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- - ( LCAMS/MS)
( TDG) ( TDGO) o
ZORBAX-C (100 mm x3.0 mm 3.5 um) 5 mmol/L -
. d,IDC TDG  TDGO.
TDG 5~800 pg/L  TDGO 0.5~80.0 pg/L (7 >0.991) 5
0.5 pg/L 101% ~118% ( RSD) 10% - SD (n
~6) DG TDGO
(1) 30 60 min (c.) (1724 £227) pg/l (301 £115) pg/L -

(AUC) (3286 +249) pg=h/L (1010 £363) pg e+ h/L.
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Fig.1 Chemical structures of sulfur mustard and its hydrolysis/oxidation products
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TDGO TDG  TDGO o

. . TDG  TDGO
2
2.1

AcQuiTy™ ( UPLC Waters ) ; QTrap5500
( AB Sciex ) s ZORBAX Eclipse Plus-C 4 (100 mm x 3.0 mm 3.5 pm
Agilent ) ; RVC 233 CD plus - - ( Christ ) ; Eppendorf Cen—
trifuge 5418 ( Eppendorf ) o
( Fisher ) N ( Sigma Aldrich ) (TDG)  d;-TDG
( Sigma Aldrich ) ( >99% IR.NMR.MS
) ( >96% ) ( )
Milli-Q ( Millipore ) o
SD ( (270 £15) g)
SCXK- 2007004 SD
2.2
2.2.1 N ;
Ca( ClO) ,-NaOH( 3: 2 n/n) 1: 8~1: 9
2.2.2 50% (V/V) - TDG  TDGO 1 mg/L
3 o 600 ug/L 30 pg/Lo
-20 C
2.2.3 50 pL 200 pL d;-TDG - (4 1.V/7)
30 s 14000 r/min 15 min 50 C 100 pL 10% ( V/V)
- 10 min 30 s 14000 r/min 5 min 2 ul,
2.3 -
CA 1% (V/V) - (5 mmol/L ) B 95% ( V/V) -

(5 mmol/L ) o :0~1.0 min 0% B;1.0~1.5 min 0% ~5% B; 1.5 ~3.4 min
5% ~17% B; 3.4 ~5.0 min 17% B;5.0~8.5 min 17% ~44% B; 40 C 0.3 mL/min 2
plo

: : ; : ; : ( MRM) ; 241
kPa; 1550 C ( GSI) ( GS2) :379 kPa. L.
2.4 SD
13 mg/kg
515 30mn 1 2 3 4 6 8 12 24 36 72h o
3
3.1

d,-TDG TDG TDGO
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- (4:1 V/V)
3.2
TDG  TDGO 1
; TDG ~ TDGO EST? 2,
1 TDG TDGO
Table 1 ~MS parameters and LC retention times of thioglycol ( TDG)  thioglycol sulfoxide ( TDGO) and internal standard
Analyte Ton pairs D;‘:; :tl:ln g g;’il:&(;: Spray voltage Collisia[n gas Retention time
(m/z) (V) (V) ( kPa) ( min)
dg-TDG 131.0/113.0 50 9 1750 41 4.1
DG 123.0/87.0 123.0/105.0" 50 9 1750 41 4.1
TDGO 139.0/63.0 139.0/77.0" 50 22 18 1450 62 1.9
* ( Quantitative Ton) o
100} TDG i 100f TPGO Vil
S8O0F HU/\/\/\OH M+H-H,0]" 80F 1[()’2/\/3\5/\051
g 6ot 8 6ot 7 /
g 5
E g
2 40} [M+H]* 2 40}
< 125 = [M+H-H,0]"
121
20F [M+H-2H,0]" 20F
87 63 03
i L " il i i AI 1 " 1 1 i L la il 0 L |l 1 Y —— In i IR | R — "
50 60 70 80 90 100 110 120 130 50 60 70 80 90 100 110 120 130 140 150
'z m'z
2 ESIT TDG  TDGO
Fig.2 Mass spectra of TDG and TDGO in ESI* source
3 3 10
3.3.1 TDG  TDGO o 30 SD
0 TDGO 0.2 ~
0.8 pg/L ;. TDG 0 TDG 0.2 pg/L TDGO
0 MRM ( 3)
TDGO °
3.3.2 N TDG TDGO 5 ~800 ug/L 0.5~
80.0 pg/L (r»>0.991) ., TDG  TDGO
20000
5000
15000
. 4000 F
5 =
b 3z 10000
2 3000 F 3
g 5
=}
2 2000t 2 Ll
1000 TDG 0
Blank
0 i 1 L 1 1 1 1 L L
3.9 4.0 4.1 42 43 44 1.2 1.6 2.0 2.4 2.8
tmin t/min
3 TDG TDGO

Fig.3  Chromatograms of TDG and TDGO with blank plasma of rats
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. (S/N >3) (S/N >10) 2.

