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Abstract

Ethyl glucuronide (EtG), a metabolite of ethanol, is a marker of recent alcohol consumption. In the past few years, its analysis in body
fluids has attracted considerable attention because it closes a gap between short time and long time alcohol markers such as ethanol ¢
carbohydrate-deficient transferrin, respectively. The capillary zone electrophoresis (CZE) analysis of EtG in model mixtures and human
serum is reported using uncoated and coated fused-silica capillaries together with acidic buffers in the pH range between 3.2 and 4.4 ar
indirect detection. In these approaches, separation of EtG from endogenous macro- and microcomponents (anionic serum components of hi
and low concentration, respectively) is based upon transient isotachophoretic stacking referred to as sample self-stacking. The selection of
favorable buffer co-ion and pH is shown to be crucial for optimized sensitivity. A buffer composed of 10 mM nicotinic acidmimbcaproic
acid (pH 4.3) is demonstrated to provide a detection limit for EtG in serum qid@'rhl, a value that is relevant for clinical and forensic
purposes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction or LC-MS/MS with negative electrospray ionization, ap-
proaches that require sample pretreatment such as protein
Ethyl-B-p-glucuronide (ethyl glucuronide (EtG) for struc-  precipitation or solid phase extractigh—7]. No capillary
ture refer toFig. 1) is a non-volatile, water soluble, stable zone electrophoresis (CZE) assay for the determination of
upon storage, direct metabolite of ethanol that can be de-EtG has been reported thus far. We investigated the analysis
tected in body fluids and hair. EtG in serum peaks 2—-3.5 h of EtG in human serum via injection of neat or diluted serum
after ethanol has reached its maximum and can be detectednd its visualization by indirect, on-column UV absorbance
in body fluids for an extended time period after complete detection. The chosen approach is based on transient isota-
elimination of ethanol (up to at least 8 h in serum) such that it chophoretic solute stacking within a hydrodynamically in-
can be employed as marker substance for recent alcohol conjected, short sample pulse, i.e. sample self-stacking that was
sumption. It covers a clinically and forensically important investigated in our laboratories in great detail using theo-
time window between short term markers, such as ethanolretical approaches and computer simulaf@nll] Sample
itself, and long term markers, such as carbohydrate-deficientself-stacking of trace analytes in presence of macrocompo-
transferrin[1-5]. nents of like charge (components of 100- to 1000-fold higher
The analysis of EtG in body fluids and hair has attracted concentration than the trace analytes) has successfully been
considerable attention in the past few years. Methods devel-employed for analysis of acetoacetate, malate and citrate in
oped are based upon GC-MS after derivatization and LC—MS human serunfil1] and of nitrate in seawat¢t2].
The concentration of EtG in serum that should be prop-
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40 deionized water, our own sera and selected patient sera. Prior
bactate to analysis, all sera were diluted with deionized water in
. the ratio 1:1 and, throughout this manuscript, the concentra-
-~ tions given refer to the diluted sample. A mixture of 50 mM
----------- o chloride, 1 mM phosphate, 0.05—-0.32 mM citrate, 0.034 mM

""" malate, 0.038 mM acetoacetate and 1 mM lactate was used
as a protein-free model sample.

