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a b s t r a c t

In this paper, a method for the sensitive and reproducible analysis of lignocaine and its four prin-
cipal metabolites, monoethylxylidide (MEGX), glycylxylidide (GX), 3-hydroxylignocaine (3-HO-LIG),
4-hydroxylignocaine (4-HO-LIG) in equine urine and plasma samples is presented. The method uses
liquid chromatography coupled to tandem mass spectrometry operating in electrospray ionisation pos-
itive ion mode (+ESI) via multiple reaction monitoring (MRM). Sample preparation involved solid-phase
extraction using a mixed-mode phase. The internal standard adopted was lignocaine-d10. Lignocaine
and its metabolites were successfully resolved using an octadecylsilica reversed-phase column using a
gradient mobile phase of acetonitrile and 0.1% (v/v) aqueous formic acid at a flow rate of 300 �L/min.
CMS
iquid chromatography
ass spectrometry

Target analytes and the internal standard were determined by using the following transitions; lignocaine,
235.2 > 86.1; 3-HO-LIG and 4-HO-LIG, 251.2 > 86.1; MEGX, 207.1 > 58.1; GX, 179.1 > 122.1; and lignocaine-
d10, 245.2 > 96.1. Calibration curves were generated over the range 1–100 ng/mL for plasma samples and
1–1000 ng/mL for urine samples. The method was validated for instrument linearity, repeatability and
detection limit (IDL), method linearity, repeatability, detection limit (MDL), quantitation limit (LOQ)
and recovery. The method was successfully used to analyse both plasma and urine samples following a
subcutaneous administration of lignocaine to a thoroughbred horse.

Crown Copyright © 2010 Published by Elsevier B.V. All rights reserved.
. Introduction

Lignocaine (2-diethylamino-2′,6′-dimethylacetanilide, Fig. 1a)
cts as a local anaesthetic by stabilising excitable membranes and
reventing the initiation and transmission of nerve impulses. Lig-
ocaine is used therapeutically in the veterinary setting due to its
apid onset of action and a relatively short duration of effect, lasting
rom 60 to 90 min [1].

Lignocaine undergoes both Phase I and Phase II metabolism

o form a number of de-ethylated and hydroxylated biotransfor-

ation products [2]. A range of metabolites have been reported
o be excreted including monoethylxylidide (MEGX, Fig. 1d), gly-
ylxylidide (GX, Fig. 1e), 3-hydroxylignocaine (3-HO-LIG, Fig. 1c),
-hydroxylignocaine (4-HO-LIG, Fig. 1b) [3]. The hydroxylated

∗ Corresponding author at: Racing Science Centre, PO Box 513, Albion, Queensland
010, Australia. Tel.: +61 7 3862 1477; fax: +61 7 3857 0035.

E-mail addresses: samantha.nelis@racing.qld.gov.au, samnelis@tpg.com.au
S.A. Nelis).

570-0232/$ – see front matter Crown Copyright © 2010 Published by Elsevier B.V. All rig
oi:10.1016/j.jchromb.2010.05.042
metabolites will normally be subjected to glucuronide conjugation
and be excreted in this form in the urine [4]. MEGX, GX and 3-
HO-LIG have been previously reported in the urine of the horse
following lignocaine administration but to the best of our knowl-
edge no report has identified 4-HO-LIG in horse urine or plasma
[5–7].

Lignocaine is a banned substance in horseracing in Australia
[8,9]. All race horses must be free of banned substances when pre-
sented for racing. Lignocaine is a registered therapeutic substance
for use in horses and therefore concise information regarding the
analytical detection times following administration is required
by racing veterinarians to accurately estimate the time following
administration during which a horse is not permitted to run (i.e.
withdrawal time).

This paper describes a liquid chromatographic–mass
spectrometric analytical procedure suitable for the quan-

titative determination of lignocaine and the above four
metabolites in horse urine and plasma following subcuta-
neous administration of lignocaine. The method is applied to
samples obtained from a horse following such an administra-
tion.

hts reserved.

dx.doi.org/10.1016/j.jchromb.2010.05.042
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
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Fig. 1. Structures of lignocaine an

. Materials and methods

.1. Materials

All reagents used were analytical grade or better. Water was
reated by reverse osmosis (RO) and additionally by activated car-
on, ion exchange filters and UV irradiation. Acetonitrile used
or the preparation of the mobile phase was HPLC grade (Lab-
can, Lomb Scientific, Taren Point, NSW, Australia). The solvents
sed in sample extraction, ethyl acetate, acetone, chloroform (Lab-
can, Lomb Scientific Pty Ltd., Taren Point, NSW, Australia), and
ethanol, ethanol, dichloromethane, and n-hexane (Merck, Labtek

ty Ltd., Brendale, QLD, Australia) were analytical grade or better.
cetic acid, glacial, was from Univar (Crown Scientific, Minto, NSW,
ustralia). �-Glucuronidase/aryl sulfatase enzyme solution from
elix pomatia was supplied by Roche Diagnostics Australia Pty Ltd.,
astle Hill, NSW, Australia.

