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Comparison of hair and nail ethyl glucuronide concentrations

Sag ve tirnakta etil glukuronid konsantrasyonlarinin karsilastirilmasi

Ramazan Karanfil!, Alper Keten?, Cem Zeren’, Emine Nur Rifaioglu‘, M. Tugrul Goktas®

ABSTRACT

Objective: Alcohol abuse remains to be an important
problem in the world. In forensic medicine practice, alco-
hol and its metabolites should be detected in the body in
order to determine whether a person has taken alcohol or
not. Therefore, detection of ethyl glucuronide in such ke-
ratinous tissues as nails and hair following alcohol intake
is important. In the present study, we compared hair ethyl
glucuronide concentrations with nail ethyl glucuronide
(EtG) concentrations.

Methods: Hair and nail specimens were obtained from
a total of 16 people taking alcohol. The specimens were
analyzed with LC/MS/MS technique. Ethyl glucuronide
concentrations of hair specimens were compared with
those of nail specimens.

Results: Ethyl glucuronide concentrations were 1.33-
65.67 (+/- SD16.57) ppb in hair specimens and 4.27-
225.03 (+/- SD 59.77) ppb in nail specimens. Hair ethyl
glucuronide concentrations were correlated with nail ethyl
glucuronide concentrations (r=0,808, p<0.001).

Conclusion: This study showed that ethyl glucuronide
concentrations in hair and nails could be determined. This
suggests that detection of nail ethyl glucuronide concen-
trations can be useful in people without hair. In addition,
there was a significant relationship between hair and nail
ethyl glucuronide concentrations.
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OZET

Amag: Alkol kullanimi Dinyada dnemli bir sorun olarak
devam etmektedir. Adli tip pratiginde, kisinin alkol alip al-
madigini ortaya koyabilmek igin vucutta alkol ve metabo-
litlerinin tespiti gerekmektedir. Bu amacla, alkol alimindan
sonra tirnak ve sag gibi keratin6z dokularda ethyl glucuro-
nide (EtG) tespiti 6nem tagimaktadir. Bu calismada tirnak
ve sac dokusunda tespit edilen EtG miktarlarinin korelas-
yonunu arastirdik.

Yontemler: Kronik alkol kullanan toplam 16 olgunun sag
ve tirnak dokulari alindi. Alinan sag ve tirnak érnekleri LC/
MS/MS yontemi ile analiz edildi. Sag ve tirnak dokusun-
dan elde edilen sonuglar karsilastirildi.

Bulgular: Analizlerde sa¢ Orneklerinde EtG 1.33-65.67
(+/- SD16.57) ppb arasinda bulundu. Tirnak dokusunda
EtG 4.27-225.03 (+/- SD 59.77) ppb araliginda analiz edil-
di. Sag dokusu ile tirnak dokusu EtG degerleri arasinda
anlamli (r=0,808, p<0.001) bir iliskinin varhgi gosterildi.

Sonug: EtG’nin sa¢ ve tirnak dokusunda gdsterilebilecegi
ortaya kondu. Ozellikle sagi olmayan kisilerde alkol me-
tabolitinin tespiti igin tirnak dokusunun kullanilabilecegini
dislnudyoruz. Ayrica sag ve tirnak dokusundaki EtG oran-
lari arasinda anlamli bir iligki vardir.

Anahtar kelimeler: Alkol, EtG, sag, tirnak
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INTRODUCTION

Alcohol consumption has increased in the world
throughout the years [1]. Therefore, measurement
of alcohol concentrations in the body following
alcohol intake remains to be an important issue in
forensic medicine practice. Minor metabolites of
ethyl alcohol including ethyl glucuronide (EtG),
fatty acid ethyl esters (FAEEs), ethyl sulphate (EtS)
and phosphatidylethanol (PEth) can be used to de-
termine alcohol concentrations in the body [2-6].

EtG, a minor non-oxidative metabolite of etha-
nol, is formed by net addition of glucuronic acid to
ethanol. The UDP-glucuronosyltransferase (UGT)
superfamily of enzymes, using UDP-glucuronic
acid as a cofactor, catalyzes this clearance pathway.
Serum and/or urine ethanol levels can normally be
measured only for a few hours after alcohol intake;
however, urinary EtG levels have been measured
for 3-5 days after alcohol consumption [7,8]. Hair
and nail EtG concentrations can be detected even
months after alcohol intake. The metabolite EtG has
been used to detect alcohol in biological fluids such
as blood, urine, sweat and intraocular fluid (humor)
and in tissues such as bone, hair, muscle, bone mar-
row and fat to determine alcohol intake [9-13].