&
o
Ly

2.2. Instrumentation and procedures
& nicotinate

o CZE measurements were performed using the instruments
P/ACE MDQ, P/ACE 5000 and P/ACE 5510 (Beckman,
Fullerton, CA, USA) with the UV detectors set to indirect
5 6 detection at 214 nm and having the cartridge temperature set
to 25°C. Fused-silica capillaries were purchased from Com-
posite Metal Services (The Chase, Hallow, Worchester, UK)
Fig. 1. Effective electrophoretic mobility of EtG, lactate, mandelate and and had a total length of 60.2 cm (50 cm to the detector) in
nicotinate as function of pH. The insert depicts the chemical structure of the P/ACE MDQ system, and of 47, 57 or 67 cm (40, 50 and
EtG. 60 cm, respectively, to the detector) in the P/ACE 5000 and
5510 instruments. The inner diameters were 0.075mm (all
presence of several macrocomponents in mM concentrationsjnstruments) and 0.1 mm (P/ACE 5000). Bare fused-silica
including chloride, phosphate, lactate and acetate. The workcapillaries were treated prior to their first use and otherwise
presented here includes: (i) the CZE characterization of EtG when necessary by washing at 20 psi (1 psi = 6894.76 Pa) with
leading to the estimation of ionic mobility an&pralue of 1 M HCI for 20 min, washed with deionized water for 10 min,
this compound; (i) a strategy to search for a buffer co-ion that treated with 1 M NaOH for 20 min, washed again with wa-
is suitable for optimized sample self-stacking and indirect de- ter for 10 min and finally conditioned with the background
tection of EtG in presence of the endogenous macrocompo-electrolyte (BGE) for 10 min. Between runs, the capillary
nents; and (iii) the CZE determination of EtG in serum using was washed with 1 M HCI for 5 min, washed with deionized
sample self-stacking with buffers whose pH ranged betweenwater for 3 min, treated with 1 M NaOH for 5 min, washed
3.2and 4.4. again with water for 3min, treated with air for 5 min and fi-
nally conditioned with the BGE for 5 min. Capillaries coated
with polyacrylamide were prepared by the modified Hart

EFFECTIVE MOBILITY (10°° m?/Vs)

2. Experimental method[13] as was described [i4]. Prior to measurements
and between runs, polyacrylamide coated capillaries were
2.1. Chemicals and samples washed at 20 psi with deionized water for 5 min and condi-

tioned with BGE for 5 min. The voltage applied varied from
All chemicals used were of the highest analytical pu- —10 to —30kV. Sampling was performed at a pressure of
rity. EtG was purchased from Medichem (Steinenbronn, Ger- 0.5 psi (3.45 kPa), the time of sampling is shown in the con-
many). Mesityl oxide (MO)L-histidine, potassium persul- ditions of individual experiments. Electroosmotic flow (EOF)
fate, [3-(methacryloyloxy)propyl]trimethoxysilane, tetram- was measured with MO. Its value both in bare capillaries (pH
ethylenediamine, acrylamide, aceticmalic, L-mandelic, of BGE used was 3.2 and 3.5) and in coated capillaries (pH of
benzoic, maleic, acetoacetie;aminocaproic (EACA),L- BGE was 4.0-6.0) was lower than k310 2m2Vv—1s1,
lactic, B-hydroxybutyric, p-glucuronic, glyceric, glycolic
acids were from Sigma (St. Louis, USA). Hydroxypropyl-
cellulose (HPC) was from Ega (Steinheim/Albuch, Ger- 3. Results
many) and hydroxypropylmethyl cellulose was from Sigma.
Salicylic, hydrochloric, picric, phenylacetic, nicotinic, glu- 3.1. Determination of pK and ionic mobility of ethyl
tamic acids, sodium chloride, sodium hydroxide, and sodium glucuronide
hydrogenphosphate were from Lachema Chemapol (Brno,
Czech Republic-Alanine was from Loba Feinchemie (Fis- EtG is a glycoside ob-glucuronic acid with ethanol.
chamend, Germany), aspartic acid was from Reanal (Bu-For glucuronic acid, the ionic mobility «26.7x
dapest, Hungary), citricpL-mandelic and cinnamic acids 10°m?V~1s1) and the K value (3.68) can be found in
were from Fluka (Buchs, Switzerland). Deionized water was the table of isotachophoretic indicgkb], see alsdrable 1
employed for the preparation of all solutions. The corresponding parameters for EtG were estimated
Sera used in this work encompass a standard lyophilizedfrom ionic and effective mobilities that were determined
serum (Sigma, St. Louis, USA) that was reconstituted in by CZE using buffers of ionic strength 6 MM at pH 6
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Table 1 Table 2