The analytical standards, lignocaine, 2,6-xylidine
Sigma–Aldrich Pty Ltd., Castle Hill, NSW, Australia), monoethyl-
lycine xylidide (MEGX) and glycine xylidide (GX) (AstraZeneca
ustralia, North Ryde, NSW, Australia) were supplied as undiluted
aterial. The analytical standards, 3-hydroxylignocaine (3-HO-

IG) and 4-hydroxylignocaine (4-HO-LIG) (Neogen Corporation,
exington, KY, USA, 1 mg/mL certified solutions) were used as
upplied. Lignocaine-d10 (CDN Isotopes, Pointe-Claire, Quebec,
anada) was used as the internal standard.

Stock solutions (1 mg/mL) of lignocaine, lignocaine-d10, MEGX
nd GX were prepared by dissolving 25.0 mg of the solid mate-
ial in ethanol and diluting to 25 mL. A mixed working solution
10 �g/mL) was prepared by diluting 500 �L of the stock solutions
f lignocaine, MEGX, GX, 3-HO-LIG and 4-HO-LIG to 50 mL with
ater. The working internal standard solution was prepared by
iluting the stock solution of lignocaine-d10 to a concentration of

0 �g/mL with water. All solutions were stored at 4 ◦C while not in
se. Working solutions were discarded after 7 days.

Spiked plasma and urine calibration standards were prepared
y adding mixed working solution to drug-free urine and plasma.
lasma calibration standards ranged from 1 to 100 ng/mL and urine
our principle equine metabolites.

calibration standards ranged from 1 to 1000 ng/mL. The calibration
standards were prepared daily and run with each batch of samples.

2.2. Drug administration and sample collection

The drug administration study was carried out on a 4-year-old
thoroughbred female horse. A thorough veterinary examination
was conducted prior to the administration to ensure the horse was
in good health and condition and the horse was weighed (470 kg).
Baseline samples of urine and plasma were collected immedi-
ately prior to the administration. Lignocaine (200 mg, Lignocaine
20 Injection, Ilium Veterinary Products, Smithfield, Australia) was
administered subcutaneously using a 21 gauge needle. The horse
had free access to food and water at all times.

Post-administration blood samples were collected from the
left jugular vein into 10 mL evacuated lithium-heparinised tubes
(Beckton-Dickinson, Rutherford, NJ, USA). Blood samples were col-
lected at 15 and 30 min during the first hour then at 2, 3, 5 and
7 h post-administration. The blood samples were centrifuged at
3000 rpm for 10 min and the plasma transferred to plastic screw
capped tubes. The plasma samples were stored at −20 ◦C until anal-
ysis.

Urine samples were collected using a stainless steel long han-
dled sampling pan. The horse was conditioned to urinate on
encouragement. Urine samples were collected at 3.5, 5, 8, 24.33,
27, 31.25 and 47.25 h post-administration. The urine samples were
stored at −20 ◦C until analysis.

2.3. Sample preparation

Urine samples, spiked urine calibration standards and blank
urine samples (1 mL) were adjusted to pH 5–5.5 with dilute HCl
and/or dilute ammonia solution as required and diluted with water

(4 mL). �-Glucuronidase/aryl sulfatase enzyme solution (H. poma-
tia, 1000 units, 100 �L) and lignocaine-d10 (10 �L of 10 �g/mL
working solution) were added and the samples were mixed thor-
oughly by vortex. Samples were incubated overnight at 37 ◦C.
Ammonium sulfate (solid, 1 g) was added and the samples mixed
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Table 1
Method validation parameters for lignocaine quantitation method.

