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INTRODUCTION

ABSTRACT

Aims Current biological state markers remain suboptimal with regard to sen-
sitivity and specificity for monitoring recent alcohol consumption in various
settings. Furthermore, these biomarkers can be influenced by age, gender and a
variety of substances and non-alcohol-associated diseases and do not cover fully
the time axis for alcohol intake. Ethyl glucuronide (EtG) is a non-volatile, water-
soluble, stable, direct metabolite of ethanol that can be detected in various body
fluids, tissues and hair. Shortly after the consumption even of small amounts of
ethanol, EtG becomes positive. It can detect ethanol intake up to 80 hours after
the complete elimination of alcohol from the body, covering a unique and
important time spectrum for recent alcohol use. EtG seems to meet the need for
a sensitive and specific marker to elucidate alcohol use not detected by standard
testing.

Design, setting, participants, methods and findings The literature was re-
viewed with a focus on possible diagnostic and therapeutic applications, cur-
rently available methods and future perspectives. To date, more than 4000
samples of body fluids, tissues and hair from approximately 1500 individuals
have been assessed.

Conclusions The data suggest that EtG is a useful tool in numerous settings,
including alcohol and drug treatment (to detect lapse/relapse and for motiva-
tional feedback), in safety sensitive work settings where use is dangerous or in
other settings where alcohol use may be risky (e.g. such as driving, work-place,
pregnancy or monitoring physicians or other professionals who are in recovery
and working) or for resolving forensic questions. If the question of recent alco-
hol consumption has to be answered in a binary way (yes/no), such as for deter-
mining lapses, the use of EtG in urine is among the preferred tests. The use of
this marker alone and complementary with other biological state markers and
self-reports is expected to lead to significant improvement in treatment out-
come, therapy efficacy and cost reduction.

KEYWORDS Alcohol drinking, biomarker, cost reduction, ethyl glucu-
ronide, glucuronates, therapy efficacy.

and social problems for the individual and society
related to alcohol use, biological state markers and

The global burden of disease from alcohol exceeds that marker combinations capable of monitoring alcohol
of tobacco and is on a par with the burden attributable consumption with a high sensitivity and specificity,
to unsafe sex practices world-wide (WHO Global Status providing information on the drinking pattern, are
Report on Alcohol 1999). To prevent and reduce health  required.
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Whereas the traditional state markers of alcohol
consumption such as gamma glutamyltransferase
(GGT), mean corpuscular volume (MCV) or carbohy-
(CDT)

amounts  of

drate deficient transferrin reflect persistent
higher

(>2 weeks, >1000 g of ethanol in 2 weeks) it is, for many

consumption  of alcohol
of the reasons noted above, important to detect even sin-
gle-drink or short-term consumption events although
ethanol itself has been eliminated from the body. This
would include alcohol consumption in social drinkers
and monitoring alcohol consumption in alcoholics or
polydrug abusers in abstinence-orientated treatment
programmes.

Among the biological state markers of alcohol intake,
major shortcomings limit their value to include: (1) the
time spectrum of detection they reflect (e.g. serum etha-
nol detects only recent use within hours); (2) the amount
of alcohol that must be consumed before the markers are
elevated (e.g.>1000 g of ethanol within 2 weeks for
CDT); (3) the availability and practicability of the test (e.g.
special laboratories being required for testing phosphati-
dyl ethanol, fatty acid ethyl esters, dolichol, acetaldehyde,
etc.); and influences of age, gender and a variety of sub-
stances and non-alcohol-associated diseases (Gilg &
Soyka 1997; Laposata 1999).

To help fill the gap on the time axis with regard to
recent alcohol consumption occurring between 1 day to
1 week, state markers capable of monitoring alcohol con-
sumption within this intermediate period are desirable.
(Figure 1 gives a synopsis of the intervals of alcohol
intake necessary before exceeding reference values in dif-
ferent markers and the possible time spectrum of detec-
tion after ethanol has left the body.) Ethyl glucuronide,
which appears to meet this need, has been studied
together with other non-oxidative direct ethanol metab-
olites, including fatty acid ethyl esters (FAEE) and phos-
phatidyl ethanol (PEth), each offering a characteristic

MCV
>92/100 fL

time spectrum of possible detection of ethanol consump-
tion. These time windows are for: (a) FAEEs up to 24
hours (Diczfalusy et al. 1999, 2001; Laposata 1999); (b)
EtG up to 5 days (Schmitt et al. 1995,1997, 1998; Wurst
etal. 1995, 1996, 1997, 1999a,b,c, 2000a,b,c, 2001,
2002a,b, 2003; Alt etal. 1997, 1999; Seidl etal.
1998, 2001; Nishikawa et al. 1999; Dahl etal. 2002;
Stephanson etal. 2002); and (c) PEth up to 2 weeks
(Alling etal. 1983; Hansson etal. 1997; Gunnarsson
etal. 1998; Varga et al. 1998; Wurst et al. 2003).

Ethyl glucuronide (EtG) is a non-volatile, water-solu-
ble, stable, direct metabolite of ethanol that can be
detected in various body fluids, tissues and hair, having
the potential to detect alcohol intake shortly after its
beginning and—dose-dependently—up to 80 hours after
the complete elimination of alcohol from the body. EtG
thus spans a unique and important time spectrum. It
seems to satisfy the need for a sensitive and specific
marker to detect alcohol use not detected by standard
testing.

In 1901 Neubauer described the detoxifying pathway
of alcohol elimination via conjugation with activated
glucuronic acid (uridine-5’-diphospho-B-glucuronic
acid). In 1952, EtG was isolated by Kamil et al. as tri-
acetyl methyl ester from the urine of rabbits (Kamil et al.
1952). Later, this conjugate was determined in human
urine (Jaakonmaki et al. 1967; Kozu 1973; Besserer &
Schmidt 1983).

Conjugation of ethanol with activated glucuronic acid
in the presence of membrane-bound mitochondrial uri-
dine diphosphate (UDP) glucuronyl transferase repre-
sents a minor detoxifying pathway for ethanol. Only
about 0.02-0.06% of the dose of ethanol administered is
recovered as EtG in urine in humans (Dahl et al. 2002;
Goll et al. 2002). The molecular formula of EtG is Cg Hy,4
0, the molecular weight is 222 g/mol and the melting
point (decomposition temperature) is about 150°C.

v-GT  —

>18/28 U/L

PEth
>LOD (limit of
determination)