Physicochemical parameters used for calculatj@b$ Concentration of selected macrocomponents in s¢A8n25]

Compound Mobility (16°m2v-1s-1)  pK Compound Concentration (mM)
Chloride —-79.1 —2.00 Chloride 100

Cinnamate —28.3 444 Lactate 0.5-10

Lactate —36.5 386 Phosphate 0.5-2

Phosphate —35.1;-61.5;-71.5 212;7.47;12.36 Acetate 1

Phenylacetate -31.7 441

Nicotinate —34.6 482 ) ] ) o o
Glucuronate —26.7 368 3.86[15] is the most interesting anion in the remaining group
Benzoate —33.6 420 of macrocomponents as it changes strongly its effective mo-
Mandelate -283 _ sar bility in the important pH range between 3 andFg[ 1).
S:gf;; :gf';’_54'7’_74'4 g%i 4.76;6.40 The data depicted iRig. 1 represent effective mobilities of
Acetate _a24 476 EtG, lactate, mandelate and nicotinate in the pH range 2-6
Aspartate —31.6;-51.8 39: 10.0 which can be covered with BGEs having mandelate (below
3-Hydroxybutyrate —34.3 452 pH 4) or nicotinate (above pH 4) as co-ions. In the pH range
e-Aminocaproate 28.8 87 of 3.5-4.0, EtG migrates between mandelate as leader and
B-Alanine 36.7 b5

lactate when present at sufficiently high concentration as ter-
minator. At pH above 4, lactate becomes much faster than
(BGE: 6 mM salicylic acid + His) and pH 3.5 (BGE: 10mM  EtG and can act as transient leader. Mandelate is faster than
mandelic acid $-Ala), a coated capillary of 50 cm effective  EtG and does not fulfill the conditions of a terminator. Thus,
length and 0.075mm i.d., and having an applied voltage another UV absorbing BGE co-ion which is slower than EtG
of —15kV. As reference analytes, chloride, acetate, lactate hasto be employed. Nicotinate, cinnamate, phenylacetate and
and picrate were used with ionic mobilities ef79.1, benzoate fulfill the conditionT@able 1) and can play the role
—42.4,-36.5, and—31.5x 10 °m?V—1s71, respectively  of a terminator for EtG. Depending on the parameters of the
([15], see alsdrable 1. Calculations of ionic and effective  analyte of interest, chloride as the main macrocomponent in
mobilities were performed using three equations: (i) with the sample can act either as stacker or also against stacking,
one reference analyte using the relation for the ratio of see[11].

mobilities, ux/ua =taltx; (i) with one reference analyte

using the relation involving the difference of mobilities 3.3. Determination of EtG in buffers with mandelate as

[16]; and (iii) with two reference analytes using the relation co-ion

published by Vespalec et §1.7]. The obtained average value

for the ionic mobility of EtG was thereby determined to be At pH 3.8 with a BGE composed of 5 mM mandelic acid
—23.5x10°m?V~1s71, the average effective mobility —and EACA, the system studied in detail elsewhere for analy-
at pH 3.5 was—16.7x 1079m?V~1s71. With these data sis of acetoacetate and other minor anions in séiif) EtG

and the relationshif = ueft [H /(U — Uefr) that was derived  was found to co-migrate with lactate, a fact that is in agree-
from the relation between effective mobility of a weak acid ment with the mobility data presentedfig. 1 Reduction of

and pH[18] and whereu andueft are the ionic and effective  pH was found to permit an interference-free detection of EtG
mobilities, respectively, thelpvalue of EtG was calculated  in fortified blank serum and selected patient samHég Q).

to be 3.21. The patient sample whose data are showign 2B was de-
termined to contain a high amount of EtG (®§/ml). The

