B3 E e (FENXI HUAXUE)  BFSIRE B2
2009 42 A Chinese Journal of Analytical Chemistry 187 ~193

MBTEL A ERRTEDD
KEENFERE G TR

wmirg' NFEE AZAE FEE OA4E BEHL A#HKT
BT A A BRSO LR TR SR B 273165)
> (o R BT R B AL BR , T3 810001)

A B AT ATHREEAEYATEMARN 10-2 807 -2 B (EASC) ,EASC 5 b — B2 i =R,
7E pH = 10.5 # NaHCO, WA .60 °C F 1 3 min 7] FKBFE WATEF=Y . EASC 5 £ B4 ( Dansyl-
CO AL : B K EE R R I Z . UViase/ UV = 6. 67; KB FRAFEZ I &, (EASC) /P, ( Dansyl-Cl) =
43, % e BRI = FEAR DS B4 BRI B T PR R  ICopse/ IC punggcr = 4. 98 (ME T BE) 1 ICu50/IChapcr =
4.51(ME=AT), 76 LC-MS-APCI (MRM)#ERXT, 8B4 w5 R S 3h S Pk — B A0 = B A0 DROB RIS & . B S7
(77 B A REF R B, EF RO T 0. 9995 Kt BRA 51K 4. 3 ng/LOME —BE) Fi 14 ng/L(ME=R%) o T
SEBRAE R 2 AR RURBEFVIR L7 R B B M BRI = BOAAT TIE , SR

XA WAHGERRE, 10-28 0 el -2- Bt R, M=
1 51 F

TEBY B HEAL M BOM 5 o, B T S KT A A LA TR B PR 38 (1) S5 BEARUA He 36 I R 75 P AR
SHERES TR AP TE O 2 1 T REAS VRSV 0 S TS B S W s B A B AT 40 & R R (2) TR
FOK SRR R B 1B AR MO PR B A7 5 (3) TABE AR S R 2L & WIARIE SR A R L
SRR AR A (0], B SR R M = O S S o S e ek AT ME S A
- R A b R RIS, FEROA (- TR 40 AT o B T B TR TS , IR 4R K R B T ALA7
R ARAR AT T4k, 2R 8 TE RE 0 RO o 24 O EAO E  LS BE E
( Dansyl-Cl) FERTAEALIRA , 7E BRI 4 2T, il M R 25 1 B8 (EST) AR ATIN 5 , 77 26 44 th 785 R U 3R
R, RV BRI = BT E AT APCI-LC-MS oA FE AL o B 7 v EAT I 52 , 5 e g
BB (ES) HORMIEL, APCI AT R G0 8%, B 7E pe/L B0k F, B FASIEMS: (APCT) HAR
AR TLAR R R R SR 1 — PR T BR , 55 e 38 (EST) A b, HOOR 452 B 5040 135 05 PRV S
. KABIFORFAHE A N 748 T4 10-2, 30 e BR-2- i B4 (EASC) %1 — BEAIME = BEkRiT , 75 AP-
CI 444, SFFBATE S ( Dansyl-Cl) A 1, EASC X — B ALME = B i 0 5 3 4% T34 ng/L BIKIAKE
TESBRIE T, 72 LC -APCI-MS/MS (MRM) #3%F , BUSH 52 B T 2Rk 5 o yh 5 e — MO M = B2 1 725
R

2 SLIgES

2.1 UHFEIRH
1100 HPLC/MSD Trap SL BB 5ii% (£ E Agilent ~5]) ,BAMNTHER FELESHIIAA
shift ey ; PHMK B B 3UE sl (LR EALER ) s NEXUS-470 1408354 (2 [ Nicolet 22 H]) (KBr
FEF) ; CARY300 £4h/ 5 WA 5606 B H (2 E Varian 47 ) ;650-108 365649606 ETH( B A A ATD -
10-Z, F: 0 DERR -2 - i BES (99% ,EASC, B %) ; FH% Bk & ( Dansyl-C1,99% , £ ¥, Alfa Aesar /2] ) ;
W T R = REARUE S (98% , K Sigma A F]) ; ZHE (OLi%4k, BE Merck A 7)) ; BN 0
o, K Milli-Q Bk REH &