CDT
>20/26 U/L

UEIG
>LOD

5-HTOL/HIAA
>15 pmol/nmol
methanol

>10 mg/L

FAEE

Figure | Intervals of intake neces-
sary before exceeding reference val-

ues () and time spectrum of

71[2 4

o
N
N
—_

hours days

© 2003 Society for the Study of Addiction to Alcohol and Other Drugs

weeks

8 12 detection after ethanol has left the
body (LJ); M: possible variation

Addiction, 98 (Suppl. 2), 51-61



THE LAST DECADE

Since 1993 various research teams have attempted to
enhance knowledge on this promising new marker. In
1995 a five-step synthesis, analytical data and determi-
nation of EtG in serum and urine were reported by
Schmitt et al. (1995). Using a gas chromatography-mass
spectrometry (GC-MS) method, with EtG as standard
substance and acetylation for derivatization, they found
EtG concentrations of between 3 and 130 mg/l in urine
samples from 12 drunken drivers. Alt and Wurst
achieved better results by using silyl derivatives rather
than acetyl derivatives (Wurst et al. 1995, 1996; Alt et al.
1997). With this method they reported a detection time
of up to 75 hours in the urine of 23 alcohol withdrawal
patients, all of whom had detectable alcohol levels at hos-
pitalization. In a drinking experiment with a healthy vol-
unteer (60 g of ethanol had been consumed over
2 hours), no EtG was determined initially in the urine.
The EtG curve had a phase delay in comparison to the
urine ethanol curve, but EtG was detected for a much
longer period of time than ethanol. In 1997, Schmittet al.
(1997) reported on ethyl glucuronide concentrations in
the serum of human volunteers, teetotallers and sus-
pected drinking drivers. They found a maximum EtG of
3.7 mg/l in drinking experiments with up to 90 g etha-
nol, a half-life of EtG of 2—3 hours, and were able to deter-
mine EtG in serum up to 8 hours beyond the time that
ethanol was no longer detectable. With a serum ethanol
concentration of less than 1 g/l, at a serum EtG concen-
tration significantly higher than 5 mg/l, they adjudged
alcohol use to be problematic.

METHODOLOGICAL MILESTONES

After these initial studies, further progress was made by
new techniques including the development of an internal
standard, a robust LC/MS method and an enzyme-linked
immunosorbent assay (ELISA), as follows.

Penta deuterium-labelled EtG (ds-EtG) as an
internal standard

Deuterium-labelled EtG (ds-EtG), a gold standard for the
determination of EtG because of physical and chemical
properties identical to those of EtG with the exception of
its mass, has been available commercially since January
1997 (Medichem Inc., Steinenbronn, Germany) and
since then has been employed by one German group; in
the last year it has also been used by a Swedish group
with excellent results (Alt et al. 1997, 1999; Seidl et al.
1998; Dahl et al. 2002; Stephanson et al. 2002; Wurst
etal. 1995, 1996, 1997, 1999a,b,c, 2000a,b,c, 2001,
2002a,b, 2003).
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Electrospray ionisation/liquid chromatography (LC/ESI-
MS/MS) and tandem MS methods

Marked methodological improvement and cost reduction
resulted from the development of a LC/MS-MS method
with the advantage of no derivatization being required.
Reports on the determination of urine samples (Wurst
etal. 1999a,b) were followed quickly by the application
for serum samples (Wurst etal. 1999b, 2000a), post-
mortem body fluids and tissues (Wurst et al. 1999b) and
hair (Janda et al. 2002). Also single MS methods (Nish-
ikawa et al. 1999; Dahl et al. 2002) have been reported to
be robust and reliable.

Future perspective: ELISA

An ELISA procedure based on a polyclonal antibody
yielded 23% false positives and 24% false negatives in
urine as contrasted with a GC—MS method (Schmitt et al.
1998; Zimmer et al. 2002). ELISA based on a monoclonal
antibody is under development at Mediagnost Inc., Ger-
many. However, because the EtG is small (molecular
weight of 222 g/mol) it is difficult to create an antibody.
Nevertheless, the first immunization of two BALB/c mice
(after
7 weeks) of the spleen of one immunized mouse—
produced one positive, a second fusion (after 15 weeks) of
the second mouse resulted in 10 positive clones (Wurst
etal. 2001).

with one lipopeptide conjugate—first fusion

Applications

The test for EtG has been applied for concerns such as:
(a) legal medicine (e.g. driving while intoxicated (DUI),
expert assessment of judging driving ability, autopsy), (b)
alcohol treatment and practice monitoring abstinence in
substance abuse disorders and (c) basic science such as
determining the stability of EtG and the possibility of arti-
ficial formation, storage and distribution in the body.

In a clinical study, 33 alcoholics with a mean BAC of
183 mg/dl at admission to the hospital were included and
181 urine samples were taken every 4—12 hours during
detoxification. Ethyl glucuronide concentrations ranging
between 3.6 and 710 mg/l and with detection times of up
to 80 hours were found (Wurst et al. 1999a). After detox-
ification, no EtG could be found in urine. No correlation
between the concentration of EtG in urine at hospitaliza-
tion and the blood ethanol concentration, or the time-
frame of detection, or the total amount of clomethiazole
required for the treatment of withdrawal symptoms were
able to be established (Wurst et al. 1999a). Furthermore,
the stability of EtG in urine was investigated by measuring
the ethanol metabolite in an autosampler at room tem-
perature every hour for 140 hours. The results of the
internal ratio EtG/dsEtG fall within a very narrow range,
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proving the analyte’s stability (Wurst et al. 1999a). This
is of importance if the EtG test becomes widespread.

In order to make EtG values and their correlation to
other parameters comparable, the impact of very differ-
ent levels of intoxication (0.195-1.8 g/I) at admission to
a detoxification unit was eliminated by standardizing EtG
values on the time-points when breath ethanol concen-
tration was zero, followed by testing for EtG 24 and 48
hours thereafter. Under such standard conditions a
strong correlation was found between EtG values at the
time-point when BAC was zero and EtG values 24 and 48
hours afterwards (Spearman’s rank correlation r, up to
0.872; P <0.01) as well as for the time-frame of detection
(hours) (r,=0.762, P<0.01) (Wurst et al. 2002b).

In drivers suspected of driving while intoxicated (DUT)
serum ethanol concentration (SEC) of 0.1-3.9 g/I, serum
EtG (SEtG) 3.2-13.7 mg/l, urinary ethanol (UEC) 0.1—
2.0 g/l and urinary EtG (UEtG) 3.0-130 mg/l have been
found (Schmitt et al. 1995). A second study showed 37 of
50 drivers to have positive SEtG (Schmitt et al. 1997).

EtG also demonstrated utility in the expert assess-
ment for judging driving ability (Seidl et al. 1998). Thir-
teen of 151 cases have been found to be positive for
UEtG. None of the traditional markers including GGT,
MCV or CDT had evidenced for alcohol consumption in
these cases.

ETHYL GLUCURONIDE IN VARIOUS
BODY FLUIDS AND TISSUES

Subsequently, a LC/MS-MS procedure for the analysis of
tissue samples was developed to specify distribution and
storage of EtG in various body fluids and tissues. Analyses
of samples from five corpses indicate that it is possible to
assess EtG in serum, urine, cerebrospinal fluid and tissues
including liver, fat and brain as well as in hair, even post-
mortem (Wurst et al. 1999b). It is unclear, however, why
EtG was not found in the liver of one alcoholic and in the
gluteal fat of another alcoholic who died intoxicated.
These results indicating distribution and storage of EtG in
the body are of importance with regard to the possibility
of redistribution of EtG from various body compartments
into the blood and urine and, thereby, influencing EtG
levels.