3.2. Separation of EtG from macro- and LOD of about 2ug/ml (9.M) obtained with this configura-

microcomponents in serum tion is insufficient for clinical and forensic purposes. Thus,

efforts were undertaken to analyze and optimize sample self-

For the separation of EtG from anionic macro- and micro- stacking in the mandelic acid system. For that purpose, EtG
components of serum, weakly acidic separation media werewas analyzed in a number of mandelate buffers \githAla
selected such that a number of substances are excluded fromas counter componentgble 3. EACA with a K of 4.37
migration due to insufficient dissociatighl]. The remain- (Table ) was replaced bg-Ala because thelp of B-Ala
ing endogenous components contain macrocomponents, i.e(3.55, sedable J) better matches the pH range encountered.
components with concentrations higher than 1 mM (chloride,  In the BGE composed of 5-10 mM mandelic acid #ad
phosphate, lactate and acetate, Balgle 9, and microcom- Ala, pH 3.2 (electrolyte systems nos. 1-3Table 3, EtG
ponents, such as malate, acetoacetate, citrate, oxalate andias separated from serum microcomponents and migrated
oxaloacetate whose concentrations are expected to be in théetween malate and acetoacetd#ig(3). The LOD for EtG
order of 10°® M. EtG belongs to the second group. Depend- in serum was determined to bex110-°>M (Table 4. Due
ing on the chosen conditions, macrocomponents can act ago a fluctuating baseline and protein clotting, the pH was
stacker or destack§t0,11] Chloride and phosphate dissoci- increased up to 3.5 which resulted in slower migration of
ated to the first order are strong anions. Lactate witK afp EtG and EtG became well separated from other microcom-
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0.045 T T T T T Table 3
(A) chloride EtG (26 pg/mi) Composition of used BGEs
phosphate lactate No. BGE pH:
0.035 | 1 5mM L-mandelic acid B-Ala 3.2
E1G (52 pgim) 2 5mM L-mandelic_ acic_l $B-Ala+0.05% HPC 3.2
3 10 mMi-mandelic acid 8-Ala 3.2
0.025 4 5mM L-mandelﬁc ac?d B-Ala 3.3
‘ ERS i 5 5mM L-mandel!c ac!d B-Ala 3.4
) 6 5mML-mandelic acid 8-Ala 3.5
7 5 mMt-mandelic acid 8-Ala+0.02% HPC 3.5
0.015 ) i 8 10 mML-mandelic acid B-Ala 3.5
e blank 9 10 mMtr-mandelic acid 8-Ala+0.02% HPC 3.5
% 10 6 mM salicylic acid + histidine 6.0
o 11 7 mM cinnamic acid + EACA 4.1
¢ 0.005 : > L L : 12 7 mM cinnamic acid + EACA 4.2
Z 0 ° 10 19 2 »® % 13 7mM cinnamic acid + EACA 4.4
8 04 : . : . : 14 5mM cinnamic acid + EACA 4.3
8 (B) — 15 10 mM phenylacetic acid + EACA 4.4
0 with 13 pg/ml E1G 16 10 mM benzoic acid + EACA 4.4
< J— 17 10 mM nicotinic acid + EACA 4.0
0.03 18 10 mM nicotinic acid + EACA 4.2
19 10 mM nicotinic acid + EACA 4.3
20 10 mM nicotinic acid + EACA 4.4
lactate
0.02 phosphate a Counter componentg(Ala, histidine, EACA) were added until the de-
sired pH was reached.
0.008
0.01 F 2 =
s £ “E 2
patient serum 5 3 ko]
= 9 e 8
=) L 5 g o =8 8
¢.00 : ' ' ' ’ < 0.004- : SEE g
0 5 10 15 20 25 30 w T E / 8
TIME (min) % 1¢ /ﬂ pH 3.2
&
Fig. 2. Electropherograms obtained with 1:1 diluted serum of: (A) blankand ©
fortified blank serum; and (B) a patient serum without and with addition of 8 41004
EtG analyzed in a BGE composed of 5 mi-mandelic acid and 1.96 mM < \
EACA (pH about 3.2) containing 0.05% HPMC. Instrumental conditions: \EtG (20 pg/mi)
P/ACE 5510 with an uncoated 7&n i.d. capillary of 67 cm total length, r:aclgtgacetate
—30kV (about 7wA) and 5 s injection. -0.004 4 ; ; ;
0 5 10 15 20
TIME (min)