2008-06-27 Y #4 ;2008-09-21 $£32

A X REREH RBP4 (No. 20075016 ) ¥ B H
# E-mail; jmyou6304@ 163. com




188 4 B b 2 37 %

L SEZEME | AR RRAEFIR ML B P AR PG L B R A YT R I AR AT T S 4R
2.2 FRERERIEH

HEGPREUME " REAIME = B4 25. 0 mg, /3 FIFHZIRECAL 0. 5 o/ L A& R RCHR BE i E — AR =
BEGRHEVE R BB BT . FRERX 16. 1 mg fY 10-225- 1Y IEFR-2-BEBE R (EASC) A ZEE A Z50 mL, ¥
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Fig. 1 Derivatization scheme of 10-ethyl-acridine-2-sulfonyl chloride ( EASC) with

estradiol and estriol
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HCOONH, (pH =3.55) /KW, TishAH B Z 1R ; SR A6 BE R R 45 442 15 min P Y 50% B % B2 3% i %
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Tablel Table of MRM segments parameters and MS data

3j7. =N 74
abitg silE REATR O _ggame ppig w0 Ao TR g
Analyte Time ( min) weight m/z [M+H] " Analyte Time (min) weight m/z [M+H]*
EASC-extriol 0~6.0 574 574.7 Dansyl-extriol 6.0~7.5 522 522.5
EASC-extradiol 7.5~8.0 558 558.7 Dansyl-extradiol 8.0~25 506 506.2
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3.1.1 10-ZENWIRRMMAKR"  [WEA R BEREER 250 mL # B P, iNA 52 g KOH,60 ml.
DMSO, F B 5 min J5, INA 10 g IV UERER , 4kEHEHE 45 min JFMIHZE 80 C, T 1 h M 26 mL R
ZJEA 50 mL DMSO BIR &, KA 7, A IEBIA 600 mL /K, #iE K. THREAZBEESL W
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C80.64% H5.81% .N 6.30%; Hif{H, C 80.72% .H 5.83% N 6. 28% , IR (KBr):3439. 79
( C—N ) .2965.58 .2863. 16 ,1632. 21 ( C=0) ,1608. 95 .1595. 00,1493. 97 ,1460. 23 1445. 71.754. 88,
m/z [M+H] ", 224,
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N 4.37% ; ¥3{H, € 55.98% H 3.73% N 4.35% , IR(KBr):3425.68( C—N) .1642.60( C=0)
1607. 46 .1589. 49 ,1480.37.1179.40(S0,) \1144.63, m/z [M+H] " ; 322.8,
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J1)EES, B BN BN EARR Y R, SR EASC 74 Wy Ae i 514 T 20 R 3L e Dansyl-Cl 3
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ERTESERZ [HO0] BN EFEAREE T, AR E R E F7, 5 Dansyl-Cl A bk k3
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Fig.5 Mechanism for MS enhancement of EASC dertvatives
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Fig.6 (A) Molecular ion (MS), (B) MS/MS spectra, ( C) mass cleavage mode for representa-

tive estriol derivative
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3.5 EEM LMO@MEAEMUEFEHR
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detection limits of estriol and estradiol derivatives
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Table 3 Content and recovery of estradiol and estriol in feces sample of tibetan antelope, urine of root voles and serum of wolves

HF F3E R H LR AR L
M Feces sample of tibetan antelope Urine of root voles Serum of wolves
Estrogen WAHE [El % WAHE [l % MAHE el &
Found (ng/g) Recovery (%) Found (ug/L) Recovery (%) Found (pug/L) Recovery (%)
W =B% Estriol 23.21 91.72 65.16 86.5 75.04 80.0
W — B Estradiol 70.40 70.18 72.79 90. 3 143.13 89.4