In recent times, there have been studies on de-
tection of EtG concentrations in nail tissues [14,15].
Nail and hair are keratinous tissues capable of stor-
ing substances and their metabolites. Therefore,
these tissues are utilized in forensic medicine analy-
ses in cases of toxicities [16-18].

In the present study, we aimed to detect EtG
in hair and nail tissues, commonly used in toxico-
logical analyses, with LC/MS/MS and to investigate
whether hair EtG concentrations were correlated
with nail EtG concentrations. This is the first study
to compare hair EtG concentrations with nail EtG
concentrations.

METHODS

Ethics statement and subjects

This study included 16 alcohol users. Ethical ap-
proval was obtained from the ethical committee of
Mustafa Kemal University. Hair and nail specimens
were collected from people presenting to the outpa-
tient clinic of Forensic Medicine at Mustafa Kemal

University for examination. The only inclusion cri-
terion was chronic alcohol intake. All participants
gave informed consent. Nails of the hands were
obtained with a pair of clean nail scissors without
damaging the hyponychium (the quick). They were
kept in eppendorf tubes. To collect hair specimens,
a strand of hair was fixed in the vertex posterior re-
gion and cut as close to the skin as possible. The
specimens were analyzed with LC/MS/MS.

Chemicals, reagents and materials

We acquired EtG and deuterium-labeled EtG-d5
standards (internal standard) from Medichem (Stutt-
gart, Germany), hypergraded solvents for LC-MS
LiChrosolv from Merck KGaA (Darmstadt, Germa-
ny) and deionized water from the Mili-Q (Millipore,
Bedford, USA) water purification system.

Calibrator, control and internal standard spiking
solutions

10 ppm of EtG Standard was prepared as in the fol-
lowing: first, | mg of EtG was mixed with 1 mg
methanol and 250 pl of the resultant solution was
added methanol until a volume of 25 mL was ob-
tained using a 25-mL volumetric flask. Preparation
of 2500 ppb of EtG-d5 Standard was as follows:
0.25mg of EtG-d5 was mixed with 1ml methanol
and methanol was added to 250 ul of the resultant
solution until a volume of 25 mL was obtained us-
ing a 25-mL volumetric flask. The above-mentioned
standards were utilized to prepare standard solu-
tions of 2, 5, 10, 20, 50, 100, 200, 1000 and 2000.

Specimen preparation

Fingernail specimens were powderized and weighed
with a sensitive scale and 50mg specimen was put
in a tube. Each specimen was added a mixture of
50% acetonitrile and 50% water and kept in an ul-
trasonic bath at 25°C for 2 hours. Then, the speci-
men was added internal standard of 50 pl and mixed
with vortex. It was subjected to centrifuge at 4000
rpm for 10 minutes. Following centrifuge, two ml
extract was obtained from the upper part and put
in the autosampler vials. Mixtures of water/ace-
tonitrile/methanol, acetonitrile/water of 80% and
acetonitrile/water of 50% were used for extraction
of each specimen and the mixture of 50% acetoni-
trile/50% water yielded the best result.
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LC-MS/MS conditions

An Agilent Technologies 1200 system consisting
of a G1367C autosampler, a G1379B degasser,
G1312B binary pump was utilized to analyze the
specimens. Two Zorbax Hilic Plus (4.6x100 mm,
3.5 micron particle size) serial connected columns
were employed to achieve separation. Reverse-
reverse chromatographic technique was preferred.
The column was kept at 25°C in a G1316B Ther-
mostatted Column Compartment (Wilmington, DE,
USA). The solvent system which we used was a
gradient involving A (1mM NH4Ac) and B (aceto-
nitrile) at a flow rate of 0.8 mL/min. The solvent
program was held at B at 65 % from 0.0 min to 2.2
min. Solvent B was reduced to 20 % between 2.3
min and 9.5 min and increased to 20% at 5.1 min
and held at 65 % until 10.0 min. The detector Agi-
lent Technologies 6460 Triple Quad LC/MS System
with electro-spray ionization (ESI) in the negative
mode (Wilmington, DE, USA) was used. The capil-
lary voltage was 4000 V, the nozzle voltage was 0 V
and the desolvation gas (nitrogen) was heated until
it was 350 °C with a flow of 11 1/min. Nebulazator
pressure was 50 psi. The sheath gas (nitrogen) was
heated till it was 350 °C and released at 11 1/min.