ponents Fig. 3. In this system, EtG is stacked by lactate

and destacked by chloride and phosphate. The concentrarig. 3. Electropherograms obtained with a model mixture of anions (50 mM

tion of chloride in serum is high but constant, the concentra- chloride, 1 mM phosphate, 1 mM lactate, 0.25 mM acetate, 0.16 mM citrate,

tion of phosphate is relatively low@ble 3. The concentra- 0.034 mM malate, 0.038 mM acetoacetate and 20 qrdlthl EtG) analyzed

tion of lactate varies in a broad range (O 5-10 mMble 3 in BGEs composed of 5 mi-mandelic acid an@-Ala at pH values of 3.5
dh the highest i t Etg t ’ i Th ti (lower graph) and 3.2 (upper graph). Instrumental conditions: P/ACE MDQ

an as_ e highes |mpac_ on stacking. . € NegatvVe,yitn an uncoated 7hmi.d. capillary of 60.2 cm total length; 30 kV (about

(destacking) effect of chloride on EtG peak height was as- 6.A) and 5s injection.

sessed with a protein-free model sample without lactate and

using a 10 mM mandelic acid BGE at pH 3.5 and a coated, Table 4 S _ ,

0.1mm i.d. capillary. One hundred percent peak height was LOD of EtG determination in 1:1 diluted serum in selected BGEs

adjudged to EtG stacked by intrinsic stacking when EtG was BGE no. phbce LOD (p.g/mi) LOD (M)
dissolved in water. At 50 and 100 mM chloride concentra- 2 3.2 2.222 1.6¢10°°
tion in the sample, the relative peak height (RPH, the ratio of © 3.5 2.200 9.9& 1(T76
peak heightto peak area) of EtG (% 71.0~°> M in the sample) 16 j‘i 8'821 2'3&1;;7
was found to be 88.7 and 75.8%, respectively. The impact of ;4 43 0.079 356 107
lactate on the RPH of EtG (27 10~° M) was investigated 12 4.2 0.047 21% 107

in_the same eXperim_enta| configuration using a samp_|6 CON- a pata obtained on P/ACE 5000 with a coated 0.1 mm i.d. capillary of
taining 50 mM chloride, 1 mM phosphate, 0.05mM citrate, 57 cm total length, detection at 214 nm, voltages kV, injection 5 s/0.5 psi
0.034 mM malate, 0.038 mM acetoacetate, i.e. in a sampleand having fortified 1:1 diluted serum.
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Fig. 4. RPH values as function of lactate concentration obtained in a BGE
composed of 10 mM.-mandelic acid ang@-Ala (pH 3.5). A model mix-
ture comprising ug/ml (27 M) EtG, 50 mM chloride, 1 mM phosphate,
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however, does not improve sensitivity significantiyg. 4).
Attempts to add lactate to the serum samples to reach the
concentration of about 80 mM were not successful. Addition
of 50 mM lactate to the serum samples improved RPH simi-
larly as in the model mixtureig. 4). However, no sensitivity
improvement was reachetlable 4. Thus, the further inves-
tigation of the mandelate system was abandoned.

3.4. Determination of EtG in buffers with nicotinate and
other co-ions

For enhancement of sensitivity, the use of the pH 4.0-4.4
range was evaluated. For that purpose, coated capillaries with
0.1 mm i.d. were employed and BGEs with four different co-
ionsthat are slower than EtG were assessed (systems 11-20 of
Table 3. Best results in terms of stacking and thus LOD were
obtained in 5 mM cinnamic acid with EACA, pH 4.Bi@. 6).

