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Abstract: Ethyl glucuronide (EtG) and ethyl sulfate (EtS), which are ethanol metabolites, are direct indicators
of ethanol intake; they have been studied in a variety of biological samples in forensic science. It is necessary
to analyze ethanol metabolites to determine whether the ethanol detected in autopsy cases was due to alcohol
consumption before death or due to the ethanol produced from post-mortem decay. In general, EtG and EtS
are detected in the blood together with ethanol; however, it may be difficult to secure blood depending on
the extent of decay. Therefore, the aforementioned method should be replaced by detecting the ethanol metabolites
using tissue biological samples. In this study, we determined the optimal experimental conditions for detecting
EtG and EtS from spleen samples using Liquid Chromatography - Tandem Mass Spectrometry (LC-MS/MS).
Herein, the test method was validated, and an analysis method was applied to the actual autopsy cases.

of: AehS tIAIA|Q EFFFE o] = (ethyl glucuronide, EtG)$} o€ = o] E (ethyl sulfate, EtS)
o ehE ’1‘3-44 AHAR AFEAZA ofg] AA A5olx P o2 et A=A it §-
HALRLAAA HEE oekgo] AP A 560 ogh ZIR1A] AL Fafo] 93] AAE oferE<lA]
@at7] flsixe ollehe thAAE £4F Zart vk dvrEog doA Jes3t I EG ESE
Az YA T Fgel et AL 3
AHIE AETOZHN o & tiAg ) gt £ AFllA = 23 T°ﬂ"1 H7S A st LC-MS/MS—E— o]

u}i fr ko

$9 BIG EST AES0.00 A@el AT PAAAE S el Beldol e syste] W
s Mgl AR 5 gl S ek A B Alelel gskant.

Key words: ethanol, metabolite, ethyl glucuronide, ethyl sulfate, spleen

% Corresponding author
Phone : +82-(0)33-902-5510 Fax : +82-(0)33-902-5933
E-mail : miakwon@korea.kr

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

-115-



116 Soo-Min Kim, Young-Hoon Jo, Song-Hie An, Woo-Jae Lee, and Mia Kwon

.M 8

o FFF 20| = (Ethyl glucuronide, EtG)e} o€
/d 7 o] E(Ethyl sulfate, EtS)E ol -2 (ethanol, EtOH)
o] H|qkshak-goll ot mlo]y AR EA EtGeE 7hell
4] UDP-glucuronosyltransferase & 4o 23|, EtS+
sulfotransferasecll €]s] AAJBTH? o eh-&2] 24 Z <l

RS

Hhgo® AHERR Jqus] HHFS ¢ F Je

o, YA BN dFLAESFERT H o HEH
TohoA s 8

oz Wyastol S5
AFH A FEIAEFE Fs7lolng &4 Al

X C

4) 5o ABLFUAS BAsts Fo AREA
2 BEHT AT G R ANHE WA
AP 2F VR £F F AY AL FSAL,
VRLFE 2 AY A9 2FF wet SAHE of
B AL 088 5 glo] A2 A= AT

o
o

HAZE=EQ] =2 -2 & (n-propanol, n-PrOH)Z
2222 (p-butanol, n-BuOH)Z 332 St} 31X
9+ EtOH/n-PrOH ®]7} 3 9 8tA veht &5 o 7
£ ddst=d #A7E Slo] HZoe e A
d EG EtSE HAZEste] Al A e 5772
gelets HaAo] tiF=E AUtk A EG
ESE AEshe A7e 2 Aol olv] HilEg)

o, B AR E Al R, 373 F )
ol wet def A8 E R 5 }le Fgo] di
folth, old Hgoll= 25, v e 24 AA
A EA oferE FEE 13T FAlY EG ESE
AZE3teqoF girh

B AFoxe 23 AAARANA dEE tAAE
AEdte S st 8 253 vES A
ato] AFS APsilon F 27 FoA Bt Aot
o Ao WS Addsigith a2l A, 35
&, 4% 58 53 LC-MSMSE o] &3 A2
k A

oS3, A ol vgel
59 B4 A3 O 279 Lo

a4& sl ®akrt.

2.1. == A=

B A AeE RE 2F NEE T A9
57 HAROA dZESTEE Folsh] Y& AF =
o] 9 Aoz HYASATY A HE Y3
1 50" HAE AHSSII i (H A
IRB No. 906-200114-BR-003-01). F-A| & (blank)= &
FE A &2 WAL FF & AMgElen, A
AHIZ AREE B BoE Qs o AjF7F 87t
o WARRRe] v oo, RE X4 A8= 4 °C
W B & Ao

S

22. A2 & =
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A FY38EA 3L EtS9F EtS-ds(IS)= Lipomed (Arlesheim,
Switzerland)oll Al T4 skA k. vl 2E EE2H(formic
acid 98 ~100 %, Merck KGaA. Darmstadt, Germany),
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Table 1. The LC-MS/MS parameters for EtS, EtG

Compound Precursor  Product CE RF Lens
(m/z) (m/z) V) V)
EtS 125 97 15 70
EtS-ds 130 98 17 74
EtG 221 75 17 87
EtG-ds 226 75 17 86

*CE : Collision energy, RF lens : Radion frequency lens.