The m/z 226.0 > 75.0 (quantification ion) tran-
sition and the m/z 226.0 > 85.0 (qualifying ion)
transition were utilized to monitor the internal
standard (ETG-dS5). The m/z 221.0 > 75.0 (quanti-
fication ion) and m/z 221.0 > 85.0 (qualifying ion)
transitions were employed for monitoring EtG. A
fragmentor voltage of 100V and collision energy of
12V was used in all three transitions. MassHunter

B.04.01 (Wilmington, DE, USA) was utilized to
process obtained data.

Identification criteria and validation

Identification criteria were the ones used in the orig-
inal study, the results of which we attempted to rep-
licate in the present study, and validation was also
performed as in the original study [19].

Statistical analysis

Statistical analyses were made with SPSS Statistics
version 15.0. Evaluation of the associations of mast
point and nail EtG concentrations were performed
using Pearson’s correlations. Comparisons of the
means of EtG concentrations in mast point and fin-
gernails were made using independent student t-test
(t). p<0.001 was accepted as significant.

RESULTS

The mean age of the participants was 28.3+4.75
years. All 16 participants included in the study were
male. EtG concentrations were 1.33-65.67 ppb in
hair specimens and 4.27-225.03 ppb in nail speci-
mens (Figure 1).

The calibration curve for standard solutions is
shown in Figure 2.

There was a significant relation between hair
EtG concentrations and nail EtG concentrations
(r=0,808, p<0.001) (Figure 3). Pearson correlations
revealed similar EtG concentrations in hair and nail
specimens (r=0.899, p<0.001).
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Figure 2. Calibration Curve for Standard Solutions
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Figure 3. Relation between hair EtG concentrations and
nail EtG concentrations

DISCUSSION

In the present study, we found similar EtG concen-
trations in hair and nail specimens after alcohol
intake. In fact, there was a significant correlation
between hair and nail EtG concentrations. Biologi-
cal fluids may not be used in postmortem forensic
toxicological examinations especially when putre-
faction and mummification occur and when the in-
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tegrity of the body is distorted in plane crashes and
severe burns [20]. In such cases, stable tissues are
required for analyses [21,22].

In vivo studies have shown that time to deter-
mine EtG varies with biological fluids [12]. In a
study using postmortem biological fluids, EtG was
found to remain the longest in intraocular fluid, fol-
lowed by urine and blood [13].

It has been reported in the literature that it is not
possible to reveal EtG in blood and urine a period of
time after alcohol intake. Although detection of EtG
is more advantageous than that of ethanol, it can
only be possible to show EtG in biological fluids
such as blood and urine for a certain period of time
[12]. Therefore, it is recommended that such com-
pact tissues as hair and nail should be used since
they allow detection of EtG for longer periods of
time [23-25]. Jones et al. in their study on EtG anal-
yses in hair and nail specimens emphasized that nail
specimens could be used to reveal the behavior of
alcohol intake [15]. Similarly, Morini et al. in a se-
ries of 15 cases showed EtG in nail specimens after
alcohol intake [14]. In addition, several studies on
EtG have revealed that hair and nail EtG concentra-
tions are correlated with blood EtG concentrations
[14,23,24,26].

One study also reported that EtG analyses in
specimens of hair, a keratinous tissue, had a high
sensitivity and specifity (26). Indeed, it has been
emphasized in several studies that EtG analyses in
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hair have a higher sensitivity and specifity than con-
ventional indicators of EtG such as CDT and GGT
[15,22-24,27].

In conclusion, hair and nail are keratinous tis-
sues which are more stable and easier to obtain than
biological fluids in detection of alcohol intake. This
study revealed a correlation between hair and nail
EtG concentrations. Therefore, both tissues can be
useful in determination of alcohol intake. However,
nail tissues can be preferable in cases of alopecia
and in cases of short or no hair for various reasons.
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