, 0.5 psi , a five
time enhancement of the sensitivity was achieved.
The LOD values using normal and long time injec-
tion are presented in Table I. The relatively poor
sensitivity, might be explained by the detection mode.
In the development of the separation conditions, the
detection was by UV, which, for many practical
applications, has too poor LOD.

Linearity. Calibration curves were prepared in
order to examine the linearity of the response.
Drug-free plasma was thus spiked with standards in
a concentration range between 5]500 mM. Six con-

Ž .centration levels were used excluding blank and
two injections were made at each level. The calibra-
tion curves for each metabolite were constructed by
plotting the peak-area versus the concentration of
the metabolite. The procedure, including sample
preparation, was performed four times using plasma
from one individual. Two curves were made within 1

Ž .day day 1 . Further, one curve was made day 3 and
another curve day 5. The linear regression correla-
tion coefficients, r 2, were above 0.99 for all analytes.
According to the equations and correlation coeffi-
cient r 2 no significant variations were observed be-
tween the different analysis occasions.

The linearity range was estimated to approxi-
mately 3 orders of magnitude when using 5 s injec-
tion time. However, when using 40 s injection time
the linearity range was 2 orders of magnitude.

To verify and show the quality fit of the calibra-
tion curve, three more concentration levels were
analyzed. They were chosen between the concentra-
tion points in the calibration curve: one near the

Ž . Ž .LOD 20 mM , one in the center 150 mM , and one
Ž .in the upper part of the standard curve 400 mM .

The solutions were replicated two times and the
amounts determined were compared to the theoreti-
cal amounts. The variations were within "15% devi-
ation of the nominal value in the center and the
upper part of the calibration curve, at 20 mM varia-
tions within "25% were obtained. For the unstable
4-OH-XYL larger variations were obtained, indicat-
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Figure 5. Electropherogram of lidocaine and its metabolites, UV detection at 200 nm. Separation capillary, fused
( )silica 50 mm i.d., effectï e length 40.5 cm total length 47.5 cm ; ¨oltage y25 kV; temperature 258 C. Background

( ) ( )electrolyte; phosphate r Tris 35 mM pH 3.0, CTAB 6 mM, methanol 9% ¨ r ¨ . A A standard solution of
( ) ( )lidocaine and its degradation products in plasma 100-150 mM , peaks as in Figure 3. B A blank injection of

plasma.

ing that a determination of this compound is some-
what uncertain.

Repeatability. Precision over a short time while
keeping the operating conditions constant was
checked by performing eight consecutive separations
of a spiked plasma solution at a concentration of 150
mM. The relative standard deviation R.S.D for mi-
gration time of all analytes was in the range
0.67]0.89%. For all analytes the variations of the
peak-area were in the range 1.48]3.21%, except for
4-OH-XYL 16.6%.

Within-day precision]between-day precision. Five
sample preparations in plasma from one individual
were analyzed on three different days to explore the
variation between days and within-days. Three con-
centration levels were used: one near the LOD
value 20 mM, one in the center 150 mM, and one
near the upper boundary of the calibration curve
400 mM. The R.S.D. for the migration time was in
the range 1.21]1.84% on the within-day basis and
3.14]4.24% on the between-day basis. The varia-
tions in area are presented in Table II.

Table I. Separation data and detection limits for lidocaine and its metabolites in spiked human plasma.

a bMigration Efficiency Resolution LODs LODs
Ž . Ž . Ž . Ž . Ž .Elution order time min Nrm Rs mM mM

3-OH-LID 6.27 580,000 1.0 5.0
3-OH-MEGX 6.47 510,000 3.66 1.0 5.0
LID 6.58 570,000 2.00 1.0 5.0
MEGX 6.84 640,000 4.73 1.0 5.0
GX 7.63 470,000 12.8 1.0 5.0
4-OH-XYL 7.90 620,000 4.05 1.5 7.5
XYL 8.07 400,000 2.31 3.0 13

a Ž .Limit of detection LODs defined as signal-to-noise ratio of approximately 3, injection was performed using 40 s injection
time and a pressure option of 0.5 psi.
b Ž .Limit of detection LODs defined as signal-to-noise ratio of approximately 3, injection was performed using 5 s injection
time and a pressure option of 0.5 psi.
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Table II. Precision of peak area for determination of standard substances in plasma samples.a

Ž . Ž .Within-day R.S.D.% Between-day R.S.D.%

Compound 20 mM 150 mM 400 mM 20 mM 150 mM 400 mM

3-OH-LID 9.3 1.5 2.5 5.7 4.3 1.2
3-OH-MEGX 8.4 1.9 2.2 2.3 3.7 4.6
LID 7.9 1.7 1.6 3.9 6.8 6.7
MEGX 7.6 1.5 2.0 9.4 4.2 2.6
GX 6.4 2.2 2.6 6.3 4.7 4.0
4-OH-XYL 21.1 16.6 7.5 23.2 19.2 2.7
XYL 16.7 3.2 1.7 25.3 0.50 4.8

a Ž .Precision calculated for three concentration levels: 20, 150, and 400 mM, n s 3 . Background electrolyte: phosphaterTris
Ž .35 mM, pH 3.0, CTAB 6 mM, methanol 9% vrv . Separation capillary: fused silica 50 mm i.d., effective length 40.5 cm

Ž .total length 47.5 cm ; voltage y25 kV, temperature 258C.

Carry-o¨er. Carry-over was examined by injec-
tion of a spiked plasma solution at a concentration
of 500 mM. After separation and capillary rinsing; a
blank injection of plasma was made. No analytes and
sample matrix residues were detected after the rins-
ing step.

A method for the characterization of lidocaine
and six of its metabolites in human plasma has been
developed and optimized. A low concentration of
CTAB in the running buffer resulted in improved
peak shape and efficiency. The method developed is
rapid, precise, and simple to perform. However, de-
tection limits are too high for real analyses. The
poor sensitivity may be overcome by the use of mass
spectrometric detection. In a future publication, we
will report the CE separation of lidocaine and its
metabolites using coated columns and mass spectro-
metric detection.
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