ETHYL GLUCURONIDE IN HAIR SAMPLES

Despite preliminary reports on hair analysis for ethyl glu-
curonide (e.g. Sachs 1997) in the 1990s, analysis of this
material is still not common and it was not until 2000
that systematic experiments with larger sample numbers
were performed (Alt et al. 2000; Pragst et al. 2000; Skopp
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et al. 2000). In this year, Pragst and colleagues reported
being unable to discover EtG in hair samples of three
heavy alcoholics. In contrast, two other groups were suc-
cessful in the same year: Skopp and colleagues reported
on analyses of a total of 14 hair samples (Skopp et al.
2000) and Alt and colleagues published data from anal-
yses of 31 hair samples (Altet al. 2000). Alt et al. detected
EtG in 14 hair samples, taken at autopsy from 16 people
with a known history of alcoholism, and found EtG con-
centrations of between 218 and 4025 pg/mg hair. In all
four hair samples from alcohol withdrawal patients, EtG
concentrations between 119 and 388 pg/mg hair were
detected. However, measurable concentrations of EtG
were not observed in hair from six social drinkers with a
self-reported daily ethanol consumption of up to 20 g or
five hair samples from children.

In a recently published study (Janda et al. 2002) 97
hair samples of alcoholics, social drinkers and teetotallers
were investigated. In 49 of 87 hair samples from individ-
uals with a known history of frequent alcohol misuse, EtG
was detected in concentrations up to 13 157 pg/mg,
whereas in 38 of these cases EtG was not detected with a
limit of determination of 51 pg/mg. Measurable concen-
trations of EtG were detected in hair of one of five social
drinkers reporting daily consumption of up to 30 g ethyl
alcohol. In hair samples of five children EtG was not
detected. In addition, no correlation between the amount
of ethanol consumed and the detected EtG concentration
in hair has been found.

These results emphasize that the absence of EtG in
hair does not indicate a person to be abstaining from alco-
hol. However, consumption of higher amounts of ethanol
on a frequent basis clearly has to be suspected if EtG is
detectable in hair samples.

USE OF ETHYL GLUCURONIDE IN
FORENSIC PSYCHIATRIC PATIENTS
WITH SUBSTANCE USE DISORDERS

EtG also proved its usefulness in the treatment of forensic
psychiatric addicted in-patients. The patients were all
sentenced according to §64 StGB (penal code), an option
of German law if someone commits a substance-related
offence (including murder, rape or robbing under the
influence of psychotropic substances) and is deemed to
have diminished or no legal responsibility (§20/21 StGB)
if at the time of the crime the offender’s capability of rec-
ognizing the wrongfulness of the action, or to act out of
this understanding, is considerably impaired. The treat-
ment of these patients is of particular interest to the pub-
lic and therapists bear significant responsibility in this
special setting. Furthermore, the closed ward offers the
unique opportunity to monitor addicted patients under
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well-controlled and well-defined conditions. In more than
200 urine samples from over 100 forensic psychiatric
addicted in-patients in various hospitals, an additional
detection, i.e. lapse rate of 5-10% at each single occasion,
was found in cases where neither traditional markers nor
the therapist’s rating gave an indication for a slip (Wurst
etal. 20004, 2003).

The first study (Wurst et al. 2000a) was multi-site and
performed on a single occasion. In addition, 35 forensic
psychiatric in-patients in a closed ward who had commit-
ted a substance-related offence (§64 StGB, penal code)
were followed during 12 months (Wurst et al. 2003). The
complete time spectrum of possible alcohol consumption
was covered by the complementary use of a marker bat-
tery including breath and urinary ethanol (hours), uri-
nary EtG (days), %carbohydrate-deficient transferrin
(CDT)/PEth (weeks) and gamma-glutamyltranspeptidase
(MCV)
months). Fourteen of the 146 urine samples examined

(GGT)/mean  corpuscular volume (weeks—
were positive for EtG. In all cases positive for EtG, patients
reported alcohol consumption of between 40 and 200 g
of ethanol 12-60 hours prior to testing. Urinary and
breath ethanol were positive in only a single case. In the
blood samples PEth was not positive in any case and
%CDT did not exceed the reference value. Isoelectric
focusing showed no abnormal Tf-subtypes (Wurst et al.
2003). The findings emphasize the diagnostic and thera-
peutic usefulness of EtG as a marker of recent alcohol use
by proving that ethyl glucuronide is capable of detecting
alcohol consumption in cases where neither traditional
biological state markers of alcohol intake nor clinical
impression gave an indication for lapse or relapse. A sum-
mary of the results from studies in forensic patients is
given in Table 1.

WHOI/ISBRA STUDY ON STATE AND
TRAIT MARKERS OF ALCOHOL USE
AND DEPENDENCE

The aim of the work as part of the WHO/ISBRA Study on
State and Trait Markers of Alcohol Use and Dependence
was to elucidate further the usefulness of EtG in compar-
ison to other biological state markers and to demonstrate
the robustness of the LC/MS-MS method in large num-
bers. Samples from n = 304 patients (288 male, 16
female) from Australia and Brazil were examined. The
age was 37.58 (mean), body mass index (BMI) 25.51
(mean) and total grams of ethanol consumed last month
(n=226) was 2318.2 g (mean). An ESI-LC/MS-MS
method with deuterium-labelled EtG as internal standard
was employed.

Ethyl glucuronide concentrations of between O and
1038 mg/l were determined in urine samples from 304
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patients. A significant (P<0.001) Spearman’s rank
found between ethyl
and sobriety in days (—0.60), 5-hydroxytryptophol/
5-hydroxyindoleacetic acid (HTOL/HIAA) ratio (0.58),
total grams of ethanol consumed last month (0.47), CDT
(0.46), EtOH level (0.43), GGT (0.43) and methanol
(0.2).

The correlation (P<0.001) between ethyl glucu-
ronide and total grams of ethanol consumed last month
(r=0.47) is almost identical whether consumption is
expressed in relation to body weight or body water, possi-
bly indicating minor influence of body weight and body
water on EtG values.

correlation was glucuronide

When comparing subjects who had measurable
EtG levels and/or elevated (>15) HTOL/HIAA ratios
(n=264), 68.8% of those positive for EtG were not ele-
vated for the HTOL/HIAA ratio and 31.2% were positive
for both parameters. This might reflect the longer time
spectrum of detection for EtG (up to 5 days) as contrasted
to HTOL/HIAA ratio (<1 day).

Table 2 summarizes selected studies, contributing
new knowledge on EtG.