Parameter Lignocaine MEGX GX 3-HO-LIG 4-HO-LIG

Instrument Correlation (R2) 0.999 0.999 0.999 0.998 0.998
Fit Quadratic Quadratic Quadratic Quadratic Quadratic
Repeatability (%RSD) <5 <5 <5 <5 <5
Detection limit (IDL, ng/mL) 0.1 0.2 0.3 0.04 0.06

Method (Urine Matrix) Correlation (R2) >0.999 >0.999 >0.999 >0.999 >0.999
Fit Quadratic Quadratic Quadratic Quadratic Quadratic
Repeatability (%RSD) <10 <10 <10 <10 <10
Detection limit (MDL, ng/mL) 0.4 0.2 0.3 0.5 0.5
Quantitation limit (LOQ, ng/mL) 1.1 0.8 0.9 1.7 1.5
Recovery (%) (Ave over conc. range) 105 104 108 94 93
Accuracy (±%) (Ave over conc. range) 6.9 9.5 14.1 14.5 13.2

Method (Plasma Matrix) Correlation (R2) >0.999 >0.999 >0.999 >0.999 >0.999
Fit Quadratic Quadratic Quadratic Quadratic Quadratic
Repeatability (%RSD) <10 <10 <10 <10 <10
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Detection limit (MDL, ng/mL) 0
Quantitation limit (LOQ, ng/mL) 1
Recovery (%) (Ave over conc. range) 1
Accuracy (±%) (Ave over conc. range) 1

y rotation for 5 min. The samples were centrifuged at 3600 rpm for
0 min and surface particulates removed by aspiration. The samples
ere decanted into disposable extraction tubes.

Plasma samples, spiked plasma calibration standards and pos-
tive control plasma samples (1 mL) were diluted with pH 6 0.1 M
otassium dihydrogen orthophosphate buffer (2 mL) and water
4 mL) and lignocaine-d10 was added. The samples were mixed
horoughly by vortex. The samples were centrifuged at 3600 rpm
or 20 min and surface particulates removed by aspiration. The sam-
les were decanted into disposable extraction tubes.

.4. Sample extraction

All samples were extracted by solid-phase extraction using
ustomised Gilson ASPEC GX-274 instrumentation. SPE cartridges
CSDAU503, United Chemical Technologies, Inc., PA, USA) were
repared with methanol (2 mL), water (2 mL) and pH 6 0.1 M
hosphate buffer (2 mL). The samples were loaded onto the car-
ridges and washed with water (2 mL), pH 6 0.1 M phosphate
uffer (2 mL) and 1 M acetic acid (2 mL). The cartridge was dried
ith nitrogen for 5 min and then washed with chloroform/acetone

3:1 v/v, 5 mL) and methanol (2 mL). The cartridge was dried
ith nitrogen for 5 min and the target analytes eluted with

thyl acetate/dichloromethane/isopropanol/ammonium hydrox-
de solution (5:4:1 v/v/v + 4%, 5 mL). The extract was evaporated
o dryness under a controlled flow of nitrogen and reconstituted
ith water/acetonitrile (70:30 v/v, 100 �L).

.5. Instrumental analysis

Chromatography was carried out on a Shimadzu Promi-
ence UPLC System (Shimadzu Scientific Instruments (Oceania)
ty Ltd., Rydalmere, NSW, Australia) using a Polaris C18-A
.1 mm × 150 mm 5 �m analytical column (Varian Inc., Mulgrave,
IC, Australia) with a C18 2.1 mm × 4 mm 5 �m guard column (Phe-
omonex Australia Pty Ltd., Lane Cove, NSW, Australia). The mobile
hase used comprised a mixture of acetonitrile and formic acid
aqueous 0.1% v/v) at 300 �L/min, and the composition was varied
rom 10 to 100% acetonitrile over a 9 min period. Sample analy-
is was performed on a 4000QTRAP mass spectrometer (Applied

iosystems, Mulgrave, VIC, Australia) using electrospray ionisation
ESI – Turbo V) in positive ion mode. Target analytes and the internal
tandard were determined by multiple reaction monitoring (MRM)
f the following transitions; lignocaine, 235.2 > 86.1; 3-HO-LIG and
-HO-LIG, 251.2 > 86.1; MEGX, 207.1 > 58.1; GX, 179.1 > 122.1; and
0.2 0.3 0.6 0.5
0.6 0.9 1.8 1.5
99 77 93 91
8.0 19.6 13.2 14.2

lignocaine-d10, 245.2 > 96.1. The response for each standard was
calculated as a ratio of the target analyte peak area to the internal
standard peak area. Standard responses were plotted against their
respective concentrations to provide calibration curves.

