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Abstract A method was developed for the simultaneous extraction and determination of four
mercapturic acids MAs  N-acetyl-S- 3 4-dihydroxybutyl -L-cysteine DHBMA  N-acetyl-S-
3-hydroxypropyl -L-cysteine 3-HPMA N-acetyl-S- 2-carboxyethyl -L-cysteine CEMA

and S-phenylmercapturic acid SPMA  in human urine using solid phase extraction and high
performance liquid chromatography-tandem mass spectrometry HPLC-MS/MS . Frozen urine
samples were thawed at room temperature and centrifuged to remove any settled precipitate.
The supernatant was then purified and concentrated by a C18 solid phase extraction column

and analyzed by HPLC-MS/MS in the multiple reaction monitoring MRM mode for the quanti-
tative analysis. The ranges of recovery for DHBMA 3-HPMA CEMA and SPMA spiked in hu-
man urine matrix at three concentration levels were 105.6% — 124.4% 102.7% - 106.5%

103.2% - 103.9% and 101.7% —104. 3% respectively with the relative standard deviations of
2.6% —-7.7%. The limits of detection LOD S/N=3 were 0.062 0.031 0.020 and 0.003
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wg/L for DHBMA 3-HPMA CEMA and SPMA

respectively. The method was successfully

used to detect 4 MAs in 37 human urine samples from smokers and non-smokers. It was found
that the contents of 3-HPMA CEMA and SPMA in the urines from cigarette smokers were about

three to six-fold more than those in the urines from the non-smokers.
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h N- -S- 3 4-
-L- N-acetyl-S- 3 4-di-
hydroxybutyl -L-cysteine DHBMA N- -S-
3- N-acetyl-S- 3-
hydroxypropyl -L-cysteine 3-HPMA N- -
S- 2- -L-2- -3- N-acetyl-S- 2-

carboxyethyl -L-cysteine CEMA
S-phenylmercapturic acid SPMA 4

4 DHBMA 3-
HPMA CEMA SPMA -

- SPE-HPLC-MS/MS 12 min

1.1
1200 G1329A
GI311A GI316A
APT 4000
ESI Analyst 1.5

ASPEC

X14 Gilson Roche/

Hitachi MODULAR PRE-ANALYTICS PLUS

TEDIA CEMA 3-HPMA SPMA

solid phase ex-

DHBMA 98% D,-CEMA D,-DHB-
MA D,-3-HPMA  D,-SPMA 99%
Supelclean
ENVI-18 3 mL 500 mg SIGMA-
ALDRICH ISOLUTE ENV*
50 mg 1 mL Biotage Oasis® MAX
6 mL Waters Strata-X-
C 1 mL Phenomenex
1.2
CEMA 0.5
g/L 3-HPMA 1 g/L SPMA 1g/L DHBMA 1
g/L
-40 C
CEMA 2 mL 3-HPMA 1 mL SPMA 1 mL

DHBMA I mL 4 10 mL
100 mg/L
D,-CEMA 1 g/L D,-DHBMA 0. 1

g/L D,-3-HPMA 1 g/L D,-SPMA 1 g/L

4 10 mL
100 mg/L

DHBMA | mg/L 3-HP-
MA 10 mg/L CEMA 0.5 mg/L SPMA 0.1 mg/L
DHBMA 0. | mg/L 3-HPMA 1

mg/L CEMA 0.05 mg/L SPMA 0.01 mg/L
D,-DHBMA 0.5 mg/L D,-3-HPMA 5
mg/L D,-CEMA 0.25 mg/L D,-SPMA 0.05

