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Abstract The analysis of biological samples can provi Qﬁ/&% quantitative evidence

of exposure to sulfur mustard SM . N'- 2- hydroxyéth§ guanine N'-HETEG is the
most abundant DNA adduct and one of the blomar S g exposure For the detection and
validation of SM exposure a sensitive hlg ance liquid chromatography-tandem mass
spectrometry HPLC-ESI-MS/ MS me @

sample was developed usin, ﬁ‘yh
dated and showed the llml}LQ d
850 pg/mL S/N=20 . Tl@lyn
intraday and mt% ! la@lve standard deviations of less than 10% n =7 over the calibration

determination of N'-HETEG in a biomedical
ine as the internal standard. The method was vali-

(D

n of 300 pg/mL S/N=10 and limit of quantitation of
r range was 300 pg/mL - 1. 28 ng/mL with both the values of

range. Th Ve vamed from 100% to 132%. The method was applied for the determina-

tion EG in the lung of SD rats caused by dermal exposure to SM in vivo. Under the
exp&@ 0SM of 5.5 11 22 and 45 mg/kg respectively 0.56 = 0. 16 0.67 £0.12

1.36 £+0.68 and 5.14 +0.92 ng of N'-HETEG per gram of SD rat lung tissue were found
after four days of exposure. The amount of N'-HETEG increased with the exposed doses and
it can act as a biomarker of sulfur mustard exposure.
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Fig. 1 Metabolic routes of sulfur mustard in vivo
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-DNA 350 C 100% 100%
SD N'-HETEG N’- Ampl 1 MRM 3.00 ~4.15 min
HETEG m/z 256—105 4.15 ~5.50 min m/z 242—91
1 1.4
1.4.1
1.1 1526 g 25
HPLC-MS/MS Agilent 1200 5 1 208 £8
HPLC g 2 cm’ 24 h 0
6330 Milli-Q Millipore 26 52 104 212 mg/mL /1 2-
T18 TKA 5418 42 pL I em? 4d
Eppendorf 600 nL/100 g 20%
-70 C
Fisher N'-HETEG N’-
1.4.2 DNA
Dan mark 1g 10 mL 2 mL
SDS  Amres.- DNA 3000 g 10
. min DNA 700
co Tris
pL 20 mg/mL K7 pL 1 mg/mL RNA
. 14 uL 37 C 12000 g
DNA 50 mmol/L Tris-
20 min 1.2 mL
HCI pH8.0 2 mL 0.5 mol/L ED-
-20 C DNA 12000 g
TA pHS8.0 2mL 7.5% SDS 1 mL .
20 min 70%
10 mL .
12 000 g 10 min
K Merck 20
) 150 pL
mg/mL 50 mmol/L Tris- HCI pH 8.3 2 mL 1.4.3 DNA
0.5 mol/L EDTA 20 uL. 10 mL 10% DNA pH 3.5
K 60 min 117.8
K20mg 1mL K ng/mL HPLC-ESI-
RNA Sigma 1 MS/MS
mg/mL 50 mmol/L Tris- HCI pH 7.5 2 mL 1.5
RNA RNA 7.05 mg/mL 4
10 mg 10 mL RNA T SD DNA
N'-HETEG
1.2 0.00 0.30 0.85 2.14 2.99 6.20 8.54 13.9
SD 25 21.4 62.0 106.8 139.1 170.9 213.6 320.5
534.1 854.5 1022.7 1281.8 ng/mL
1.3 HPLC-MS/MS 117. 8 ng/mL
HPLC ZORBAX SB-C, 30 HPLC-ESI-MS/MS
mm x2. 1 mm 3.5 pm Agilent 5
A B 0.2 mL/min
0~2min 5% B~75% B 2 ~4.5 min 2.1
75% B 4.5~5min 75% B ~5% B 5 ~5.5 min
5% B 3 min 5 pL N’- 2-
ESI
1.38 x10° Pa 20 psi 8 L/min
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Fig. 2 MS/MS spectra of a N’-HETEG and
4 a b

b N’-benzylguanine
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Fig. 3 Fragmentation mechanisms of a N’-HETEG

and b N’-benzylguanine
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Fig. 4 Extracted ion chromatograms of a a blank
hydrolysate of DNA isolated from
lung of SD rat and b the matrix spiked
with N'-HETEG and N’ -benzylguanine
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2.35 47.0 1.12 x 10° ng/mL  N'-
HETEG 117.8 ng/mL SD
10% pH 3.5 1h -DNA
HPLC-ESI-MS/MS N'-
HETEG n=3 110 £10 % DNA
121 £8 % 129 +3 %
2.2.3
SD DNA
2.14 21.4 1.02 x 10° ng/mL  N’-
HETEG 117.8 1 Marrs T C Maynard R L Sidell M D F R. Chemical Warfare
Agents Toxicology and Treatment. 2nd ed. S. 1 John Wiley
ng/mL HPLC-ESI-MS/ and Sons Ltd 2007
MS 1 2 Black R M. J Anal Toxicol 2008 32 1 2
3 Smith J R Capacio BR Korte W D. J Anal Toxicol 2008
1 SD DNA N’-HETEG 321 17
RSD 4  Noort D Fidder A Degenhardt-Langelaan CE AM etal. J
Table 1 Intraday and interday assay precisions RSD and Anal Toxicol 2008 32 1 25
accuracies of N'-HETEG spiked in DNA solution 5 Benschop H P Van der Schans G P Noort D. J Anal Toxi-
isolated from lung of a blank SD rat col 1997 21 4 249
Addeq/  [raday precision and Interday precision and 6 Boyer AE AshD Borr DB etal J Anal Toxicol 2004
ng/mL accuracy n =7 accuracy n =7 28 5 327
RSD/% Accuracy/% RSD/% _ Accuracy/% 7 Tarantini A Maitreb A Lefebvre E et al. Mutat Res 2009
2.14 9.7 97.8 3.9 101.7 671 172 67
21.4 3.2 101.0 6.4 101.1 8  Kehe K Balszuweit F Steinritz D et al. Toxicology 2009
1.02 x10° 1.9 109.0 5.5 105. 4 2631 12
9 Fidder A Moes G W H Schefer A Q. Chem Res Toxicol
1994 7 2 199
10 Boysen G Pachkowski B F Nakamura J et al. Mutat
N -HETEG Res 2009 678 1/2 76
11 Ludlum D B Austin-Ritchie P Hagopian-M et al. Chem
2.3 Biol Interact 1994 91 1 39
SD 12 Niu T Matijasevic'Z, Austin-Ritchie P et al. Chem Biol
5.5 11 22 45 mg/kg 4 Interact 1996/ 100 (1 77
13 Van der Schans G'P Mars-Groenendijk R De Jong L P A
d 1.4.2 1.4.3 et al.\ J Anal Toxicol 2004 28 5 316
HPLC-ESI-MS/MS N7- 14 Van der Schans G P Scheffer A G Mars-Groenendijk R H
HETEG et al. Chem Res Toxicol 1994 7 3 408
15 Wang HL Zhang D P Wang Z X et al. Chinese Journal
0.56 +0.16 0.67 +0.12
of Chromatography
1.36 = 0. 68 5.14 £0.92 ng n =5 N'- 2009 27 5 642
HETEG -DNA 16 ~ Zhang F Bartels M J Pottenger L H et al. J Chromatogr
B 2006 833 2 141
17 LiH Rose MJ Tran L et al. J Pharm Toxicol Methods
3 2009 59 3 171
18 Mikes P Kofinek M Linhart I et al. Toxicol Lett 2009
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