Table 2. Composition of LC mobile phase

Total run time (min) A eluent (%) B eluent (%)

0 90 10
3 90 10
6 45 55
7 10 90
9 10 90
10 90 10
13 90 10

M 27 o3 2t} Ton spray voltage: 2500 V,
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Table 3. EtS and EtG?concentration in the spleen and muscle

EtS (ug/g) EtG (ng/g)
n=3 Spleen Muscle Spleen Muscle
Ist 1.53 0.41 2.13 0.51
2nd 1.85 0.54 2.60 0.79
3rd 1.55 0.63 1.76 0.94

2000+
1000 EtS ‘

20000 EtS-ds .

o] BG L

10004 EtG-ds

(i T T
00 05 10 15 20 25 30 35 40 45 50
Time (min)

Fig. 1. LC-MS/MS chromatogram of blank tissue spiked
with EtG, EtS and IS (EtG-ds, EtS-ds).
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(a) EtS, (b) EtG calibration using standard addition method.

LOQE EtG7} 0.25 pg/g, EtSE 021 pg/gl & =4 =
Atk LOD9 LOQe #FHAE AMEste] 7t}
3.38D/s (718 71)¢F 10SD/s (71&7) & F+38+%1 3 RSD
(relative standard deviation)= EtG EtS Z+Z} 2.19 %,
229 %= LOQ Bt HB=7F 5% ollizh= ﬁ% s
o135} T} EtGel EtSE spike A1A TE A, T, ILF
%=(0.25 low, 2.0 medium, 8.0 high pg/g) A1EE 2t
FTE & 3 3W ke AFeta 42 W slellA
dFd 7HAS R F 33] A 8ke] A = (precision) &

st tH(Table 4). 53], A=A 63] wHE EA g
Bk, EFHR}, CV 18 2 biass ¥ A=
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EFAXE JERS ‘:]-(Table 6). Zt =N =
ol spikedt FE & ¥ spikedt FEE M ZLF|
o 34 43T AL S sk

-

|

o o 4 d

A

¢

Table 4. Intra-day and inter-day precision at different concentration levels

Low Med. High
Analyte EtS EtG EtS EtG EtS EtG
Con. (ng/g) 0.21 0.25 1.67 2.00 6.67 8.00
Intra-day 1 Mean 0.22 0.29 1.74 1.24 6.98 8.14
(n=3) CV (%) 3.13 13.67 1.70 7.00 0.50 4.07
Intra-day 2 Mean 0.22 0.32 1.78 2.02 7.50 9.11
(n=3) CV (%) 0.95 13.53 5.18 12.08 12.62 14.30
Intra-day 3 Mean 0.22 0.24 1.71 1.98 6.94 7.90
(n=3) CV (%) 1.17 6.27 0.38 3.79 1.50 3.15
Mean 0.22 0.28 1.74 2.00 7.14 8.39

Inter-day

(n=9) SD 0.00 0.04 0.03 0.03 0.32 0.64
CV (%) 0.84 10.96 1.58 1.04 3.61 6.20

*CV : Coefficient of variation, SD : Standard deviation.

Analytical Science & Technology



Method validation of detecting ethanol metabolites (EtG, EtS) in post-mortem spleen 119

Table 5. Accuracy and precision obtained by measuring
repeatedly at low concentration (0.25 pg/g)

Low concentration (pg/g)

n=6 EtS(0.21) EtG(0.25)
Mean 0.22 0.23
(SD) (0.01) (0.01)
CV (%) 2.09 2.00
Accuracy, % 107 92
(bias) (4.87) (7.72)

*CV : Coefficient of variation.

Intra-day 73 2 =2} inter-day 8 2= A3+= CV (coeffi-
cient of variation)® WERN O™ & 15% njgto
=2 ‘ﬁ’—ﬁ%’é"l vﬁﬁ} AFeA FEsE 7|EE2 BE
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effect’7} 100E.T} =™ ion enhancement, 100E.T} 2Fo
™ ion suppressions LERHATL Wil AAAE A
Fol B4 44 vXe JIFE A8 Table 69

3t A HepSit.

2

33. AN A

2 A7 oJFE FHE s Qo] FREXK
Z5k Ak 9ol A ZHzt olghg, RoA R EH (-
PrOH), EtG EtSE =413t th(Table 7). 9 7 At el
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ofergz Fetdth” 97 Al EtGE 0.00~
1.14 pg/gel 5% WAE HAEEAYL, ESE 001~

138 pg/g= AZEHAJTH EtGY A A5 =(L0Q)2!

0.25 pg/g 141 Algl= 1, 4, 9°1H, EtSe] & #3HA
FE(LOQ)Y! 021 pg/g ©17dSl AHEIE 1, 4, 90|t}

Table 6. Results of recovery and matrix effect analyzed on the three different days (n=3, Low: 0.25, Med.: 2.0, High: 8.0 pg/g)

Concentration (pg/g) Recovery (%) RSD (%) Matrix effect (%)
n=3 EtS EtG EtS EtG EtS EtG
0.25 103.5 106.7 3.6 9.4 100.1 88.0
2.0 101.2 98.3 3.3 3.9 104.5 99.4
8.0 114.3 110.9 6.5 16.5 94.5 90.2

Table 7. Detection of ethanol, marker of putrefaction (n-PrOH), EtS and EtG concentration in spleen from 9 autopsy cases

Case number EtS con. (ug/g) EtG con. (ng/g) EtOH (%) n-PrOH (%) EtOH/n-PrOH

1 1.38 0.26 0.039 0.0016 244
2 0.02 0.04 0.024 0.0024 10.0
3 0.02 0.00 0.044 0.0000 -

4 0.78 1.14 0.186 0.0221 8.4
5 0.02 0.01 0.070 0.0088 8.0
6 0.01 0.04 0.037 0.0012 30.8
7 0.02 0.05 0.100 0.0039 25.6
8 0.01 0.02 0.066 0.0012 55.0
9 0.28 0.29 0.043 0.0040 10.8
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