EtG was well resolved from other serum microcomponents

0.05mM citrate, 0.034 mM malate, 0.038 mM acetoacetate and lactate andand the LOD was determined to be 21,0~ 7 M, a value that

a 1:1 diluted serum sample fortified with EtG i(§/ml) and lactate were
analyzed. Instrumental conditions: P/ACE 5000 with a coated 0.1 mm i.d.
capillary of 57 cm total length;-15kV (about 6uA) and 5 s injection.

is much better than that obtained with the mandelate system
(Table 4. The only problem of this system was the low solu-
bility of cinnamic acid so that no stock solution could be pre-
pared. Similar results were also obtained with phenylacetate

that simulates the composition of serum diluted 1:1 withwa- (BGE no. 15,Fig. 7) but this system was avoided because
ter[11], and varying amounts of lactate. Stacking by lactate of its offensive odor. With the benzoate co-ion (BGE no. 16,
was thereby found to be evidergig. 4). With 85 mM lac- Fig. 8), the LOD was found to be comparablEable 4 but

tate, the RPH increased more than twice. As can be seenan unknown serum microcomponent migrated close to EtG.
from Fig. 5 presence of the high lactate concentration not The use of nicotinate was found to be most convenient when
only sharpens the peak of EtG but also decreases its detecemployed at pH 4.3 (BGE no. 19 @&ble 3 Fig. 9). For the

tion time, which is an univocal evidence of terminating type four co-ions tested, the impact of the presence of lactate was
of stacking[19-21} Lactate has a stacking effect on EtG but, investigated with the protein-free model sample. In all cases,
as can be seen from the trace in the presence of 85 mM lactatghe ratio of peak height to peak area for EtG was determined
(Fig. 5), the zone of citrate becomes totally deteriorated as to increase with increased addition of lactate (up to about

for citrate lactate acts as destacket]. The highest physio-  30% with 5 mM lactate, data not shown).
logical concentration (10 mM) that can be expected in serum

of patients with diabetes mellitus after a physical effa#],

0.08
0.015
PR e Lo
\ - 0.06 1 0.005
EIG =)
-0.075 IS . _ 2 (e
= = £ W 0,04- -0.008 ;
< -0.100 . g & )
= 0.05 ~ 170 195 220 b 2 4
o g g8 Y <
g E 53 g 2
s T E" g & 002
oM = D
g ] :
‘3 -0.05 1 chloride 0.00 - serum + EtG
< chloride
EtG
phosphate '% \EtG - [ . . . ‘
malate
acetoacetate 0 5 10 15 20 25 30
-0.15 T T T T T TIME (min)
0 5 10 15 20 25 30
TIME (min) Fig. 6. Electropherograms of 1:1 diluted blank serum and blank serum for-

tified with 6g/ml (27uM) EtG obtained in a BGE composed of 7mM
cinnamic acid and EACA (pH 4.2). The insert depicts the EtG peak at elon-
gatedy- and x-axis scales. Instrumental conditions: P/ACE 5000 with a
coated 0.1 mm i.d. capillary of 57 cm total lengthl 5 kV (about 6.A) and
5sinjection.

Fig. 5. Electropherograms of model mixtures of anions containing 85 mM
lactate (lower graph) and no lactate (upper graph) analyzed in a BGE com-
posed of 10 mM.-mandelic acid an@-Ala (pH 3.5). The insert depicts the
EtG peaks at elongated andx-axis scales. Other conditions as féig. 4.
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0.06
=)
< 0.03-
w
[&]
=
g serum
&
o 0.00 -
m
<
chloride \ serum + EtG
EtG
-0.03 T T T T T
0 5 10 15 20 25 30
TIME (min)

Fig. 7. Electropherograms of 1:1 diluted blank serum and blank serum forti-
fied with 2.52ug/ml (11.35.M) EtG obtained in a BGE composed of 10 mM
phenylacetic acid and EACA (pH 4.4). Instrumental conditions: P/ACE 5000
with a coated 0.1 mm i.d. capillary of 57 cm total lengthl5KkV (about
7.7pA) and 5 s injection.