DISCUSSION

Clearly, there is a need and a desire for a means to detect
recent alcohol use. Biological tests can, in addition to self-
reports, provide counsellors and programme evaluators
with complementary information. Their role in alcohol-
ism treatment has been recently discussed (Allen & Litten
2001) and besides other aspects the authors have pointed
out their increasing importance as outcome measures in
clinical trials. Furthermore, they suggested that inform-
ing the patient that blood will be tested periodically to
evaluate treatment progress might, in fact, itself contrib-
ute to reduce lapse and relapse and thus could enhance
treatment progress. Numerous tests and devices (breath
ethanol analysis, blood and urine alcohol analysis, sweat
patches, transdermal electronic alcohol sensors, tests for
methanol, HTOL/HIAA ratio, apolipoprotein J, beta-hex-
osaminidase, etc.) have been developed and suggested to
uncover recent alcohol consumption (Gilg & Soyka 1997;
WHO/ISBRA 1997; Laposata 1999; Helander etal
1992a,b, 2002).

Whereas the traditional state markers of alcohol
consumption such as GGT, MCV or CDT reflect longer-
lasting consumption of higher amounts of alcohol
(>2 weeks, >1000 g of ethanol in 2 weeks), it is of interest
to identify even single or short-term consumption.

EtG, stable,
metabolite of ethanol and a state marker for recent

a non-volatile, water-soluble, direct

alcohol use, seems to meet this need. EtG also appears to
be highly sensitive and specific. Shortly after the
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Table | Synopsis of selected studies, contributing new aspects to the knowledge on EtG.

Individuals and numbers

Major results

References

Drivers suspected of DWI

Drivers suspected of DWI (n = 50)

Male alcohol withdrawal
patients (n = 33),

181 urine samples

d5-EtG as an internal standard

Expert assessments for judging
driving ability (n=151)
Alcohol withdrawal patients (n = 33)

Detoxified alcoholics (n = 30)

Neurorehabilitating patients (n =43)

Body fluids and tissues 27 samples from five
subjects (corpses)

Detoxified polydrug-abusing patients (n =9)
Detoxified alcoholics (n = 24)

Forensic psychiatric in-patients

§64 StGB (penal code) (n =44)

Hair samples from

16 alcoholics (postmortem)
Four alcohol withdrawal patients
Six social drinkers

Five children

Patients from the WHO/ISBRA study
(n=304)

Healthy volunteers (n=7)

Healthy volunteers (n=7)

Patients from an out-patient programme
(n=1252)

Forensic psychiatric in-patients (n = 35)
with substance dependence

Synthesis of EtG as external standard
SEC 0.1-3.9 g/l; SEtG 3.2—13.7 mg/I
UEC 0.1-2.0 g/l; UEtG 3.0-130 mg/I

37 were positive for SEtG
Half-life of EtG: 2-3 hours
Teetotallers: negative for EtG

UEC max. 0.40 per ml
UEtG 3.6-710 mg/l
Detectable up to 75 hours
Phase delay: UEC/UELG

I3 cases positive
UEtG 0.1-31.9 mg/l

UEtG 3.6-710 mg/l, Detection 57.7 £ 16.9 hours

No correlation of UEtG with SEC, GGT, MCV, time-frame
of detection or total amount of clomethiazole required
Stability over 140 hours at room temperature

Four cases UELG 4.2—196.6 mg/l, one case SEtG 4.8 mg/|

Eight urine samples from seven patients positive UEtG
2.9-23.49 mg/l

Detection of EtG in gluteal and abdominal fat, liver; brain,
serum, urine and CSF

Four cases positive

UEtG 0.29-1.03 mg/I

Three cases positive at a single occassion (= morning)
UEtG 0.1, 0.3 and 18 mg/I

Therapists’ rating: abstaining

Patients self-report: lapsing

Other biomarkers positive: none

|4 of 16 post-mortem hair samples of alcoholics:
218-4025 pg EtG/mg

4/4 hair samples of alcohol withdrawal patients:

1 19-388 pg EtG/mg;

No EtG in hair of social drinkers and children

Comparison of EtG with other biomarkers
including HTOL/HIAA ratio, methanol, GGT, CDT
Robustness of LC/MS-MS method demonstrated

0.04% (SD 0.029%) of dose administered dose EtOH
excreted in urine as UEtG

0.02% of administered dose of EtOH on a molar

basis recovered as UEtG

Stability at room temperature over 4 days

No in vitro formation of UEtG on storage of urine samples
fortified with 1% ethanol

Demonstration of the robustness of a LC/MS method
with a porous graphite column 63% of the samples
positive for EtG

During | year: 14 of 146 urine samples positive for EtG
Other biomarkers giving an indication for lapse/relapse
(breath ethanol, CDT, GGT, MCV, phosphatidyl ethanol):
one case positive for breath ethanol patients’ self-reports:
lapsing with 40-200 g of ethanol 12-60 hours prior to
testing

Schmitt et al. 1995

Schmitt et al. 1997

Alt et al. 1997

Seidl et al. 1998

Waurst et al.
1999a

Waurst et al. 1999b

Waurst et al. 2000

Alt et al. 2000

Waurst et al. 2002b

Goll et al. 2002

Dahl et al. 2002

Stephanson et al. 2002

Waurst et al. 2003
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Table 2 Comparison of UEtG, therapists rating, self reports and biomarkers of ethanol intake in forensic psychiatric in-patients.

Urine samples UEtG Range Therapists’ Consumption Breath ethanol Urinary ethanol
drawn positive (mgll) rating Self-report reported concentration concentration
223 18 0.1-469 Abstaining Lapsing 40-200 g |7 cases neg. |7 cases neg.
in all cases of ethanol One case One case
0.05 g/l 04 g/l

UEG: EtG in urine.

consumption of even minor amounts of alcohol, such as
10 g (half a bottle of beer) (Kintz et al. 2002; Stephanson
et al. 2002), EtG becomes positive and is also dose-depen-
dently detectable for 4 days following complete elimina-
tion of alcohol from the body (Schmitt et al. 1995, 1997,
1998; Wurst etal. 1995, 1996, 1997, 1999a,b.c,
2000a,b,c, 2001, 2002a,b, 2003; Altetal. 1997, 1999;
Seidl et al. 1998; Seidl et al. 1998, 2001; Nishikawa et al.
1999; Droenner et al. 2002). With its specific time-frame
of detection intermediate between short- and long-term
markers and with its high sensitivity and specificity,
ethyl glucuronide is a promising marker of alcohol con-
sumption in general and a marker for lapse and relapse
control.

Because EtG has a longer half-life than ethanol, an
accumulation of EtG must be assumed and was confirmed
in several studies (Alt etal. 1997; Schmitt et al. 1995,
1997; Wurst etal. 1999a,b,c, 2000a,b,c). Data from
post-mortem body fluids and tissues indicate that it may
be possible to explore storage and distribution mecha-
nisms and that an EtG transporter may exist. No measur-
able ethyl glucuronide concentrations are observed in
serum or urine of non-relapsing patients, non-drinking
drivers or teetotallers (Schmitt et al. 1995, 1997; Wurst
etal. 1995, 1999a,b,c, 2000a, 2002a,b, 2003; Alt et al.
1997; Seidl et al. 1998, 2001).