EASC-estradiol

EASC-estroil
T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
t/min
b EASC-estroil EASC-estradiol
r T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
t/min
| EASC-estradiol
¢ ]
EASC-estroil {
MWM,\MM
i 1 ] 1 I ] ] ] 1 1 |
(] 2 4 6 8 10 12 14 16 18 20
t/min

BT A FIEME(a), MEBRAE(D) FMRIE (o) ol — Bl =Ry LC-APCI-MS/MS (MRM) fit
TS (iR LA 4)

Fig.7 LC-APCI-MS/MS (MRM) ion current chromatogram for estradiol and estriol obtained from feces
sample of Tibetan antelope(a), urine of root voles{ b) and serum of wolves(c) (peak identifications as

Fig. 4)
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Xt 10- 2.0 BEER-2 - Bt S (EASC) RO 2R : EASC A TR S SMIZOLTr i B A b Dansyl-
Cl EmpREUE, W E o T43T M O 1 N s T RGBS I 5 AL , (80 T O 7 IE L] B B
BT, AMUBEATHE Y5 T AR R R , (R BB 42 AT, ELBUEAG I AP R ) e Dansyl-Cl R IR BB, LB+
R H 10-Z B0 BERR-2- BB (EASC) fE AT A ALiA50] , #52 T7 LC-APCI-MS/MS (MRM ) 48 3F Xof M4
BRI BEINE ik X SEPRES 3 FE AR H RPRAEFIUR ML o M — me A = BRRg BOg e , BRA R
RSB e T L R
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Enhancing Sensitivity for Atmospheric Pressure Chemical Ionization
Mass Spectrometry with a Novel Labeling Reagent: Application
for the Analysis of Estrogens Derivatives

ZHAO Huai-Xin', SUN Xue-Jun', SUN Zhi-Wei', HU Bao-Jun', LIU Qin-Ze', ZHAO Xin-Quan®, YOU Jin-Mao *"*?
' (College of Chemistry Science, Qufu Normal University, the Key Laboratory of Life-Organic Analysis, Qufu 273165)
*( Northwest Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810001 )

Abstracts A novel labeling reagent 10-ethyl-acridine-2-sulfonyl chloride (EASC) was synthesized for the
analysis of trace phenolic compound and a new highly sensitive method for the determination of estrogens such
as estradiol and estriol using EASC as enhancing reagent with LC-APCI MS/MS( MRM) detection has been
developed. Estradiol ( extradiol) and estriol{ extriol) could be labeled within 3 min at 60 “C in the presence of
pH =10.5 NaHCO, buffer to give the corresponding sensitive MS ion current signal that could be detected by
MS-APCI( MRM ) in positive-ion mode. Compared with dansyl chloride, EASC exhibited excellent UV,
fluourscence and MS properties: Ratio of molar absorptivity UVy,o./UVp,uq = 6. 67, ratio of fluorescence
quantum yield @ ( EASC) /@ ( Dansyl-Cl) =43, ratio of ion intensity ICy,s/ICy,,..c0 =4. 98 (extradiol ) ;
ICy 45/ 1C .0 =4. 51 (extriol) (at the same derivative condition with extradiol and extriol). At the same
time, a detailed statement of the enhancing mechanism using EASC as MS labeling reagent was explained. The
established method exhibited excellent repeatability and recovery. Linear responses in the range of 2.0 pg/L
- 100 pg/L for extradiol and extriol were observed with coefficients of >0.9995, and detection limits were
4.3 and 14 ng/L (S/N =3:1) for the labeled extradiol and exiriol. The established method for the
determination of trace free estradiol and estriol from feces sample of Tibetan antelope was satisfactory.

Keywords  Liquid chromatography-mass spectrography, 10-ethyl-acridine-2-sulfonyl chloride, estradiol,

estriol
( Received 27 June 2008 ; accepted 21 September 2008 )