The nicotinate system at pH 4.3 was found to provide
reliable results together with an attractive LODable 4.
Electropherograms obtained with small amounts of EtG were
clean fig. 10 serum sample spiked with 0. iy/ml EtG) and
reproducible. The LOD for this system was determined to
be 3.56x 10~" M (Table 4. Repeatability was assessed for
n=6 with a serum sample spiked with 0.6@/ml (3p.M)
EtG. The obtained R.S.D. values for detection time, peak

area and peak height were 1, 7.5 and 0.72%, respectively.&

Furthermore, calibration for fortified serum in the range be-
tween 0 and 0.8A.g/ml (0 and 4.M) EtG resulted in a lin-
ear calibration graph expressedyaéAU x min) =2556.8
(M) — 82.94 and a regression coefficiertdf 0.9996. Thus,
this assay should be suitable for the determination of EtG in
human serum.

0.050
=) 0.025
< serum
w
2
< 0.000
m
14
8 serum + EtG
2 .0.025

chloride
\ EtG
-0.050 T r T T T
0 5 10 15 20 25 30
TIME (min)

Fig. 8. Electropherograms of 1:1 diluted blank serum and blank serum for-
tified with 2.52ug/ml (11.35.M) EtG obtained in a BGE composed of
10 mM benzoic acid and EACA (pH 4.4). Instrumental conditions: P/ACE
5000 with coated 0.1 mm i.d. capillary of 57 cm total leng#i5 kV (about
8.5pA) and 5 s injection.

7
0.055
0.010
chloride ‘ A
— -0.001
= 0.035
EtG
5_, phosphate
w
U -0-012;2.5 14.0 155
=
E 0.015 1 aspartate acetate
@ serum
o
7]
m
< -0.005
serum +EtG
Iactate\ hvd b
EtG B-hydroxybutyrate
-0.025 : atietoacelate' i .
0 5 10 15 20 25 30
TIME (min)

Fig. 9. Electropherograms of 1:1 diluted blank serum and blank serum for-
tified with 2.52ug/ml (11.35uM) EtG obtained in a BGE composed of
10 mM nicotinic acid and EACA (pH 4.3). The insert depicts the EtG peak
at elongated- andx-axis scales. Instrumental conditions: P/ACE 5000 with
coated 0.1 mm i.d. capillary of 57 cm total lengthl5 kV (about 5.A) and
5sinjection.

0.06
0.010
-0.002 EiG
= ¥
5 0.03 1 -0.014
w 120 13.5 15.0
O
=
<
[11]
0 0.00 4
o
<
serum + EtG
-0.03 T T T T
0 5 10 15 20 25
TIME (min)

Fig. 10. Electropherograms of 1: 1 diluted blank serum and blank serum
fortified with 0.11pg/ml (0.5uM) EtG obtained in a BGE composed of
10 mM nicotinic acid and EACA (pH 4.3). The insert depicts the EtG peak
at elongated- andx-axis scales. Instrumental conditions askay. 9.

4. Conclusions

From the results obtained so far for the CZE analysis of
EtG in 1:1 diluted human serum and without analyte ex-
traction, the mandelate system is shown to provide insuf-
ficient stacking and thus sensitivity. Having nicotinate as
co-ion, however, it is demonstrated to provide a LOD of
3.56x 10~/ M (0.079ug/ml), a value that is relevant for clin-
ical and forensic purposes. More work is required to assess
the suitability of this assay for the determination of EtG in a
broad range of patient samples. The data illustrate that proper
use of sample self-stacking can lead to about a 30-fold in-
crease in analytical sensitivity with direct injection of a body
fluid. For analysis of a microcomponent in a complex sample
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