Determination of creatinine values in urine can, as in
illicit drug use testing, render it possible to detect manip-
ulation of the sample. To make UEtG values inter- and
intra-individually comparable, they can be standardized
by expressing them as a ratio to creatinine (UEtG 100).
Determining creatinine values, however, yields no addi-
tional information if the UEtG value is below determina-
tion limits. Therefore, for applications where a binary
answer (pos./neg.) is sufficient, such as monitoring absti-
nence, determination of creatinine is not a necessity.

Determination of EtG in hair can be useful in forensic
cases and for monitoring alcohol consumption over a
longer time-frame. The current results corroborate the
observation that the absence of EtG in hair does not prove
that a person is abstinent from alcohol. However, con-
sumption of higher amounts of ethanol on a frequent
basis must be clearly suspected if EtG is detectable in hair
samples. Although as yet no exact information exists
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concerning the incorporation of EtG in the hair structure,
several reasons may contribute to the missing correlation
between alcohol consumption and EtG concentration in
hair: EtG may be washed out due to its polarity during
normal body care or hair washing. The colour of hair
itself, the incorporation of EtG into hair through the bul-
bus (hair root) and via sweat and sebaceous glands
remains unexplored, as does the possibility of formation
and/or degradation of EtG in the hair matrix cells. Finally,

as occurs for several drugs, colourants may make a

difference.

Although some methods, such as the indirect proof
via acid and enzymatic hydrolysis, have failed (Rul3 1992;
Weinmann 1995), or performed poorly in urine such as
the ELISA based on a polyclonal antibody (Zimmer et al.
2002), there are several methods published from differ-
ent groups, that produced positive results:

* GC/MS (Altetal. 1997, 2000; Zimmer et al. 2002)

* LC/MS (Nishikawa etal. 1999; Dahl etal. 2002;
Stephanson et al. 2002)

o LC/MS-MS (Wurst et al. 1999a, b, ¢, 2000a, b, 2003
Janda et al. 2002)

In that the chemical and physical parameters of ds-
EtG, with the exception of mass, are identical to those of
ethyl glucuronide, deuterium-labelled ethyl glucuronide
must be considered an excellent internal standard.

The somewhat divergent results of different research
groups might be explained by (1) differences in the indi-
viduals tested for EtG, and their respective drinking pat-
terns as well as (2) methodological differences.

Relevant issues among the latter might be:

1 using no internal standard (Schmitt et al. 1995, 1997,
1998; Nishikawa et al. 1999) or propyl glucuronide
(Sticht etal. 1997), methyl glucuronide (Skopp et al.
2000) or t-butyl glucuronide (Wurst et al. 1995; Zim-
mer et al. 2002) as internal standard as well as;

2 acetylation (Schmitt etal. 1995, 1997, 1998; Sticht
et al. 1997; Nishikawa et al. 1999; Zimmer et al. 2002)
instead of silylation with BSTFA or MSTFA (Alt et al.
1997, 1999, 2000; Waurst etal. 1995, 1996, 1997,
1999a,b,c, 2000a, 2002a,b, 2003; Seidl et al. 1998,
1999; Skopp et al. 2000; Janda et al. 2002);

3 using different columns (for synopsis see: Musshoff
2002); and
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4 employing a single MS (Nishikawa et al. 1999; Dahl
etal. 2002; Stephanson et al. 2002) vs. a double MS
(Warst et al. 1999a,b,c,d, 2000a, 2002b, 2003).

A cut-off to distinguish between social/moderate and
harmful/problematic drinking has been suggested for
serum (Schmittet al. 1997). One of the advantages of EtG,
however, is that it can be detected in urine for a longer
time and that drawing a urine sample is by far less inva-
sive than taking a blood sample. There clearly is some
potential to establish also a cut-off, which as a reasonable
clinical guess could probably be set at a UEtG 100 of about
30-50 mg/1 if BAC is low or zero.

UDP-glucuronosyltransferase (UGT), the microsomal
enzyme responsible for glucuronidation reactions includ-
ing the formation of EtG, exists as a superfamily of
enzymes. Genetic polymorphism has been described for
six of the 16 functional human UGT genes characterized
to date (Mackenzie et al. 2000; Miners et al. 2002). Poly-
morphic variations in genes encoding UGT may have a
significant impact on humans’ capacity to form EtG and
may contribute to interindividual differences in EtG
values. Therefore, further studies on glucuronidation as
well as on the influence of human and bacterial beta-
glucuronidase activity, which also might influence EtG
levels, are needed.

To foster more widespread use of tests for EtG, avail-
ability, practicability and reduction of test costs will be
crucial. Development of immune-assay-based screening
methodology would therefore be helpful, while GC/MS
and LC/MS offer excellent validation methods.

According to forensic laboratory guidelines for valida-
tion analysis for a drug, there are at least three charac-
teristic m/Z-values for the compound identification for
GC/MS in selected ion monitoring mode (SIM) (Aderjan
etal. 2000) and for LC-MS/MS two MS/MS-transitions
per analyte are required (Stolker etal. 2000). These
requirements must also be fulfilled if a positive work-place
(drug) test can lead to severe consequences, such as loss
of employment. Therefore some analytical efforts still
must be made, because none of the above-mentioned

LC-MS/MS, LC-MS or GC/MS-methods can fulfil these
requirements.

From the data, which cumulatively include more than
4000 urine and serum samples of more than 1500 indi-
viduals, as well as on the basis of theoretical consider-
ations and most prominently the fact that EtG is a direct
metabolite of ethanol, the potential of EtG to demonstrate
high sensitivity and specificity as a biological state
marker of alcohol consumption seems clear. EtG is a use-
ful tool to detect recent drinking and has proved superior
to clinical impression and, in many respects, to other
markers tested (Schmitt et al. 1995; Wurst et al. 1999a,
2002b, 2003; Dahl et al. 2002). This is of considerable
interest in a variety of settings and situations. Figure 2
(data not published) gives an example of several markers
taken from a single patient during detoxification.

The cumulative findings emphasize that there is
potential to employ the test for ethyl glucuronide for
screening, monitoring drug and alcohol treatment, moti-
vational feedback, improvement of knowledge on drink-
ing patterns, differentiation of moderate/social drinking
from problematic/harmful drinking and differential diag-
nosis (e.g. elevated transaminases) elucidate the role of
neuropsychological impairment following alcoholization
(i.e. hangover state), and detection of recent drinking in
social drinkers in safety-sensitive or risky situations [driv-
ing, work-places, pregnancy (FAS)] (Table 3).

EtG enriches the testing armamentarium for recent
alcohol consumption. The time-frame of detection
exceeds that of ethanol in serum and urine, HTOL/HIAA
ratio and methanol. The complementary use of EtG,
which has a specific time-frame of detection, with other
biological state markers such as fatty acid ethyl esters,
HTOL/HIAA ratio and phosphatidyl ethanol, can provide
us with additional information, e.g. on drinking patterns.