mg/L
1.3
21
60
24 h -40 C
10 mL

1 mol/L HC1 pH 2
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200 pL 2 mL s
50 pL 750 nL 0.1%
5 mL 2.1
DP CE 4
Supelclean ENVI-18 10
5 mL 5 mL 5 mLO0. 1% p.L/min 4 1
500 pL 2 mLo0. 1% wg/mL
4 mL 40 C PI CE
1 mL 0.05% CE
DP DP CE
2 mL 1
1.4 - IS Gasl CUR Gas2
Agilent Zorbax Eclipse XDB-C18 TEM 1.4
150 mm x2.1 mm 3.5 pm A 2.2
0.05% B Agilent Eclipse XDB C18
0~2min 95% A ~50% A 2 ~4 min 50% A ~
40% A 4 ~8 min 40% A ~10% A 8 ~8.1 min 0.05%
10% A ~95% A 8.1 ~ 12 min 95% A
0. 25 mL/min 30 C 10 pL A 0.05%
ESI B
IS -4400 V Gasl 1.4 4
344.5 kPa 50 psi CUR 206. 7 12 min 1
kPa 30 psi Gas2 310. 0 kPa
50000 [ 2
45 psi TEM 500 C ;
EP -10V CXP -10V 40000
100 ms CE ? 30000 a
z [ 5
DP 1 z H 1\ 3
£ 20000 |-
1 4 - g e
10000 :— 7/8
Table 1 Mass spectrometry parameters for DHBMA [ K
3-HPMA CEMA SPMA and the internal oL L I 1 RSP
standards in multiple reaction monitoring 0 2 4 6 8 10 12
mode t/min
Parent ion/ Collision Declustering 1 DHBMA 3-HPMA CEMA SPMA
Compound product ion energy/ potential/
m/z eV v Fig. 1 MRM chromatograms of a mixture of 4 mercapturic
DHBMA 249.8/120.7 * -22 -38 acid standards and the internal standards
249.8/127.7 ~16 _33 1. D,-DHBMA 2.DHBMA 3. D,-CEMA 4. CEMA 5. D,-
3-HPMA 219.8/90.8 " -15 -26
219.8/84.4 -15 -26 2.3
D;-3-HPMA 222.9/90.8 -18 -36 HPLC
CEMA 214.8/161.7" -7 -34 C18
214.8/85.8 -7 -34
Supelclean ENVI-18
D,-CEMA 217.8/164.7 -10 -30
SPMA 237.8/108.7" -18 -42 ISOLUTE
D,-SPMA 196.1/166. 1 -12 -30 ENV”

* quantification ion pairs.
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Oasis®

MAX Strata-X-C 3 24 h

4

Strata-X-C 4
0 5 10 20 50 100 wL
4 Oasis® 20 50 100 250 pL
MAX DHBMA 3-HPMA CEMA 10 1.8 mL 50
SPMA ISOLUTE pL 100 wL
ENV” 0.05% 1 mL DHBMA 3-
ISOLUTE ENV* HPMA CEMA  SPMA
DHBMA Supelclean ENVI-18 4 Y DHBMA 3-HP-
MA CEMA SPMA xr pg/L
mL DHB-
DHBMA MA 3-HPMA CEMA  SPMA
3 0.9984  0.999 8
Supelclean ENVI-18 S/N 3
2.4 LOD 2
2 4 S/N=3

Table 2 Regression equations correlation coefficients r and limits of detection S/N=3 of four mercapturic acids

Compound Internal standard Linear range/ pg/L Regression equation * r LOD/ ng/L

DHBMA D,-DHBMA 1.0 -200. 0 ¥ =0.0464x +1.810 0.9969 0.062

3-HPMA D,-3-HPMA 1.0 -1000. 0 ¥ =0.00227x +0. 142 0.9983 0.031

CEMA D,-CEMA 0.5-50.0 ¥ =0.0417x +0.0195 0.9975 0.020

SPMA D;-SPMA 0.01 -20.0 ¥ =0.0162x +0.0137 0.9977 0.003

#y the peak area ratio of quantification ions between the analyte and internal standard x mass concentration of the analyte ng/L.

2.5
20 pL 20
L 50 pL
3
8 3
n=8  101.7% ~ 124. 4%
RSD  2.6% ~7.7% 3
3 4
n=8

Table 3 Recoveries and relative standard deviations
RSD of 4 mercapturic acids spiked in hu-
man urine n =8

Compound Added/ pg/L Recovery/% RSD/%
DHBMA 2 105.6 3.8
20 119.9 4.4
50 124. 4 2.6
3-HPMA 20 102.7 4.5
200 106.5 5.1
500 103.6 3.8
CEMA 1 103.6 3.3
10 103.2 4.9
25 103.9 4.9
SPMA 0.4 101.7 7.5
4 103.7 7.7
10 104.3 3.7
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Fig. 2 Boxplot of contents of 4 mercapturic acids in 37
human urine samples 17 from the smokers and
20 from non-smokers
mild outliers * extreme outliers 1 4 5 8 sample
number.
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/
3
3 4
DHBMA 3-HPMA CEMA SPMA DHBMA 3-HPMA CEMA SPMA
9.90 ~76.66 66.46 ~1008.05 4.25 ~19.41
0.01 ~0.58 mg
DHBMA 3-HPMA CEMA SPMA CEMA
6.89 ~51.34 26.65 ~250.94 0.11 ~3.92
0.00 ~2.24 mg DHBMA 3-HP-
MA CEMA SPMA
1.12 3.06 5.68 2.50
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