2.6. Method validation

The method was validated as per the accredited Racing Sci-
ence Centre Method Validation Procedure Ver. 2.3. This procedure
is based on the guidelines outlined in the Eurachem Guide
[10], International Laboratory Accreditation Cooperation (ILAC) G7
[11], Australian Standard AS ISO/IEC 17025:2005 [12], and NATA
Technical Note 17 [13]. The following parameters were deter-
mined; instrument linearity, repeatability and detection limit (IDL),
method linearity, repeatability, detection limit (MDL), quantitation
limit (LOQ), accuracy and recovery.

3. Results and discussion

3.1. Detection and chromatography

Lignocaine and its hydroxylated (3-HO-LIG, 4-HO-LIG) and
de-ethylated metabolites (MEGX, GX) were readily detected as
chromatographically resolved peaks using the above procedure in
positive ion mode ESI-MRM for both plasma and urine samples.
The composite chromatograms (generated by adding the individual
lignocaine and metabolite MRM responses) for plasma and urine
samples, spikes and their respective blanks are shown in Fig. 2.
No detectable interferences were observed on any of the chro-
matograms demonstrating good method specificity.

This method was unable to detect the theoretical mass
ions of the following potential lignocaine metabolites;
(3- or 4-)-hydroxymonoethylglycinexylidide, (3- or 4-)-
hydroxyglycinexylidide, 4-hydroxy-2,6-xylidine. There was
evidence of the 2,6-xylidine in urine samples but its measurement
reproducibility was poor and the data has consequently not been
reported. This method was unable to detect any contribution
to non-deuterated lignocaine from the lignocaine-d10 internal
standard.
3.2. Validation and calibration

The calibration curves were generated over the range
1–100 ng/mL for plasma samples and urine calibration standards
ranged from 1 to 1000 ng/mL. A quadratic expression of the form



S.A. Nelis et al. / J. Chromatogr. B 878 (2010) 2018–2022 2021

Fig. 2. Chromatograms of lignocaine and metabolites analysis in (1i) plasma blank, (1ii) plasma spike, (1iii) plasma sample 30 min post-administration, (2i) urine blank, (2ii)
urine spike and (2iii) urine sample 2 h post-administration. Compound identification: (a) 4-HO-LIG, (b) 3-HO-LIG, (c) GX, (d) MEGX, (e) lignocaine and (f) lignocaine-d10.

F
a

y
c
a

9

ig. 3. Urinary concentrations per times post-administration of subcutaneously
dministered lignocaine.
= a + bx + cx2 was fitted to the calibration data and a correlation
oefficient (R2) of 0.99 or greater was obtained for lignocaine and
ll metabolites in both plasma and urine samples.

Repeatability or variability for replicate samples was better than
5% for all target analytes; the instrument detection limit ranged
Fig. 4. Plasma concentrations per times post-administration of subcutaneously
administered lignocaine.
from 0.05 to 0.3 ng/mL (dependent on analyte); the method detec-
tion limits ranged from 0.1 to 0.6 ng/mL for all target analytes in
both plasma and urine matrices; the limit of quantitation ranged
from 0.3 to 1.8 ng/mL. The recovery of the target analytes ranged
from 77 to 111%. The validation parameters are itemised in Table 1.
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.3. Plasma and urine concentration–time profiles (lignocaine
nd metabolites)

The described method was successfully applied to plasma and
rine samples obtained from a horse following subcutaneous lig-
ocaine administration. The results for lignocaine and the four
etabolites are shown in Figs. 3 and 4. The concentrations of the
etabolites observed in plasma were, in order, MEGX, 3-HO-LIG,
X, with smaller concentrations of 4-HO-LIG being seen over the
ampling times. In urine, the concentrations of the metabolites
ere, in order, MEGX, GX, 3-HO-LIG and 4-HO-LIG.

. Conclusions

The above method has been demonstrated to be sensitive, spe-
ific and robust and capable of generating reproducible data when
sed in clinical analyses for equine samples. The use of lignocaine-
10 as the internal standard proved to be very successful.

We are confident that this method is fit for purpose for the rou-
ine quantitative analysis of equine samples containing lignocaine
nd metabolites to meet the requirements of the racing industry. To
he best of our knowledge, this is also the first report of plasma and
rinary concentrations of 4-HO-LIG following lignocaine adminis-
ration.
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