If the question of recent alcohol consumption has to
be answered in a binary way (yes/no), such as for the
question of lapses, the use of EtG in urine can be sug-
gested as a first-choice test. If specific questions have to be
addressed, such as what kind of beverage was consumed,
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Table 3 Possible applications of the test for EtG.

The cumulative findings emphasize, that altogether; the test for ethyl
glucuronide can be used for:
screening
monitoring
motivational feedback
to improve knowledge on drinking patterns
differentiate moderate/social drinking from problematic/harmful
drinking
differential diagnosis (e.g. elevated transaminases)
evaluate treatment programmes and drug trials elucidate the role
of neuropsychological impairment following alcoholization (i.e.
hangover state) which plays a major role in accidents, disclose
recent drinking in social drinkers in risky situations [driving,
work-places, pregnancy (FAS)]

when exactly was the time of ethanol intake, drinking
pattern, etc. additional parameters such as ethanol,
HTOL/HIAA ratio, methanol and congeners, CDT,
PEth and traditional markers such as GGT and MCV
can—depending on the current need—be included.

The complementary use of this marker together with
other biological state markers and self-reports is expected
to lead to significant improvement in treatment outcome,
therapy effectiveness and health, social and socio-eco-
nomic benefits that will be hard to overestimate.

ACKNOWLEDGEMENTS

We would like to express our gratitude to the following
collaborators who contributed significantly to our work:
WHO/ISBRA Study on State and Trait Markers of Alcohol
Use and Dependence Investigators (global study director:
Boris Tabakoff); ]J. Metzger, C. Kempter and A. Kern,
Department of Hydrochemistry and Hydrobiology, Uni-
versity of Stuttgart, Germany; D. Ladewig and F. Miiller-
Spahn, Psychiatric University Hospital, University of
Basel, Switzerland; R. Schiittler and R. Vogel, Depart-
ment of Psychiatry II, University of Ulm, Germany; A.
Varga and C. Alling, Department of Medical Neurochem-
istry, Lund University, Sweden; B. Sperker, Department of
Clinical Pharmacology, Greifswald, Germany; L. Pridzun,
Mediagnost Inc., Reutlingen, Germany; S. Alexson,
Department of Medical Laboratory Sciences and Technol-
ogy, Huddinge University, Sweden; J. Dierkes, Institute of
Clinical Chemistry, University of Magdeburg, Germany;
G. Bechtel, S. Forster and M. Wolfersdorf, State Mental
Hospital, Bayreuth, Germany; A. Alt, K. Jachau, S. Seidl,
T. Gilg, H. Sachs and P. Schiifer, Departments of Legal
Medicine, Universities of Ulm, Magdeburg, Erlangen,
Munich and Freiburg, Germany and John Allen and Raye
Litten, Washington DC, for their help in editing the
manuscript.

© 2003 Society for the Study of Addiction to Alcohol and Other Drugs

Ethyl glucuronide 59

REFERENCES

Aderjan, R., Babel, B., Briellmann, T., Daldrup, T., Demme, U.,
Hallbach, J., Hartung, M., Harzer, K., Herbold, M., von Meyer,
L., Moeller, M., Musshoff, F., Schmitt, G. & Weinmann, W.
(2000) Anlage zu den Richtlinien der GTFCh zur Qualitéts-
sicherung bei forensisch-toxikologischen Untersuchungen
[Guidelines of the GTFCh for quality management in forensic
toxicological assessment]. Anhang A: Anforderung an ein-
zelne Analysenmethoden. Toxichem and Krimtech, 67, 13-16.
[http://www.gtfch.org/GTFChneuEngl.htm, accessed 14 Jan-
uary 2003].

Allen, J. P. & Litten, R. Z. (2001) The role of laboratory testing in
alcoholism treatment. Journal of Substance Abuse and Treat-
ment, 20, 81-85.

Alling, C., Gustavsson, L. & Anggard, E. (1983) An abnormal
phospholipid in rat organs after ethanol. Federation of European
Biochemical Societies Letters, 152, 24-28.

Alt, A., Janda, 1., Seidl, S. & Wurst, F. M. (2000) Determination
of ethyl glucuronide in hair samples. Alcohol and Alcoholism,
35,313-314.

Alt, A., Kempter, Ch & Wurst, F. M. (1999) Nachweis und quan-
titative Bestimmung von Ethyl-glucuronid in Urinproben
mittels GC/MS und ESI-LC-MS-MS [Determination and quan-
titative analyses of EtG in urine samples employing GC/MS
and ESI-LC-MS/MS]. In: Pragst, F. & Aderjan, R., eds. Nach-
weis Berauschender Mittel Im StrafSenverkehr Symposiumsband
Des XI GTFCH Symposium, pp. 203-206. Heppenheim: Verlag
Dr Dieter Helm.

Alt, A., Wurst, F.-M. & Seidl, S. (1997) Bestimmung von
Ethylglucuronid in Urinproben mit dem internen Stan-
dard d5-Ethylglucuronid [Determination of ethyl glucuronide
in urine samples using the internal standard d5-EtG].
Blutalkohol, 34, 360-365.

Besserer, K. & Schmidt, V. (1983) Ein Beitrag zur renalen Auss-
cheidung von Athylglucuronid nach oraler Alkoholaufnahme
[A contribution on the renal excretion of ethyl glucuronide
following oral ethanol intake]. Zentralblatt fiir Rechtsmedizin,
25, 369.

Dahl, H., Stephanson, N., Beck, O. & Helander, A. (2002) Com-
parison of urinary excretion characteristics of ethanol and
ethyl glucuronide. Journal of Analytical Toxicology, 26, 201—
204.

Diczfalusy, M. A., Bjorkhem, I., Einarsson, C. & Alexson, S. E. H.
(1999) Formation of fatty acid ethyl esters in rat liver
microsomes. Evidence for a key role of acyl-CoA: ethanol O-
acyltransferase. European Journal of Biochemistry, 259, 404—
411.

Diczfalusy, M. A., von Wachenfeldt, M., Holmberg, I. & Alexson,
S.E.H. (2001) Possible role of long chain fatty acid ethyl esters
in organ injury and as short-term markers of ethanol intake in
humans. In: Wurst, F. M., ed. New and Upcoming Markers of
Alcohol Consumption, pp. 17-34. Darmstadt: Steinkopff-
Springer Verlag.

Droenner, P., Schmitt, G., Aderjan, R. & Zimmer, H. (2002) A
kinetic model describing the pharmacokinetics of ethyl glucu-
ronide in humans. Forensic Science International, 126, 24-29.

Gilg, T. & Soyka, M. (1997) Wertigkeit biologischer Marker fiir
Alkoholabusus und Alkoholismus [Utility of biological mark-
ers of alcohol use and dependence]. Nervenheilkunde, 16, 362—
371.

Goll, M., Schmitt, G., Gansmann, B. & Aderjan, R. E. (2002)
Excretion profiles of ethyl glucuronide in human urine after
internal dilution. Journal of Analytical Toxicology, 26,262-266.