2 TDG  TDGO N
Table 2 TDG and TDGO calibration curves limit of detection ( LOD) and low limit of quantification ( LOQ)

Analytes Linear range ( pg/L) Linear equation r? LOD ( ng/L) LOQ ( pg/L)
TDG 5 ~800 y=0. 0178x +0. 003 0.9936 0.5 5
TDGO 0.5~80.0 y=0. 1572x +0.0327 0.9912 NA™ 0.5

* not applicable

3.3.3 ( RSD)

6 3 ;
3.3% ~6.3% 3.7% ~9.7% ( 3)

o

3 TDG TDGO

Table 3 Precision and accuracy of method

Intra-day ( n =6) Inter-day (n =6) Intra-day ( n =6) Inter-day ( n =6)
. Added RSD RSD . Added RSD RSD
Analyte /L Found Found o Analyte /L Found Found p
T S e T S e
15 16 +1 6.3 16 1 6.3 1.5 1.6 0.1 6.3 1.7+0.1 5.9
TDG 100 106 6 5.7 103 £10 9.7 TDGO 10.0 9.6+0.4 4.2 9.5+0.7 7.4
500 483 +22 4.6 491 £18 3.7 50.0 48.7+1.6 3.3 50.3 2.1 4.2
3.4.4 3 TDG  TDGO
TDG TDGO 101% ~118% ; TDG  TDGO
+10% +15% o 4
3.3.5 4 Table 4  Stability of samples under various storage conditions
4 °C
Added freeze-thaw cycles Post-preparation long-time stabilit
24 h Analyte  ((L0T)  (RSD % n=3) (RSD % n=6) (RSD % n=6)
<8.9%: 15 9.4 8.88 4.9 (10 d)
_80 C TDG 100 6.6 7.34 13.3 (35 d)
500 8.3 3.19 5.3 (35 d)
3 1.5 8.86 7.53 5.5 (10 d)
<9.4%; -80 C TDGO 10.0 6.05 5.93 10.9 (35 d)
35 50.0 3.3 3.63 8.9 (35 d)
TDG TDGO TDG TDGO 10 d
3.4
TDG  TDGO
WinNonlin ( Version 5.2.1 )
SD (n=6) 13 mg/kg TDG  TDGO
( 4) 30 60 min (1724 £227) pg/L (301 £115) pg/L ;
72 h TDG  TDGO 14.2  13.7

h; TDG  TDGO - ( AUC) (3286 £249) pg+h/L (1010 £363) pg * h/
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L. TDG  TDGO
TDGO
TDG TDGO
500 ———
+TDG 400
& TDGO
< 400} 300
El 2 4 13 mg/k TDG
= 200 TDGO ( mg/kg)
EERT! 100 TDGO (mean +SD 7 =6)
%z 0 .
%Ti 0000 1234 Fig. 4  Toxicokinetics of TDG and TDGO in SD rats after
=3 160
3 g 200 _ 120 Tﬂl/\ a subcutaneous dose of sulfur mustard at 13 mg/kg. ( mean
'S 01T N SD
5 100 40 }____- DG
&} 0 E—— n =6)
0 | 2 3 4
Ok, = N n n n r I N
0 10 20 30 40 50 60 70
t/h
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Simultaneous Quantification of Thioglycol and Thioglycol Sulfoxide
in Rat Plasma by Isotope Dilution-Liquid Chromatography
Tandem Mass Spectrometry

LI Chun-Zheng CHEN Jia ZHONG Yu-Huan ZHONG YuXu XIE Jian-Wei LI Hua'
( Beijing Institute of Pharmacology and Toxicology Beijing 100850 China)

Abstract A method based on isotope dilutiondiquid chromatography tandem mass spectrometry ( HPLC-MS/

MS) was developed and validated to simultaneously quantify metabolites of sulfur mustard thioglycol ( TDG)

and thioglycol sulfoxide ( TDGO) in rat plasma. Plasma samples were pretreated with the mixed solvent of

methanol and acetonitrile to precipitate proteins. The separation of TDG and TDGO was achieved on a

ZORBAX-Cyg column (3.0 mm x 100 mm 3.5 pm) by gradient elution with mobile phase consisting of
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methanol and 5 mmol/L. ammonium formate aqueous solution. The mass spectrometric identification and
quantification were performed using positive electrospray ionization and multiple reactions monitoring mode.
An isotopic labeled TDG ( dg-TDG) was used as internal standard. The calibration curves for TDG and TDGO
were linear ( R* >0.991) over the range from 5 =800 pg/L  and 0.5 — 80 pg/L  with the lower limit of
quantification at 5 and 0.5 pg/L. The recovery of the analytes ranged from 101% to 118% . The intra—and
inter-day precisions ( RSD) were all within 10% . The plasma was collected and analyzed from HD-exposure
rats after subcutaneous administration and the kinetics parameters of TDG and TDGO were calculated and
(1724 £227) pg/L and (301 £115) pg/L AUC (3286 +
249) pg * h/L and (1010 £363) pg * h/L respectively.

Keywords Sulfur mustard; Thioglycol; Thioglycol sulfoxide; Liquid chromatography-tandem mass spectrom—

demonstrated as follow: ¢, 30 min and 60 min ¢

etry; Plasma; Toxicokinetics
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