Addiction, 98 (Suppl. 2), 51-61


http://www.gtfch.org/GTFChneuEngl.htm

60 Friedrich Martin Wurst et al.

Gunnarsson, T., Karlsson, A., Hansson, P., Johnson, G., Alling, C.
& Odham, G. (1998) Determination of phosphatidylethanol
in blood from alcoholic males using high-performance
liquid chromatography and evaporative light scattering of
electrospray: mass
Chromatography B: Biomedical Sciences and Applications, 705,
243-249.

Hansson, P., Caron, M., Johnson, G., Gustavsson, L. & Alling, C.
(1997) Blood phosphatidylethanol of alcoholic abuse: levels in
alcoholic males during withdrawal. Alcoholism, Clinical and
Experimental Research, 21, 108-110.

Helander, A., Beck, O., Jacobsson, G., Wikstrom, T. & Borg, S.
(1992) Characterization of elevated urinary 5-hydroxytrypto-
phol as a marker of recent alcohol consumption. Alcoholism,
Clinical and Experimental Research, 16, 607.

Helander, A., Eriksson, C. J. & WHO/ISBRA Study on State and
Trait Markers ofAlcohol Use and Dependence Investigators
(2002) Laboratory tests for acute alcohol consumption:
results of the WHO/ISBRA Study on State and Trait Markers of
Alcohol Use and Dependence. Alcoholism Clinical and Experi-
mental Research, 26, 1070-1077.

Helander, A., Wikstrom, T., Léwenmo, C., Jacobsson, G. & Beck,
0.(1992) Urinary excretion of 5-hydroxyindole-3-acetic acid
and 5-hydroxytryptophol after oral loading with serotonine.
Life Sciences, 50, 1207-1213.

Jaakonmaki, P. I., Knox, K. L., Horning, E. C. & Horning, M. G.
(1967) The characterization by gas-liquid chromatography of
ethyl-B-D-glucosiduronic-acid as a metabolite of ethanol in rat
and man. European Journal of Pharmacology, 1, 63-70.

Janda, I., Weinmann, W., Kuehnle, T., Lahode, M. & Alt, A.
(2002) Determination of ethyl glucuronide in human hair by
SPE and LC-MS/MS. Forensic Science International, 128, 59—65.

Kamil, I. A., Smith, J. N. & Williams, R. T. (1952) A new aspect
of ethanol metabolism: isolation of ethyl-glucuronide. Bio-
chemical Journal, 51, 32-33.

Kintz, P., Villain, M., Cirimele, V., Goulle, J. P. & Ludes, B. (2002)
Usage criminel de substances psycho-actives: le probleme de la
duree de detection [Criminal use of psychoactive substances:
the problem of the duration of detection]. Acta Clinica Belgica,
Supplement 2002 (1), 24-30.

Kozu, T. (1973) Gas chromatographic analysis of ethyl-B-D-
glucuronide in human urine. Shinzu Igaku Zasshi, 21, 595—
601.

Laposata, M. (1999) Assessment of ethanol intake—current
tests and new assays on the horizon. American Journal of Clin-
ical Pathology, 112, 443-450.

Mackenzie, P. 1., Miners, J. O. & McKinnon, R. A. (2000) Poly-
morphisms in UDP glucuronosyltransferase genes: functional
consequences and clinical relevance. Clinical Chemistry and
Laboratory Medicine, 38, 889-892.

Miners, J. 0., McKinnon, R. A. & Mackenzie, P. L. (2002) Genetic
polymorphisms of UDP-glucuronosyltransferases and their
functional significance. Toxicology, 181/182, 453-456.

Musshoff, F. (2002) Chromatographic methods for the determi-
nation of markers of chronic and acute alcohol consumption.
Journal of Chromatography B: Biomedical Sciences and Applica-
tions, 781, 457—-480.

Neubauer, O. (1901) Ueber Glucuronsdurepaarung bei Stoffen
der Fettreihe. Archiv fiir Experimentelle und Pathologische Phar-
makologie, 46, 133-154.

Nishikawa, M., Tsuchihashi, H., Miki, A., Katagi, M., Schmitt,
G., Zimmer, H., Keller, T. & Aderjan, R. (1999) Determination
of ethyl glucuronide, a minor metabolite of ethanol, in human
serum by liquid chromatography-electrospray ionization

© 2003 Society for the Study of Addiction to Alcohol and Other Drugs

spectrometric detection. Journal of

mass spectrometry. Journal of Chromatography B: Biomedical
Sciences and Applications, 726, 105-110.

Pragst, F., Spiegel, K., Sporkert, F. & Bohnenkamp, M. (2000)
Are there possibilities for the detection of chronically elevated
alcohol consumption by hair analysis? A report about the
state of investigation. Forensic Science International, 107, 201—
223.

RuB3, A. (1992) Ethylglucuronidausscheidung beim Menschen nach
langer zuriickliegendem Ethanolkonsum [ Excretion of ethyl glucu-
ronide in humans following ethanol intake]. Doctoral thesis,
Faculty of Medicine, Eberhard-Karls-Universitat Tiibingen,
Germany.

Sachs, H. (1997) Drogennachweis in Haaren [Determination of
drugs in hair]. In: Kijewski, H., ed. Das Haar Als Spur—Spuren
in Haaren. Research in Legal Medicine, vol. 16, pp. 119-135.
Libeck: Schmidt-Rombhild.

Schmitt, G., Aderjan, R., Keller, T. & Wu, M. (1995) Ethyl-
glucuronide: an unusual ethanol metabolite in humans. Syn-
thesis, analytical data, and determination in serum and urine.
Journal of Analytical Toxicology, 19, 91-94.

Schmitt, G., Aderjan, R. E., Kirchner, M. & Zimmer, H. (1998)
Enzymimmunoassy und GC/MS zur Bestimmung von Ethyl-
glucuronid in Serum und Urin [Enzyme immunoassay and
GC/MS in determining ethyl glucuronide in serum and urine].
Blutalkohology, 35, 428—-433.

Schmitt, G., Droenner, P., Skopp, G. & Aderjan, R. (1997) Ethyl
glucuronide concentrations in serum of human volunteers,
teetotallers, and suspected drinking drivers. Journal of Forensic
Science, 42, 1099-1102.

Seidl, S., Wurst, F. M. & Alt, A. (1998) Uberpriifung einer
Abstinenzbehauptung in der Fahreignungsoberbegutacht-
ung mit Hilfe des Ethanolmetaboliten Ethylglucuronid (EtG)
|[Proving abstinence employing ethyl glucuronide in expert
assessment of judging driving ability]. Blutalkohol, 35, 174—
182.

Seidl, S., Wurst, F. M. & Alt, A. (2001) Ethyl glucuronide—a bio-
logical marker for recent alcohol consumption. Addiction Biol-
ogy, 6, 205-212.

Skopp, G., Schmitt, G., Pétsch, L., Dronner, P., Aderjan, R. &
Mattern, R. (2000) Ethyl glucuronide in human hair. Alcohol
and Alcoholism, 35, 283-285.

Stephanson, N., Dahl, H., Helander, A. & Beck, O. (2002) Direct
quantification of ethyl glucuronide in clinical urine samples
by liquid-chromatography—mass spectrometry. Therapeutic
Drug Monitoring, 24, 645-651.

Sticht, G., Kiferstein, H. & Staak, M. (1997) GC-MS-
Bestimmung von Ethylglucuronid im Serum mit Propylglucu-
ronid als internem Standard [GC-MS determination of ethyl
glucuronide in serum using propyl glucuronide as an internal
standard]. Rechtsmedizin, 7, 184-188.

Stolker, A. A. M., Stephany, R. W. & Ginkel, L. A. (2000) Iden-
tification of residues by LC-MS. The application of new EU
guidelines. Analusis, 28, 947-951.

Varga, A., Hansson, P., Lundqvist, C. & Alling, C. (1998) Phos-
phatidylethanol in blood as a marker of ethanol consump-
tion in healthy volunteers: comparison with other markers.
Alcoholism Clinical and Experimental Research, 22, 1832—
1837.

Weinmann, W. F. (1995) Ethylglucuronidausscheidung beim Men-
schen wdihrend der Resorptions- und friihen Postresorptionsphase
nach Alkoholaufnahme [ Excretion of ethyl glcuronide in humans in
the reorption and early postresorption phase following ethanol
intake]. Doctoral thesis, Faculty of Medicine, Eberhard-Karls-
Universitédt Tiibingen, Germany.

Addiction, 98 (Suppl. 2), 51-61



WHO Global Status Report On Alcohol (WHO/HSC/SAB/99.11)
(1999) [http://www.who.int/substance_abuse/PDFfiles/
who_ncd_msd_2001_2.pdf, accessed 14 January 2003].

WHO/ISBRA Study on Biological State and Trait Markers of
Alcohol Use and Dependence (1997) Progress Report. WHO/
MSA/PSA/97. 11: pp. 1-40.

Warst, F. M., Kempter, C., Metzger, J., Seidl, S. & Alt, A. (1999c¢)
Der Ethanolmetabolit Ethylglucuronid—ein Marker ftir Alko-
holkonsum [The ethanol metabolite ethyl glucuronide—a
marker of alcohol consumption]. Psycho, 25, 42—45.

Waurst, F. M., Kempter, C., Metzger, J., Seidl, S. & Alt, A. (2000a)
Ethyl glucuronide—a marker of recent alcohol consumption
with clinical and forensic implications. Alcohol, 20, 111-116.

Wurst, F. M., Kempter, C., Seidl, S. & Alt, A. (1999a) Ethyl
glucuronide—a marker of alcohol consumption and a relapse
marker with clinical and forensic implications. Alcohol and
Alcoholism, 34, 71-77.

Wurst, F. M., Metzger, ]., Jachau, K., Seidl, S., Pridzun, L.,
Janda, I. & Alt, A. (2001) The direct ethanol metabolite
ethyl glucuronide: A specific marker of recent alcohol con-

sumption. In: Wurst, F.M., ed. New and Upcoming Markers of

Alcohol Consumption, pp. 62-74. Darmstadt: Steinkopff-
Springer Verlag.

Warst, F. M., Metzger, J. W. on behalf of the WHO/ISBRA Study
on Biological State and Trait Markers of Alcohol Use and
Dependence (2002b) The direct ethanol metabolite ethyl glu-
curonide is a specific marker of recent alcohol consumption.
Alcoholism, Clinical and Experimental Research, 26, 1114—
1119.

Wurst, F. M., Schiittler, R., Kempter, C., Seidl, S., Gilg, T.,
Jachau, K. & Alt, A. (1999b) Can ethyl glucuronide be deter-
mined in postmortem body fluids and tissues? Alcohol and
Alcoholism, 34, 260-261.

Warst, F. M., Seidl, S. & Alt, A. (1997) Ethyl glucuronide—
evaluation of a new marker of alcoholism by deutericed stan-
dard. Alcohol and Alcoholism, 32, 327.

Warst, F. M., Seidl, S. & Alt, A. (2000c) Ethylglucuronid—

Der direkte Ethanolmetabolit, seine Bedeutung als

© 2003 Society for the Study of Addiction to Alcohol and Other Drugs

Ethyl glucuronide 61

Alkoholkonsum- und Rickfallmarker, Nachweismethoden
und Perspektiven [Ethyl glucuronide—the direct ethanol
metabolite: usefulness as marker of ethano intake, possibilities
of determination and perspectives]. In: Seitz, H. K., Lieber, C.
S. & Simanowski, U. A., eds. Handbuch Alkohol, Alkoholismus,
Alkoholbedingte Organschéiden, pp. 125-129. Heidelberg:
Johann Ambrosius Barth.

Warst, F. M., Seidl, S., Alt, A. & Metzger, ]J. (2000b) The
direct ethanol metabolite ethyl glucuronide: its significance
as an alcohol consumption and relapse marker—identifica-
tions, methods and outlook. Psychiatrische Praxis, 27, 367—
371.

Warst, F. M., Seidl, S., Ladewig, D., Miiller-Spahn, F. & Alt, A.
(2002a) Ethyl glucuronide: on the time-course of excretion in
urine and possible prognostic properties. Addiction Biology, 7,
427-434.

Warst, F. M., Seidl, S., Sachs, H., Besserer, K., Hirsch, M., Rein-
hardt, G. & Schiittler, R. (1995) Ethyl glucuronide—evalua-
tion of anew marker of alcoholism. Alcohol and Alcoholism, 30,
560.

Warst, F. M., Seidl, S., Sachs, H., Besserer, K., Reinhardt, G. &
Schiittler, R. (1996) Ethylglucuronid—Evaluation eines
neuen Alkoholmarkers [Ethyl glucuronide—evaluation of a
new alcohol marker]. Lecture at the 6th Jahrestagung der
‘Deutschen Gesellschaft fiir Biologische Psychiatrie’ in
Munich, October 1994. In: Méller, H.-J., Miller-Spahn, F. &
Kurtz, G. H., eds. Aktuelle Perspektiven der Biologischen Psychi-
atrie, pp. 378-380. Wien/New York: Springer.

Warst, F. M., Vogel, R., Jachau, K., Varga, A., Alling, C., Alt, A. &
Skipper, G. E. (2003) Ethyl glucuronide discloses recent covert
alcohol use not detected by standard testing in forensic
psychiatric inpatients. Alcoholism, Clinical and Experimental
Research, 27,471-476.

Zimmer, H., Schmitt, G. & Aderjan, R. (2002) Preliminary
immunochemical test for the determination of ethyl glucu-
ronide in serum and urine: comparison of screening method
results with gas chromatography—mass spectrometry. Journal
of Analytical Toxicology, 26, 11-16.

Addiction, 98 (Suppl. 2), 51-61


http://www.who.int/substance_abuse/PDFfiles/

